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for production of a variety of hydrocarbon fuels and fuel additives.
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FUEL COMPOSITIONS COMPRISING ISOPRENE DERIVATIVES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application No. 61/187,959, 

filed June 17, 2009, the disclosure of which is incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] The development of renewable transportation fuels is one of the key challenges of the 

twenty-first century. The current market is dominated by ethanol derived from yeast 

fermentation of sucrose and starch, and to a lesser extent by biodiesel (fatty acid esters) derived 

from triglycerides. Ethanol has limitations as a liquid fuel with a lower energy density relative to 

hydrocarbons. In addition, ethanol cannot be transported in conventional infrastructure due to its 

affinity for water and corrosive nature. Processes for the conversion of renewable carbon sources 

(biomass, sugars, oils) to hydrocarbon fuels offer an attractive alternative to bioethanol.

[0003] Isoprene (2-methyl-1,3-butadiene) is a key industrial chemical used primarily for the 

production of synthetic rubber. Currently isoprene is derived from petrochemical sources either 

directly by cracking of naphtha and other light petroleum fractions, or indirectly through 

chemical synthesis (See, for examples, H. Pommer and A. Nurrenbach, Industrial Synthesis of 

Terpene Compounds, Pure Appl. Chem., 1975, 43, 527-551; Η. M. Weitz and E. Loser,

Isoprene, in Ullmann 's Encyclopedia of Industrial Chemistry, Seventh Edition, Electronic 

Release, Wiley-VCH Verlag GMBH, Weinheim, 2005; and H.M. Lybarger, Isoprene in Kirk- 

Othmer Encyclopedia of Chemical Technology, 4th ed., Wiley, New York (1995), 14, 934-952.) 

The resulting crude isoprene streams are typically subjected to extensive purification processes 

in order to remove numerous chemically similar impurities, many of which can interfere with 

subsequent transformation of isoprene to polymers and other chemicals.

[0004] In contrast, isoprene derived from biological sources contains very few hydrocarbon 

impurities and instead contains a number of oxygenated compounds such as ethanol , 

acetaldehyde and acetone. Many of these compounds can be easily removed by contact with 

water or passage through alumina or other adsorbents.

[0005] Industry relies on petrochemical feedstocks for isoprene production and extensive 

purification trains are needed before isoprene can be converted to polymers and other chemicals. 

Cost effective methods are desirable for converting biologically produced isoprene to valuable
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chemical products taking advantage of the high purity and/or the unique impurity profiles of

bioisoprene.

[0006] All patents, patent applications, documents, and articles cited herein are herein

incorporated by reference in their entirety.

BRIEF SUMMARY OF THE INVENTION

[0007] Disclosed are methods and systems for producing fuel constituents from highly pure 

isoprene and fuel compositions produced from highly pure isoprene.

[0008] In one aspect, the invention provides a method for producing a fuel constituent from a 

bioisoprene composition comprising chemically transforming a substantial portion of the 

isoprene in the bioisoprene composition to non-isoprene compounds. In one embodiment, the 

bioisoprene composition is chemically transformed by subjecting the bioisoprene composition to 

heat or catalytic conditions suitable for isoprene dimerization to produce an isoprene dimer and 

then catalytically hydrogenating the isoprene dimer to form a saturated CIO fuel constituent. In 

another embodiment, the bioisoprene composition is chemically transformed by (i) partially 

hydrogenating the bioisoprene composition to produce an isoamylene, (ii) dimerizing the 

isoamylene with a mono-olefin selected from the group consisting of isoamylene, propylene and 

isobutene to form a dimate and (iii) completely hydrogenating the dimate to produce a fuel 

constituent. In some embodiments, at least about 95% of isoprene in the bioisoprene 

composition is converted to non-isoprene compounds during the chemical transformation. In 

some embodiments, the bioisoprene composition is heated to about 150 °C to about 250 °C to 

produce an unsaturated cyclic isoprene dimer and the unsaturated cyclic isoprene dimer is 

hydrogenated catalytically to produce a saturated cyclic isoprene dimer fuel constituent. In some 

embodiments, the method comprises: (i) contacting the bioisoprene composition with a catalyst 

for catalyzing cyclo-dimerization of isoprene to produce an unsaturated cyclic isoprene dimer 

and the unsaturated cyclic isoprene dimer is hydrogenated catalytically to produce a saturated 

cyclic isoprene dimer fuel constituent. In some embodiments, the catalyst for catalyzing cyclo­

dimerization of isoprene comprising a catalyst selected from the group consisting of a nickel 

catalyst, iron catalysts and chromium catalysts. In some embodiments, the step of partially 

hydrogenating the bioisoprene composition comprises contacting the bioisoprene composition 

with hydrogen gas and a catalyst for catalyzing partial hydrogenation of isoprene. In some 

embodiments, the catalyst for catalyzing partial hydrogenation of isoprene comprises a 

palladium catalyst. In some embodiments, the step of dimerizing the isoamylene with a mono-
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olefin comprises contacting the isoamylene with the mono-olefin in the presence of a catalyst for 

catalyzing dimerization of mono-olefin. In some embodiments, the catalyst for catalyzing 

dimerization of mono-olefin comprises an acid catalyst. In some embodiments, the method 

further comprises purifying the isoprene from the bioisoprene composition prior to chemically 

transforming the bioisoprene composition to a fuel constituent.

[0009] In one aspect, the invention provides a system for producing a fuel constituent from a 

bioisoprene composition, wherein a substantial portion of the isoprene in the bioisoprene 

composition is chemically converted to non-isoprene compounds, the system comprising a 

bioisoprene composition and (a) (i) one or more chemicals capable of dimerizing isoprene in the 

bioisoprene composition or a source of heat capable of dimerizing isoprene in the bioisoprene 

composition; and (ii) a catalyst capable of hydrogenating the isoprene dimer to form a saturated 

CIO fuel constituent; or (b) (i) a chemical capable of partially hydrogenating isoprene in the 

bioisoprene composition to produce an isoamylene, (ii) a chemical capable of dimerizing the 

isoamylene with mono-olefins selected from the group consisting of isoamylene, propylene and 

isobutene to form a dimate and (iii) a chemical capable of completely hydrogenating the dimate 

to produce a fuel constituent.

[0010] In some embodiments of the system, the bioisoprene composition comprising greater 

than about 2 mg of isoprene and comprising greater than or about 99.94% isoprene by weight 

compared to the total weight of all C5 hydrocarbons in the composition. In some embodiments 

of the system, the one or more chemicals capable of dimerizing isoprene comprises catalyst for 

catalyzing cyclo-dimerization of isoprene comprising a catalyst selected from the group 

consisting of ruthenium catalysts, nickel catalysts, iron catalysts and chromium catalysts. In 

some embodiments of the system, the catalyst for hydrogenating the unsaturated isoprene dimers 

comprises a catalyst selected from the group consisting of palladium catalysts, nickel catalysts, 

ruthenium catalysts and rhodium catalysts. In some embodiments of the system, the chemical 

capable of partially hydrogenating isoprene comprises a palladium catalyst. In some 

embodiments of the system, the chemical capable of dimerizing the isoamylene with mono­

olefins comprises an acid catalyst.

[0011] In one aspect, the invention provides a fuel composition comprising a fuel constituent 

produced by the methods described herein. In some embodiments, the fuel composition is 

substantially free of isoprene. In some embodiments, the fuel composition has δ l 3C value which 

is greater than -22%o or within the range of -32%o to -24%o.

3



WO 2010/148256 PCT/US2010/039088

[0012] In some aspects, the invention provides a system for producing a fuel constituent from 

isoprene comprising: (a) a commercially beneficial amount of highly pure isoprene; and (b) a 

fuel constituent produced from at least a portion of the highly pure isoprene; wherein at least a 

portion of the commercially beneficial amount of highly pure isoprene undergoes a chemical 

transformation.

[0013] In some embodiments of the system, the commercially beneficial amount of highly 

pure isoprene comprises greater than about 2 mg of isoprene and comprising greater than or 

about 99.94% isoprene by weight compared to the total weight of all C5 hydrocarbons in the 

composition. In some embodiments, the commercially beneficial amount of highly pure 

isoprene comprises greater than about 2 mg of isoprene and comprising one or more compounds 

selected from the group consisting of ethanol, acetone, C5 prenyl alcohols, and isoprenoid 

compounds with 10 or more carbon atoms, in some embodiments, the commercially beneficial 

amount of highly pure isoprene comprises greater than about 2 mg of isoprene and comprising 

one or more second compounds selected from the group consisting of ethanol, acetone, 

methanol, acetaldehyde, methacrolein, methyl vinyl ketone, 2-methyl-2-vinyloxirane, cis- and 

/ra«.s-3-methyl-l,3-pentadiene, a C5 prenyl alcohol, 2-heptanone, 6-methyl-5-hepten-2-one,

2.4.5- trimethylpyridine, 2,3,5-trimethylpyrazine, citronellal, methanethiol, methyl acetate, 1- 

propanol, diacetyl, 2-butanone, 2-methyl-3-buten-2-ol, ethyl acetate, 2-methyl-l-propanol, 3- 

methyl-1-butanal, 3-methyl-2-butanone, 1-butanol, 2-pentanone, 3-methyl-l-butanol, ethyl 

isobutyrate, 3-methyl-2-butenal, butyl acetate, 3-methylbutyl acetate, 3-methyl-3-buten-l-yl 

acetate, 3-methyl-2-buten-l-yl acetate, 3-hexen-l-ol, 3-hexen-l-yl acetate, limonene, geraniol 

(trans-3,7-dimethyl-2,6-octadien-l-ol), citronellol (3,7-dimethyl-6-octen-l-ol), (E)-3,7-dimethyl

1.3.6- octatriene, (Z)-3,7-dimethyl-l,3,6-octatriene, and 2,3-cycloheptenolpyridine; wherein the 

amount of the second compound relative to the amount of the isoprene is greater than or about 

0.01 % (w/w). In some embodiments, the commercially beneficial amount of highly pure 

isoprene comprises greater than about 2 mg of isoprene and comprising less than or about 0.5 

pg/L per compound for any compound in the composition that inhibits the polymerization of 

isoprene. In some preferred embodiments, the commercially beneficial amount of highly pure 

isoprene is produced by a biological process.

[0014] In some embodiments of the system, the fuel constituent comprises one or more 

compounds selected from the group consisting of cyclic isoprene dimers and trimers, linear 

isoprene oligomers, aromatic and alicyclic isoprene derivatives, and oxygenated isoprene
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derivatives. In some embodiments, the oxygenated isoprene derivatives are compounds selected 

from the group consisting of alcohols, ketones, esters and ethers derived from isoprene.

[0015] In some embodiments, the fuel constituent comprises cyclic isoprene dimers and the 

chemical transformation comprises a dimerization reaction of isoprene. In some embodiments, 

the dimerization reaction is carried out by heating the commercially beneficial amount of highly 

pure isoprene. In some embodiments, the dimerization reaction of isoprene produces a product 

comprising unsaturated isoprene dimers and the chemical transformation further comprises a 

hydrogenation reaction of the unsaturated isoprene dimers. In some embodiments, the system 

further comprises a catalyst for catalyzing the hydrogenation reaction of the unsaturated isoprene 

dimers. In some embodiments, the catalyst for catalyzing the hydrogenation reaction of the 

unsaturated isoprene dimers comprising a catalyst selected from the group consisting of 

palladium catalysts, nickel catalysts, ruthenium catalysts and rhodium catalysts.

[0016] In some embodiments, the dimerization reaction is carried out by contacting the 

commercially beneficial amount of highly pure isoprene with a catalyst for catalyzing cyclo­

dimerization of isoprene. In some embodiments, the catalyst for catalyzing cyclo-dimerization 

of isoprene compri sing a catalyst selected from the group consisting of ruthenium catalysts, 

nickel catalysts, iron catalysts and chromium catalysts. Tn some embodiments, the catalyst for 

catalyzing cyclo-dimerization of isoprene is a nickel catalyst and the fuel constituent comprising 

one or more eight-membered ring dimers of isoprene.

[0017] In some embodiments, the fuel constituent comprises linear and/or cyclic trimers of 

isoprene and the chemical transformation comprises catalytic trimerization of isoprene.

[0018] In one aspect, the invention provides a method for producing a fuel constituent from 

isoprene comprising: (a) obtaining a commercially beneficial amount of highly pure isoprene; 

and (b) chemically transforming at least a portion of the commercially beneficial amount of 

highly pure isoprene to a fuel constituent. In some embodiments, the commercially beneficial 

amount of highly pure isoprene comprises bioisoprene.

[0019] In some embodiments, the commercially beneficial amount of highly pure isoprene is 

obtained by the steps comprising: (i) culturing cells comprising a heterologous nucleic acid 

encoding an isoprene synthase polypeptide under suitable culture conditions for the production 

of isoprene, wherein the cells (1) produce greater than about 400 nmole/gWcm/hr of isoprene, (2) 

convert more than about 0.002 molar percent of the carbon that the cells consume from a cell 

culture medium into isoprene, or (3) have an average volumetric productivity of isoprene greater 

than about 0.1 mg/L^oth/hr of isoprene, and (ii) producing isoprene. In some embodiments, the
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cells further comprise a heterologous nucleic acid encoding an isoprene synthase polypeptide or 

an MVA pathway polypeptide.

[0020] In some embodiments of the methods described herein, chemically transforming at 

least a portion of the commercially beneficial amount of highly pure isoprene to a fuel 

constituent comprises: (i) heating the commercially beneficial amount of highly pure isoprene to 

about 150 °C to about 250 °C; (ii) converting at least a portion of the commercially beneficial 

amount of highly pure isoprene to unsaturated cyclic isoprene dimers; (iii) hydrogenating the 

unsaturated cyclic isoprene dimers to produce saturated cyclic isoprene dimers; and (iv) 

producing the fuel constituent. In some embodiments, at least about 20% to about 100% of 

isoprene in the commercially beneficial amount of highly pure isoprene is converted to 

unsaturated cyclic isoprene dimers.

[0021] In some embodiments of the method, chemically transforming at least a portion of the 

commercially beneficial amount of highly pure isoprene to a fuel constituent comprises: (i) 

contacting the commercially beneficial amount of highly pure isoprene with a catalyst for 

catalyzing cyclo-dimerization of isoprene, (ii) converting at least a portion of the commercially 

beneficial amount of highly pure isoprene to cyclic isoprene dimers; and (iii) producing the fuel 

constituent.

[0022] In some embodiments of the method, chemically transforming at least a portion of the 

commercially beneficial amount of highly pure isoprene to a fuel constituent comprises: (i) 

contacting the commercially beneficial amount of hi ghly pure isoprene with a catalyst for 

catalyzing cyclo-dimerization of isoprene, (ii) converting at least a portion of the commercially 

beneficial amount of highly pure isoprene to unsaturated cyclic isoprene dimers; (iii) 

hydrogenating the unsaturated cyclic isoprene dimers to produce saturated cyclic isoprene 

dimers; and (iv) producing the fuel constituent. In some embodiments of the method, the 

catalyst for catalyzing cyclo-dimerization of isoprene comprising a catalyst selected from the 

group consisting of a nickel catalyst, iron catalysts and chromium catalysts.

[0023] In some embodiments of the method, chemically transforming at least a portion of the 

commercially beneficial amount of highly pure isoprene to a fuel constituent comprises: (i) 

contacting the highly pure isoprene composition with a catalyst system; (ii) converting at least a 

portion of the starting isoprene composition to unsaturated isoprene dimers and/or trimers; and

(iii) hydrogenating the unsaturated dimers and/or trimers to produce saturated CIO and/or C15 

hydrocarbons.
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[0024] In some embodiments, the method for producing a fuel constituent from isoprene 

comprises: (a) obtaining a commercially beneficial amount of any of the highly pure isoprene 

starting composition described herein; (b) converting at least a portion of the starting isoprene 

composition to oxygenated isoprene derivatives; and optionally (c) hydrogenating any 

unsaturatcd oxygenated isoprene derivatives to produce saturated oxygenates. In some 

embodiments, the oxygenated isoprene derivatives are compounds selected from the group 

consisting of alcohols, ketones, esters and ethers derived from isoprene.

[0025] In some embodiments, any of the methods described herein further comprises purifying 

the commercially beneficial amount of highly pure isoprene prior to chemically transforming at 

least a portion of the commercially beneficial amount of highly pure isoprene to a fuel 

constituent.

[0026] In one aspect, provided is a continuous process for producing a fuel constituent from 

isoprene comprising: (a) continuously producing a commercially beneficial amount of highly 

pure isoprene; and (b) continuously transforming chemically at least a portion of the 

commercially beneficial amount of highly pure isoprene to a fuel constituent. In some 

embodiments, the commercially beneficial amount of highly pure isoprene comprising a gas 

phase comprising isoprene. In some embodiments, the method further comprises passing the gas 

phase comprising isoprene to a reactor for chemically transforming at least a portion of the 

commercially beneficial amount of highly pure isoprene to a fuel constituent. In a preferred 

embodiment, the commercially beneficial amount of highly pure isoprene comprises 

bioisoprene.

[0027] Also provided is a fuel composition comprising a fuel constituent produced by any of 

the methods described herein. In some embodiments, the fuel constituent comprises less than or 

about 0.5 pg/L a product from a C5 hydrocarbon other than isoprene after undergoing the steps 

according to the methods described herein. In some embodiments, the fuel constituent 

comprises one or more product from one or more compound selected from the group consisting 

of ethanol, acetone, methanol, acetaldehyde, methacrolein, methyl vinyl ketone, 2-methyl-2- 

vinyloxirane, cis- and /ra«5-3-methyl-1,3-pentadiene, a C5 prenyl alcohol, 2-heptanone, 6- 

methyl-5-hepten-2-one, 2,4,5-trimethylpyridine, 2,3,5-trimethylpyrazine, citronellal, 

methanethiol, methyl acetate, 1-propanol, diacetyl, 2-butanone, 2-methyl-3-buten-2-ol, ethyl 

acetate, 2-methyl-l-propanol, 3-methyl-1-butanal, 3-methyl-2-butanone, 1-butanol, 2-pentanone, 

3-methyl-l-butanol, ethyl isobutyrate, 3-methyl-2-butenal, butyl acetate, 3-methylbutyl acetate,

3-methyl-3-buten-l-yl acetate, 3-methyl-2-buten-l-yl acetate, 3-hexen-l-ol, 3-hexen-l-yl
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acetate, limonene, geraniol (trans-3,7-dimethyl-2,6-octadien-l-ol), citronellol (3,7-dimethyl-6- 

octen-l-ol), (E)-3,7-dimethyl-l,3,6-octatriene, (Z)-3,7-dimethyl-l,3,6-octatriene and 2,3- 

cycloheptenolpyridine after undergoing the steps according to the methods described herein. 

[0028] In some embodiments, the fuel composition comprises a fuel composition having b13C 

value which is greater than -22%o. In some embodiments, the fuel composition has 813C value 

which is within the range of -22%o to -10%o or -34%o to -24%o. In some embodiments, the fuel 

composition has fM value which is greater than 0.9. Also provided is a blend of any of the fuel 

compositions described herein with a petroleum based fuel in the amount of from about 1 % to 

about 95% by weight or volume, based on the total weight or volume of the total fuel 

composition.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Figure 1 is the nucleotide sequence of a kudzu isoprene synthase gene codon-optimized 

for expression in E. coli (SEQ ID NO:1). The atg start codon is in italics, the stop codon is in 

bold and the added Pstl site is underlined.

[0030] Figure 2 is a map of pTrcKudzu.

[0031] Figures 3A-C are the nucleotide sequence of pTrcKudzu (SEQ ID NO:2). The RBS is 

underlined, the kudzu isoprene synthase start codon is in bold capitol letters and the stop codon 

is in bold, capital letters. The vector backbone is pTrcHis2B.

[0032] Figure 4 is a map of pETNHisKudzu.

[0033] Figures 5A-C are the nucleotide sequence of pETNHisKudzu (SEQ ID NOG).

[0034] Figure 6 is a map of pCL-lac-Kudzu.

[0035] Figures 7A-C are the nucleotide sequence of pCL-lac-Kudzu (SEQ ID NO:4).

[0036] Figure 8A is a graph showing the production of isoprene in E. coli BL21 cells with no 

vector.

[0037] Figure 8B is a graph showing the production of isoprene in E. coli BL21 cells with 

pCL-lac-Kudzu

[0038] Figure 8C is a graph showing the production of isoprene in E. coli BL21 cells with 

pTrcKudzu.

[0039] Figure 8D is a graph showing the production of isoprene in E. coli BL21 cells with 

pETN-HisKudzu.

[0040] Figure 9A is a graph showing OD over time of fermentation of E. coli

BL21/pTrcKudzu in a 14 liter fed batch fermentation.
8
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[0041] Figure 9B is a graph showing isoprene production over time of fermentation of E. coli 

BL21/pTrcKudzu in a 14 liter fed batch fermentation.

[0042] Figure 10A is a graph showing the production of isoprene in Panteoa citrea. Control 

cells without recombinant kudzu isoprene synthase. Grey diamonds represent isoprene synthesis, 

black squares represent ODW)o·

[0043] Figure 10B is a graph showing the production of isoprene in Panteoa citrea expressing 

pCL-lac Kudzu. Grey diamonds represent isoprene synthesis, black squares represent ODgoo. 

[0044] Figure 10C is a graph showing the production of isoprene in Panteoa citrea expressing 

pTrcKudzu. Grey diamonds represent isoprene synthesis, black squares represent ODgoo.

[0045] Figure 11 is a graph showing the production of isoprene in Bacillus subtilis expressing 

recombinant isoprene synthase. BG3594comK is a B. subtilis strain without plasmid (native 

isoprene production). CF443 is B. subtilis strain BG3594comK with pBSKudzu (recombinant 

isoprene production). IS on the y-axis indicates isoprene.

[0046] Figures 12A-C are the nucleotide sequence of pBS Kudzu #2 (SEQ ID NO:5).

[0047] Figure 13 is the nucleotide sequence of kudzu isoprene synthase codon-optimized for 

expression in Yarrowia (SEQ TD NO:6).

[0048] Figure 14 is a map of pTrex3g comprising a kudzu isoprene synthase gene codon- 

optimized for expression in Yarrowia.

[0049] Figures 15A-C are the nucleotide sequence of vector pSPZl(MAP29Spb) (SEQ TD 

NO:7).

[0050] Figure 16 is the nucleotide sequence of the synthetic kudzu (Pueraria montana) 

isoprene gene codon-optimized for expression in Yarrowia (SEQ ID NO:8).

[0051] Figure 17 is the nucleotide sequence of the synthetic hybrid poplar (Populus alba x 

Populus tremula) isoprene synthase gene (SEQ ID NO:9). The ATG start codon is in bold and 

the stop codon is underlined.

[0052] Figure 18A (Figures 18A1 and 18A2) shows a schematic outlining construction of 

vectors pYLA 1, pYLl and pYL2 (SEQ ID NO:75, 73, 72, 71, 70, 69).

[0053] Figure 18B shows a schematic outlining construction of the vector pYLA(POPl) (SEQ 

ID NO:68, 69).

[0054] Figure 18C shows a schematic outlining construction of the vector pYLA(KZl)

[0055] Figure 18D shows a schematic outlining construction of the vector pYLI(KZl) (SEQ 

ID NO:66, 67)

[0056] Figure 18E shows a schematic outlining construction of the vector pYLI(MAP29)

9
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[0057] Figure 18F shows a schematic outlining construction of the vector pYLA(MAP29) 

[0058] Figure 19A shows the MVA and DXP metabolic pathways for isoprene (based on F. 

Bouvier et al., Progress in Lipid Res. 44: 357-429, 2005). The following description includes 

alternative names for each polypeptide in the pathways and a reference that discloses an assay 

for measuring the activity of the indicated polypeptide (each of these references are each hereby 

incorporated by reference in their entireties, particularly with respect to assays for polypeptide 

activity for polypeptides in the MVA and DXP pathways). Mevalonate Pathway: AACT; 

Acetyl-CoA acetyltransferase, MvaE, EC 2.3.1.9. Assay: J. Bacteriol., 184: 2116-2122, 2002; 

HMGS; Hydroxymethylglutaryl-CoA synthase, MvaS, EC 2.3.3.10. Assay: J. Bacteriol., 184: 

4065-4070, 2002; HMGR; 3-Hydroxy-3-methylglutaryl-CoA reductase, MvaE, EC 1.1.1.34. 

Assay: J. Bacteriol., 184: 2116-2122, 2002; MVK; Mevalonate kinase, ERG12, EC 2.7.1.36. 

Assay: Curr Genet 19:9-14, 1991. PMK; Phosphomevalonate kinase, ERGS, EC 2.7.4.2, Assay: 

Mol Cell Biol., 11:620-631, 1991; DPMDC; Diphosphomevalonate decarboxylase, MVD1, EC 

4.1.1.33. Assay: Biochemistry, 33:13355-13362, 1994; IDI; Isopentenyl-diphosphate delta- 

isomerase, IDI1, EC 5.3.3.2. Assay: J. Biol. Chem. 264:19169-19175, 1989. DXP Pathway: 

DXS; l-Deoxyxylulose-5-phosphate synthase, dxs, EC 2.2.1.7. Assay: PNAS, 94:12857-62, 

1997; DXR; 1-Deoxy-D-xylulose 5-phosphate reductoisomerase, dxr, EC 2.2.1.7. Assay: Eur. J. 

Biochem. 269:4446-4457, 2002; MCT; 4-Diphosphocytidyl-2C-methyl-D-erythritol synthase, 

IspD, EC 2.7.7.60. Assay: PNAS, 97: 6451-6456, 2000: CMK; 4-Diphosphocytidyl-2-C- 

methyl-D-erythritol kinase, IspE, EC 2.7.1.148. Assay: PNAS, 97:1062-1067, 2000; MCS; 2C- 

Methyl-D-erythritol 2,4-cyclodiphosphate synthase, IspF, EC 4.6.1.12. Assay: PNAS, 96:11758­

11763, 1999; HDS; l-Hydroxy-2-methyl-2-(E)-butenyl 4-diphosphate synthase, ispG, EC 

1.17.4.3. Assay: J. Org. Chem., 70:9168 -9174, 2005; HDR; l-Hydroxy-2-methyl-2-(E)-butenyl

4-diphosphate reductase, IspH, EC 1.17.1.2. Assay: JACS, 126:12847-12855, 2004.

[0059] Figure 19B illustrates the classical and modified MVA pathways. 1, acetyl-CoA 

acetyltransferase (AACT); 2, HMG-CoA synthase (HMGS); 3, HMG-CoA reductase (HMGR); 

4, mevalonate kinase (MVK); 5, phosphomevalonate kinase (PMK); 6, diphosphomevalonate 

decarboxylase (MVD or DPMDC); 7, isopentenyl diphosphate isomerase (IDI); 8, 

phosphomevalonate decarboxylase (PMDC); 9, isopentenyl phosphate kinase (IPK). The 

classical MVA pathway proceeds from reaction 1 through reaction 7 via reactions 5 and 6, while 

a modified MVA pathway goes through reactions 8 and 9. P and PP in the structural formula are 

phosphate and pyrophosphate, respectively. This figure was taken from Koga and Morii, 

Microbiology and Mol. Biology Reviews, 71:97-120, 2007, which is incorporated by reference in
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its entirety, particular with respect to nucleic acids and polypeptides of the modified MVA 

pathway. The modified MVA pathway is present, for example, in some archaeal organisms, such 

as Methanosarcina mazei.

[0060] Figure 20 (Figures 20A and 20B) shows graphs representing results of the GC-MS 

analysis of isoprene production by recombinant Y. lipolytica strains without (left) or with (right) 

a kudzu isoprene synthase gene. The arrows indicate the elution time of the authentic isoprene 

standard.

[0061] Figure 21 is a map of pTrcKudzu yIDI DXS Kan.

[0062] Figures 22A-D are the nucleotide sequence of pTrcKudzu yIDI DXS Kan (SEQ ID 

NO:10).

[0063] Figure 23A is a graph showing production of isoprene from glucose in

BL21/pTrcKudzukan. Time 0 is the time of induction with IPTG (400 pmol). The x-axis is time 

after induction; the y-axis is OD(,oo and the y2-axis is total productivity of isoprene (pg/L 

headspace or specific productivity (pg/L headspace/OD). Diamonds represent ODeoo, circles 

represent total isoprene productivity (pg/L) and squares represent specific productivity of 

isoprene (pg/L/OD).

[0064] Figure 23B is a graph showing production of isoprene from glucose in

BL21/pTrcKudzu yIDI kan. Time 0 is the time of induction with TPTG (400 pmol). The x-axis is 

time after induction; the y-axis is OD„oo and the y2-axis is total productivity of isoprene (pg/L 

headspace or specific productivity (pg/L headspace/OD). Diamonds represent OD6oo·, circles 

represent total isoprene productivity (pg/L) and squares represent specific productivity of 

isoprene (pg/L/OD).

[0065] Figure 23C is a graph showing production of isoprene from glucose in

BL21/pTrcKudzu DXS kan. Time 0 is the time of induction with IPTG (400 pmol). The x-axis is 

time after induction; the y-axis is OD,,oo and the y2-axis is total productivity of isoprene (pg/L 

headspace or specific productivity (pg/L headspace/OD). Diamonds represent OD6oo, circles 

represent total isoprene productivity (pg/L) and squares represent specific productivity of 

isoprene (pg/L/OD).

[0066] Figure 23D is a graph showing production of isoprene from glucose in

BL21/pTrcKudzu yIDI DXS kan. Time 0 is the time of induction with IPTG (400 pmol). The x- 

axis is time after induction; the y-axis is ODfioo and the y2-axis is total productivity of isoprene 

(pg/L headspace or specific productivity (pg/L headspace/OD). Diamonds represent OD6oo·
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circles represent total isoprene productivity (pg/L) and squares represent specific productivity of 

isoprene (pg/L/OD).

[0067] Figure 23E is a graph showing production of isoprene from glucose in BL21/pCL 

PtrcKudzu. Time 0 is the time of induction with IPTG (400 pmol). The x-axis is time after 

induction; the y-axis is ODM,o and the y2-axis is total productivity of isoprene (pg/L headspace 

or specific productivity (pg/L headspace/OD). Diamonds represent ODW)o, circles represent total 

isoprene productivity (pg/L) and squares represent specific productivity of isoprene (pg/L/OD). 

[0068] Figure 23F is a graph showing production of isoprene from glucose in BL21/pCL 

PtrcKudzu yIDI. Time 0 is the time of induction with IPTG (400 pmol). The x-axis is time after 

induction; the y-axis is OD6oo and the y2-axis is total productivity of isoprene (pg/L headspace 

or specific productivity (pg/L headspace/OD). Diamonds represent OD«)o, circles represent total 

isoprene productivity (pg/L) and squares represent specific productivity of isoprene (pg/L/OD). 

[0069] Figure 23G is a graph showing production of isoprene from glucose in BL21/pCL 

PtrcKudzu DXS. Time 0 is the time of induction with IPTG (400 pmol). The x-axis is time after 

induction; the y-axis is Οϋήοο and the y2-axis is total productivity of isoprene (pg/L headspace 

or specific productivity (pg/L headspace/OD). Diamonds represent OD6oo, circles represent total 

isoprene productivity (pg/L) and squares represent specific productivity of isoprene (pg/L/OD). 

[0070] Figure 23H is a graph showing production of isoprene from glucose in 

BL21/pTrcKudzuIDIDXSkan. The arrow indicates the time of induction with IPTG (400 pmol). 

The x-axis is time after induction; the y-axis is ODg0o and the y2-axis is total productivity of 

isoprene (pg/L headspace or specific productivity (pg/L headspace/OD). Black diamonds 

represent OD6oo, black triangles represent isoprene productivity (pg/L) and white squares 

represent specific productivity of isoprene (pg/L/OD).

[0071] Figure 24 is a map of pTrcKKDylkIS kan.

[0072] Figures 25A-D are a nucleotide sequence of pTrcKKDylkIS kan (SEQ ID NO: 11). 

[0073] Figure 26 is a map of pCL PtrcUpperPathway.

[0074] Figures 27A-27D is a nucleotide sequence of pCL PtrcUpperPathway (SEQ ID 

NO:12).

[0075] Figure 28 shows a map of the cassette containing the lower MVA pathway and yeast 

idi for integration into the B. subtilis chromosome at the nprE locus. nprE upstream/downstream 

indicates 1 kb each of sequence from the nprE locus for integration. aprE promoter (alkaline 

serine protease promoter) indicates the promoter (-35, -10,+1 transcription start site, RBS) of 

the aprE gene. MVK1 indicates the yeast mevalonate kinase gene. RBS-PMK indicates the yeast

12



WO 2010/148256 PCT/US2010/039088

phosphomevalonate kinase gene with a Bacillus RBS upstream of the start site. RBS-MPD 

indicates the yeast diphosphomevalonate decarboxylase gene with a Bacillus RBS upstream of 

the start site. RBS-IDI indicates the yeast idi gene with a Bacillus RBS upstream of the start site. 

Terminator indicates the terminator alkaline serine protease transcription terminator from B. 

amyliquefaciens. SpecR indicates the spectinomycin resistance marker. “nprE upstream repeat 

for amp.” indicates a direct repeat of the upstream region used for amplification.

[0076] Figures 29A-D are a nucleotide sequence of cassette containing the lower MVA 

pathway and yeast idi for integration into the B. subtilis chromosome at the nprE locus (SEQ ID 

NO:13).

[0077] Figure 30 is a map of p9796-poplar.

[0078] Figures 31A-B are a nucleotide sequence of p9796-poplar (SEQ ID NO: 14).

[0079] Figure 32 is a map of pTrcPoplar.

[0080] Figures 33A-C are a nucleotide sequence of pTrcPoplar (SEQ ID NO: 15).

[0081] Figure 34 is a map of pTrcKudzu yIDI Kan.

[0082] Figures 35A-C are a nucleotide sequence of pTrcKudzu yIDI Kan (SEQ ID NO: 16). 

[0083] Figure 36 is a map of pTrcKudzuDXS Kan.

[0084] Figures 37A-C are a nucleotide sequence of pTrcKudzuDXS Kan (SEQ ID NO:17). 

[0085] Figure 38 is a map of pCL PtrcKudzu.

[0086] Figures 39A-C are anucleotide sequence of pCL PtrcKudzu (SEQ ID NO:18).

[0087] Figure 40 is a map of pCL PtrcKudzu A3.

[0088] Figures 41A-C are anucleotide sequence of pCL PtrcKudzu A3 (SEQ ID NO:19). 

[0089] Figure 42 is a map of pCL PtrcKudzu yIDI.

[0090] Figures 43A-C are a nucleotide sequence of pCL PtrcKudzu yIDI (SEQ ID NO:20). 

[0091] Figure 44 is a map of pCL PtrcKudzu DXS.

[0092] Figures 45A-D are a nucleotide sequence of pCL PtrcKudzu DXS (SEQ ID NO:21). 

[0093] Figures 46A-E show graphs representing isoprene production from biomass feedstocks 

Panel A shows isoprene production from corn stover, Panel B shows isoprene production from 

bagasse, Panel C shows isoprene production from softwood pulp, Panel D shows isoprene 

production from glucose, and Panel E shows isoprene production from cells with no additional 

feedstock. Grey squares represent OD6oo measurements of the cultures at the indicated times 

post-inoculation and black triangles represent isoprene production at the indicated times post­

inoculation.
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[0094] Figure 47A shows a graph representing isoprene production by BL21 (XDE3)

pTrcKudzu yIDI DXS (kan) in a culture with no glucose added. Squares represent ODsoo, and

triangles represent isoprene produced (pg/ml).

[0095] Figure 47B shows a graph representing isoprene production from 1% glucose feedstock 

invert sugar by BL21 (ZDE3) pTrcKudzu yIDI DXS (kan). Squares represent OD600, and 

triangles represent isoprene produced (pg/ml).

[0096] Figure 47C shows a graph representing isoprene production from 1% invert sugar 

feedstock by BL21 (XDE3) pTrcKudzu yIDI DXS (kan). Squares represent OD60o, and triangles 

represent isoprene produced (pg/ml).

[0097] Figure 47D shows a graph representing isoprene production from 1% AFEX com 

stover feedstock by BL21 (XDE3) pTrcKudzu yIDI DXS (kan). Squares represent OD(,oo· and 

triangles represent isoprene produced (pg/ml).

[0098] Figures 48A-C show graphs demonstrating the effect of yeast extract of isoprene 

production. Panel A shows the time course of optical density within fermentors fed with varying 

amounts of yeast extract. Panel B shows the time course of isoprene titer within fermentors fed 

with varying amounts of yeast extract. The titer is defined as the amount of isoprene produced 

per liter of fermentation broth. Panel C shows the effect of yeast extract on isoprene production 

in E. coli grown in fed-batch culture.

[0099] Figures 49A-C show graphs demonstrating isoprene production from a 500 L 

bioreactor with E. coli cells containing the pTrcKudzu + yIDI + DXS plasmid. Panel A shows 

the time course of optical density within the 500-L bioreactor fed with glucose and yeast extract. 

Panel B shows the time course of isoprene titer within the 500-L bioreactor fed with glucose and 

yeast extract. The titer is defined as the amount of isoprene produced per liter of femrentation 

broth. Panel C shows the time course of total isoprene produced from the 500-L bioreactor fed 

with glucose and yeast extract.

[0100] Figure 50 is a map of pJMupperpathway2.

[0101] Figures 51A-C are the nucleotide sequence of pJMupperpathway2 (SEQ ID NO:22). 

[0102] Figure 52 is a map of pBS Kudzu #2.

[0103] Figure 53A is a graph showing growth during fermentation time of Bacillus expressing 

recombinant kudzu isoprene synthase in 14 liter fed batch fermentation. Black diamonds 

represent a control strain (BG3594comK) without recombinant isoprene synthase (native 

isoprene production) and grey triangles represent CF443, Bacillus strain BG3594comK with 

pBSKudzu (recombinant isoprene production).
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[0104] Figure 53B is a graph showing isoprene production during fermentation time of

Bacillus expressing recombinant kudzu isoprene synthase in 14 liter fed batch fermentation.

Black diamonds represent a control strain (BG3594comK) without recombinant isoprene

synthase (native isoprene production) and grey triangles represent CF443, Bacillus strain

BG3594comK with pBSKudzu (recombinant isoprene production).

[0105] Figure 54 is a time course of optical density within the 15-L bioreactor fed with 

glucose.

[0106] Figure 55 is a time course of isoprene titer within the 15-L bioreactor fed with glucose. 

The titer is defined as the amount of isoprene produced per liter of fermentation broth.

[0107] Figure 56 is a time course of total isoprene produced from the 15-L bioreactor fed with 

glucose.

[0108] Figure 57 is a time course of optical density within the 15-L bioreactor fed with 

glycerol.

[0109] Figure 58 is a time course of isoprene titer within the 15-L bioreactor fed with glycerol. 

The titer is defined as the amount of isoprene produced per liter of fermentation broth.

[0110] Figure 59 is a time course of total isoprene produced from the 15-L bioreactor fed with 

glycerol.

[0111] Figures 60A-60C are the time courses of optical density, mevalonic acid titer, and 

specific productivity within the 150-L bioreactor fed with glucose.

[0112] Figures 61A-61C are the time courses of optical density, mevalonic acid titer, and 

specific productivity within the 15-L bioreactor fed with glucose.

[0113] Figures 62A-62C are the time courses of optical density, mevalonic acid titer, and 

specific productivity within the 15-L bioreactor fed with glucose.

[0114] Figure 63A-63C are the time courses of optical density, isoprene titer, and specific 

productivity within the 15-L bioreactor fed with glucose.

[0115] Figures 64A-64C are the time courses of optical density, isoprene titer, and specific 

productivity within the 15-L bio reactor fed with glucose.

[0116] Figures 65A-65C are the time courses of optical density, isoprene titer, and specific 

productivity within the 15-L bioreactor fed with glucose.

[0117] Figures 66A-66C are the time courses of optical density, isoprene titer, and specific 

productivity within the 15-L bioreactor fed with glucose.

[0118] Figure 67A-67C are the time courses of optical density, isoprene titer, and specific 

productivity within the 15-L bioreactor fed with glucose.
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[0119] Figure 68 is a graph of the calculated adiabatic flame temperatures for Series A as a 

function of fuel concentration for various oxygen levels. The figure legend lists the curves in the 

order in which they appear in the graph. For example, the first entry in the figure legend 

(isoprene in air at 40 °C) corresponds to the highest curve in the graph.

[0120] Figure 69 is a graph of the calculated adiabatic flame temperatures for Series B as a 

function of fuel concentration for various oxygen levels with 4% water. The figure legend lists 

the curves in the order in which they appear in the graph.

[0121] Figure 70 is a graph of the calculated adiabatic flame temperatures for Series C as a 

function of fuel concentration for various oxygen levels with 5% CO2. The figure legend lists the 

curves in the order in which they appear in the graph.

[0122] Figure 71 is a graph of the calculated adiabatic flame temperatures for Series D as a 

function of fuel concentration for various oxygen levels with 10% CO2. The figure legend lists 

the curves in the order in which they appear in the graph.

[0123] Figure 72 is a graph of the calculated adiabatic flame temperatures for Series E as a 

function of fuel concentration for various oxygen levels with 15% CO2. The figure legend lists 

the curves in the order in which they appear in the graph.

[0124] Figure 73 is a graph of the calculated adiabatic flame temperatures for Series F as a 

function of fuel concentration for various oxygen levels with 20% CO2. The figure legend lists 

the curves in the order in which they appear in the graph.

[0125] Figure 74 is a graph of the calculated adiabatic flame temperatures for Series G as a 

function of fuel concentration for various oxygen levels with 30% CO2. The figure legend lists 

the curves in the order in which they appear in the graph.

[0126] Figure 75A is a table of the conversion of the CAFT Model results from weight percent 

to volume percent for series A.

[0127] Figure 75B is a graph of the flammability results from the CAFT model for Series A in 

Figure 68 plotted as volume percent.

[0128] Figure 76A is a table of the conversion of the CAFT Model results from weight percent 

to volume percent for series B.

[0129] Figure 76B is a graph ofthe flammability results from the CAFT model for Series B in 

Figure 69 plotted as volume percent.

[0130] Figure 77 is a figure depicting the flammability test vessel.

[0131] Figure 78A is a graph of the flammability Curve for Test Series 1: 0% Steam, 0 psig, 

and 40°C.
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[0132] Figure 78B is a table summarizing the explosion and non-explosion data points for Test 

Series 1.

[0133] Figure 78C is a graph of the flammability curve for Test Series 1 compared with the 

CAFT Model.

[0134] Figure 79A is a graph of the flammability curve for Test Series 2: 4% Steam, 0 psig, 

and 40°C.

[0135] Figure 79B is a table summarizing the explosion and non-explosion data points for Test 

Series 2.

[0136] Figure 79C is a graph of the flammability curve for Test Series 2 compared with the 

CAFT Model.

[0137] Figures 80A-B are a table of the detailed experimental conditions and results for Test 

Series 1.

[0138] Figure 81 is a table of the detailed experimental conditions and results for Test Series

2.

[0139] Figure 82 is a graph of the calculated adiabatic flame temperature plotted as a function 

of fuel concentration for various nitrogen/oxygen ratios at 3 atmospheres of pressure.

[0140] Figure 83 is a graph of the calculated adiabatic flame temperature plotted as a function 

of fuel concentration for various nitrogen/oxygen ratios at 1 atmosphere of pressure.

[0141] Figure 84 is a graph of the flammability envelope constructed using data from Figure

82 and following the methodology described in Example 13. The experimental data points 

(circles) are from tests described herein that were conducted at 1 atmosphere initial system 

pressure.

[0142] Figure 85 is a graph of the flammability envelope constructed using data from Figure

83 and following the methodology described in Example 13. The experimental data points 

(circles) are from tests described herein that were conducted at 1 atmosphere initial system 

pressure.

[0143] Figure 86A is a GC/MS chromatogram of fermentation off-gas.

[0144] Figure 86B is an expansion of Fig 86A to show minor volatiles present in fermentation 

off-gas.

[0145] Figure 87A is a GC/MS chromatogram of trace volatiles present in off-gas following 

cryo-trapping at -78°C.

[0146] Figure 87B is a GC/MS chromatogram of trace volatiles present in off-gas following 

cryo-trapping at -196°C.
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[0147] Figure 87C is an expansion of Figure 87B.

[0148] Figure 87D is an expansion of Figure 87C.

[0149] Figures 88A-B are GC/MS chromatogram comparing C5 hydrocarbons from 

petroleum-derived isoprene (Figure 88A) and biologically produced isoprene (Figure 88B). The 

standard contains three C5 hydrocarbon impurities eluting around the main isoprene peak 

(Figure 88A). In contrast, biologically produced isoprene contains amounts of ethanol and 

acetone (run time of 3.41 minutes) (Figure 88A).

[0150] Figure 89 is a graph of the analysis of fermentation off-gas of an E. coli BL21 (DE3) 

pTrcIS strain expressing a Kudzu isoprene synthase and fed glucose with 3 g/L yeast extract. 

[0151] Figure 90 shows the structures of several impurities that are structurally similar to 

isoprene and may also act as polymerization catalyst poisons.

[0152] Figure 91 is a map of pTrcHis2AUpperPathway (also called pTrcUpperMVA).

[0153] Figures 92A-92C are the nucleotide sequence of pTrcHis2AUpperPathway (also called 

pTrcUpperMVA) (SEQ ID NO:23).

[0154] Figure 93 is a time course of optical density within the 15-L bioreactor fed with 

glucose.

[0155] Figure 94 is a time course of isoprene titer within the 15-L bioreactor fed with glucose. 

The titer is defined as the amount of isoprene produced per liter of fermentation broth.

[0156] Figure 95 is a time course of total isoprene produced from the 15-L bioreactor fed with 

glucose.

[0157] Figure 96 is a time course of optical density within the 15-L bioreactor fed with invert 

sugar.

[0158] Figure 97 is a time course of isoprene titer within the 15-L bioreactor fed with invert 

sugar. The titer is defined as the amount of isoprene produced per liter of fermentation broth. 

[0159] Figure 98 is a time course of total isoprene produced from the 15-L bioreactor fed with 

invert sugar.

[0160] Figure 99 is a time course of optical density within the 15-L bioreactor fed with 

glucose.

[0161] Figure 100 is a time course of isoprene titer within the 15-L bioreactor fed with 

glucose. The titer is defined as the amount of isoprene produced per liter of fermentation broth. 

[0162] Figure 101 is a time course of isoprene specific activity from the 15-L bioreactor fed 

with glucose.

[0163] Figure 102 is a map of pCLPtrcUpperPathwayHGS2.
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[0164] Figures 103A-103C are the nucleotide sequence of pCLPtrcUpperPathwayHGS2 (SEQ 

ID NO:24).

[0165] Figure 104 is a time course of optical density within the 15-L bioreactor fed with 

glucose.

[0166] Figure 105 is a time course of isoprene titer within the 15-L bioreactor fed with 

glucose. The titer is defined as the amount of isoprene produced per liter of fermentation broth. 

[0167] Figure 106 is a time course of total isoprene produced from the 15-L bioreactor fed 

with glucose.

[0168] Figure 107 is a map of plasmid MCM330 (FRT-cm-FRT-gil.2-KKDy at attTn7). 

[0169] Figures 108A-108C are the nucleotide sequence of plasmid MCM330 (SEQ ID 

NO:25).

[0170] Figure 109 is a map of pET24D-Kudzu.

[0171] Figures 110A-B are the nucleotide sequence of pET24D-Kudzu (SEQ ID NO:26). 

[0172] Figure 111A is a time course of optical density within the 15-L bioreactor fed with 

glucose.

[0173] Figure 11 IB is a time course of isoprene titer within the 15-L bioreactor fed with 

glucose. The titer is defined as the amount of isoprene produced per liter of fermentation broth. 

[0174] Figure 111C is a time course of specific productivity of isoprene in the 15-L bioreactor 

fed with glucose.

[0175] Figure 112A is a map of the M. mazei archaeal Lower Pathway operon.

[0176] Figures 112B-C are the nucleotide sequence of the M. mazei archaeal lower Pathway 

operon (SEQ ID NO:27).

[0177] Figure 113A is a map of MCM382 - pTrcKudzuMVK(mazei).

[0178] Figures 113B-C are the nucleotide sequence of MCM382 - pTrcKudzuMVK(mazei) 

(SEQ ID NO:28).

[0179] Figure 114A is a map of MCM376 - MVK from M. mazei archaeal Lower in 

pET200D.

[0180] Figures 114B-C are the nucleotide sequence of MCM376 - MVK from M. mazei 

archaeal Lower in pET200D (SEQ ID NO:29).

[0181] Figures 115A-115D demonstrate that over-expression of MVK and isoprene synthase 

results in increased isoprene production. Accumulated isoprene and CO2 from MCM401 and 

MCM343 during growth on glucose in 100 mL bioreactors with 100 and 200 μΜ IPTG 

induction of isoprene production was measured over a 22 hour time course. Figure 115A is a
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graph of the accumulated isoprene (%) from MCM343. Figure 115B is a graph of the

accumulated isoprene (%) from MCM401. Figure 115C is a graph of the accumulated CO2 (%)

from MCM343. Figure 115D is a graph of the accumulated CO2 (%) from MCM401.

[0182] Figure 116 is a time course of optical density within the 15-L bioreactor fed with

glucose.

[0183] Figure 117 is a time course of isoprene titer within the 15-L bioreactor fed with 

glucose. The titer is defined as the amount of isoprene produced per liter of fermentation broth. 

[0184] Figure 118 is a time course of total isoprene produced from the 15-L bioreactor fed 

with glucose.

[0185] Figure 119 is a graph of the total carbon dioxide evolution rate (TCER), or metabolic 

activity profile, within the 15-L bioreactor fed with glucose.

[0186] Figure 120 is a graph of the cell viability during isoprene production within the 15-L 

bioreactor fed with glucose. TVC/OD is the total viable counts (colony forming units) in 1 mL 

of broth per optical density unit (OD550).

[0187] Figure 121 is a time course of optical density within the 15-L bioreactor fed with 

glucose.

[0188] Figure 122 is a time course of isoprene titer within the 15-L bioreactor fed with 

glucose. The titer is defined as the amount of isoprene produced per liter of fermentation broth. 

[0189] Figure 123 is a time course of total isoprene produced from the 15-L bioreactor fed 

with glucose.

[0190] Figure 124 is a time course of volumetric productivity within the 15-L bioreactor fed 

with glucose. The volumetric productivity is defined as the amount of isoprene produced per 

liter of broth per hour.

[0191] Figure 125 is a time course of instantaneous yield within the 15-L bioreactor fed with 

glucose. The instantaneous yield is defined as the amount of isoprene (gram) produced per 

amount of glucose (gram) fed to the bioreactor (w/w) during the time interval between the data 

points.

[0192] Figure 126 is a graph of the total carbon dioxide evolution rate (TCER), or metabolic 

activity profile, within the 15-L bioreactor fed with glucose.

[0193] Figure 127 is cell viability during isoprene production within the 15-L bioreactor fed 

with glucose. TVC/OD is the total viable counts (colony forming units) in 1 mL of broth per 

optical density unit (OD550).
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[0194] Figure 128 is a time course of optical density within the 15-L bioreactor fed with 

glucose.

[0195] Figure 129 is a time course of isoprene titer within the 15-L bioreactor fed with 

glucose. The titer is defined as the amount of isoprene produced per liter of fermentation broth. 

[0196] Figure 130 is a time course of total isoprene produced from the 15-L bioreactor fed 

with glucose.

[0197] Figure 131 is a graph of total carbon dioxide evolution rate (TCER), or metabolic 

activity profile, within the 15-L bioreactor fed with glucose.

[0198] Figure 132 is a graph showing that a transient decrease in the airflow to the bioreactor 

caused a spike in the concentration of isoprene in the off-gas that did not cause a dramatic 

decrease in metabolic activity (TCER). TCER, or metabolic activity, is the total carbon dioxide 

evolution rate.

[0199] Figure 133 is a graph of the cell viability during isoprene production within the 15-L 

bioreactor fed with glucose. TVC/OD is the total viable counts (colony forming units) in 1 mL 

of broth per optical density unit (OD550).

[0200] Figure 134 is a time course of optical density within the 15-L bioreactor fed with 

glucose. Dotted vertical lines denote the time interval when isoprene was introduced into the 

bioreactor at a rate of 1 g/L/hr.

[0201] Figure 135 is total carbon dioxide evolution rate (TCER), or metabolic activity profile, 

within the 15-L bioreactor fed with glucose. Dotted vertical lines denote the time interval when 

isoprene was introduced into the bioreactor at a rate of 1 g/L/hr.

[0202] Figure 136 is cell viability during isoprene production within the 15-L bioreactor fed 

with glucose. TVC/OD is the total viable counts (colony forming units) in 1 mL of broth per 

optical density unit (OD55o). Dotted vertical lines denote the time interval when isoprene was 

introduced into the bioreactor at a rate of 1 g/L/hr.

[0203] Figures 137A-B are the sequence of Populus alba pET24a: isoprene synthase gene 

highlighted in bold letters (SEQ ID NO:30).

[0204] Figures 137C-D are the sequence of Populus nigra pET24a: isoprene synthase gene 

highlighted in bold letters (SEQ ID NO:31).

[0205] Figures 137E-F are the sequence of Populus tremuloides pET24a (SEQ ID NO:32). 

[0206] Figure 13 7G is the amino acid sequence of Populus tremuloides isoprene synthase 

gene (SEQ ID NO:33).
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[0207] Figures 137H-I are the sequence of Populus trichocarpa pET24a: isoprene synthase 

gene highlighted in bold letters (SEQ ID NO:34).

[0208] Figures 137J-K are the sequence of Populus tremula x Populus alba pET24a: isoprene 

synthase gene highlighted in bold letters (SEQ ID NO:35).

[0209] Figure 137L is a map of MCM93 which contains the kudzu IspS coding sequence in a 

pCR2.1 backbone.

[0210] Figures 137M-N arc the sequence of MCM93 (SEQ ID NO:36).

[0211] Figure 1370 is a map of pET24D-Kudzu.

[0212] Figures 137P-Q are the sequence of pET24D-Kudzu (SEQ ID NO:37).

[0213] Figure 138 is isoprene synthase expression data for various poplar species as measured 

in the whole cell head space assay. Y-axis is pg/L/OD of isoprene produced by 0.2 mL of a 

culture induced with IPTG.

[0214] Figure 139 is relative activity of Poplar isoprene synthase enzymes as measured by 

DMAPP assay. Poplar enzymes have significantly higher activity than the isoprene synthase 

from Kudzu. Poplar [alba x tremula] only had traces (< 1 %) of activity and is not shown in the 

plot.

[0215] Figure 140 is a map of pDONR221:19430 - hybridHGS.

[0216] Figure 141 is the nucleotide sequence of pDONR221:19430 - hybrid_HGS, the 

sequence of Kudzu isoprene synthase codon-optimized for yeast (SEQ ID NOG 8).

[0217] Figure 142A is a map of pDW14.

[0218] Figures 142B-C are the complete nucleotide sequence of pDW14 (SEQ ID NO:39). 

[0219] Figure 143 shows induced INVSc-1 strains harboring pDW14 or pYES-DEST52. 

Figure 143A. A 4-12% bis tris gel (Novex, Invitrogen) of lysates generated from INVSc-1 

strains induced with galactose and stained with SimplyBlue SafeStain (Invitrogen). Figure 143B 

Western blot analysis of the same strains using the WestemBreeze kit (Invitrogen). Lanes are as 

follows: 1, INVSc-1 + pYES-DEST52; 2, INVSc-1 + pDW14 (isolate 1); 3, INVSc-1 + pDW14 

(isolate 2). MW (in kDa) is indicated (using the SeeBlue Plus2 molecular weight standard). 

[0220] Figure 144 (Figures 144A and 144B) shows induced INVSc-1 strains harboring 

pDW14 or pYES-DEST52. Figure 144A. OD6oo of galactose-induced strains prior to lysis. The 

y-axis is ODfioo. Figure 144B. DMAPP assay of isoprene synthase headspace in control and 

isoprene synthase-harboring strains. Specific activity was calculated as pg HG/L/OD. Samples 

are as follows: Control, INVSc-1 + pYES-DEST52; HGS-1, INVSc-1 + pDW14 (isolate 1); 

HGS-2, INVSc-1 + pDW14 (isolate 2).
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[0221] Figure 145A is a map of codon optimized isoprene synthase fluo-opt2v2.

[0222] Figure 145B is the nucleotide sequence of codon optimized isoprene synthase fluo-

opt2v2 (SEQ ID NO:40).

[0223] Figure 146A is a map of pBBRlMCS5.

[0224] Figures 146B-C are the nucleotide sequence of pBBRlMCS5 (SEQ ID NO:41).

[0225] Figure 147A is a map of pBBR5HGSOpt2_2.

[0226] Figures 147B-C arc the nucleotide sequence of pBBR5HGSOpt2_2 (SEQ ID NO:42). 

[0227] Figure 148 is a graph of CER versus fermentation time for strain MCM401, uninduced, 

induced with IPTG (4 x 50 pmol) or IPTG (2 x 100 pmol).

[0228] Figure 149 shows concentration of glucose in sugar cane solutions, pH adjusted or not, 

as a function of the number of autoclaving cycles (one cycle = 30 min).

[0229] Figure 150 shows growth curves (OD600 as a function of time) of Pseudomonas putida 

FI and Pseudomonas fluorescens ATCC13525 on glucose, sugar cane, and inverted sugar cane. 

[0230] Figure 151 shows growth curves (OD600 as a function of time) of E. coli BL21(DE3), 

MG1655, ATCC11303 and B REL 606 on glucose, sugar cane, and inverted sugar cane.

[0231] Figure 152 is a map of plasmid pET24 P. alba HGS.

[0232] Figure 153 A-B are the nucleotide sequence of plasmid pET24 P. alba HGS (SEQ ID 

NO:43).

[0233] Figure 154 is a schematic diagram showing restriction sites used for endonuclease 

digestion to construct plasmid EWL230 and compatible cohesive ends between BspHI and Ncol 

sites.

[0234] Figure 155 is a map of plasmid EWF230.

[0235] Figures 156A-B are the nucleotide sequence of plasmid EWL230 (SEQ ID NO:44). 

[0236] Figure 157 is a schematic diagram showing restriction sites used for endonuclease 

digestion to construct plasmid EWL244 and compatible cohesive ends between Nsil and Pstl 

sites.

[0237] Figure 158 is a map of plasmid EWF244.

[0238] Figures 159A-B are the nucleotide sequence of plasmid EWL244 (SEQ ID NO:45). 

[0239] Figure 160A is a map of the M mazei archaeal Lower Pathway operon.

[0240] Figures 160B-C are the nucleotide sequence of the M. mazei archaeal Lower Pathway 

operon (SEQ ID NO:46).

[0241] Figure 161A is a map of MCM376-MVK from M. mazei archaeal Lower in pET200D.
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[0242] Figures 161B-C are the nucleotide sequence of MCM376-MVK from M. mazei 

archaeal Lower in pET200D (SEQ ID NO:47).

[0243] Figure 162 is a map of plasmid pBBRCMPGIl .5-pgl.

[0244] Figures 163A-B are the nucleotide sequence of plasmid pBBRCMPGIl.5-pgl (SEQ ID 

NO:48).

[0245] Figures 164A-F are graphs of isoprene production by E. coli strain expressing M. mazei 

mevalonate kinase, P. alba isoprene synthase, andpgl (RHM111608-2), and grown in fed-batch 

culture at the 15-L scale. Figure 164A shows the time course of optical density within the 15-L 

bioreactor fed with glucose. Figure 164B shows the time course of isoprene titer within the 15-L 

bioreactor fed with glucose. The titer is defined as the amount of isoprene produced per liter of 

fermentation broth. Method for calculating isoprene: cumulative isoprene produced in 59 hrs, 

g/Fermentor volume at 59 hrs, L [=] g/L broth. Figure 164C also shows the time course of 

isoprene titer within the 15-L bioreactor fed with glucose. Method for calculating isoprene: 

/(Instantaneous isoprene production rate, g/L/hr)dt from t = 0 to 59 hours [=] g/L broth. Figure 

164D shows the time course of total isoprene produced from the 15-L bioreactor fed with 

glucose. Figure 164E shows volumetric productivity within the 15-L bioreactor fed with 

glucose. Figure 164F shows carbon dioxide evolution rate (CER), or metabolic activity profile, 

within the 15-L bioreactor fed with glucose.

[0246] Figures 165A-B are graphs showing analysis of off-gas from fermentation in 15L 

bioreactors. Sample A is strain RM111608-2 sampled at 64.8 hours. Sample B is strain 

EWL256 was E. coli BL21 (DE3), pCL upper, cmR-gil.2-yKKDyI, pTrcAlba-mMVK sampled 

at 34.5 hours. Hydrogen is detected above the baseline (0.95 x 10'8 torr) for both samples.

[0247] Figure 166A shows an exemplary Bioisoprene™ recovery unit.

[0248] Figure 166B shows an exemplary Bioisoprene™ desorption/condensation setup.

[0249] Figure 167 shows a GC/FID chromatogram of a Bioisoprene™ product. The material 

was determined to be 99.7% pure.

[0250] Figure 168A-C show the GC/FID chromatograms of a Bioisoprene™ sample before 

(A) and after treatment with alumina (B) or silica (C). The isoprene peak is not shown in these 

chromatograms.

[0251] Figure 169 shows a diagram of a process and associated apparatus for purifying 

isoprene from a fermentation off-gas.

[0252] Figure 170 shows GC/FID chromatogram of partially hydrogenated Bioisoprene™ 

monomer. Compound 1 (RT = 12.30 min) = 3-methyl-1-butene, compound 2 (RT = 12.70 min)
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= 2-methylbutane, compound 3 (RT = 13.23 min) = 2-methyl-1 -butene, compound 4 (RT =

13.53 min) = isoprene, compound 5 (RT = 14.01 min) = 2-methyl-2-butene).

[0253] Figure 171 shows the GC/MS Total Ion Chromatogram for products derved from the 

Amberlyst-15 acid resin-catalyzed dimerization of 2-methyl-2-butene.

[0254] Figure 172 shows the GC/MS Total Ion Chramatogram for products derived from 

Amberlyst 15 acid resin-catalyzed oligomerization of Bioisoprene™ monomer.

[0255] Figure 173 shows a process flow diagram for the conversion of a C5 stream into a 

C10/05 product stream using a dimerization reactor. The C5 stream comprises Bioisoprene™ 

monomer and/or C5 derivatives of Bioisoprene™ monomer.

DETAILED DESCRIPTION OF THE INVENTION

[0256] The invention provides, inter alia, compositions and methods for producing a fuel 

constituent from isoprene. Provided herein are fuel constituents or additives, for example, cyclic 

isoprene dimers and trimers, linear isoprene oligomers, aromatic and alicyclic isoprene 

derivatives, and oxygenated isoprene derivatives. The fuel constituent can be produced by 

chemical transformations of a starting material comprising a commercially beneficial amount of 

highly pure isoprene. In one aspect, the commercially beneficial amount of highly pure isoprene 

comprises bioisoprene. In another aspect, a commercially beneficial amount of highly pure 

isoprene can be bioisoprene. In another aspect, a commercially beneficial amount of highly pure 

isoprene can be highly pure isoprene compositions produced by culturing cells expressing a 

heterologous isoprene synthase enzyme. In other aspects, highly pure isoprene undergoes 

oligomerization to form unsaturated isoprene oligomers such as cyclic dimers or trimers and 

linear oligomers. The unsaturated oligomers may be hydrogenated to produce saturated 

hydrocarbon fuel constituent. In some embodiment, reaction of highly pure isoprene with 

alcohols in the presence of an acid catalyst produces fuel oxygenates. In another aspect, the 

highly pure isoprene is partially hydrogenated to produce isoamylenes. In some embodiments, 

an isoamylene product derived from the highly pure isoprene undergoes dimerization to form 

isodecenes. In some embodiments, isoamylene products derived from the highly pure isoprene 

react with alcohols in the presence of an acid catalyst to produce fuel oxygenates.

[0257] Bioisoprene derived from renewable carbon can be converted to a variety of 

hydrocarbon fuels by chemical catalysis. Provided herein are methods for recovering isoprene 

from fermentation and subsequent conversion to hydrocarbon fuels by chemical catalysis to 

compounds of higher molecular weight. These methods include, but are not limited to,
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recovering and purifying isoprene from fermentation off-gas and subsequent gas or liquid phase 

catalysis to provide compounds with fuel value. Both continuous and batch mode processes are 

contemplated within the scope of the invention.

[0258] As further detailed herein, a bioisoprene composition is distinguished from a petro­

isoprene composition in that a bioisoprene composition is substantially free of any 

contaminating unsaturated C5 hydrocarbons that are usually present in petro-isoprene 

compositions, such as, but not limited to, 1,3-cyclopentadiene, trans-1,3-pentadiene, cA-1,3- 

pentadiene, 1,4-pentadiene, 1-pentyne, 2-pcntyne, 3-methyl-l-butyne, pent-4-ene-l-yne, trans- 

pent-3-ene-l-yne, and czs-pent-3-ene-l-ync. If any contaminating unsaturated C5 hydrocarbons 

are present in the bioisoprene starting material described herein, they are present in lower levels 

than that in petro-isoprene compositions. Accordingly, any fuel products derived from 

bioisoprene compositions described herein is essentially free of, or contains at lower levels than 

that in fuel products derived from petro-isoprene, any contaminating unsaturated C5 

hydrocarbons or products derived from such contaminating unsaturated C5 hydrocarbons. In 

addition, the sulfur levels in a bioisoprene composition are lower than the sulfur levels in petro­

isoprene compositions. Fuels products derived from bioisoprene compositions contain lower 

levels of sulfur than that in fuel products derived from petro-isoprene.

[0259] Bioisoprene is distinguished from petro-isoprene in that bioisoprene is produced with 

other bio-byproducts (compounds derived from the biological sources and/or associated the 

biological processes that are obtained together with bioisoprene) that are not present or present 

in much lower levels in petro-isoprene compositions, such as alcohols, aldehydes, ketone and the 

like. The bio-byproducts may include, but are not limited to, ethanol, acetone, methanol, 

acetaldehyde, methacrolein, methyl vinyl ketone, 2-methyl-2-vmyloxirane, cis- and trans-3- 

methyl-l,3-pentadiene, a C5 prenyl alcohol (such as 3-methyl-3-buten-l-ol or 3-methyl-2-buten- 

l-ol), 2-heptanone, 6-methyl-5-hepten-2-one, 2,4,5-trimethylpyridine, 2,3,5-trimethylpyrazine, 

citronellal, methanethiol, methyl acetate, 1-propanol, diacetyl, 2-butanone, 2-methyl-3-buten-2- 

ol, ethyl acetate, 2-methyl-1-propanol, 3-methyl-l-butanal, 3-methyl-2-butanone, 1-butanol, 2- 

pentanone, 3-methyl-1-butanol, ethyl isobutyrate, 3-methyl-2-butenal, butyl acetate, 3- 

methylbutyl acetate, 3-methyl-3-buten-l-yl acetate, 3-methyl-2-buten-l-yl acetate, 3-hexen-l-ol, 

3-hexen-l-yl acetate, limonene, geraniol (trans-3,7-dimethyl-2,6-octadien-l-ol), citronellol (3,7- 

dimethyl-6-octen-l-ol), (E)-3,7-dimethyl-l,3,6-octatriene, (Z)-3,7-dimethyl-l,3,6-octatriene, 

2,3-cycloheptenolpyridine, or a linear isoprene polymer (such as a linear isoprene dimer or a 

linear isoprene trimer derived from the polymerization of multiple isoprene units). Fuel products
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derived from bioisoprene contain one or more of the bio-byproducts or compounds derived from 

any of the bio-byproducts. In addition, fuel products derived from bioisoprene may contain 

compounds formed from these bio-byproducts during subsequent chemical conversion.

Examples of such compounds include those derived from Diels-Alder cycloaddition of 

dienophiles to isoprene or fuel derivatives thereof, the oxidation of isoprene or fuel derivatives. 

[0260] Further, bioisoprene is distinguished from petro-isoprene by carbon finger-printing. In 

one aspect, bioisoprene has a higher radioactive carbon-14 (14C) content or higher 14C/12C ratio 

than petro-isoprene. Bioisoprenc is produced from renewable carbon sources, thus the 14C 

content or the 14C/12C ratio in bioisoprene is the same as that in the present atmosphere. Petro­

isoprene, on the other hand, is derived from fossil fuels deposited thousands to millions of years 

ago, thus the 14C content or the 14C/12C ratio is diminished due to radioactive decay. As 

discussed in greater detail herein, the fuel products derived from bioisoprene has higher 14C 

content or 14C/12C ratio than fuel products derived from petro-isoprene. In one embodiment, a 

fuel product derived from bioisoprene described herein has a 14C content or 14C/12C ratio similar 

to that in the atmosphere. In another aspect, bioisoprene can be analytically distinguished from 

petro-isoprene by the stable carbon isotope ration (13C/12C), which can be reported as “delta 

values” represented by the symbol d13C. For examples, for isoprene derived from extractive 

distillation of C5 streams from petroleum refineries, bl 3C is about -22%o to about -24%o. This 

range is typical for light, unsaturated hydrocarbons derived from petroleum, and products 

derived from petroleum-based isoprene typically contain isoprenic units with the same b13C. 

Bioisoprene produced by fermentation of corn-derived glucose (b13C -10.73%o) with minimal 

amounts of other carbon-containing nutrients (e.g., yeast extract) produces isoprene which can 

be polymerized into polyisoprene with δ 'C -14.66%o to -14.85%o. Products produced from such 

bioisoprene are expected to have δ l3C values that are less negative than those derived from 

petroleum-based isoprene.

[0261] Compounds made by these methods include cyclic isoprene dimers and trimers, linear 

oligomers, aromatic and alicyclic derivatives. Diisoamylenes are made by methods comprising 

partial hydrogenation of bioisoprene compositons. These chemical derivatives of isoprene are 

useful as liquid transportation fuels (IsoFuels™) and as fuel additives.

[0262] Also provided herein are methods for the production of oxygenated derivatives of 

isoprene including alcohols, ketones, esters and ethers. Methods for the synthesis of oxygenated 

derivatives of isoprene can also be performed in liquid or gas phase, using homogeneous and

heterogeneous catalysts. Compounds of this chemical class are also useful as liquid 
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transportation fuels, and can be used in fuel blends as fuel oxygenates for emissions reduction 

and as fuel modifiers, for example as cetane boosters for diesel.

[0263] While isoprene can be obtained by fractionating petroleum, the purification of this 

material is expensive and time-consuming. Petroleum cracking of the C5 stream of 

hydrocarbons produces only about 15% isoprene. Isoprene is also naturally produced by a 

variety of microbial, plant, and animal species. In particular, two pathways have been identified 

for the biosynthesis of isoprene: the mevalonate (MVA) pathway and the non-mevalonate (DXP) 

pathway. Genetically engineered cell cultures in bioreactors have produced isoprene more 

efficiently, in larger quantities, in higher purities and/or with unique impurity profiles, e.g. as 

described in U.S. provisional patent application Nos. 61/013,386 and 61/013,574, filed on 

December 13, 2007, WO 2009/076676, U.S. provisional patent application Nos. 61/134,094, 

61/134,947, 61/134,011 and 61/134,103, filed on July 2, 2008, WO 2010/003007, U.S. 

provisional patent application No. 61/097,163, filed on September 15, 2008, WO 2010/031079, 

U.S. provisional patent application No. 61/097,186, filed on September 15, 2008, WO 

2010/031062, U.S. provisional patent application No. 61/097,189, filed on September 15, 2008, 

WO 2010/031077, U.S. provisional patent application No. 61/097,200, filed on September 15, 

2008, WO 2010/031068, U.S. provisional patent application No. 61/097,204, filed on September 

15, 2008, WO 2010/031076, U.S. provisional patent application No.61/141,652, filed on 

December 30, 2008, PCT/US09/069862, U.S. patent application No. 12/335,071, filed 

December 15, 2008 (US 2009/0203102 Al) and U.S. patent application No. 12/429,143, filed 

April 23, 2009 (US 2010/0003716 Al), which are incorporated by reference in their entireties.

Definitions

[0264] Unless defined otherwise herein, all technical and scientific terms used herein have the 

same meaning as commonly understood by one of ordinary skill in the art to which this 

invention pertains. Although any methods and materials similar or equivalent to those described 

herein find use in the practice of the present invention, the preferred methods and materials are 

described herein. Accordingly, the terms defined immediately below are more fully described by 

reference to the Specification as a whole. All documents cited are, in relevant part, incorporated 

herein by reference. However, the citation of any document is not to be construed as an 

admission that it is prior art with respect to the present invention.

[0265] As used herein, the singular terms “a,” “an,” and “the” include the plural reference 

unless the context clearly indicates otherwise.
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[0266] It is intended that every maximum numerical limitation given throughout this 

specification includes every lower numerical limitation, as if such lower numerical limitations 

were expressly written herein. Every minimum numerical limitation given throughout this 

specification will include every higher numerical limitation, as if such higher numerical 

limitations were expressly written herein. Every numerical range given throughout this 

specification will include every narrower numerical range that falls within such broader 

numerical range, as if such narrower numerical ranges were all expressly written herein.

[0267] The term “isoprene” refers to 2-methyl-l,3-butadiene (CAS# 78-79-5 ), which is the

direct and final volatile C5 hydrocarbon product from the elimination of pyrophosphate from 

3,3-dimethylallyl pyrophosphate (DMAPP), and does not involve the linking or polymerization 

of [an] 1PP molecule(s) to [a] DMAPP molecule(s). The term “isoprene” is not generally 

intended to be limited to its method of production unless indicated otherwise herein.

[0268] As used herein, “biologically produced isoprene” or “bioisoprene” is isoprene 

produced by any biological means, such as produced by genetically engineered cell cultures, 

natural microbials, plants or animals.

[0269] A “bioisoprene composition” refers to a composition that can be produced by any 

biological means, such as systems (e.g., cells) that are engineered to produce isoprene. It 

contains isoprene and other compounds that are co-produced (including impurities) and/or 

isolated together with isoprene. A bioisoprene composition usually contains fewer hydrocarbon 

impurities than isoprene produced from petrochemical sources and often requires minimal 

treatment in order to be of polymerization grade. As detailed herein, bioisoprene composition 

also has a different impurity profile from a petrochemically produced isoprene composition. 

[0270] As used herein, “at least a portion of the isoprene starting composition” can refer to at 

least about 1%, 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,

75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5%, 99.6%,

99.7%, 99.8%, 99.9%, or 100% of the isoprene starting composition undergoing chemical 

transformation.

[0271] As used herein, IsoFuels™ refers to fuels including liquid transportation fuels that are 

derived from isoprene. BioIsoFuels™ refers to fuels including liquid transportation fuels that are 

derived from bioisoprene.

[0272] The term “oligomerization” as used herein refers to a chemical process for combining 

two or more monomer units. “Oligomerization” of isoprene produces a deriv ative of isoprene
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derived from two or more molecules of isoprene, such as linear dimers of isoprene, cyclic dimers 

of isoprene, linear trimers of isoprene, cyclic trimers of isoprene and the like.

[0273] “Complete hydrogenation”, “Completely hydrogenate” or “Fully hydrogenate” is 

defined as the addition of hydrogen (H2), typically in the presence of a hydrogenation catalyst, to 

all unsaturated functional groups, such as carbon-carbon double bonds, within a precursor 

compound to give fully saturated product compounds. For example, complete hydrogenation of 

isoprene forms isopentane whereby 2 moles of H2 is comsumed per mole of isoprene.

[0274] “Partial hydrogenation” or “Partially hydrogenate” is defined as the addition of 

hydrogen (H2), typically in the presence of a hydrogenation catalyst, to at least one, but not all 

unsaturated functional groups, such as carbon-carbon double bonds, within a precursor 

compound. The product(s) of partial hydrogenation can be further completely hydrogenated to 

give fully saturated product compounds. Partial hydrogenation of a diene forms one or more 

mono-olefins. For example, partial hydrogenation of isoprene can give 3 isomeric isopentenes 

(2-methylbut-l-ene, 2-methylbut-2-ene and 3-methylbut-l-ene) whereby 1 mole of H2 is 

comsumed per mole of isoprene.

[0275] “Selective hydrogenation” or “Selectively hydrogenate” is defined as the addition of 

hydrogen (H2), typically in the presence of a hydrogenation catalyst, to at least one, but not all 

unsaturated functional groups, such as carbon-carbon double bonds, within a precursor 

compound whereby certain unsaturated functional groups are preferentially hydrogenated over 

other unsaturated groups under the chosen conditions. For example, selective hydrogenation of 

isoprene may form preferentially 2-methyl-2-butene, 2-methyl-l-butene, 3-methyl-1-butene or a 

mixture thereof.

[0276] As used herein, the term “polypeptides” includes polypeptides, proteins, peptides, 

fragments of polypeptides, and fusion polypeptides.

[0277] As used herein, an “isolated polypeptide” is not part of a library of polypeptides, such 

as a library of 2, 5, 10, 20, 50 or more different polypeptides and is separated from at least one 

component with which it occurs in nature. An isolated polypeptide can be obtained, for example, 

by expression of a recombinant nucleic acid encoding the polypeptide.

[0278] By “heterologous polypeptide” is meant a polypeptide whose amino acid sequence is 

not identical to that of another polypeptide naturally expressed in the same host cell. In 

particular, a heterologous polypeptide is not identical to a wild-type polypeptide that is found in 

the same host cell in nature.
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[0279] “Codon degeneracy” refers to divergence in the genetic code permitting variation of the 

nucleotide sequence without affecting the amino acid sequence of an encoded polypeptide. The 

skilled artisan is well aware of the “codon-bias” exhibited by a specific host cell in usage of 

nucleotide codons to specify a given amino acid. Therefore, when synthesizing a nucleic acid for 

improved expression in a host cell, it is desirable in some embodiments to design the nucleic 

acid such that its frequency of codon usage approaches the frequency of preferred codon usage 

of the host cell.

[0280] As used herein, a “nucleic acid” refers to two or more deoxyribonucleotidcs and/or 

ribonucleotides covalently joined together in either single or double-stranded form.

[0281] By “recombinant nucleic acid” is meant a nucleic acid of interest that is free of one or 

more nucleic acids (e.g., genes) which, in the genome occurring in nature of the organism from 

which the nucleic acid of interest is derived, flank the nucleic acid of interest. The term therefore 

includes, for example, a recombinant DNA which is incorporated into a vector, into an 

autonomously replicating plasmid or virus, or into the genomic DNA of a prokaryote or 

eukaryote, or which exists as a separate molecule (e.g., a cDNA, a genomic DNA fragment, or a 

cDNA fragment produced by PCR or restriction endonuclease digestion) independent of other 

sequences.

[0282] By “heterologous nucleic acid” is meant a nucleic acid whose nucleic acid sequence is 

not identical to that of another nucleic acid naturally found in the same host cell. In particular, a 

heterologous nucleic acid is not identical to a wild-type nucleic acid that is found in the same 

host cell in nature.

[0283] As used herein, a “vector” means a construct that is capable of delivering, and 

desirably expressing one or more nucleic acids of interest in a host cell. Examples of vectors 

include, but are not limited to, plasmids, viral vectors, DNA or RNA expression vectors, 

cosmids, and phage vectors.

[0284] As used herein, an “expression control sequence” means a nucleic acid sequence that 

directs transcription of a nucleic acid of interest. An expression control sequence can be a 

promoter, such as a constitutive or an inducible promoter, or an enhancer. An “inducible 

promoter” is a promoter that is active under environmental or developmental regulation. The 

expression control sequence is operably linked to the nucleic acid segment to be transcribed. 

[0285] The term “selective marker” or “selectable marker” refers to a nucleic acid capable of 

expression in a host cell that allow s for ease of selection of those host cells containing an 

introduced nucleic acid or vector. Examples of selectable markers include, but are not limited to,
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antibiotic resistance nucleic acids (e.g., kanamycin, ampicillin, carbenicillin, gentamicin, 

hygromycin, phleomycin, bleomycin, neomycin, or chloramphenicol) and/or nucleic acids that 

confer a metabolic advantage, such as a nutritional advantage on the host cell. Exemplary 

nutritional selective markers include those markers known in the art as amdS, arg3, andpyr4.

Compositions and Systems

[0286] Isoprene derived from petrochemical sources usually is an impure C5 hydrocarbon 

fraction which requires extensive purification before the material is suitable for polymerization 

or other chemical transformations. Several impurities are particularly problematic given their 

structural similarity to isoprene and the fact that they can act as polymerization catalyst poisons. 

Such compounds include, but are not limited to, 1,3-cyclopentadiene, cis- and trans-1,3- 

pentadiene, 1,4-pentadiene, 1-pentyne, 2-pentyne, 3-methyl-l-butyne, pent-4-ene-l-yne, trans- 

pent-3-ene-l-yne, and czs-pent-3-ene-l-yne. As detailed below, biologically produced isoprene 

can be substantially free of any contaminating unsaturated C5 hydrocarbons without undergoing 

extensive purification. Some biologically produced isoprene compositions contain ethanol, 

acetone, and C5 prenyl alcohols. These components are more readily removed from the isoprene 

stream than the isomeric C5 hydrocarbon fractions that are present in isoprene compositions 

derived from petrochemical sources. Further, these impurities can be managed in the bioprocess, 

for example by genetic modification of the producing strain, carbon feedstock, alternative 

fermentation conditions, recovery process modifications and additional or alternative 

purification methods.

[0287] In one aspect, the invention features compositions and systems for producing a fuel 

constituent from isoprene comprising: (a) a commercially beneficial amount of highly pure 

isoprene starting composition; and (b) a fuel constituent produced from at least a portion of the 

highly pure isoprene starting material; where at least a portion of the commercially beneficial 

amount of highly pure isoprene starting composition undergoes a chemical transformation. A 

highly pure isoprene starting material is subjected to chemical reactions to produce a 

commercially beneficial amount of product that is useful for making fuels. In one aspect, a 

commercially beneficial amount of highly pure isoprene comprises bioisoprene. In one aspect, a 

commercially beneficial amount of highly pure isoprene can be bioisoprene.

32



WO 2010/148256 PCT/US2010/039088

Exemplary starting isoprene compositions

[0288] In some embodiments, the commercially beneficial amount of highly pure isoprene 

starting composition comprises greater than or about 2, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 

200, 300, 400, 500, 600, 700, 800, 900, or 1000 mg of isoprene. In some embodiments, the 

starting isoprene composition comprises greater than or about 2, 5, 10, 20, 30, 40, 50, 60, 70, 80, 

90, 100 g of isoprene. In some embodiments, the starting isoprene composition comprises 

greater than or about 0.2, 0.5, 1, 2, 5, 10, 20, 50, 100, 200, 500, 1000 kg of isoprene. In some 

embodiments, the amount of isoprene in the starting composition is between about 2 to about 

5,000 mg, such as between about 2 to about 100 mg, about 100 to about 500 mg, about 500 to 

about 1,000 mg, about 1,000 to about 2,000 mg, or about 2,000 to about 5,000 mg. In some 

embodiments, the amount of isoprene in the starting composition is between about 20 to about 

5,000 mg, about 100 to about 5,000 mg, about 200 to about 2,000 mg, about 200 to about 1,000 

mg, about 300 to about 1,000 mg, or about 400 to about 1,000 mg. In some embodiments, the 

amount of isoprene in the starting composition is between about 2 to about 5,000 g, such as 

between about 2 to about 100 g, about 100 to about 500 g, about 500 to about 1,000 g, about 

1,000 to about 2,000 g, or about 2,000 to about 5,000 g. In some embodiments, the amount of 

isoprene in the starting composition is between about 2 to about 5,000 kg, about 10 to about 

2,000 kg, about 20 to about 1,000 kg, about 20 to about 500 kg, about 30 to about 200 kg, or 

about 40 to about 100 kg. In some embodiments, greater than or about 20, 25, 30, 40, 50, 60, 70, 

80, 90, or 95% (w/w) of the volatile organic fraction of the starting composition is isoprene. 

[0289] In some embodiments, the highly pure isoprene starting composition comprises greater 

than or about 98.0, 98.5, 99.0, 99.5, or 100% isoprene by weight compared to the total weight of 

all C5 hydrocarbons in the starting composition. In some embodiments, the highly pure isoprene 

starting composition comprises greater than or about 99.90, 99.92, 99.94, 99.96, 99.98, or 100% 

isoprene by weight compared to the total weight of all C5 hydrocarbons in the starting 

composition. In some embodiments, the starting composition has a relative detector response of 

greater than or about 98.0, 98.5, 99.0, 99.5, or 100% for isoprene compared to the detector 

response for all C5 hydrocarbons in the starting composition. In some embodiments, the starting 

composition has a relative detector response of greater than or about 99.90, 99.91, 99.92, 99.93, 

99.94, 99.95, 99.96, 99.97, 99.98, 99.99, or 100% for isoprene compared to the detector 

response for all C5 hydrocarbons in the starting composition. In some embodiments, the starting 

isoprene composition comprises between about 98.0 to about 98.5, about 98.5 to about 99.0,
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about 99.0 to about 99.5, about 99.5 to about 99.8, about 99.8 to 100% isoprene by weight 

compared to the total weight of all C5 hydrocarbons in the starting composition. In some 

embodiments, the starting isoprene composition comprises between about 99.90 to about 99.92, 

about 99.92 to about 99.94, about 99.94 to about 99.96, about 99.96 to about 99.98, about 99.98 

to 100% isoprene by weight compared to the total weight of all C5 hydrocarbons in the starting 

composition.

[0290] In some embodiments, the highly pure isoprene starting composition comprises less 

than or about 2.0, 1.5, 1.0, 0.5, 0.2, 0.12, 0.10, 0.08, 0.06, 0.04, 0.02, 0.01, 0.005, 0.001, 0.0005, 

0.0001, 0.00005, or 0.00001% C5 hydrocarbons other than isoprene (such 1,3-cyclopentadiene, 

cis- 1,3-pentadiene, /ra/7.v-l,3-pcntaclicnc, 1,4-pentadiene, 1-pentyne, 2-pentyne, 1-pentene, 2- 

methyl-1 -butene, 3-methyl-l-butyne, pent-4-ene-l-yne, /ra/?.v-pcnt-3-ene-l-ync, or cz's-pent-3- 

ene-l-yne) by weight compared to the total weight of all C5 hydrocarbons in the starting 

composition. In some embodiments, the starting composition has a relative detector response of 

less than or about 2.0, 1.5, 1.0, 0.5, 0.2, 0.12, 0.10, 0.08, 0.06, 0.04, 0.02, 0.01, 0.005, 0.001, 

0.0005, 0.0001, 0.00005, or 0.00001% for C5 hydrocarbons other than isoprene compared to the 

detector response for all C5 hydrocarbons in the starting composition. In some embodiments, 

the starting composition has a relative detector response of less than or about 2.0, 1.5, 1.0,0.5, 

0.2, 0.12, 0.10, 0.08, 0.06, 0.04, 0.02, 0.01, 0.005, 0.001,0.0005, 0.0001, 0.00005, or 0.00001% 

for 1,3-cyclopentadiene, cis-1,3-pentadiene, trans- 1,3-pentadiene, 1,4-pentadiene, 1-pentyne, 2- 

pentyne, 1-pentene, 2-methyl-1 -butene, 3-methyl-l-butyne, pent-4-ene-l-yne, Zran.y-pent-3-ene- 

1-yne, or cz's-pent-3-ene-l-yne compared to the detector response for all C5 hydrocarbons in the 

starting composition. In some embodiments, the highly pure isoprene starting composition 

comprises between about 0.02 to about 0.04%, about 0.04 to about 0.06%, about 0.06 to 0.08%, 

about 0.08 to 0.10%, or about 0.10 to about 0.12% C5 hydrocarbons other than isoprene (such 

1,3-cyclopentadiene, cis-1,3-pentadiene, trans- 1,3-pentadiene, 1,4-pentadiene, 1-pentyne, 2- 

pentyne, 1-pentene, 2-methyl-l-butene, 3-methyl-l-butyne, pent-4-ene-l-yne, /razzs-pent-3-ene- 

1-yne, or cz'i-pent-3-ene-1 -yne) by weight compared to the total weight of all C5 hydrocarbons 

in the starting composition.

[0291] In some embodiments, the highly pure isoprene starting composition comprises less 

than or about 50, 40, 30, 20, 10, 5, 1, 0.5, 0.1, 0.05, 0.01, or 0.005 pg/L of a compound that 

inhibits the polymerization of isoprene for any compound in the starting composition that 

inhibits the polymerization of isoprene. In some embodiments, the starting isoprene 

composition comprises between about 0.005 to about 50, such as about 0.01 to about 10, about
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0.01 to about 5, about 0.01 to about 1, about 0.01 to about 0.5, or about 0.01 to about 0.005 pg/L 

of a compound that inhibits the polymerization of isoprene for any compound in the starting 

composition that inhibits the polymerization of isoprene. In some embodiments, the starting 

isoprene composition comprises less than or about 50, 40, 30, 20, 10, 5, 1, 0.5, 0.1, 0.05, 0.01, or 

0.005 pg/L of a hydrocarbon other than isoprene (such 1,3-cyclopentadiene, cis-1,3-pentadiene, 

trans-1,3-pentadiene, 1,4-pentadiene, 1-pentyne, 2-pentyne, 1-pentene, 2-methyl-1 -butene, 3- 

methyl-l-butyne, pcnt-4-cne-l-yne, /ra«s-pcnt-3-ene-l -ync, or c/.s-pcnL-3-enc-1 -ync). In some 

embodiments, the starting isoprene composition comprises between about 0.005 to about 50, 

such as about 0.01 to about 10, about 0.01 to about 5, about 0.01 to about 1, about 0.01 to about 

0.5, or about 0.01 to about 0.005 pg/L of a hydrocarbon other than isoprene. In some 

embodiments, the starting isoprene composition comprises less than or about 50, 40, 30, 20, 10, 

5, 1, 0.5, 0.1, 0.05, 0.01, or 0.005 pg/Lof aprotein or fatty acid (such as aprotein or fatty acid 

that is naturally associated with natural rubber).

[0292] In some embodiments, the highly pure isoprene starting composition comprises less 

than or about 10, 5, 1, 0.8, 0.5, 0.1, 0.05, 0.01, or 0.005 ppm of alpha acetylenes, piperylenes, 

acetonitrile, or 1,3-cyclopentadiene. In some embodiments, the starting isoprene composition 

comprises less than or about 5, 1,0.5, 0.1,0.05, 0.01, or 0.005 ppm of sulfur or allenes. In some 

embodiments, the starting isoprene composition comprises less than or about 30, 20, 15, 10, 5, 1, 

0.5, 0.1, 0.05, 0.01, or 0.005 ppm of all acetylenes (such as 1-pentyne, 2-pentyne, 3-methyl-l- 

butyne, pent-4-ene-l-yne, /ra/z.v-pcnt-S-cne-l -yne, and czs-pent-3-ene-l-yne). In some 

embodiments, the starting isoprene composition comprises less than or about 2000, 1000, 500, 

200, 100, 50, 40, 30, 20, 10, 5, 1, 0.5, 0.1, 0.05, 0.01, or 0.005 ppm of isoprene dimers, such as 

cyclic isoprene dimers (e.g., cyclic CIO compounds derived from the dimerization of two 

isoprene units).

[0293] In some embodiments, the highly pure isoprene starting composition includes ethanol, 

acetone, methanol, acetaldehyde, methacrolein, methyl vinyl ketone, 2-methyl-2-vinyloxirane, 

cis- and //v/«.s-3-niclhyl-l.3-pentadiene, a C5 prenyl alcohol (such as 3-methyl-3-buten-l-ol or 3- 

methyl-2-buten-l-ol), or any two or more of the foregoing. In particular embodiments, the 

starting isoprene composition comprises greater than or about 0.005, 0.01, 0.05, 0.1, 0.5, 1, 5,

10, 20, 30, 40, 60, 80, 100, or 120 pg/L of ethanol, acetone, methanol, acetaldehyde, 

methacrolein, methyl vinyl ketone, 2-methyl-2-vinyloxirane, cis- and /zwzs-3-methyl-1,3- 

pentadiene, a C5 prenyl alcohol (such as 3-methyl-3-buten-l-ol or 3-methyl-2-buten-l-ol), or 

any two or more of the foregoing. In some embodiments, the isoprene composition comprises
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between about 0.005 to about 120, such as about 0.01 to about 80, about 0.01 to about 60, about 

0.01 to about 40, about 0.01 to about 30, about 0.01 to about 20, about 0.01 to about 10, about 

0.1 to about 80, about 0.1 to about 60, about 0.1 to about 40, about 5 to about 80, about 5 to 

about 60, or about 5 to about 40 qg/L of ethanol, acetone, methanol, acetaldehyde, methacrolein, 

methyl vinyl ketone, 2-methyl-2-vinyloxirane, cis- and /ra«s-3-methyl-1,3-pentadiene, a C5 

prenyl alcohol, or any two or more of the foregoing.

[0294] In some embodiments, the highly pure isoprene starting composition includes one or 

more of the following components: 2-hcptanone, 6-methyl-5-hepten-2-one, 2,4,5- 

trimethylpyridine, 2,3,5-trimethylpyrazine, citronellal, acetaldehyde, methanethiol, methyl 

acetate, 1-propanol, diacetyl, 2-butanone, 2-methyl-3-buten-2-ol, ethyl acetate, 2-methyl-1- 

propanol, 3-methyl-1-butanal, 3-methyl-2-butanone, 1-butanol, 2-pentanone, 3-methyl-l- 

butanol, ethyl isobutyrate, 3-methyl-2-butcnal, butyl acetate, 3-methylbutyl acetate, 3-methyl-3- 

buten-l-yl acetate, 3-methyl-2-buten-l-yl acetate, 3-hexen-l-ol, 3-hexen-l-yl acetate, limonene, 

geraniol (trans-3,7-dimethyl-2,6-octadien-l-ol), citronellol (3,7-dimethyl-6-octen-l-ol), (E)-3,7- 

dimethyl-l,3,6-octatriene, (Z)-3,7-dimethyl-l,3,6-octatriene, 2,3-cycloheptenolpyridine, or a 

linear isoprene polymer (such as a linear isoprene dimer or a linear isoprene trimer derived from 

the polymerization of multiple isoprene units). In various embodiments, the amount of one of 

these components relative to amount of isoprene in units of percentage by weight (i.e., weight of 

the component divided by the weight of isoprene times 100) is greater than or about 0.01, 0.02, 

0.05, 0.1,0.5, 1,5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, or 110% (w/w). In some 

embodiments, the relative detector response for the second compound compared to the detector 

response for isoprene is greater than or about 0.01, 0.02, 0.05, 0.1, 0.5, 1, 5, 10, 20, 30, 40, 50, 

60, 70, 80, 90, 100, or 110%. In various embodiments, the amount of one of these components 

relative to amount of isoprene in units of percentage by weight (i.e., weight of the component 

divided by the weight of isoprene times 100) is between about 0.01 to about 105 % (w/w), such 

as about 0.01 to about 90, about 0.01 lo about 80, about 0.01 to about 50, about 0.01 to about 20, 

about 0.01 to about 10, about 0.02 to about 50, about 0.05 to about 50, about 0.1 to about 50, or 

0.1 to about 20% (w/w).

[0295] In some embodiments, at least a portion of the highly pure isoprene starting 

composition is in a gas phase. In some embodiments, at least a portion of the highly pure 

isoprene starting composition is in a liquid phase (such as a condensate). In some embodiments, 

at least a portion of the highly pure isoprene starting composition is in a solid phase. In some 

embodiments, at least a portion of the highly pure isoprene starting composition is absorbed to a
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solid support, such as a support that includes silica and/or activated carbon. In some

embodiments, the starting isoprene composition is mixed with one or more solvents. In some

embodiments, the starting isoprene composition is mixed with one or more gases.

[0296] In other embodiments, the commercially beneficial amount of highly pure isoprene 

starting composition is produced by a biological process. In some preferred embodiments, the 

highly pure isoprene starting composition is a bioisoprene composition produced by culturing 

cells that produce greater than about 400 nmole of isoprene/gram of cells for the wet weight of 

the cells/hour (nmole/gwcm/hr) of isoprene. In one embodiment, the bioisoprene composition is 

produced by culturing cells that convert more than about 0.002% of the carbon in a cell culture 

medium into isoprene. In other embodiments, the cells have a heterologous nucleic acid that (i) 

encodes an isoprene synthase polypeptide, e.g. a naturally-occurring polypeptide from a plant 

such as Pueraria, and (ii) is operably linked to a promoter, e.g. a T7 promoter. Other isoprene 

synthase polypeptides, for example, from poplar and variants of naturally-occurring as well as 

parent isoprene synthase, can be used to produce bioisoprene. Examples of isoprene synthase 

and its variants that can be used are described in U.S. Appl. No. 12/429,143, which is 

incorporated herein in its entirety.

[0297] In some embodiments, the cells are cultured in a culture medium that includes a carbon 

source, such as, but not limited to, a carbohydrate, glycerol, glycerine, dihydroxyacetone, one- 

carbon source, oil, animal fat, animal oil, fatty acid, lipid, phospholipid, glycerolipid, 

monoglyceride, diglyceride, triglyceride, renewable carbon source, polypeptide (e.g., a microbial 

or plant protein or peptide), yeast extract, component from a yeast extract, or any combination of 

two or more of the foregoing. In some embodiments, the cells are cultured under limited glucose 

conditions. In some embodiment, the cells further comprise a heterologous nucleic acid 

encoding an IDI polypeptide. In some embodiments, the cells further comprise a heterologous 

nucleic acid encoding an MDV pathway polypeptide. In some embodiment, the starting 

isoprene composition is an isoprene composition as descried or is produced by culturing any of 

the cells described in U.S. provisional patent application Nos. 61/134,094, filed on July 2, 2008, 

WO 2010/003007, and U.S. patent application No. 12/335,071, filed December 15, 2008 (US 

2009/0203102 Al), which are incorporated by reference in their entireties.

[0298] In some embodiments, the highly pure isoprene starting composition comprises a gas 

phase (off-gas) produced by cells in culture that produces isoprene. In some embodiments, the 

gas phase has a nonflammable concentration of isoprene. In some embodiments, the gas phase 

comprises less than about 9.5 % (volume) oxygen. In some embodiments, the gas phase
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comprises greater than or about 9.5 % (volume) oxygen, and the concentration of isoprene in the 

gas phase is less than the lower flammability limit or greater than the upper flammability limit.

In some embodiments, the portion of the gas phase other than isoprene comprises between about 

0% to about 100% (volume) oxygen, such as between about 10% to about 100% (volume) 

oxygen. In some embodiments, the portion of the gas phase other than isoprene comprises 

between about 0% to about 99% (volume) nitrogen. In some embodiments, the portion of the 

gas phase other than isoprene comprises between about 1% to about 50% (volume) CCV.

[0299] In some embodiments, the highly pure isoprene starting composition includes one or 

more of the following: an alcohol, an aldehyde, a ketone, or an ester (such as any of the alcohols, 

aldehydes, ketones or esters described herein). In some embodiments, the isoprene composition 

includes (i) an alcohol and an aldehyde, (ii) an alcohol and a ketone, (iii) an aldehyde and a 

ketone, or (iv) an alcohol, an aldehyde, and a ketone. In some embodiments, any of the isoprene 

compositions further includes an ester.

[0300] In some embodiments, the highly pure isoprene starting composition derived from a 

biological source (such as a cell culture) contains one or more of the following: methanol, 

acetaldehyde, ethanol, methanethiol, 1-butanol, 3-methyl-1-propanol, acetone, acetic acid, 2- 

butanone, 2-methyl-l -butanol, or indole. In some embodiments, the starting isoprene 

composition contains 1 ppm or more of one or more of the following: methanol, acetaldehyde, 

ethanol, methanethiol, 1-butanol, 3-methyl-l-propanol, acetone, acetic acid, 2-butanone, 2- 

methyl-1-butanol, or indole. In some embodiments, the concentration of more of one or more of 

the following: methanol, acetaldehyde, ethanol, methanethiol, 1-butanol, 3-methyl-l-propanol, 

acetone, acetic acid, 2-butanone, 2-methyl-l-butanol, or indole, is between about 1 to about 

10,000 ppm in a starting isoprene composition (such as off-gas before it is purified). In some 

embodiments, the starting isoprene composition (such as off-gas after it has undergone one or 

more purification steps) includes one or more of the following: methanol, acetaldehyde, ethanol, 

methanethiol, 1-butanol, 3-methyl-l-propanol, acetone, acetic acid, 2-butanone, 2-methyl-l - 

butanol, or indole, at a concentration between about 1 to about 100 ppm, such as about 1 to 

about 10 ppm, about 10 to about 20 ppm, about 20 to about 30 ppm, about 30 to about 40 ppm, 

about 40 to about 50 ppm, about 50 to about 60 ppm, about 60 to about 70 ppm, about 70 to 

about 80 ppm, about 80 to about 90 ppm, or about 90 to about 100 ppm. In some embodiments, 

the starting isoprene composition contains less than 1 ppm of methanethiol (a potent catalyst 

poison and a source of sulfur in the final fuel product) Volatile organic compounds from cell 

cultures (such as volatile organic compounds in the headspace of cell cultures) can be analyzed
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using standard methods such as those described herein or other standard methods such as proton 

transfer reaction-mass spectrometry (see, for example, Bunge et al., Applied and Environmental 

Microbiology, 74(7):2179-2186, 2008 which is hereby incorporated by reference in its entirety, 

particular with respect to the analysis of volatile organic compounds).

[0301] The invention also contemplates the use of highly pure isoprene starting composition 

that is derived from a biological source (such as a cell culture) the co-produces isoprene and 

hydrogen. In some embodiments, the starting bioisoprene compositions comprise isoprene and 

hydrogen in ratios ranging from at least one molar percent of isoprene for every three molar 

percent of hydrogen to at least one molar percent of isoprene for every four molar percent of 

hydrogen. In some embodiments, the starting bioisoprene compositions comprise isoprene and 

hydrogen in molar ratios of about 1 to 9, 2 to 8, 3 to 7, 4 to 6, 5 to 5, 6 to 4, 7 to 3, 8 to 2, or 9 to 

1. In some embodiments, the composition further comprises from 1 to 11 molar percent 

isoprene and from 4 to 44 molar percent hydrogen. In some embodiments, the composition 

further comprises oxygen, carbon dioxide, or nitrogen. In some embodiments, the composition 

further comprises from 0 to 21 molar percent oxygen, from 18 to 44 molar percent carbon 

dioxide, and from 0 to 78 molar percent nitrogen. In some embodiments, the composition 

further comprises 1.0 x 10'4 molar percent or less of non-methane volatile impurities. In some 

embodiments, the non-methane volatile impurities comprise one or more of the following: 2- 

heptanone, 6-methyl-5-hepten-2-one, 2,4,5-trimethylpyridine, 2,3,5-trimethylpyrazine, 

citronellal, acetaldehyde, methanethiol, methyl acetate, 1-propanol, diacetyl, 2-butanone, 2- 

methyl-3-buten-2-ol, ethyl acetate, 2-methyl-l-propanol, 3-methyl-1-butanal, 3-methyl-2- 

butanone, 1-butanol, 2-pentanone, 3-methyl-1-butanol, ethyl isobutyrate, 3-methyl-2-butenal, 

butyl acetate, 3-methylbutyl acetate, 3-methyl-3-buten-l-yl acetate, 3-methyl-2-buten-l-yl 

acetate, 3-hexen-l-ol, 3-hexen-l-yl acetate, limonene, geraniol (trans-3,7-dimethyl-2,6-octadien- 

l-ol), citronellol (3,7-dimethyl-6-octen-l-ol), (E)-3,7-dimethyl-l,3,6-octatriene, (Z)-3,7- 

dimethyl-1,3,6-octatriene, 2,3-cycloheptenolpyridine, or a linear isoprene polymer (such as a 

linear isoprene dimer or a linear isoprene trimer derived from the polymerization of multiple 

isoprene units). In some embodiments, the non-methane volatile impurities comprise one or 

more of the following: the isoprene composition includes one or more of the following: an 

alcohol, an aldehyde, or a ketone (such as any of the alcohols, aldehydes, or ketones described 

herein). In some embodiments, the isoprene composition includes (i) an alcohol and an aldehyde, 

(ii) an alcohol and a ketone, (iii) an aldehyde and a ketone, or (iv) an alcohol, an aldehyde, and a 

ketone. In some embodiments, the non-methane volatile impurities comprise one or more of the
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following: methanol, acetaldehyde, ethanol, methanethiol, 1-butanol, 3-methyl-1-propanol, 

acetone, acetic acid, 2-butanone, 2-methyl-l-butanol, or indole.

[0302] Techniques for producing isoprene in cultures of cells that produce isoprene are 

described in U.S. provisional patent application Nos. 61/013,386 and 61/013,574, filed on 

December 13, 2007, WO 2009/076676, U.S. provisional patent application Nos. 61/134,094, 

61/134,947, 61/134,011 and 61/134,103, filed on July 2, 2008, WO 2010/003007, U.S. 

provisional patent application No. 61/097,163, filed on September 15, 2008, WO 2010/031079, 

U.S. provisional patent application No. 61/097,186, filed on September 15, 2008, WO 

2010/031062, U.S. provisional patent application No. 61/097,189, filed on September 15, 2008, 

WO 2010/031077, U.S. provisional patent application No. 61/097,200, filed on September 15, 

2008, WO 2010/031068, U.S. provisional patent application No. 61/097,204, filed on September 

15, 2008, WO 2010/031076, U.S. provisional patent application No.61/141,652, filed on 

December 30, 2008, PCT/US09/069862, U.S. patent application No. 12/335,071, filed 

December 15, 2008 (US 2009/0203102 Al) and U.S. patent application No. 12/429,143, filed 

April 23, 2009 (US 2010/0003716 Al), the teachings of which are incorporated herein by 

reference for the purpose of teaching techniques for producing and recovering isoprene by such a 

process. In any case, U.S. provisional patent application Nos. 61/013,386 and 61/013,574, filed 

on December 13, 2007, WO 2009/076676, U.S. provisional patent application Nos. 61/134,094, 

61/134,947, 61/134,011 and 61/134,103, filed on July 2, 2008, WO 2010/003007, U.S. 

provisional patent application No. 61/097,163, filed on September 15, 2008, WO 2010/031079, 

U.S. provisional patent application No. 61/097,186, filed on September 15, 2008, WO 

2010/031062, U.S. provisional patent application No. 61/097,189, filed on September 15, 2008, 

WO 2010/031077, U.S. provisional patent application No. 61/097,200, filed on September 15, 

2008, WO 2010/031068, U.S. provisional patent application No. 61/097,204, filed on September 

15, 2008, WO 2010/031076, U.S. provisional patent application No.61/141,652, filed on 

December 30, 2008, PCT/US09/069862, U.S. patent application No. 12/335,071, filed 

December 15, 2008 (US 2009/0203102 Al) and U.S. patent application No. 12/429,143, filed 

April 23, 2009 (US 2010/0003716 Al) teach compositions and methods for the production of 

increased amounts of isoprene in cell cultures. U.S. patent application No. 12/335,071, filed 

December 15, 2008 and US 2009/0203102 Al further teaches compositions and methods for co­

production of isoprene and hydrogen from cultured cells. In particular, these compositions and 

methods compositions and methods increase the rate of isoprene production and increase the 

total amount of isoprene that is produced. For example, cell culture systems that generate 4.8 x
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104 nmole/gwcm/hr of isoprene have been produced (Table 1). The efficiency of these systems is 

demonstrated by the conversion of about 2.2% of the carbon that the cells consume from a cell 

culture medium into isoprene. As shown in the Examples and Table 2, approximately 3 g of 

isoprene per liter of broth was generated. If desired, even greater amounts of isoprene can be 

obtained using other conditions, such as those described herein. In some embodiments, a 

renewable carbon source is used for the production of isoprene. In some embodiments, the 

production of isoprene is decoupled from the growth of the cells. In some embodiments, the 

concentrations of isoprene and any oxidants are within the nonflammable ranges to reduce or 

eliminate the risk that a fire may occur during production or recovery of isoprene. The 

compositions and methods are desirable because they allow high isoprene yield per cell, high 

carbon yield, high isoprene purity, high productivity, low energy usage, low production cost and 

investment, and minimal side reactions. This efficient, large scale, biosynthetic process for 

isoprene production provides an isoprene source for synthetic isoprene-based products such as 

rubber and provides a desirable, low-cost alternative to using natural rubber.

[0303] As discussed further below, the amount of isoprene produced by cells can be greatly 

increased by introducing a heterologous nucleic acid encoding an isoprene synthase polypeptide 

(e.g., a plant isoprene synthase polypeptide) into the cells. Isoprene synthase polypeptides 

convert dimethyl allyl diphosphate (DMAPP) into isoprene. As shown in the Examples, a 

heterologous Pueraria Montana (kudzu) isoprene synthase polypeptide was expressed in a 

variety of host cells, such as Escherichia coli, Panteoa citrea, Bacillus subtilis, Yarrowia 

lipolytica, and Trichoderma reesei. All of these cells produced more isoprene than the 

corresponding cells without the heterologous isoprene synthase polypeptide. As illustrated in 

Tables 1 and 2, large amounts of isoprene are produced using the methods described herein. For 

example, B. subtilis cells with a heterologous isoprene synthase nucleic acid produced 

approximately 10-fold more isoprene in a 14 liter fermentor than the corresponding control B. 

subtilis cells without the heterologous nucleic acid (Table 2). The production of 300 mg of 

isoprene per liter of broth (mg/L, wherein the volume of broth includes both the volume of the 

cell medium and the volume of the cells) by E. coli and 30 mg/L by B. subtilis in fermentors 

indicates that significant amounts of isoprene can be generated (Table 2). If desired, isoprene can 

be produced on an even larger scale or other conditions described herein can be used to further 

increase the amount of isoprene. The vectors listed in Tables 1 and 2 and the experimental 

conditions are described in further detail below and in the Examples section.
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Table 1: Exemplary yields of isoprene from a shake flask using the cell cultures and 

methods described herein. The assay for measuring isoprene production is described in 

Example I, part II. For this assay, a sample was removed at one or more time points from the 

shake flask and cultured for 30 minutes. The amount of isoprene produced in this sample was 

then measured. The headspace concentration and specific rate of isoprene production are listed 

in Table 1 and described further herein.

Strain Isoprene Production in a Headspace vial*

Headspace
concentration

bg/Lgas

Specific Rate
pg/Lbroth/hr/OD

(nmol/gWcni/hr)

E. coli BL21/ pTrcKudzu IS 1.40
53.2

(781.2)

E. coli BL21/ pCL DXS yidi Kudzu

IS
7.61

289.1

(4.25 χ 103)

E. coli BL21/MCM127 with kudzu

IS and entire MVA pathway
23.0

874.1

(1.28 χ 104)

E. coli BL21/ pET N-HisKudzu IS 1.49
56.6

(831.1)

Pantoea citrea /pTrcKudzu IS 0.66
25.1

(368.6)

E. coli w/ Poplar IS

[Miller (2001)]
-

5.6

(82.2)

Bacillis licheniformis Fall US

5849970
-

4.2

(61.4)

Yarrowia lipolytica with kudzu

isoprene synthase
-0.05 pg/L

-2

(-30)

Trichoderma reesei with kudzu

isoprene synthase
-0.05 pg/L

-2

(-30)

E. coli BL21/ pTrcKKDyIkIS with 85.9 3.2 χ 103
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Strain Isoprene Production in a Headspace vial*
kudzu IS and lower MVA pathway (4.8 x 104)

*Normalized to 1 mL of 1 OD6oo, cultured for 1 hour in a sealed headspace vial with a liquid to 

headspace volume ratio of 1:19.

Table 2: Exemplary yields of isoprene in a fermentor using the cell cultures and methods 

described herein. The assay for measuring isoprene production is described in Example I, part 

II. For this assay, a sample ofthe off-gas of the fermentor was taken and analyzed for the 

amount of isoprene. The peak headspace concentration (which is the highest headspace 

concentration during the fermentation), titer (which is the cumulative, total amount of isoprene 

produced per liter of broth), and peak specific rate of isoprene production (which is the highest 

specific rate during the fermentation) are listed in Table 2 and described further herein.

Strain Isoprene Production in Fermentors

Peak Headspace 
concentration** 

(Pg/Lsas)

Titer
(mg/Lbroth)

Peak Specific rate
pg/Lbroth/hr/OD
(nrnol/gwcm/hr)

E. coli BL21 /pTrcKudzu 
with Kudzu IS

52 41.2
37

(543.3)

E. coli FM5/pTrcKudzu
IS 3 3.5

21.4

(308.1)

E. coli BL21/ triple strain 
(DXS, yidi, IS) 285 300

240
(3.52 x 103)

E. coli FM5/ triple strain 
(DXS, yidi, IS) 50.8 29

180.8
(2.65 x 103)

E. co/z'/MCM 127 with 
Kudzu IS and entire MVA 
pathway

3815 3044
992.5

(1.46 x 104)

E. coli BL21/pCLPtrc 
Upper Pathway gil.2 
integrated lower pathway 
pTrcKudzu

2418 1640
1248

(1.83 x 104)

E. coli BL21/MCM401 
with 4 x 50 μΜ IPTG 13991 23805

3733
(5.49 x 104)

E. coli BL21/MCM401 
with 2 x 1000 μΜ IPTG 22375 19541

5839.5 
(8.59 x 104)
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Strain Isoprene Production in Fermentors

E. coli BL21/pCLPtrc 
UpperPathwayHGS2 - 
pTrcKKDylkIS

3500 3300
1088

(1.60 x 104)

Bacillus subtilis wild-type 1.5 2.5
0.8

(11.7)

Bacillus pBS Kudzu IS 16.6
-30

(over 100 hrs)
5

(73.4)

Bacillus Marburg 6051 
[Wagner and Fall (1999)]

2.04 0.61
24.5

(359.8)

Bacillus Marburg 6051
Fall US 5849970 0.7 0.15

6.8

(100)

E. coli

BL21 ZpCLPtrcUpperPath

way and gil.2KKDyI and

pTrcAlba-mMVK

2.03 x 104 3.22 x 104
5.9 x 103

(8.66 x 104)

E. coli

BL21 ZpCLPtrcUpper

Pathway and gil.2KKDyI

and pTrcAlba-mMVK

plus pBBRCMPGI1.5pgl

3.22 x 104 6.05 x 104
1.28 x 104

(1.88 x 105)

**Normalized to an off-gas flow rate of 1 wm (1 volume off-gas per 1 Lbroth per minute). 

[0304] Additionally, isoprene production by cells that contain a heterologous isoprene 

synthase nucleic acid can be enhanced by increasing the amount of a l-deoxy-D-xylulose-5- 

phosphate synthase (DXS) polypeptide and/or an isopentenyl diphosphate isomerase (IDI) 

polypeptide expressed by the cells. For example, a DXS nucleic acid and/or an IDI nucleic acid 

can be introduced into the cells. The DXS nucleic acid may be a heterologous nucleic acid or a 

duplicate copy of an endogenous nucleic acid. Similarly, the IDI nucleic acid may be a 

heterologous nucleic acid or a duplicate copy of an endogenous nucleic acid. In some 

embodiments, the amount of DXS and/or IDI polypeptide is increased by replacing the 

endogenous DXS and/or IDI promoters or regulatory regions with other promoters and/or 

regulatory regions that result in greater transcription of the DXS and/or IDI nucleic acids. In
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some embodiments, the cells contain both a heterologous nucleic acid encoding an isoprene

synthase polypeptide (e.g., a plant isoprene synthase nucleic acid) and a duplicate copy of an

endogenous nucleic acid encoding an isoprene synthase polypeptide.

[0305] The encoded DXS and IDI polypeptides are part of the DXP pathway for the 

biosynthesis of isoprene (Figure 19A). DXS polypeptides convert pyruvate and D- 

glyceraldehyde-3-phosphate into l-deoxy-D-xylulose-5-phosphate. While not intending to be 

bound by any particular theory, it is believed that increasing the amount of DXS polypeptide 

increases the flow of carbon through the DXP pathway, leading to greater isoprene production. 

IDI polypeptides catalyze the interconversion of isopentenyl diphosphate (IPP) and dimethyl 

allyl diphosphate (DMAPP). While not intending to be bound by any particular theory, it is 

believed that increasing the amount of IDI polypeptide in cells increases the amount (and 

conversion rate) of IPP that is converted into DMAPP, which in turn is converted into isoprene. 

[0306] For example, fermentation of E. coli cells with a kudzu isoprene synthase, S. cerevisia 

IDI, and E. coli DXS nucleic acids was used to produce isoprene. The levels of isoprene varied 

from 50 to 300 pg/L over a time period of 15 hours (Example 7, part VII).

[0307] In some embodiments, the presence of heterologous or extra endogenous isoprene 

synthase, IDI, and DXS nucleic acids causes cells to grow more reproducibly or remain viable 

for longer compared to the corresponding cell with only one or two of these heterologous or 

extra endogenous nucleic acids. For example, cells containing heterologous isoprene synthase, 

IDI, and DXS nucleic acids grew better than cells with only heterologous isoprene synthase and 

DXS nucleic acids or with only a heterologous isoprene synthase nucleic acid. Also, 

heterologous isoprene synthase, IDI, and DXS nucleic acids were successfully operably linked to 

a strong promoter on a high copy plasmid that was maintained by E. coli cells, suggesting that 

large amounts of these polypeptides could be expressed in the cells without causing an excessive 

amount of toxicity to the cells. While not intending to be bound to a particular theory, it is 

believed that the presence of heterologous or extra endogenous isoprene synthase and IDI 

nucleic acids may reduce the amount of one or more potentially toxic intermediates that would 

otherwise accumulate if only a heterologous or extra endogenous DXS nucleic acid was present 

in the cells.

[0308] In some embodiments, the production of isoprene by cells that contain a heterologous 

isoprene synthase nucleic acid is augmented by increasing the amount of a MVA polypeptide 

expressed by the cells (Figures 19A and 19B). Exemplary MVA pathways polypeptides include 

any of the following polypeptides: acetyl-CoA acetyltransferase (AA-CoA thiolase)
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polypeptides, 3-hydroxy-3-methylglutaryl-CoA synthase (HMG-CoA synthase) polypeptides, 3- 

hydroxy-3-methylglutaryl-CoA reductase (HMG-CoA reductase) polypeptides, mevalonate 

kinase (MVK) polypeptides, phosphomevalonate kinase (PMK) polypeptides,

diphosphomevalonate decarboxylase (MVD) polypeptides, phosphomevalonate decarboxylase 

(PMDC) polypeptides, isopentenyl phosphate kinase (IPK) polypeptides, IDI polypeptides, and 

polypeptides (e.g., fusion polypeptides) having an activity of two or more MVA pathway 

polypeptides. For example, one or more MVA pathway nucleic acids can be introduced into the 

cells. In some embodiments, the cells contain the upper MVA pathway, which includes AA-CoA 

thiolase, HMG-CoA synthase, and HMG-CoA reductase nucleic acids. In some embodiments, 

the cells contain the lower MVA pathway, which includes MVK, PMK, MVD, and IDI nucleic 

acids. In some embodiments, the cells contain an entire MVA pathway that includes AA-CoA 

thiolase, HMG-CoA synthase, HMG-CoA reductase, MVK, PMK, MVD, and IDI nucleic acids. 

In some embodiments, the cells contain an entire MVA pathway that includes AA-CoA thiolase, 

HMG-CoA synthase, HMG-CoA reductase, MVK, PMDC, IPK, and IDI nucleic acids. The 

MVA pathway nucleic acids may be heterologous nucleic acids or duplicate copies of 

endogenous nucleic acids. In some embodiments, the amount of one or more MVA pathway 

polypeptides is increased by replacing the endogenous promoters or regulatory regions for the 

MV A pathway nucleic acids with other promoters and/or regulatory regions that result in greater 

transcription of the MVA pathway nucleic acids. Tn some embodiments, the cells contain both a 

heterologous nucleic acid encoding an isoprene synthase polypeptide (e.g., a plant isoprene 

synthase nucleic acid) and a duplicate copy of an endogenous nucleic acid encoding an isoprene 

synthase polypeptide.

[0309] For example, E. coli cells containing a nucleic acid encoding a kudzu isoprene synthase 

polypeptide and nucleic acids encoding Saccharomyces cerevisiae MVK, PMK, MVD, and IDI 

polypeptides generated isoprene at a rate of 6.67 x 10'4 mol/Lbroth/OD6oo/hr (see Example 8). 

Additionally, a 14 liter fermentation of E. coli cells with nucleic acids encoding Enterococcus 

faecalis AA-CoA thiolase, HMG-CoA synthase, and HMG-CoA reductase polypeptides 

produced 22 grams of mevalonic acid (an intermediate of the MVA pathway). A shake flask of 

these cells produced 2-4 grams of mevalonic acid per liter. These results indicate that 

heterologous MVA pathways nucleic acids are active in E. coli. E. coli cells that contain nucleic 

acids for both the upper MVA pathway and the lower MVA pathway as well as a kudzu isoprene 

synthase (strain MCM 127) produced significantly more isoprene (874 pg/L) compared to E.
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coli cells with nucleic acids for only the lower MVA pathway and the kudzu isoprene synthase 

(strain MCM 131) (see Table 3 and Example 8, part VIII).

[0310] In some embodiments, at least a portion of the cells maintain the heterologous isoprene 

synthase, DXS, IDI, and/or MVA pathway nucleic acid for at least about 5, 10, 20, 50, 75, 100, 

200, 300, or more cell divisions in a continuous culture (such as a continuous culture without 

dilution). In some embodiments of any of the aspects described herein, the nucleic acid 

comprising the heterologous or duplicate copy of an endogenous isoprene synthase, DXS, IDI, 

and/or MVA pathway nucleic acid also comprises a selective marker, such as a kanamycin, 

ampicillin, carbenicillin, gentamicin, hygromycin, phleomycin, bleomycin, neomycin, or 

chloramphenicol antibiotic resistance nucleic acid.

[0311] As indicated in Example 7, part VI, the amount of isoprene produced can be further 

increased by adding yeast extract to the cell culture medium. In this example, the amount of 

isoprene produced was linearly proportional to the amount of yeast extract in the cell medium 

for the concentrations tested (Figure 48C). Additionally, approximately 0.11 grams of isoprene 

per liter of broth was produced from a cell medium with yeast extract and glucose (Example 7, 

part VTTI). Both of these experiments used E. coli cells with kudzu isoprene synthase, S. 

cerevisia IDI, and E. coli DXS nucleic acids to produce isoprene. Increasing the amount of yeast 

extract in the presence of glucose resulted in more isoprene being produced than increasing the 

amount of glucose in the presence of yeast extract. Also, increasing the amount of yeast extract 

allowed the cells to produce a high level of isoprene for a longer length of time and improved the 

health of the cells.

[0312] Isoprene production was also demonstrated using three types of hydrolyzed biomass 

(bagasse, com stover, and soft wood pulp) as the carbon source (Figures 46A-C). E. coli cells 

with kudzu isoprene synthase, S. cerevisia IDI, and E. coli DXS nucleic acids produced as much 

isoprene from these hydrolyzed biomass carbon sources as from the equivalent amount of 

glucose (e.g., 1% glucose, w/v). If desired, any other biomass carbon source can be used in the 

compositions and methods described herein. Biomass carbon sources are desirable because they 

are cheaper than many conventional cell mediums, thereby facilitating the economical 

production of isoprene.

[0313] Additionally, invert sugar was shown to function as a carbon source for the generation 

of isoprene (Figures 47C and 96-98). For example, 2.4 g/L of isoprene was produced from cells 

expressing MVA pathway polypeptides and a Kudzu isoprene synthase (Example 8, part XV). 

Glycerol was as also used as a carbon source for the generation of 2.2 mg/L of isoprene from
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cells expressing a Kudzu isoprene synthase (Example 8, part XIV). Expressing a DXS nucleic 

acid, an IDI nucleic acid, and/or one or more MVA pathway nucleic acids (such as nucleic acids 

encoding the entire MVA pathway) in addition to an isoprene synthase nucleic acid may increase 

the production of isoprene from glycerol.

[0314] In some embodiments, an oil is included in the cell medium. For example, B. subtilis 

cells containing a kudzu isoprene synthase nucleic acid produced isoprene when cultured in a 

cell medium containing an oil and a source of glucose (Example 4, part III). As another 

example, E. coli fadR atoC mutant cells containing the upper and lower MVA pathway plus 

kudzu isoprene synthase produced isoprene when cultured in a cell medium containing palm oil 

and a source of glucose (Example 27, part II). In some embodiments, more than one oil (such as 

2, 3, 4, 5, or more oils) is included in the cell medium. While not intending to be bound to any 

particular theory, it is believed that (i) the oil may increase the amount of carbon in the cells that 

is available for conversion to isoprene, (ii) the oil may increase the amount of acetyl-CoA in the 

cells, thereby increasing the carbon flow through the MVA pathway, and/or (ii) the oil may 

provide extra nutrients to the cells, which is desirable since much of the carbon in the cells is 

converted to isoprene rather than other products. In some embodiments, cells that are cultured in 

a cell medium containing oil naturally use the MVA pathway to produce isoprene or are 

genetically modified to contain nucleic acids for the entire MVA pathway. In some 

embodiments, the oil is partially or completely hydrolyzed before being added to the cell culture 

medium to facilitate the use of the oil by the host cells.

[0315] One of the major hurdles to commercial production of small molecules such as 

isoprene in cells (e.g., bacteria) is the decoupling of production of the molecule from growth of 

the cells. In some embodiments for the commercially viable production of isoprene, a significant 

amount of the carbon from the feedstock is converted to isoprene, rather than to the growth and 

maintenance of the cells (“carbon efficiency”). In various embodiments, the cells convert greater 

than or about 0.0015, 0.002, 0.005, 0.01, 0.02, 0.05, 0.1, 0.12, 0.14, 0.16, 0.2, 0.3, 0.4, 0.5, 0.6, 

0.7, 0.8, 0.9, 1.0, 1.2, 1.4, 1.6, 1.8, 2.0, 2.5, 3.0, 3.5, 4.0, 5.0, 6.0, 7.0, or 8.0% of the carbon in 

the cell culture medium into isoprene. In particular embodiments, a significant portion of the 

carbon from the feedstock that is converted to downstream products is converted to isoprene. As 

described further in Example 11, E. coli cells expressing MVA pathway and kudzu isoprene 

synthase nucleic acids exhibited dec oupling of the production of isoprene or the intermediate 

mevalonic acid from growth, resulting in high carbon efficiency. In particular, mevalonic acid 

was formed from cells expressing the upper MVA pathway from Enterococcus faecalis.
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Isoprene was formed from cells expressing the upper MVA pathway from Enterococcus 

faecalis, the lower MVA pathway from Saccharomyces cerevisiae, and the isoprene synthase 

from Pueraria montana (Kudzu). This decoupling of isoprene or mevalonic acid production 

from growth was demonstrated in four different strains of E. coli: BL21(LDE3), BL21(LDE3) 

Tuner, FM5, and MG1655. The first two E. coli strains are B strains, and the latter two are K12 

strains. Decoupling of production from growth was also demonstrated in a variant of MG 1655 

with ack and pta genes deleted. This variant also demonstrated less production of acetate.

Exemplary Polypeptides and Nucleic Acids

[0316] Various isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, hydrogenase 

maturation or transcription factor polypeptides and nucleic acids can be used in the compositions 

and methods described herein.

[0317] In some embodiments, the fusion polypeptide includes part or all of a first polypeptide 

(e.g., an isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, hydrogenase maturation or 

transcription factor polypeptide or catalytically active fragment thereof) and may optionally 

include part or all of a second polypeptide (e.g., a peptide that facilitates purification or detection 

of the fusion polypeptide, such as a His-tag). In some embodiments, the fusion polypeptide has 

an activity of two or more MVA pathway polypeptides (such as AA-CoA thiolase and HMG- 

CoA reductase polypeptides). In some embodiments, the polypeptide is a naturally-occurring 

polypeptide (such as the polypeptide encoded by an Enterococcus faecalis mvaE nucleic acid) 

that has an activity of two or more MVA pathway polypeptides.

[0318] In various embodiments, a polypeptide has at least or about 50, 100, 150, 175, 200,

250, 300, 350, 400, or more amino acids. In some embodiments, the polypeptide fragment 

contains at least or about 25, 50, 75, 100, 150, 200, 300, or more contiguous amino acids from a 

full-length polypeptide and has at least or about 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 

80%, 90%, 95%, or 100% of an activity of a corresponding full-length polypeptide. In particular 

embodiments, the polypeptide includes a segment of or the entire amino acid sequence of any 

naturally-occurring isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, hydrogenase 

maturation or transcription factor polypeptide. In some embodiments, the polypeptide has one or 

more mutations compared to the sequence of a wild-type (i.e., a sequence occurring in nature) 

isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, hydrogenase maturation or 

transcription factor polypeptide.
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[0319] In some embodiments, the polypeptide is an isolated polypeptide. In some 

embodiments, the polypeptide is a heterologous polypeptide.

[0320] In some embodiments, the nucleic acid is a recombinant nucleic acid. In some 

embodiments, an isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, hydrogenase 

maturation or transcription factor nucleic acid is operably linked to another nucleic acid 

encoding all or a portion of another polypeptide such that the recombinant nucleic acid encodes 

a fusion polypeptide that includes an isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, 

hydrogenase maturation or transcription factor polypeptide and all or part of another polypeptide 

(e.g., a peptide that facilitates purification or detection of the fusion polypeptide, such as a His- 

tag). In some embodiments, part or all of a recombinant nucleic acid is chemically synthesized.

It is to be understood that mutations, including single nucleotide mutations, can occur within a 

nucleic acid as defined herein.

[0321] In some embodiments, the nucleic acid is a heterologous nucleic acid. In particular 

embodiments, the nucleic acid includes a segment of or the entire nucleic acid sequence of any 

naturally-occurring isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, hydrogenase 

maturation or transcription factor nucleic acid. In some embodiments, the nucleic acid includes 

at least or about 50, 100, 150, 200, 300, 400, 500, 600, 700, 800, or more contiguous nucleotides 

from a naturally-occurring isoprene synthase nucleic acid DXS, IDI, MVA pathway, 

hydrogenase, hydrogenase maturation or transcription factor nucleic acid. In some embodiments, 

the nucleic acid has one or more mutations compared to the sequence of a wild-type (i.e., a 

sequence occurring in nature) isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, 

hydrogenase maturation or transcription factor nucleic acid. In some embodiments, the nucleic 

acid has one or more mutations (e.g., a silent mutation) that increase the transcription or 

translation of isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, or transcription factor 

nucleic acid. In some embodiments, the nucleic acid is a degenerate variant of any nucleic acid 

encoding an isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, hydrogenase maturation 

or transcription factor polypeptide.

[0322] The accession numbers of exemplary isoprene synthase, DXS, IDI, and/or MVA 

pathway polypeptides and nucleic acids are listed in Appendix 1 (the accession numbers of 

Appendix 1 and their corresponding sequences are herein incorporated by reference in their 

entireties, particularly with respect to the amino acid and nucleic acid sequences of isoprene 

synthase, DXS, IDI, and/or MVA pathway polypeptides and nucleic acids). The Kegg database 

also contains the amino acid and nucleic acid sequences of numerous exemplary isoprene
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synthase, DXS, IDI, and/or MVA pathway polypeptides and nucleic acids (see, for example, the 

world-wide web at “genome.jp/kegg/pathway/map/map00100.html” and the sequences therein, 

which are each hereby incorporated by reference in their entireties, particularly with respect to 

the amino acid and nucleic acid sequences of isoprene synthase, DXS, IDI, and/or MVA 

pathway polypeptides and nucleic acids). In some embodiments, one or more of the isoprene 

synthase, DXS, IDI, and/or MVA pathway polypeptides and/or nucleic acids have a sequence 

identical to a sequence publicly available on December 12, 2007 or September 14, 2008 such as 

any of the sequences that correspond to any of the accession numbers in Appendix 1 or any of 

the sequences present in the Kegg database. Additional exemplary isoprene synthase, DXS, IDI, 

and/or MVA pathway polypeptides and nucleic acids are described further below.

Exemplary Isoprene Synthase Polypeptides and Nucleic Acids

[0323] As noted above, isoprene synthase polypeptides convert dimethyl allyl diphosphate 

(DMAPP) into isoprene. Exemplary isoprene synthase polypeptides include polypeptides, 

fragments of polypeptides, peptides, and fusions polypeptides that have at least one activity of an 

isoprene synthase polypeptide. Standard methods can be used to determine whether a 

polypeptide has isoprene synthase polypeptide activity by measuring the ability of the 

polypeptide to convert DMAPP into isoprene in vitro, in a cell extract, or in vivo. In an 

exemplary assay, cell extracts are prepared by growing a strain (e.g., the E. co/z'/pTrcKudzu 

strain described herein) in the shake flask method as described in Example 1. After induction is 

complete, approximately 10 mL of cells are pelleted by centrifugation at 7000 x g for 10 minutes 

and re-suspended in 5 ml of PEB without glycerol . The cells are lysed using a French Pressure 

cell using standard procedures. Alternatively the cells are treated with lysozyme (Ready-Lyse 

lysozyme solution; EpiCentre) after a freeze/thaw at -80 °C.

[0324] Isoprene synthase polypeptide activity in the cell extract can be measured, for example, 

as described in Silver et al., J. Biol. Chem. 270:13010-13016, 1995 and references therein, 

which are each hereby incorporated by reference in their entireties, particularly with respect to 

assays for isoprene synthase polypeptide activity. DMAPP (Sigma) is evaporated to dryness 

under a stream of nitrogen and re-hydrated to a concentration of 100 mM in 100 mM potassium 

phosphate buffer pH 8.2 and stored at -20 °C. To perform the assay, a solution of 5 pL of 1M 

MgCL, 1 mM (250 pg/ml) DMAPP, 65 pL of Plant Extract Buffer (PEB) (50 mM Tris-HCl, pH 

8.0, 20 mM MgCL, 5% glycerol, and 2 mM DTT) is added to 25 pL of cell extract in a 20 ml 

Headspace vial with a metal screw cap and teflon coated silicon septum (Agilent Technologies)
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and cultured at 37 °C for 15 minutes with shaking. The reaction is quenched by adding 200 ,uL 

of 250 mM EDTA and quantified by GC/MS as described in Example 1, part II.

[0325] Exemplary isoprene synthase nucleic acids include nucleic acids that encode a 

polypeptide, fragment of a polypeptide, peptide, or fusion polypeptide that has at least one 

activity of an isoprene synthase polypeptide. Exemplary isoprene synthase polypeptides and 

nucleic acids include naturally-occurring polypeptides and nucleic acids from any of the source 

organisms described herein as well as mutant polypeptides and nucleic acids derived from any of 

the source organisms described herein.

[0326] In some embodiments, the isoprene synthase polypeptide or nucleic acid is from the 

family Fabaceae, such as the Faboideae subfamily. In some embodiments, the isoprene synthase 

polypeptide or nucleic acid is a polypeptide or nucleic acid from Pueraria montana (kudzu) 

(Sharkey et al., Plant Physiology 137: 700-712, 2005), Pueraria lobata, poplar (such as Populus 

alba, Populus nigra, Populus trichocarpa, or Populus albax tremula (CAC35696) Miller et al., 

Planta 213: 483-487, 2001) aspen (such as Populus tremuloides) Silver et al., JBC 270(22): 

13010-1316, 1995), or English Oak (Quercus robur) (Zimmer et al., WO 98/02550), which are 

each hereby incorporated by reference in their entireties, particularly with respect to isoprene 

synthase nucleic acids and the expression of isoprene synthase polypeptides. Suitable isoprene 

synthases include, but are not limited to, those identified by Genbank Accession Nos.

AY341431, AY316691, AY279379, A.T457070, and AY182241, which are each hereby 

incorporated by reference in their entireties, particularly with respect to sequences of isoprene 

synthase nucleic acids and polypeptides. In some embodiments, the isoprene synthase 

polypeptide or nucleic acid is not a naturally-occurring polypeptide or nucleic acid from 

Quercus robur (i.e., the isoprene synthase polypeptide or nucleic acid is an isoprene synthase 

polypeptide or nucleic acid other than a naturally-occurring polypeptide or nucleic acid from 

Quercus robur). In some embodiments, the isoprene synthase nucleic acid or polypeptide is a 

naturally-occurring polypeptide or nucleic acid from poplar. In some embodiments, the isoprene 

synthase nucleic acid or polypeptide is not a naturally-occurring polypeptide or nucleic acid 

from poplar.

Exemplary DXS Polypeptides and Nucleic Acids

[0327] As noted above, l-deoxy-D-xylulose-5-phosphate synthase (DXS) polypeptides 

convert pyruvate and D-glyceraldehyde-3-phosphate into 1-deoxy-D-xylulose-5-phosphate. 

Exemplary DXS polypeptides include polypeptides, fragments of polypeptides, peptides, and

52



WO 2010/148256 PCT/US2010/039088

fusions polypeptides that have at least one activity of a DXS polypeptide. Standard methods 

(such as those described herein) can be used to determine whether a polypeptide has DXS 

polypeptide activity by measuring the ability of the polypeptide to convert pyruvate and D- 

glyceraldehyde-3-phosphate into 1-deoxy-D-xylulose-5 -phosphate in vitro, in a cell extract, or in 

vivo. Exemplary DXS nucleic acids include nucleic acids that encode a polypeptide, fragment of 

a polypeptide, peptide, or fusion polypeptide that has at least one activity of a DXS polypeptide. 

Exemplary DXS polypeptides and nucleic acids include naturally-occurring polypeptides and 

nucleic acids from any of the source organisms described herein as well as mutant polypeptides 

and nucleic acids derived from any of the source organisms described herein.

Exemplary IDI Polypeptides and Nucleic Acids

[0328] Isopentenyl diphosphate isomerase polypeptides (isopentenyl-diphosphate delta- 

isomerase or IDI) catalyses the interconversion of isopentenyl diphosphate (IPP) and dimethyl 

allyl diphosphate (DMAPP) (e.g., converting IPP into DMAPP and/or converting DMAPP into 

IPP). Exemplary IDI polypeptides include polypeptides, fragments of polypeptides, peptides, 

and fusions polypeptides that have at least one activity of an IDI polypeptide. Standard methods 

(such as those described herein) can be used to determine whether a polypeptide has IDI 

polypeptide activity by measuring the ability of the polypeptide to interconvert IPP and DMAPP 

in vitro, in a cell extract, or in vivo. Exemplary IDI nucleic acids include nucleic acids that 

encode a polypeptide, fragment of a polypeptide, peptide, or fusion polypeptide that has at least 

one activity of an IDI polypeptide. Exemplary IDI polypeptides and nucleic acids include 

naturally-occurring polypeptides and nucleic acids from any of the source organisms described 

herein as well as mutant polypeptides and nucleic acids derived from any of the source 

organisms described herein.

Exemplary MVA Pathway Polypeptides and Nucleic Acids

[0329] Exemplary MVA pathway polypeptides include acetyl-CoA acetyltransferase (AA- 

CoA thiolase) polypeptides, 3-hydroxy-3-methylglutaryl-CoA synthase (HMG-CoA synthase) 

polypeptides, 3-hydroxy-3-methylglutaryl-CoA reductase (HMG-CoA reductase) polypeptides, 

mevalonate kinase (MVK) polypeptides, phosphomevalonate kinase (PMK) polypeptides, 

diphosphomevalonate decarboxylase (MVD) polypeptides, phosphomevalonate decarboxylase 

(PMDC) polypeptides, isopentenyl phosphate kinase (IPK) polypeptides, IDI polypeptides, and 

polypeptides (e.g., fusion polypeptides) having an activity of two or more MVA pathway 

polypeptides. In particular, MVA pathway polypeptides include polypeptides, fragments of
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polypeptides, peptides, and fusions polypeptides that have at least one activity of an MVA 

pathway polypeptide. Exemplary MVA pathway nucleic acids include nucleic acids that encode 

a polypeptide, fragment of a polypeptide, peptide, or fusion polypeptide that has at least one 

activity of an MVA pathway polypeptide. Exemplary MVA pathway polypeptides and nucleic 

acids include naturally-occurring polypeptides and nucleic acids from any of the source 

organisms described herein as well as mutant polypeptides and nucleic acids derived from any of 

the source organisms described herein.

[0330] In particular, acetyl-CoA acetyltransferase polypeptides (AA-CoA thiolase or AACT) 

convert two molecules of acetyl-CoA into acetoacctyl-CoA. Standard methods (such as those 

described herein) can be used to determine whether a polypeptide has AA-CoA thiolase 

polypeptide activity by measuring the ability of the polypeptide to convert two molecules of 

acetyl-CoA into acetoacetyl-CoA in vitro, in a cell extract, or in vivo.

[0331] 3-hydroxy-3-methylglutaryl-CoA synthase (HMG-CoA synthase or HMGS) 

polypeptides convert acetoacetyl-CoA into 3 -hydroxy-3-methylglutaryl-CoA. Standard methods 

(such as those described herein) can be used to determine whether a polypeptide has HMG-CoA 

synthase polypeptide activity by measuring the ability of the polypeptide to convert acetoacetyl- 

CoA into 3-hydroxy-3-methylglutaryl-CoA in vitro, in a cell extract, or in vivo.

[0332] 3-hydroxy-3-methylglutaryl-CoA reductase (HMG-CoA reductase or HMGR) 

polypeptides convert 3-hydroxy-3-methylglutaryl-CoA into mevalonate. Standard methods (such 

as those described herein) can be used to determine whether a polypeptide has HMG-CoA 

reductase polypeptide activity by measuring the ability of the polypeptide to convert 3-hydroxy- 

3-methylglutaryl-CoA into mevalonate in vitro, in a cell extract, or in vivo.

[0333] Mevalonate kinase (MVK) polypeptides phosphorylates mevalonate to form 

mevalonate-5-phosphate. Standard methods (such as those described herein) can be used to 

determine whether a polypeptide has MVK polypeptide activity by measuring the ability of the 

polypeptide to convert mevalonate into mevalonate-5-phosphate in vitro, in a cell extract, or in 

vivo.

[0334] Phosphomevalonate kinase (PMK) polypeptides phosphorylates mevalonate-5- 

phosphate to form mevalonate-5-diphosphate. Standard methods (such as those described herein) 

can be used to determine whether a polypeptide has PMK polypeptide activity by measuring the 

ability of the polypeptide to convert mevalonate-5-phosphate into mevalonate-5-diphosphate in 

vitro, in a cell extract, or in vivo.
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[0335] Diphosphomevalonate decarboxylase (MVD or DPMDC) polypeptides convert 

mevalonate-5-diphosphate into isopentenyl diphosphate (IPP). Standard methods (such as those 

described herein) can be used to determine whether a polypeptide has MVD polypeptide activity 

by measuring the ability of the polypeptide to convert mevalonate-5-diphosphate into IPP in 

vitro, in a cell extract, or in vivo.

[0336] Phosphomevalonate decarboxylase (PMDC) polypeptides convert mevalonate-5- 

phosphate into isopentenyl phosphate (IP). Standard methods (such as those described herein) 

can be used to determine whether a polypeptide has PMDC polypeptide activity by measuring 

the ability of the polypeptide to convert mevalonate-5-phosphate into IP in vitro, in a cell 

extract, or in vivo.

[0337] Isopentenyl phosphate kinase (IPK) polypeptides phosphorylate isopentyl phosphate 

(IP) to form isopentenyl diphosphate (IPP). Standard methods (such as those described herein) 

can be used to determine whether a polypeptide has IPK polypeptide activity by measuring the 

ability of the polypeptide to convert IP into IPP in vitro, in a cell extract, or in vivo.

[0338] Exemplary IDI polypeptides and nucleic acids are described above.

Exemplary Hydrogenase Polypeptides and Nucleic Acids

[0339] Hydrogenase polypeptides catalyze the reaction: 2H+ + 2e" <-» H2. In vitro that 

reaction is reversible, but certain hydrogenases may work in only one direction in vivo, either 

oxidizing H2 or reducing H”. Hydrogenase polypeptides can be oxygen-sensitive, contain 

complex metal cofactors as part of their catalytic center and sometimes consist of multiple 

subunits, with hydrogenase gene expression sometimes involving additional accessory 

polypeptides, such as ‘maturation’ factors or transcription regulatory factors (/.e., activators or 

repressors). Hydrogenases are classified into at least three broad groups based upon the type of 

metal cofactor in their catalytic center: (1) nickel-iron (“NiFe”) hydrogenases have a nickel/iron 

cofactor; (2) iron-iron hydrogenases (“FeFe”) have an iron/iron cofactor; and (3) iron/sulfur-free 

(“Fe”) hydrogenases, which lack the 4Fe4S clusters found in groups (1) and (2), have an iron 

cofactor and a methenyl-tetrahydromethanopterin electron carrier. See, e.g., Chung-Jung Chou 

et al., “Hydrogenesis in hyperthermophilic microorganisms: implications for biofuels,”

Metabol. Eng. 10:394-404 (2008), and Gonul Vardar-Schara et al., “Metabolically engineered 

bacteria for producing hydrogen via fermentation,” Microbial Biotechnol. 1(2):107-125 (2008), 

both of which are incorporated herein by reference in their entireties, particularly with respect to
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the various types and classes of hydrogenases. Although many organisms contain multiple 

hydrogenases, few contain genes for both NiFe and FeFe hydrogenases.

[0340] The catalytic center of NiFe hydrogenases consists of a nickel atom and an iron atom, 

each with two carbon monoxide (CO) and two cyanide (CN‘) ligands. The NiFe hydrogenases 

all comprise at least a second subunit containing multiple iron-sulfur (Fc-S) centers for the 

transfer of electrons to and from the catalytic center. The NiFe hydrogenases can be subdivided 

into four main classes: (1) respiratory enzymes, which are part of multi-enzyme systems that 

couple the oxidation of H2 to reduction of terminal electron acceptors such as SO42’ or NO3’ 

under anaerobic conditions, or to O2 in aerobic microorganisms; (2) H2 sensors, which activate 

expression of the metabolically active NiFe hydrogenases; (3) cytoplasmic hydrogenases, 

containing multiple subunits able to utilize NADP+, which are readily reversible in vitro, but in 

vivo may only oxidize H2; and (4) membrane-bound, energy-conserving multi-enzyme 

complexes also found in bacteria and Archaea. Chung-Jung Chou et al., “Hydrogenesis in 

hyperthermophilic microorganisms: implications for biofuels,” Metabol. Eng. 10:394-404 

(2008).

[0341] The catalytic center of FeFe hydrogenases contains a catalytic “H cluster” which 

coordinates a binuclear (FeFe) site bridged to a [4Fe-4S] center by a single protein (cysteine) 

ligand. The two iron atoms of the binuclear center each have two carbon monoxide (CO) and 

two cyanide (CN") ligands, and are also bridged by two sulfur atoms which are part of a small 

organic molecule. Most FeFe hydrogenases are monomeric enzymes of about 50 kilodaltons 

(kDa), and appear to function in vivo primarily to dispose of excess reducing equivalents by 

reducing protons to hydrogen gas. Chung-Jung Chou et al., “Hydrogenesis in hyperthermophilic 

microorganisms: implications for biofuels,” Metabol. Eng. 10:394-404 (2008).

[0342] The catalytic center of Fe hydrogenases was originally thought to have an active site 

based on an organic cofactor with no metals involved, but was later shown to contain a 

mononuclear Fe atom. Despite the phylogenetic differences between the three types of 

hydrogenase, in addition to at least one iron atom, all three groups of hydrogenases also contain 

at least one carbon monoxide (CO) ligand to the iron atom in their active sites, which facilitates 

the catalytic oxidation of H2 and the reduction of protons. Chung-Jung Chou et al., 

“Hydrogenesis in hyperthermophilic microorganisms: implications for biofuels,” Metabol. Eng. 

10:394-404 (2008).

[0343] Exemplary hydrogenase polypeptides include, but are not limited to, the E. coli 

hydrogenase-1 (Hyd-1) polypeptides, E. coli hydrogenase-2 (Hyd-2) polypeptides, E. coli
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hydrogenase-3 (Hyd-3) polypeptides, E. coli hydrogenase-4 (Hyd-4) polypeptides, E. coli 

formate hydrogen lyase (FHL) complex, which produces hydrogen gas from formate and CO2 

under anaerobic conditions at acidic pH (see, e.g., Akihito Yoshida et al., “Efficient induction of 

formate hydrogen lyase of aerobically grown Escherichia coli in a three-step biohydrogen 

production process,” Appl. Microbiol. Biotechnol. 74:754-760 (2007), which is incorporated 

herein by reference in its entirety, particularly with respect to the induction of expression of 

formate hydrogen lyase in E. coli), Ralstonia eutropha Hl6 hydrogenase (R. eutropha HoxH) 

Rhodococcus opacus MRU hydrogenase (R. opacus HoxH) polypeptides, Synechosystis sp. PCC 

6803 hydrogenase (Syn. PCC 6803 HoxH) polypeptides, Desulfovibrio gigas hydrogenase (D. 

gigas) polypeptides, and Desulfovibrio desulfuricans ATCC 7757 hydrogenase (D. 

desulfuricans) polypeptides (see, e.g., Gonul Vardar-Schara et al., “Metabolically engineered 

bacteria for producing hydrogen via fermentation,” Microbial Biotechnol. 1(2):107-125 (2008), 

which is incorporated herein by reference in its entirety, particularly with respect to the various 

types and classes of hydrogenases) and polypeptides (e.g., fusion polypeptides) having an 

activity of two or more hydrogenase polypeptides. In particular, hydrogenase polypeptides 

include polypeptides, fragments of polypeptides, peptides, and fusion polypeptides that have at 

least one activity of a hydrogenase polypeptide. Exemplary hydrogenase nucleic acids include 

nucleic acids that encode a polypeptide, fragment of a polypeptide, peptide, or fusion 

polypeptide that has at least one activity of a hydrogenase polypeptide, or at least one activity 

necessary for expression, processing, or maturation of a hydrogenase polypeptide. Exemplary 

hydrogenase polypeptides and nucleic acids include naturally-occurring polypeptides and 

nucleic acids from any of the source organisms described herein as well as mutant polypeptides 

and nucleic acids derived from any of the source organisms described herein.

[0344] E. coli Hyd-3, which is part of the anaerobic formate hydrogen lyase (FHL) complex, 

is encoded by the hyc operon (comprising the hycA, hycB, hycC, hycD, hycE, hycF, hycG, hycH, 

and hycl genes). E. coli Hyd-4 is encoded by the hyf operon (comprising the hyfA, hyfB, hyfC, 

hyfD, hyfE, hyfF, hyfG, hyfH, hyfl, hyfJ, and hyfR genes). E. coli FHL is encoded by six genes 

from the hyc operon (hycB, hycC, hycD, hycE, hycF and hycG) and the fdhF gene (encoding 

formate dehydrogenase H (Fdh-H)). Expression of the FHL complex can further involve 

expression of pyruvate formate lyase (pfl), FhlA, a transcription factor that activates 

transcription oifdhF and the hyc operon, or deletion/inactivation of HycA, a transcription factor 

encoded by the hycA gene that negatively regulates transcription of FHL. Co-production of 

isoprene and hydrogen can be improved by expression or inactivation/deletion of additional
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proteins involved in the regulation of gene expression for hydrogenases and other enzymes, such 

as, for example, iron-sulfur complex transcriptional regulator (iscR) (Kalim-Akhtar et al., 

“Deletion of iscR stimulates recombinant Clostridial Fe/Fe hydrogenase activity and H?- 

accumulation in Escherichia coli BL21(DE3),”H/?/?/. Microbiol. Biotechnol. 78:853-862 (2008), 

which is incorporated herein by reference in its entirety, particularly with reference to 

stimulation of Clostridial Fe/Fe hydrogenase activity and hydrogen accumulation in E. coli by 

deleting the iscR gene).

[0345] Exemplary ferredoxin-depcndent hydrogenase polypeptides include, but are not limited 

to, Clostridium acetobutulicum hydrogenase A (HydA) (see, e.g., P.W. King et al., “Functional 

studies of [FeFc] hydrogenase maturation in an Escherichia coli biosynthetic system,” J. 

Bacteriol. 188(6):163-172 (2006), which is incorporated herein by reference in its entirety, 

particularly with respect to production of hydrogen by HydA and three HydA-associated 

maturation enzymes (HydE, HydG, and HydF), which may be expressed alone or in conjunction 

with one or more of: (1) Bacillus subtilis NADPH ferredoxin oxidoreductase (NFOR) (see, e.g., 

Viet et al., (2008)), which is incorporated herein by reference in its entirety, particularly with 

respect to production of hydrogen by NFOR; see also PCT Publication No. WO/2007/089901, 

which is incorporated herein by reference in its entirety, particularly with respect to optimization 

of E. coli strains for production of hydrogen), Clostridium kluyveri NADH ferredoxin 

oxidoreductase (RnfCDGEAB) (Henning Seedorf et al., “The genome of Clostridium kluyveri, a 

strict anaerobe with unique metabolic features,” Proc. Nat’l Acad. Sci. U.S.A. 105(6):2128-2133 

(2008), which is incorporated herein by reference in its entirety, particular with reference to 

NADH ferredoxin oxidoreductase, and with reference to components of the anaerobic ethanol- 

acetate fermentation pathway), or Clostridium pasteuranium ferredoxin oxidoreductase (Fdx);

(2) glyceraldehyde-6-phosphate ferredoxin oxidoreductase (“GAPOR”); or (3) pyruvate 

ferredoxin oxidoreductase (“POR”), and polypeptides (e.g., fusion polypeptides) having an 

activity of two or more hydrogenase polypeptides or of one or more hydrogenase polypeptides 

and an activity of one or more ferredoxin-dependent oxidoreductases. In particular, ferredoxin- 

dependent hydrogenase polypeptides include polypeptides, fragments of polypeptides, peptides, 

and fusion polypeptides that have at least one activity of a ferredoxin-dependent hydrogenase 

polypeptide.

[0346] Exemplary NADPH-dependent hydrogenase polypeptides include, but are not limited 

to thermophilic hydrogenase polypeptides such as Pyrococcus furiosus hydrogenase (see, e.g., J. 

Woodward et al., “Enzymatic production of biohydrogen,” Nature 405(6790):1014-1015

58



WO 2010/148256 PCT/US2010/039088

(2000)), and polypeptides (e.g., fusion polypeptides) having an activity of two or more NADPH- 

dependent hydrogenase polypeptides. In particular, NADPH-dependent hydrogenase 

polypeptides include polypeptides, fragments of polypeptides, peptides, and fusion polypeptides 

that have at least one activity of a NADPH-dependent hydrogenase polypeptide.

[0347] Exemplary oxygen-tolerant or oxygen-insensitive hydrogenases include, but are not 

limited to, Rubrivivax gelatinosus hydrogenase (see, e.g., P.C. Maness et al., “Characterization 

of the oxygen tolerance of a hydrogenase linked to a carbon monoxide oxidation pathway in 

Rubrivivax gelatinosus,” Appl. Environ. Microbiol. 68(6):2633-2636 (2002), which is 

incorporated herein by reference in its entirety, particularly with respect to R. gelatinosus 

hydrogenase), and Ralstonia eutropha hydrogenase polypeptides (see, e.g., T. Burgdorf et al., 

“[NiFe]-hydrogenases of Ralstonia eutropha H16: modular enzymes for oxygen-tolerant 

biological hydrogen oxidation,” J. Mol. Microbiol. Biotechnol. 10(2-4):181-196 (2005), which is 

incorporated herein by reference in its entirety, particularly with respect to R. eutropha 

hydrogenase polypeptides). Alternatively, heterologous nucleic acids encoding hydrogenase 

polypeptides can be mutagenized and screened for CB-tolerance or Ch-insensitivity using 

standard methods and assays (see, e.g., L.E. Nagy et al., “Application of gene-shuffling for the 

rapid generation of novel [FeFe]-hydrogenase libraries,” Biotechnol. Letts. 29(3)421-430 (2007), 

which is incorporated herein by reference, particularly with respect to mutagenesis and screening 

for oxygen tolerant hydrogenase polypeptides).

[0348] Standard methods (such as those described herein) can be used to determine whether a 

polypeptide has hydrogenase activity by measuring the ability of the polypeptide to produce 

hydrogen gas in vitro, in a cell extract, or in vivo.

Exemplary Polypeptides and Nucleic Acids for Genes Related to Production of Fermentation 

Side Products

[0349] In addition to expressing or over-expressing heterologous or native hydrogenases in E. 

coli, co-production of isoprene and hydrogen can be improved by inactivation of anaerobic 

biosynthetic pathways, thereby blocking the carbon flow to a variety of metabolites (i.e., 

fermentation side products) produced under oxygen-limited or anaerobic conditions, including, 

but not limited to, lactate, acetate, pyruvate, ethanol, succinate, and glycerol. Exemplary 

polypeptides involved in the production of fermentation side products include formate 

dehydrogenase N, alpha subunit (fdnG), formate dehydrogenase O, large subunit (fdoG), nitrate 

reductase (narG), formate transporter A (focA), formate transporter B (focB), pyruvate oxidase
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(poxB), pyruvate dehydrogenase El component ackA/pta (aceE), alcohol dehydrogenase (adhE), 

fumarate reductase membrane protein (frdC), and lactate dehydrogenase (IdhIN). See, e.g., 

Toshinori Maeda et al., “Enhanced hydrogen production from glucose by metabolically 

engineered Escherichia coli,” Appl. Microbiol. Biotechnol. 77(4):879-890 (2007), which is 

incorporated by reference in its entirety, particularly with respect to production of E. coli strains 

with modified glucose metabolism. Exemplary polypeptides involved in the regulation or 

expression of genes involved in the production of fermentation side products that may also be 

inactivated to improve co-production of isoprene and hydrogen include, but are not limited to, 

repressor of formate hydrogen lyase (hycA), fumarate reductase regulator (fnr), acetyl-coenzyme 

A synthetase (acs), and formate dehydrogenase regulatory protein (hycA), which regulates 

expression of the transcriptional regulator fhlA (formate hydrogen lyase transcriptional 

activator).

Exemplary Polypeptides and Nucleic Acids for Genes Related to Plydrogen Re-uptake

[0350] Exemplary polypeptides involved in hydrogen re-uptake that may also be inactivated to 

improve co-production of isoprene and hydrogen include, but are not limited to, E. coli 

hydrogenase-1 (Hyd-1) (hya operon) and E. coli hydrogenasc-2 (Hyd-2) (hyb operon). E. coli 

Hyd-1 is encoded by the hya operon (comprising the hyaA, hyaB, hyaC, hyaD, hyaE, and hyaF 

genes). E. coli Hyd-2 is encoded by the hyb operon (comprising the hybA, hybB, hybC, hybD, 

hybE, hybF, hybG, and hybO genes).

Exemplary Methods for Isolating Nucleic Acids

[0351] Isoprene synthase, DXS, 1D1, MVA pathway, hydrogenase, hydrogenase maturation 

and/or transcription factor nucleic acids can be isolated using standard methods. Methods of 

obtaining desired nucleic acids from a source organism of interest (such as a bacterial genome) 

are common and well known in the art of molecular biology (see, for example, WO 

2004/033646 and references cited therein, which are each hereby incorporated by reference in 

their entireties, particularly with respect to the isolation of nucleic acids of interest). For 

example, if the sequence of the nucleic acid is known (such as any of the known nucleic acids 

described herein), suitable genomic libraries may be created by restriction endonuclease 

digestion and may be screened with probes complementary to the desired nucleic acid sequence. 

Once the sequence is isolated, the DNA may be amplified using standard primer directed 

amplification methods such as polymerase chain reaction (PCR) (U.S. Patent No. 4,683,202,
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which is incorporated by reference in its entirety, particularly with respect to PCR methods) to 

obtain amounts of DNA suitable for transformation using appropriate vectors.

[0352] Alternatively, isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, hydrogenase 

maturation and/or transcription factor nucleic acids (such as any isoprene synthase, DXS, IDI, 

MVA pathway, hydrogenase, hydrogenase maturation and/or transcription factor nucleic acids 

with a known nucleic acid sequence) can be chemically synthesized using standard methods. 

[0353] Additional isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, hydrogenase 

maturation and/or transcription factor polypeptides and nucleic acids which may be suitable for 

use in the compositions and methods described herein can be identified using standard methods. 

For example, cosmid libraries of the chromosomal DNA of organisms known to produce 

isoprene naturally can be constructed in organisms such as E. coli, and then screened for 

isoprene production. In particular, cosmid libraries may be created where large segments of 

genomic DNA (35-45 kb) are packaged into vectors and used to transform appropriate hosts. 

Cosmid vectors are unique in being able to accommodate large quantities of DNA. Generally 

cosmid vectors have at least one copy of the cos DNA sequence which is needed for packaging 

and subsequent circularization of the heterologous DNA. In addition to the cos sequence, these 

vectors also contain an origin of replication such as ColEI and drug resistance markers such as a 

nucleic acid resistant to ampicillin or neomycin. Methods of using cosmid vectors for the 

transformation of suitable bacterial hosts are well described in Sambrook et al., Molecular 

Cloning: A Laboratory Manual, 2nd ed., Cold Spring Harbor, 1989, which is hereby incorporated 

by reference in its entirety, particularly with respect to transformation methods.

[0354] Typically to clone cosmids, heterologous DNA is isolated using the appropriate 

restriction endonucleases and ligated adjacent to the cos region of the cosmid vector using the 

appropriate ligases. Cosmid vectors containing the linearized heterologous DNA are then reacted 

with a DNA packaging vehicle such as bacteriophage. During the packaging process, the cos 

sites are cleaved and the heterologous DNA is packaged into the head portion of the bacterial 

viral particle. These particles are then used to transfect suitable host cells such as E. coli. Once 

injected into the cell, the heterologous DNA circularizes under the influence of the cos sticky 

ends. In this manner, large segments of heterologous DNA can be introduced and expressed in 

host cells.

[0355] Additional methods for obtaining isoprene synthase, DXS, IDI, MVA pathway, 

hydrogenase, hydrogenase maturation and/or transcription factor nucleic acids include screening 

a metagenomic library by assay (such as the headspace assay described herein) or by PCR using
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primers directed against nucleotides encoding for a length of conserved amino acids (for 

example, at least 3 conserved amino acids). Conserved amino acids can be identified by aligning 

amino acid sequences of known isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, 

hydrogenase maturation and/or transcription factor polypeptides. Conserved amino acids for 

isoprene synthase polypeptides can be identified based on aligned sequences of known isoprene 

synthase polypeptides. An organism found to produce isoprene naturally can be subjected to 

standard protein purification methods (which are well known in the art) and the resulting 

purified polypeptide can be sequenced using standard methods. Other methods are found in the 

literature (see, for example, Julsing et al., Applied. Microbiol. Biotechnol. 75: 1377-84, 2007; 

Withers et al.,Appl Environ Microbiol. 73(19):6277-83, 2007, which are each hereby 

incorporated by reference in their entireties, particularly with respect to identification of nucleic 

acids involved in the synthesis of isoprene).

[0356] Additionally, standard sequence alignment and/or structure prediction programs can be 

used to identify additional DXS, IDI, MVA pathway, hydrogenase, hydrogenase maturation 

and/or transcription factor polypeptides and nucleic acids based on the similarity of their primary 

and/or predicted polypeptide secondary structure with that of known DXS, IDT, MV A pathway, 

hydrogenase, hydrogenase maturation and/or transcription factor polypeptides and nucleic acids. 

Standard databases such as the swissprot-trembl database (world-wide web at “expasy.org”, 

Swiss Institute of Bioinformatics Swiss-Prot group CMU - 1 rue Michel Servet CH-1211 

Geneva 4, Switzerland) can also be used to identify isoprene synthase, DXS, IDI, MVA 

pathway, hydrogenase, hydrogenase maturation and/or transcription regulatory polypeptides and 

nucleic acids. The secondary and/or tertiary structure of an isoprene synthase, DXS, IDI, MVA 

pathway, hydrogenase, hydrogenase maturation and/or transcription factor polypeptide can be 

predicted using the default settings of standard structure prediction programs, such as 

PredictProtein (630 West, 168 Street, BB217, New York, N.Y. 10032, USA). Alternatively, the 

actual secondary and/or tertiary structure of an isoprene synthase, DXS, IDI, MVA pathway, 

hydrogenase, hydrogenase maturation and/or transcription factor polypeptide can be determined 

using standard methods. Additional isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, 

hydrogenase maturation and/or transcription factor nucleic acids can also be identified by 

hybridization to probes generated from known isoprene synthase, DXS, IDI, MVA pathway, 

hydrogenase, hydrogenase maturation and/or transcription factor nucleic acids.

Exemplary Promoters and Vectors
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[0357] Any of the isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, hydrogenase 

maturation and/or transcription factor nucleic acids described herein can be included in one or 

more vectors. Accordingly, also described herein are vectors with one more nucleic acids 

encoding any of the isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, hydrogenase 

maturation and/or transcription factor polypeptides that are described herein. In some 

embodiments, the vector contains a nucleic acid under the control of an expression control 

sequence.

[0358] In some embodiments, the vector contains a selective marker or selectable marker. 

Markers useful in vector systems for transformation of Trichoderma are known in the art (see, 

e.g., Finkelstein, Chapter 6 in Biotechnology of Filamentous Fungi, Finkelstein et al., Eds. 

Butterworth-Heinemann, Boston, MA, Chap. 6., 1992; and Kinghom et al., Applied Molecular 

Genetics of Filamentous Fungi, Blackie Academic and Professional, Chapman and Hall,

London, 1992, which are each hereby incorporated by reference in their entireties, particularly 

with respect to selective markers). In some embodiments, the selective marker is the amdS 

nucleic acid, which encodes the enzyme acetamidase, allowing transformed cells to grow on 

acetamide as a nitrogen source. The use of an A. nidulans amdS nucleic acid as a selective 

marker is described in Kelley et al., EMBO J. 4:475 - 479, 1985 and Penttila et a.l., Gene 

61:155-164, 1987 (which are each hereby incorporated by reference in their entireties, 

particularly with respect to selective markers). In some embodiments, an isoprene synthase,

DXS, IDI, MVA pathway, hydrogenase, hydrogenase maturation, or transcription regulatory 

nucleic acid integrates into a chromosome of the cells without a selective marker.

[0359] Suitable vectors are those which are compatible with the host cell employed. Suitable 

vectors can be derived, for example, from a bacterium, a virus (such as bacteriophage T7 or a Μ­

Ι 3 derived phage), a cosmid, a yeast, or a plant. Protocols for obtaining and using such vectors 

are known to those in the art (see, for example, Sambrook et al., Molecular Cloning: A 

Laboratory Manual, 2nd ed., Cold Spring Harbor, 1989, which is hereby incorporated by 

reference in its entirety, particularly with respect to the use of vectors).

[0360] Promoters are well known in the art. Any promoter that functions in the host cell can 

be used for expression of an isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, 

hydrogenase maturation and/or transcription factor nucleic acid in the host cell. Initiation control 

regions or promoters, which are useful to drive expression of isoprene synthase, DXS, IDI,

MVA pathway, hydrogenase, hydrogenase maturation and/or transcription factor nucleic acids in 

various host cells are numerous and familiar to those skilled in the art (see, for example, WO
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2004/033646 and references cited therein, which are each hereby incorporated by reference in 

their entireties, particularly with respect to vectors for the expression of nucleic acids of 

interest). Virtually any promoter capable of driving these nucleic acids can be used including, 

but not limited to, CYC1, HIS3, GAL1, GAL10, ADH1, PGK, PHO5, GAPDH, ADCI, TRP1, 

URA3, LEU2, ENO, and TPI (useful for expression in Saccharomyces); AOX1 (useful for 

expression in Pichia); and lac, trp, XPL, XPR, T7, tac, and trc (useful for expression in E. coli). 

[0361] In some embodiments, a glucose isomerase promoter is used (see, for example, U.S. 

Patent No. 7,132,527 and references cited therein, which are each hereby incorporated by 

reference in their entireties, particularly with respect promoters and plasmid systems for 

expressing polypeptides of interest). Reported glucose isomerase promoter mutants can be used 

to vary the level of expression of the polypeptide encoded by a nucleic acid operably linked to 

the glucose isomerase promoter (U.S. Patent No. 7,132,527). In various embodiments, the 

glucose isomerase promoter is contained in a low, medium, or high copy plasmid (U.S. Patent 

No. 7,132,527).

[0362] In various embodiments, an isoprene synthase, DXS, IDI, MVA pathway,

hydrogenase, hydrogenase maturation and/or transcription factor nucleic acid is contained in a 

low copy plasmid (e.g., a plasmid that is maintained at about 1 to about 4 copies per cell), 

medium copy plasmid (e.g., a plasmid that is maintained at about 10 to about 15 copies per cell), 

or high copy plasmid (e.g., a plasmid that is maintained at about 50 or more copies per cell). In 

some embodiments, the heterologous or extra endogenous isoprene synthase, DXS, IDI, MVA 

pathway, hydrogenase, hydrogenase maturation and/or transcription factor nucleic acid is 

operably linked to a T7 promoter. In some embodiments, the heterologous or extra endogenous 

isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, hydrogenase maturation and/or 

transcription factor nucleic acid operably linked to a T7 promoter is contained in a medium or 

high copy plasmid. In some embodiments, the heterologous or extra endogenous isoprene 

synthase, DXS, IDI, MVA pathway, hydrogenase, hydrogenase maturation and/or transcription 

factor nucleic acid is operably linked to a Trc promoter. In some embodiments, the heterologous 

or extra endogenous isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, hydrogenase 

maturation and/or transcription factor nucleic acid operably linked to a Trc promoter is 

contained in a medium or high copy plasmid. In some embodiments, the heterologous or extra 

endogenous isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, hydrogenase maturation 

and/or transcription factor nucleic acid is operably linked to a Lac promoter. In some 

embodiments, the heterologous or extra endogenous isoprene synthase, DXS, IDI, MVA
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pathway, hydrogenase, hydrogenase maturation and/or transcription factor nucleic acid operably 

linked to a Lac promoter is contained in a low copy plasmid. In some embodiments, the 

heterologous or extra endogenous isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, 

hydrogenase maturation and/or transcription factor nucleic acid is operably linked to an 

endogenous promoter, such as an endogenous Escherichia, Panteoa, Bacillus, Yarrowia, 

Streptomyces, or Trichoderma promoter or an endogenous alkaline serine protease, isoprene 

synthase, DXS, IDI, MVA pathway, hydrogenase, hydrogenase maturation and/or transcription 

factor promoter. In some embodiments, the heterologous or extra endogenous isoprene synthase, 

DXS, IDI, MVA pathway, hydrogenase, hydrogenase maturation and/or transcription factor 

nucleic acid operably linked to an endogenous promoter is contained in a high copy plasmid. In 

some embodiments, the vector is a replicating plasmid that does not integrate into a chromosome 

in the cells. In some embodiments, part or all of the vector integrates into a chromosome in the 

cells.

[0363] In some embodiments, the vector is any vector which when introduced into a fungal 

host cell is integrated into the host cell genome and is replicated. Reference is made to the 

Fungal Genetics Stock Center Catalogue of Strains (FGSC, the world-wide web at “fgsc.net” 

and the references cited therein, which are each hereby incorporated by reference in their 

entireties, particularly with respect to vectors) for a list of vectors. Additional examples of 

suitable expression and/or integration vectors are provided in Sambrook et al., Molecular 

Cloning: A Laboratory Manual, 2nd ed., Cold Spring Harbor, 1989, Current Protocols in 

Molecular Biology (F. M. Ausubel et al. (eds) 1987, Supplement 30, section 7.7.18); van den 

Hondel et al. in Bennett and Lasure (Eds.) More Gene Manipulations in Fungi, Academic Press 

pp. 396-428, 1991; and U.S. Patent No. 5,874,276, which are each hereby incorporated by 

reference in their entireties, particularly with respect to vectors. Particularly useful vectors 

include pFB6, pBR322, PUC18, pUClOO, and pENTR/D.

[0364] In some embodiments, an isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, 

hydrogenase maturation and/or transcription factor nucleic acid is operably linked to a suitable 

promoter that shows transcriptional activity in a fungal host cell. The promoter may be derived 

from one or more nucleic acids encoding a polypeptide that is either endogenous or heterologous 

to the host cell. In some embodiments, the promoter is useful in a Trichoderma host. Suitable 

non-limiting examples of promoters include cbhl, cbh2, egll, egl2,pepA, h)b\, hfb2, xyril, and 

amy. In some embodiments, the promoter is one that is native to the host cell. For example, in 

some embodiments when T. reesei is the host, the promoter is a native T. reesei promoter. In

65



WO 2010/148256 PCT/US2010/039088

some embodiments, the promoter is T. reesei cbhl, which is an inducible promoter and has been 

deposited in GenBank under Accession No. D86235, which is incorporated by reference in its 

entirety, particularly with respect to promoters. In some embodiments, the promoter is one that is 

heterologous to the fungal host cell. Other examples of useful promoters include promoters from 

the genes of A. awamori and A. niger glucoamylase (glaA) (Nunberg et al., Mol. Cell Biol. 

4:2306-2315, 1984 and Boel et al., EMBO J. 3:1581-1585, 1984, which are each hereby 

incorporated by reference in their entireties, particularly with respect to promoters); Aspergillus 

niger alpha amylases, Aspergillus oryzae TAKA amylase, T. reesei xlnl, and the T. reesei 

cellobiohydrolase 1 (EP 137280, which is incorporated by reference in its entirety, particularly 

with respect to promoters).

[0365] In some embodiments, the expression vector also includes a termination sequence. 

Termination control regions may also be derived from various genes native to the host cell. In 

some embodiments, the termination sequence and the promoter sequence are derived from the 

same source. In another embodiment, the termination sequence is endogenous to the host cell. A 

particularly suitable terminator sequence is cbh 1 derived from a Trichoderma strain (such as T. 

reesei). Other useful fungal terminators include the terminator from an A. niger or A. awamori 

glucoamylase nucleic acid (Nunberg etal.,Mol. Cell Biol. 4:2306-2315, 1984 and Boel etal., 

EMBO J. 3:1581-1585, 1984; which are each hereby incorporated by reference in their entireties, 

particularly with respect to fungal terminators). Optionally, a termination site may be included. 

For effective expression of the polypeptides, DNA encoding the polypeptide are linked operably 

through initiation codons to selected expression control regions such that expression results in 

the formation of the appropriate messenger RNA.

[0366] In some embodiments, the promoter, coding, region, and terminator all originate from 

the isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, hydrogenase maturation and/or 

transcription factor nucleic acid to be expressed. In some embodiments, the coding region for an 

isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, hydrogenase maturation and/or 

transcription factor nucleic acid is inserted into a general-purpose expression vector such that it 

is under the transcriptional control of the expression construct promoter and terminator 

sequences. In some embodiments, genes or part thereof are inserted downstream of the strong 

cbhl promoter.

[0367] An isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, hydrogenase 

maturation and/or transcription factor nucleic acid can be incorporated into a vector, such as an 

expression vector, using standard techniques (Sambrook et al., Molecular Cloning: A Laboratory

66



WO 2010/148256 PCT/US2010/039088

Manual, Cold Spring Harbor, 1982, which is hereby incorporated by reference in its entirety, 

particularly with respect to the screening of appropriate DNA sequences and the construction of 

vectors). Methods used to ligate the DNA construct comprising a nucleic acid of interest (such as 

an isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, hydrogenase maturation and/or 

transcription factor nucleic acid), a promoter, a terminator, and other sequences and to insert 

them into a suitable vector are well known in the art. For example, restriction enzymes can be 

used to cleave the isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, hydrogenase 

maturation and/or transcription factor nucleic acid and the vector. Then, the compatible ends of 

the cleaved isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, hydrogenase maturation 

and/or transcription factor nucleic acid and the cleaved vector can be ligated. Linking is 

generally accomplished by ligation at convenient restriction sites. If such sites do not exist, the 

synthetic oligonucleotide linkers are used in accordance with conventional practice (see, 

Sambrook et al., Molecular Cloning: A Laboratory Manual, 2nd ed., Cold Spring Harbor, 1989, 

and Bennett and Lasure, More Gene Manipulations in Fungi, Academic Press, San Diego, pp 

70-76, 1991, which are each hereby incorporated by reference in their entireties, particularly 

with respect to oligonucleotide linkers). Additionally, vectors can be constructed using known 

recombination techniques (e.g., Invitrogen Life Technologies, Gateway Technology).

[0368] In some embodiments, it may be desirable to over-express isoprene synthase, DXS,

IDI, MVA pathway, hydrogenase, hydrogenase maturation and/or transcription factor nucleic 

acids at levels far higher than currently found in naturally-occurring cells. This result may be 

accomplished by the selective cloning of the nucleic acids encoding those polypeptides into 

multicopy plasmids or placing those nucleic acids under a strong inducible or constitutive 

promoter. Methods for over-expressing desired polypeptides are common and well known in the 

art of molecular biology and examples may be found in Sambrook et al., Molecular Cloning: A 

Laboratory Manual, 2nd ed., Cold Spring Harbor, 1989, which is hereby incorporated by 

reference in its entirety, particularly with respect to cloning techniques.

[0369] In some embodiments, it may be desirable to under-express (e.g., mutate, inactivate, or 

delete) isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, hydrogenase maturation, or 

transcription factor polypeptide-encoding nucleic acids at levels far below that those currently 

found in naturally-occurring cells. This result may be accomplished by the mutation or 

inactivation of transcriptional regulatory proteins required for expression of isoprene synthase, 

DXS, IDI, MVA pathway, hydrogenase, hydrogenase maturation and/or transcription factor 

nucleic acids, by deletion of the isoprene synthase, DXS, IDI, MVA pathway, hydrogenase,

67



WO 2010/148256 PCT/US2010/039088

hydrogenase maturation and/or transcription factor nucleic acids, or by placing those nucleic 

acids under the control of a strong repressible promoter. Methods for mutating, inactivating, or 

deleting desired polypeptides are common and well known in the art of molecular biology and 

examples may be found in Sambrook et al., Molecular Cloning: A Laboratory Manual, 2nd ed., 

Cold Spring Harbor, 1989, which is hereby incorporated by reference in its entirety, particularly 

with respect to cloning and mutagenesis techniques.

[0370] The following resources include descriptions of additional general methodology useful 

in accordance with the compositions and methods described herein: Kreigler, Gene Transfer and 

Expression; A Laboratory Manual, 1990 and Ausubel et al., Eds. Current Protocols in Molecular 

Biology, 1994, which are each hereby incorporated by reference in their entireties, particularly 

with respect to molecular biology and cloning techniques.

Exemplary Source Organisms

[0371] Isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, hydrogenase maturation 

and/or transcription factor nucleic acids (and their encoded polypeptides) can be obtained from 

any organism that naturally contains isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, 

hydrogenase maturation and/or transcription factor nucleic acids. As noted above, isoprene is 

formed naturally by a variety of organisms, such as bacteria, yeast, plants, and animals. 

Organisms contain the MVA pathway, DXP pathway, or both the MVA and DXP pathways for 

producing isoprene (Figures 19A and 19B). Thus, DXS nucleic acids can be obtained, e.g., from 

any organism that contains the DXP pathway or contains both the MVA and DXP pathways.

IDI and isoprene synthase nucleic acids can be obtained, e.g., from any organism that contains 

the MVA pathway, DXP pathway, or both the MVA and DXP pathways. MVA pathway nucleic 

acids can be obtained, e.g., from any organism that contains the MVA pathway or contains both 

the MVA and DXP pathways. Hydrogenase nucleic acids can be obtained, e.g., from any 

organism that oxidizes hydrogen or reduces hydrogen ions. Femientation side product genes can 

be obtained or identified, e.g., from any organism that undergoes oxygen-limited or anaerobic 

respiration, such as glycolysis.

[0372] In some embodiments, the nucleic acid sequence of the isoprene synthase, DXS, IDI, 

MVA pathway, hydrogenase, hydrogenase maturation and/or transcription factor nucleic is 

identical to the sequence of a nucleic acid that is produced by any of the following organisms in 

nature. In some embodiments, the amino acid sequence of the isoprene synthase, DXS, IDI, 

MVA pathway, hydrogenase, hydrogenase maturation and/or transcription factor polypeptide is
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identical to the sequence of a polypeptide that is produced by any of the following organisms in 

nature. In some embodiments, the isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, 

hydrogenase maturation and/or transcription factor nucleic acid or polypeptide is a mutant 

nucleic acid or polypeptide derived from any of the organisms described herein. As used herein, 

“derived from” refers to the source of the nucleic acid or polypeptide into which one or more 

mutations is introduced. For example, a polypeptide that is “derived from a plant polypeptide” 

refers to polypeptide of interest that results from introducing one or more mutations into the 

sequence of a wild-type (/. e., a sequence occurring in nature) plant polypeptide.

[0373] In some embodiments, the source organism is a fungus, examples of which are species 

of Aspergillus such as A. oryzae and A. niger, species of Saccharomyces such as S. cerevisiae, 

species of Schizosaccharomyces such as 5. pombe, and species of Trichoderma such as T. reesei. 

In some embodiments, the source organism is a filamentous fungal cell. The term “filamentous 

fungi” refers to all filamentous forms of the subdivision Eumycotina (see, Alexopoulos, C. J. 

(1962), Introductory Mycology, Wiley, New York). These fungi are characterized by a 

vegetative mycelium with a cell wall composed of chitin, cellulose, and other complex 

polysaccharides. The filamentous fungi are morphologically, physiologically, and genetically 

distinct from yeasts. Vegetative growth by filamentous fungi is by hyphal elongation and carbon 

catabolism is obligatory aerobic. The filamentous fungal parent cell may be a cell of a species of, 

but not limited to, Trichoderma, (e.g., Trichoderma reesei, the asexual morph of Hypocrea 

jecorina, previously classified as T. longibrachiatum, Trichoderma viride, Trichoderma 

koningii, Trichoderma harzianum) (Sheir-Neirs et al., Appl. Microbiol. Biotechnol 20: 46-53, 

1984; ATCC No. 56765 and ATCC No. 26921); Penicillium sp., Humicola sp. (e.g., H. insolens, 

H. lanuginose, or H. grisea); Chrysosporium sp. (e.g., C. lucknowen.se), Gliocladium sp., 

Aspergillus sp. (e.g., A. oryzae, A. niger, A sojae, A. japonicus, A. nidulans, or A. awamori) 

(Ward et al., Appl. Microbiol. Biotechnol. 39: 7380743, 1993 and Goedegebuur et al., Genet 41: 

89-98, 2002), Fusarium sp., (e.g., F. roseum, F. graminum F. cerealis, F. oxysporuim, or F. 

venenatum), Neurospora sp., (e.g., N. crassa), Hypocrea sp., Mucor sp., (e.g., M. miehei), 

Rhizopus sp. andEmericella sp. (see also, Innis et al., Sci. 228: 21-26, 1985). The tern 

“Trichoderma" or “Trichoderma sp." or “Trichoderma spp." refer to any fungal genus 

previously or currently classified as Trichoderma.

[0374] In some embodiments, the fungus is A. nidulans, A. awamori, A. oryzae, A. aculeatus, 

A. niger, A. japonicus, T. reesei, T. viride, F. oxysporum, or F. solani. Aspergillus strains are 

disclosed in Ward et al., Appl. Microbiol. Biotechnol. 39:738-743, 1993 and Goedegebuur et al.,
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Curr Gene 41:89-98, 2002, which are each hereby incorporated by reference in their entireties, 

particularly with respect to fungi. In particular embodiments, the fungus is a strain of 

Trichoderma, such as a strain of T. reesei. Strains of T. reesei are known and non-limiting 

examples include ATCC No. 13631, ATCC No. 26921, ATCC No. 56764, ATCC No. 56765, 

ATCC No. 56767, and NRRL 15709, which are each hereby incorporated by reference in their 

entireties, particularly with respect to strains of T. reesei. In some embodiments, the host strain 

is a derivative of RL-P37. RL-P37 is disclosed in Sheir-Nciss et al., Appl. Microbiol. 

Biotechnology 20:46-53, 1984, which is hereby incorporated by reference in its entirety, 

particularly with respect to strains of T. reesei.

[0375] In some embodiments, the source organism is a yeast, such as Saccharomyces sp., 

Schizosaccharomyces sp., Pichia sp., or Candida sp. In some embodiments, the Saccharomyces 

sp. is Saccharomyces cerevisiae.

[0376] In some embodiments, the source organism is a bacterium, such as strains of Bacillus 

such as B. lichenformis or B. subtilis, strains of Pantoea such as P. citrea, strains of 

Pseudomonas such as P. alcaligenes, P. putida, or P. fluorescens, strains of Streptomyces such 

as 5. lividans or 5. rubiginosus, strains of Corynebacterium sp. such as Corynebacterium 

glutamicum, strains of Rhodopseudomonas sp. such as Rhodopseudomonas palustris, or strains 

oi Escherichia, such as E. coli.

[0377] As used herein, “the genus Bacillus''’ includes all species within the genus “Bacillus:' 

as known to those of skill in the art, including but not limited to B. subtilis, B. licheniformis, B. 

lentus, B. brevis, B. stearothermophilus, B. alkalophilus, B. amyloliquefaciens, B. clausii, B. 

halodurans, B. megaterium, B. coagulans, B. circulans, B. lautus, and B. thuringiensis. It is 

recognized that the genus Bacillus continues to undergo taxonomical reorganization. Thus, it is 

intended that the genus include species that have been reclassified, including but not limited to 

such organisms as B. stearothermophilus, which is now named “Geobacillus

stearothermophilus." The production of resistant endospores in the presence of oxygen is 

considered the defining feature of the genus Bacillus, although this characteristic also applies to 

the recently named Alicyclobacillus, Amphibacillus, Aneurinibacillus, Anoxybacillus, 

Brevibacillus, Filobacillus, Gracilibacillus, Elalobacillus, Paenibacillus, Salibacillus, 

Thermobacillus, Ureibacillus, and Virgibacillus.

[0378] In some embodiments, the source organism is a gram-positive bacterium. Non-limiting 

examples include strains oi Streptomyces (e.g., S. lividans, S. coelicolor, or 5. griseus) and 

Bacillus. In some embodiments, the source organism is a gram-negative bacterium, such as E.
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coli., Rhodopseudomonas sp. such as Rhodopseudomonas palustris, ox Pseudomonas sp., such as 

P. alcaligenes, P. putida, or P. fluorescens.

[0379] In some embodiments, the source organism is a plant, such as a plant from the family 

Fabaceae, such as the Faboideae subfamily. In some embodiments, the source organism is 

kudzu, poplar (such as Populus albax tremula CAC35696), aspen (such as Populus 

tremuloides), or Quercus robur.

[0380] In some embodiments, the source organism is an algae, such as a green algae, red 

algae, glaucophytes, chlorarachniophytcs, cuglenids, chromista, or dinoflagellates.

[0381] In some embodiments, the source organism is a cyanobacteria, such as cyanobacteria 

classified into any of the following groups based on morphology: Chroococcales, 

Pleurocapsales, Oscillatoriales, Nostocales, or Stigonematales.

[0382] In some embodiments, the source organism is an anaerobic organism. Anaerobic 

organisms can include, but are not limited to, obligate anaerobes, facultatitive anaerobes, and 

aerotolerant anaerobes. Such organisms can be any of the organisms listed above, bacteria, 

yeast, etc. In one embodiment, the obligate anaerobes can be any one or combination selected 

from the group consisting of Clostridium ljungdahlii, Clostridium autoethanogenum, 

Eurobacterium limosum, Clostridium carboxydivorans, Peptostreptococcus productus, and 

Butyribacterium methylotrophicum. It is to be understood that any combination of any of the 

source organisms described herein can be used for other embodiments of the invention.

Exemplary Host Cells

[0383] A variety of host cells can be used to express isoprene synthase, DXS, IDI, M VA 

pathway, hydrogenase, hydrogenase maturation and/or transcription factor polypeptides and to 

co-produce isoprene and hydrogen in the methods described herein. Exemplary host cells 

include cells from any of the organisms listed in the prior section under the heading “Exemplary 

Source Organisms." The host cell may be a cell that naturally produces isoprene or a cell that 

does not naturally produce isoprene. In some embodiments, the host cell naturally produces 

isoprene using the DXP pathway, and an isoprene synthase, DXS, and/or IDI nucleic acid is 

added to enhance production of isoprene using this pathway. In some embodiments, the host cell 

naturally produces isoprene using the MVA pathway, and an isoprene synthase and/or one or 

more MVA pathway nucleic acids are added to enhance production of isoprene using this 

pathway. In some embodiments, the host cell naturally produces isoprene using the DXP 

pathway and one or more MVA pathway nucleic acids are added to produce isoprene using part
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or all of the MVA pathway as well as the DXP pathway. In some embodiments, the host cell 

naturally produces isoprene using both the DXP and MVA pathways and one or more isoprene 

synthase, DXS, IDI, or MVA pathway nucleic acids are added to enhance production of isoprene 

by one or both of these pathways.

[0384] In some embodiments, the host cell naturally produces isoprene using both the DXP 

and MVA pathways, and one or more isoprene synthase, DXS, IDI, or MVA pathway nucleic 

acids arc added to enhance production of isoprene by one or both of these pathways, one or more 

hydrogenase nucleic acids arc added to enhance hydrogen production and one or more 

fermentation side product-producing genes are inactivated or deleted to limit production of 

fermentation side products. In some embodiments, the host cell naturally co-produces isoprene 

and hydrogen using both the DXP and MVA pathways and one or more isoprene synthase, DXS, 

IDI, or MVA pathway nucleic acids are added to enhance production of isoprene by one or both 

of these pathways, one or more hydrogenase nucleic acids are added to enhance hydrogen 

production, one or more fermentation side product-producing genes are inactivated or deleted to 

limit production of fermentation side products, and one or more hydrogen reuptake genes are 

inactivated or deleted to increase hydrogen production. In some embodiments, the host cell 

naturally co-produces isoprene and hydrogen using both the DXP and MVA pathways and a 

hydrogenase, and one or more isoprene synthase, DXS, IDI, or MVA pathway nucleic acids are 

added to enhance production of isoprene by one or both of these pathways, one or more 

hydrogenase nucleic acids are added to enhance hydrogen production, one or more hydrogenase 

maturation nucleic acids are added to enhance hydrogen production, one or more fermentation 

side product-producing genes are inactivated or deleted to limit production of fermentation side 

products, and one or more hydrogen reuptake genes are inactivated or deleted to increase 

hydrogen production. In some embodiments, the host cell naturally co-produces isoprene and 

hydrogen using both the DXP and MVA pathways and one or more isoprene synthase, DXS,

IDI, or MVA pathway nucleic acids are added to enhance production of isoprene by one or both 

of these pathways, one or more hydrogenase nucleic acids are added to enhance hydrogen 

production, one or more hydrogenase maturation nucleic acids are added to enhance hydrogen 

production, one or more transcription factor nucleic acids are added or inactivated or deleted to 

enhance hydrogenase production, one or more fermentation side product-producing genes are 

inactivated or deleted to limit production of fermentation side products, and one or more 

hydrogen reuptake genes are inactivated or deleted to increase hydrogen production.
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Exemplary Transformation Methods

[0385] Isoprene synthase, DXS, IDI, MVA pathway, hydrogenase, hydrogenase maturation 

and/or transcription factor nucleic acids or vectors containing them can be inserted into a host 

cell (e.g., a plant cell, a fungal cell, a yeast cell, or a bacterial cell described herein) using 

standard techniques for expression of the encoded isoprene synthase, DXS, IDI, MVA pathway, 

hydrogenase, hydrogenase maturation and/or transcription factor polypeptide. Introduction of a 

DNA construct or vector into a host cell can be performed using techniques such as 

transformation, electroporation, nuclear microinjection, transduction, transfection (e.g., 

lipofection mediated or DEAE-Dextrin mediated transfection or transfection using a 

recombinant phage virus), incubation with calcium phosphate DNA precipitate, high velocity 

bombardment with DNA-coated microprojectiles, and protoplast fusion. General transformation 

techniques are known in the art (see, e.g., Current Protocols in Molecular Biology (F. M. 

Ausubel et al. (eds) Chapter 9, 1987; Sambrook et al., Molecular Cloning: A Laboratory 

Manual, 2nd ed., Cold Spring Harbor, 1989; and Campbell et al., Curr. Genet. 16:53-56, 1989, 

which are each hereby incorporated by reference in their entireties, particularly with respect to 

transformation methods). The expression of heterologous polypeptide in Trichoderma is 

described in U.S. Patent No. 6,022,725; U.S. Patent No. 6,268,328; U.S. Patent No.

7,262,041 ;WO 2005/001036; Harkki et al., Enzyme Microb. Technol. 13:227-233, 1991; Harkki 

et al., Bio Technol. 7:596-603, 1989; EP 244,234; EP 215,594; andNevalainen et al., “The 

Molecular Biolog)’ of Trichoderma and its Application to the Expression of Both Elomologous 

andEleterologous Genes,” in Molecular Industrial Mycology, Eds. Leong and Berka, Marcel 

Dekker Inc., NY pp. 129 - 148, 1992, which are each hereby incorporated by reference in their 

entireties, particularly with respect to transformation and expression methods). Reference is also 

made to Cao et al., (Sci. 9:991-1001, 2000; EP 238023; and Yelton et al., Proceedings. Natl. 

Acad. Sci. USA 81:1470-1474, 1984 (which are each hereby incorporated by reference in their 

entireties, particularly with respect to transformation methods) for transformation of Aspergillus 

strains. The introduced nucleic acids may be integrated into chromosomal DNA or maintained as 

extrachromosomal replicating sequences.

[0386] Any method known in the art may be used to select transformants. In one non-limiting 

example, stable transformants including an amdS marker are distinguished from unstable 

transformants by their faster growth rate and the formation of circular colonies with a smooth, 

rather than ragged outline on solid culture medium containing acetamide. Additionally, in some 

cases a further test of stability is conducted by growing the transformants on a solid non-
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selective medium (e.g., a medium that lacks acetamide), harvesting spores from this culture

medium, and determining the percentage of these spores which subsequently germinate and

grow on selective medium containing acetamide.

[0387] In some embodiments, fungal cells are transformed by a process involving protoplast 

formation and transformation of the protoplasts followed by regeneration of the cell wall in a 

known manner. In one specific embodiment, the preparation of Trichoderma sp. for 

transformation involves the preparation of protoplasts from fungal mycelia (see, Campbell et al., 

Curr. Genet. 16:53-56, 1989, which is incorporated by reference in its entirety, particularly with 

respect to transformation methods). In some embodiments, the mycelia are obtained from 

germinated vegetative spores. The mycelia are treated with an enzyme that digests the cell wall 

resulting in protoplasts. The protoplasts are then protected by the presence of an osmotic 

stabilizer in the suspending medium. These stabilizers include sorbitol, mannitol, potassium 

chloride, magnesium sulfate, and the like. Usually the concentration of these stabilizers varies 

between 0.8 M and 1.2 M. It is desirable to use about a 1.2 M solution of sorbitol in the 

suspension medium.

[0388] Uptake of DNA into the host Trichoderma sp. strain is dependent upon the calcium ion 

concentration. Generally, between about 10 mM CaCf and 50 mM CaCf is used in an uptake 

solution. In addition to the calcium ion in the uptake solution, other compounds generally 

included are a buffering system such as TE buffer (10 Mm Tris, pH 7.4; 1 mM EDTA) or 10 

mM MOPS, pH 6.0 buffer (morpholinepropanesulfonic acid) and polyethylene glycol (PEG). 

While not intending to be bound to any particular theory, it is believed that the polyethylene 

glycol acts to fuse the cell membranes, thus permitting the contents of the medium to be 

delivered into the cytoplasm of the Trichoderma sp. strain and the plasmid DNA to be 

transferred to the nucleus. This fusion frequently leaves multiple copies of the plasmid DNA 

integrated into the host chromosome.

[0389] Usually a suspension containing the Trichoderma sp. protoplasts or cells that have been 

subjected to a permeability treatment at a density of 105 to 107mL (such as 2 x 106/mL) are used 

in the transformation. A volume of 100 liL of these protoplasts or cells in an appropriate solution 

(e.g., 1.2 M sorbitol and 50 mM CaCf) are mixed with the desired DNA. Generally, a high 

concentration of PEG is added to the uptake solution. From 0.1 to 1 volume of 25% PEG 4000 

can be added to the protoplast suspension. In some embodiments, about 0.25 volumes are added 

to the protoplast suspension. Additives such as dimethyl sulfoxide, heparin, spermidine, 

potassium chloride, and the like may also be added to the uptake solution and aid in
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transformation. Similar procedures are available for other fungal host cells (see, e.g., U.S. Patent 

Nos. 6,022,725 and 6,268,328, which are each hereby incorporated by reference in their 

entireties, particularly with respect to transformation methods).

[0390] Generally, the mixture is then cultured at approximately 0°C for a period of between 10 

to 30 minutes. Additional PEG is then added to the mixture to further enhance the uptake of the 

desired nucleic acid sequence. The 25% PEG 4000 is generally added in volumes of 5 to 15 

times the volume of the transformation mixture; however, greater and lesser volumes may be 

suitable. The 25% PEG 4000 is desirably about 10 times the volume of the transformation 

mixture. After the PEG is added, the transformation mixture is then cultured either at room 

temperature or on ice before the addition of a sorbitol and CaCL solution. The protoplast 

suspension is then further added to molten aliquots of a growth medium. When the growth 

medium includes a growth selection (e.g., acetamide or an antibiotic) it permits the growth of 

transformants only.

[0391] The transformation of bacterial cells may be performed according to conventional 

methods, e.g., as described in Sambrook et al., Molecular Cloning: A Laboratory Manual, Cold 

Spring Harbor, 1982, which is hereby incorporated by reference in its entirety, particularly with 

respect to transformation methods.

Exemplary Cell Culture Media

[0392] Also described herein is a cell or a population of cells in culture that co-produce 

isoprene and hydrogen. By “cells in culture” is meant two or more cells in a solution (e.g., a cell 

growth medium) that allows the cells to undergo one or more cell divisions. “Cells in culture” do 

not include plant cells that are part of a living, multicellular plant containing cells that have 

differentiated into plant tissues. In various embodiments, the cell culture includes at least or 

about 10, 20, 50, 100, 200, 500, 1,000, 5,000, 10,000 or more cells.

[0393] By “cells in oxygen-limited culture” is meant two or more cells in a solution (e.g., a 

cell growth medium) that allows the cell to under go one or more cell divisions, wherein the 

solution contains a limiting amount of oxygen. The term “oxygen-limited culture” means that 

the culture is either anoxic or contains less than the required amount of oxygen to support 

respiration via the biological transfer of reducing equivalents to oxygen, and also encompasses 

anaerobic cultures. Under oxygen-limited culture conditions, some electrons derived from 

carbon metabolism cannot be accepted because oxygen concentrations are too low, causing cells 

to switch to hydrogen production if they comprise the appropriate metabolic pathways for doing
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so. Oxygen-limited culture conditions occur when the oxygen transfer rate (“OTR”) is less than 

the oxygen uptake rate (“OUR”) indicated by dissolved oxygen concentrations of close to zero in 

culture medium.

[0394] Any carbon source can be used to cultivate the host cells. The term “carbon source” 

refers to one or more carbon-containing compounds capable of being metabolized by a host cell 

or organism. For example, the cell medium used to cultivate the host cells may include any 

carbon source suitable for maintaining the viability or growing the host cells.

[0395] In some embodiments, the carbon source is a carbohydrate (such as monosaccharide, 

disaccharide, oligosaccharide, or polysaccharides), invert sugar (e.g., enzymatically treated 

sucrose syrup), glycerol, glycerine (e.g., a glycerine byproduct of a biodiesel or soap-making 

process), dihydroxyacetone, one-carbon source, oil (e.g., a plant or vegetable oil such as com, 

palm, or soybean oil), animal fat, animal oil, fatty acid (e.g., a saturated fatty acid, unsaturated 

fatty acid, or polyunsaturated fatty acid), lipid, phospholipid, glycerolipid, monoglyceride, 

diglyceride, triglyceride, polypeptide (e.g., a microbial or plant protein or peptide), renewable 

carbon source (e.g., a biomass carbon source such as a hydrolyzed biomass carbon source), yeast 

extract, component from a yeast extract, polymer, acid, alcohol, aldehyde, ketone, amino acid, 

succinate, lactate, acetate, ethanol, or any combination of two or more of the foregoing. In 

some embodiments, the carbon source is a product of photosynthesis, including, but not 

limited to, glucose.

[0396] Exemplary monosaccharides include glucose and fructose; exemplary oligosaccharides 

include lactose and sucrose, and exemplary polysaccharides include starch and cellulose. 

Exemplary carbohydrates include C6 sugars (e.g., fructose, mannose, galactose, or glucose) and 

C5 sugars (e.g., xylose or arabinose). In some embodiments, the cell medium includes a 

carbohydrate as well as a carbon source other than a carbohydrate (e.g., glycerol, glycerine, 

dihydroxyacetone, one-carbon source, oil, animal fat, animal oil, fatty acid, lipid, phospholipid, 

glycerolipid, monoglyceride, diglyceride, triglyceride, renewable carbon source, or a component 

from a yeast extract). In some embodiments, the cell medium includes a carbohydrate as well as 

a polypeptide (e.g., a microbial or plant protein or peptide). In some embodiments, the microbial 

polypeptide is a polypeptide from yeast or bacteria. In some embodiments, the plant polypeptide 

is a polypeptide from soy, com, canola, jatropha, palm, peanut, sunflower, coconut, mustard, 

rapeseed, cottonseed, palm kernel, olive, safflower, sesame, or linseed.

[0397] In some embodiments, the concentration of the carbohydrate is at least or about 5 

grams per liter of broth (g/L, wherein the volume of broth includes both the volume of the cell
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medium and the volume of the cells), such as at least or about 10, 15, 20, 30, 40, 50, 60, 80, 100, 

150, 200, 300, 400, or more g/L. In some embodiments, the concentration of the carbohydrate is 

between about 50 and about 400 g/L, such as between about 100 and about 360 g/L, between 

about 120 and about 360 g/L, or between about 200 and about 300 g/L. In some embodiments, 

this concentration of carbohydrate includes the total amount of carbohydrate that is added before 

and/or during the culturing of the host cells.

[0398] In some embodiments, the cells are cultured under limited glucose conditions. By 

“limited glucose conditions” is meant that the amount of glucose that is added is less than or 

about 105% (such as about 100%) ofthe amount of glucose that is consumed by the cells. In 

particular embodiments, the amount of glucose that is added to the culture medium is 

approximately the same as the amount of glucose that is consumed by the cells during a specific 

period of time. In some embodiments, the rate of cell growth is controlled by limiting the 

amount of added glucose such that the cells grow at the rate that can be supported by the amount 

of glucose in the cell medium. In some embodiments, glucose does not accumulate during the 

time the cells are cultured. In various embodiments, the cells are cultured under limited glucose 

conditions for greater than or about 1,2, 3, 5, 10, 15, 20, 25, 30, 35, 40, 50, 60, or 70 hours. In 

various embodiments, the cells are cultured under limited glucose conditions for greater than or 

about 5, 10, 15, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 95, or 100% of the total length of time the 

cells are cultured. While not intending to be bound by any particular theory, it is believed that 

limited glucose conditions may allow more favorable regulation of the cells.

[0399] In some embodiments, the cells are cultured in the presence of an excess of glucose. In 

particular embodiments, the amount of glucose that is added is greater than about 105% (such as 

about or greater than 110, 120, 150, 175, 200, 250, 300, 400, or 500%) or more of the amount of 

glucose that is consumed by the cells during a specific period of time. In some embodiments, 

glucose accumulates during the time the cells are cultured.

[0400] Exemplary lipids are any substance containing one or more fatty acids that are C4 and 

above fatty acids that are saturated, unsaturated, or branched.

[0401] Exemplary oils are lipids that are liquid at room temperature. In some embodiments, 

the lipid contains one or more C4 or above fatty acids (e.g., contains one or more saturated, 

unsaturated, or branched fatty acid with four or more carbons). In some embodiments, the oil is 

obtained from soy, com, canola, jatropha, palm, peanut, sunflower, coconut, mustard, rapeseed, 

cottonseed, palm kernel, olive, safflower, sesame, linseed, oleagineous microbial cells, Chinese 

tallow, or any combination of two or more of the foregoing.
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[0402] Exemplary fatty acids include compounds of the formula RCOOH, where “R” is a 

hydrocarbon. Exemplary unsaturated fatty acids include compounds where “R” includes at least 

one carbon-carbon double bond. Exemplary unsaturated fatty acids include, but are not limited to, 

oleic acid, vaccenic acid, linoleic acid, palmitoleic acid, and arachidonic acid. Exemplary 

polyunsaturated fatty acids include compounds where “R” includes a plurality of carbon-carbon 

double bonds. Exemplary saturated fatty acids include compounds where “R” is a saturated 

aliphatic group. In some embodiments, the carbon source includes one or more C12-C22 fatty 

acids, such as a C12 saturated fatty acid, a C14 saturated fatty acid, a Ci& saturated fatty acid, a Cis 

saturated fatty acid, a C211 saturated fatty acid, or a C22 saturated fatty acid. In an exemplary 

embodiment, the fatty acid is palmitic acid. In some embodiments, the carbon source is a salt of a 

fatty acid (e.g., an unsaturated fatty acid), a derivative of a fatty acid (e.g., an unsaturated fatty 

acid), or a salt of a derivative of fatty acid (e.g., an unsaturated fatty acid). Suitable salts include, 

but are not limited to, lithium salts, potassium salts, sodium salts, and the like. Di- and triglycerols 

are fatty acid esters of glycerol.

[0403] In some embodiments, the concentration of the lipid, oil, fat, fatty acid, monoglyceride, 

diglyceride, or triglyceride is at least or about 1 gram per liter of broth (g/L, wherein the volume 

of broth includes both the volume of the cell medium and the volume of the cells), such as at 

least or about 5, 10, 15, 20, 30, 40, 50, 60, 80, 100, 150, 200, 300, 400, or more g/L. In some 

embodiments, the concentration of the lipid, oil, fat, fatty acid, monoglyceride, diglyceride, or 

triglyceride is between about 10 and about 400 g/L, such as between about 25 and about 300 

g/L, between about 60 and about 180 g/L, or between about 75 and about 150 g/L. In some 

embodiments, the concentration includes the total amount of the lipid, oil, fat, fatty acid, 

monoglyceride, diglyceride, or triglyceride that is added before and/or during the culturing of the 

host cells. In some embodiments, the carbon source includes both (i) a lipid, oil, fat, fatty acid, 

monoglyceride, diglyceride, or triglyceride and (ii) a carbohydrate, such as glucose. In some 

embodiments, the ratio of the lipid, oil, fat, fatty acid, monoglyceride, diglyceride, or triglyceride 

to the carbohydrate is about 1:1 on a carbon basis (i. e., one carbon in the lipid, oil, fat, fatty acid, 

monoglyceride, diglyceride, or triglyceride per carbohydrate carbon). In particular embodiments, 

the amount of the lipid, oil, fat, fatty acid, monoglyceride, diglyceride, or triglyceride is between 

about 60 and 180 g/L, and the amount of the carbohydrate is between about 120 and 360 g/L. 

[0404] Exemplary microbial polypeptide carbon sources include one or more polypeptides 

from yeast or bacteria. Exemplary plant polypeptide carbon sources include one or more
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polypeptides from soy, com, canola, jatropha, palm, peanut, sunflower, coconut, mustard, 

rapeseed, cottonseed, palm kernel, olive, safflower, sesame, or linseed.

[0405] Exemplary renewable carbon sources include cheese whey permeate, comsteep liquor, 

sugar beet molasses, barley malt, and components from any of the foregoing. Exemplary 

renewable carbon sources also include glucose, hexose, pentose and xylose present in biomass, 

such as com, switchgrass, sugar cane, cell waste of fermentation processes, and protein by­

product from the milling of soy, com, or wheat. In some embodiments, the biomass carbon 

source is a lignocellulosic, hemicellulosic, or cellulosic material such as, but are not limited to, a 

grass, wheat, wheat straw, bagasse, sugar cane bagasse, soft wood pulp, com, com cob or husk, 

com kernel, fiber from com kernels, com stover, switch grass, rice hull product, or a by-product 

from wet or dry milling of grains (e.g., com, sorghum, rye, triticate, barley, wheat, and/or 

distillers grains). Exemplary cellulosic materials include wood, paper and pulp waste, 

herbaceous plants, and fruit pulp. In some embodiments, the carbon source includes any plant 

part, such as stems, grains, roots, or tubers. In some embodiments, all or part of any of the 

following plants are used as a carbon source: com, wheat, rye, sorghum, triticate, rice, millet, 

barley, cassava, legumes, such as beans and peas, potatoes, sweet potatoes, bananas, sugarcane, 

and/or tapioca. In some embodiments, the carbon source is a biomass hydrolysate, such as a 

biomass hydrolysate that includes both xylose and glucose or that includes both sucrose and 

glucose.

[0406] In some embodiments, the renewable carbon source (such as biomass) is pretreated 

before it is added to the cell culture medium. In some embodiments, the pretreatment includes 

enzymatic pretreatment, chemical pretreatment, or a combination of both enzymatic and chemical 

pretreatment (see, for example, Farzaneh et al., Bioresource Technology 96 (18): 2014-2018,

2005; U.S. Patent No. 6,176,176; U.S. Patent No. 6,106,888; which are each hereby incorporated 

by reference in their entireties, particularly with respect to the pretreatment of renewable carbon 

sources). In some embodiments, the renewable carbon source is partially or completely 

hydrolyzed before ii is added io the cell culture medium.

[0407] In some embodiments, the renewable carbon source (such as com stover) undergoes 

ammonia fiber expansion (AFEX) pretreatment before it is added to the cell culture medium (see, 

for example, Farzaneh et al., Bioresource Technology 96 (18): 2014-2018, 2005). During AFEX 

pretreatment, a renewable carbon source is treated with liquid anhydrous ammonia at moderate 

temperatures (such as about 60 to about 100 °C) and high pressure (such as about 250 to about 300 

psi) for about 5 minutes. Then, the pressure is rapidly released. In this process, the combined
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chemical and physical effects of lignin solubilization, hemicellulose hydrolysis, cellulose 

decrystallization, and increased surface area enables near complete enzymatic conversion of 

cellulose and hemicellulose to fermentable sugars. AFEX pretreatment has the advantage that 

nearly all of the ammonia can be recovered and reused, while the remaining serves as nitrogen 

source for microbes in downstream processes. Also, a wash stream is not required for AFEX 

pretreatment. Thus, dry matter recovery following the AFEX treatment is essentially 100%. AFEX 

is basically a dry to dry process. The treated renewable carbon source is stable for long periods 

and can be fed at very high solid loadings in enzymatic hydrolysis or fermentation processes. 

Cellulose and hemicellulose are well preserved in the AFEX process, with little or no degradation. 

There is no need for neutralization prior to the enzymatic hydrolysis of a renewable carbon source 

that has undergone AFEX pretreatment. Enzymatic hydrolysis of AFEX-treated carbon sources 

produces clean sugar streams for subsequent fermentation use.

[0408] In some embodiments, the concentration of the carbon source (e.g., a renewable carbon 

source) is equivalent to at least or about 0.1, 0.5, 1, 1.5 2, 3, 4, 5, 10, 15, 20, 30, 40, or 50% 

glucose (w/v). The equivalent amount of glucose can be determined by using standard HPLC 

methods with glucose as a reference to measure the amount of glucose generated from the 

carbon source. In some embodiments, the concentration of the carbon source (e.g., a renewable 

carbon source) is equivalent to between about 0.1 and about 20% glucose, such as between about 

0.1 and about 10% glucose, between about 0.5 and about 10% glucose, between about 1 and 

about 10% glucose, between about 1 and about 5% glucose, or between about 1 and about 2% 

glucose.

[0409] In some embodiments, the carbon source includes yeast extract or one or more 

components of yeast extract. In some embodiments, the concentration of yeast extract is at least 

1 gram of yeast extract per liter of broth (g/L, wherein the volume of broth includes both the 

volume of the cell medium and the volume of the cells), such at least or about 5, 10, 15, 20, 30, 

40, 50, 60, 80, 100, 150, 200, 300, or more g/L. In some embodiments, the concentration of 

yeast extract is between about 1 and about 300 g/L, such as between about 1 and about 200 g/L, 

between about 5 and about 200 g/L, between about 5 and about 100 g/L, or between about 5 and 

about 60 g/L. In some embodiments, the concentration includes the total amount of yeast extract 

that is added before and/or during the culturing of the host cells. In some embodiments, the 

carbon source includes both yeast extract (or one or more components thereof) and another 

carbon source, such as glucose. In some embodiments, the ratio of yeast extract to the other 

carbon source is about 1:5, about 1:10, or about 1:20 (w/w).
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[0410] Additionally the carbon source may also be one-carbon substrates such as carbon 

dioxide, or methanol. Glycerol production from single carbon sources (e.g., methanol, 

formaldehyde, or formate) has been reported in methylotrophic yeasts (Yamada et al., Agric. 

Biol. Chem., 53(2) 541-543, 1989, which is hereby incorporated by reference in its entirety, 

particularly with respect to carbon sources) and in bacteria (Hunter et. al., Biochemistry, 24, 

4148-4155, 1985, which is hereby incorporated by reference in its entirety, particularly with 

respect to carbon sources). These organisms can assimilate single carbon compounds, ranging in 

oxidation state from methane to formate, and produce glycerol. The pathway of carbon 

assimilation can be through ribulose monophosphate, through serine, or through xylulose- 

momophosphate (Gottschalk, Bacterial Metabolism, Second Edition, Springer-Verlag: New York, 

1986, which is hereby incorporated by reference in its entirety, particularly with respect to 

carbon sources). The ribulose monophosphate pathway involves the condensation of formate 

with ribulose-5-phosphate to form a six carbon sugar that becomes fructose and eventually the 

three carbon product glyceraldehyde-3-phosphate. Likewise, the serine pathway assimilates the 

one-carbon compound into the glycolytic pathway via methylenetetrahydrofolate.

[0411] In addition to one and two carbon substrates, methylotrophic organisms are also known 

to utilize a number of other carbon containing compounds such as methylamine, glucosamine 

and a variety of amino acids for metabolic activity. For example, methylotrophic yeast are 

known to utilize the carbon from methylamine to form trehalose or glycerol (Bellion et al., 

Microb. Growth Ci Compd., [Int. Symp.], 7th ed., 415-32. Editors: Murrell et al., Publisher: 

Intercept, Andover, UK, 1993, which is hereby incorporated by reference in its entirety, 

particularly with respect to carbon sources). Similarly, various species of Candida metabolize 

alanine or oleic acid (Suiter et al.,Arch. Microbiol. 153(5), 485-9, 1990, which is hereby 

incorporated by reference in its entirety, particularly with respect to carbon sources).

[0412] In some embodiments, cells are cultured in a standard medium containing 

physiological salts and nutrients (see, e.g., Pourquie, J. et al., Biochemistry and Genetics of 

Cellulose Degradation, eds. Aubert et al., Academic Press, pp. 71-86, 1988 and Ilmen et al., 

Appl. Environ. Microbiol. 63:1298-1306, 1997, which are each hereby incorporated by reference 

in their entireties, particularly with respect to cell medias). Exemplary growth media are 

common commercially prepared media such as Luria Bertani (LB) broth, Sabouraud Dextrose 

(SD) broth, or Yeast medium (YM) broth. Other defined or synthetic growth media may also be 

used, and the appropriate medium for growth of particular host cells are known by someone 

skilled in the art of microbiology or fermentation science.
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[0413] In addition to an appropriate carbon source, the cell medium desirably contains suitable 

minerals, salts, cofactors, buffers, and other components known to those skilled in the art 

suitable for the growth of the cultures or the enhancement of isoprene production (see, for 

example, WO 2004/033646 and references cited therein and WO 96/35796 and references cited 

therein, which are each hereby incorporated by reference in their entireties, particularly with 

respect cell medias and cell culture conditions). In some embodiments where an isoprene 

synthase, DXS, IDI, and/or MVA pathway nucleic acid is under the control of an inducible 

promoter, the inducing agent (e.g., a sugar, metal salt or antimicrobial), is desirably added to the 

medium at a concentration effective to induce expression of an isoprene synthase, DXS, IDI, 

and/or MVA pathway polypeptide. In some embodiments, cell medium has an antibiotic (such as 

kanamycin) that corresponds to the antibiotic resistance nucleic acid (such as a kanamycin 

resistance nucleic acid) on a vector that has one or more DXS, IDI, or MVA pathway nucleic 

acids.

Exemplary Cell Culture Conditions

[0414] Materials and methods suitable for the maintenance and growth of bacterial cultures are 

well known in the art. Exemplary techniques may be found in Manual of Methods for General 

Bacteriology Gerhardt et al., eds), American Society for Microbiology, Washington, D.C.

(1994) or Brock in Biotechnology: A Textbook of Industrial Microbiology, Second Edition 

(1989) Sinauer Associates, Inc., Sunderland, MA, which are each hereby incorporated by 

reference in their entireties, particularly with respect to cell culture techniques. In some 

embodiments, the cells are cultured in a culture medium under conditions permitting the 

expression of one or more isoprene synthase, DXS, IDI, or MVA pathway polypeptides encoded 

by a nucleic acid inserted into the host cells.

[0415] Standard cell culture conditions can be used to culture the cells (see, for example, WO 

2004/033646 and references cited therein, which are each hereby incorporated by reference in 

their entireties, particularly with respect to cell culture and fermentation conditions). Cells are 

grown and maintained at an appropriate temperature, gas mixture, and pH (such as at about 20°C 

to about 37°C, at about 6% to about 84% CO2, and at a pH between about 5 to about 9). In some 

embodiments, cells are grown at 35°C in an appropriate cell medium. In some embodiments, 

e.g., cultures are cultured at approximately 28°C in appropriate medium in shake cultures or 

fermentors until the desired amount of isoprene and hydrogen co-production is achieved. In 

some embodiments, the pH ranges for fermentation are between about pH 5.0 to about pH 9.0
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(such as about pH 6.0 to about pH 8.0 or about 6.5 to about 7.0). Reactions may be performed 

under aerobic, anoxic, or anaerobic conditions based on the requirements of the host cells. In 

some embodiments, the cells are cultured under oxygen-limited conditions. In some 

embodiments, the cells are cultured in the presence of oxygen under conditions where 0.5 moles 

of oxygen are taken up per mole of isoprene produced. In some embodiments, the cells are 

cultured under anaerobic conditions. Exemplary culture conditions for a given filamentous 

fungus are known in the art and may be found in the scientific literature and/or from the source 

of the fungi such as the American Type Culture Collection and Fungal Genetics Stock Center. 

[0416] In various embodiments, the cells are grown using any known mode of fermentation, 

such as batch, fed-batch, or continuous processes. In some embodiments, a batch method of 

fermentation is used. Classical batch fermentation is a closed system where the composition of 

the media is set at the beginning of the fermentation and is not subject to artificial alterations 

during the fermentation. Thus, at the beginning of the fermentation the cell medium is inoculated 

with the desired host cells and fermentation is permitted to occur adding nothing to the system. 

Typically, however, “batch” fermentation is batch with respect to the addition of carbon source 

and attempts are often made at controlling factors such as pH and oxygen concentration. In batch 

systems, the metabolite and biomass compositions of the system change constantly until the time 

the fermentation is stopped. Within batch cultures, cells moderate through a static lag phase to a 

high growth log phase and finally to a stationary phase where growth rate is diminished or 

halted. In some embodiments, cells in log phase are responsible for the bulk of the isoprene 

production. In some embodiments, cells in stationary phase produce isoprene.

[0417] In some embodiments, a variation on the standard batch system is used, such as the Fed- 

Batch system. Fed-Batch fermentation processes comprise a typical batch system with the 

exception that the carbon source is added in increments as the fermentation progresses. Fed- 

Batch systems are useful when catabolite repression is apt to inhibit the metabolism of the cells 

and where it is desirable to have limited amounts of carbon source in the cell medium. Fed-batch 

fermentations may be performed with the carbon source (e.g., glucose) in a limited or excess 

amount. Measurement of the actual carbon source concentration in Fed-Batch systems is 

difficult and is therefore estimated on the basis of the changes of measurable factors such as pH, 

dissolved oxygen, and the partial pressure of waste gases such as CO2. Batch and Fed-Batch 

fermentations are common and well known in the art and examples may be found in Brock, 

Biotechnology: A Textbook of Industrial Microbiology, Second Edition (1989) Sinauer
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Associates, Inc., which is hereby incorporated by reference in its entirety, particularly with 

respect to cell culture and fermentation conditions.

[0418] In some embodiments, continuous fermentation methods are used. Continuous 

fermentation is an open system where a defined fermentation medium is added continuously to a 

bioreactor and an equal amount of conditioned medium is removed simultaneously for 

processing. Continuous fermentation generally maintains the cultures at a constant high density 

where cells are primarily in log phase growth.

[0419] Continuous fermentation allows for the modulation of one factor or any number of 

factors that affect cell growth or isoprene production. For example, one method maintains a 

limiting nutrient such as the carbon source or nitrogen level at a fixed rate and allows all other 

parameters to moderate. In other systems, a number of factors affecting growth can be altered 

continuously while the cell concentration (e.g., the concentration measured by media turbidity) 

is kept constant. Continuous systems strive to maintain steady state growth conditions. Thus, the 

cell loss due to media being drawn off is balanced against the cell growth rate in the 

fermentation. Methods of modulating nutrients and growth factors for continuous fermentation 

processes as well as techniques for maximizing the rate of product formation are well known in 

the art of industrial microbiology and a variety of methods are detailed by Brock, Biotechnology: 

A Textbook of Industrial Microbiology, Second Edition (1989) Sinauer Associates, Inc., which is 

hereby incorporated by reference in its entirety, particularly with respect to cell culture and 

fermentation conditions.

[0420] In some embodiments, cells are immobilized on a substrate as whole cell catalysts and 

subjected to fermentation conditions for isoprene production.

[0421] In some embodiments, bottles of liquid culture are placed in shakers in order to 

introduce oxygen to the liquid and maintain the uniformity of the culture. In some embodiments, 

an incubator is used to control the temperature, humidity, shake speed, and/or other conditions in 

which a culture is grown. The simplest incubators are insulated boxes with an adjustable heater, 

typically going up to ~65 °C. More elaborate incubators can also include the ability to lower the 

temperature (via refrigeration), or the ability to control humidity or CO2 levels. Most incubators 

include a timer; some can also be programmed to cycle through different temperatures, humidity 

levels, etc. Incubators can vary in size from tabletop to units the size of small rooms.

[0422] If desired, a portion or all of the cell medium can be changed to replenish nutrients 

and/or avoid the build up of potentially harmful metabolic byproducts and dead cells. In the case 

of suspension cultures, cells can be separated from the media by centrifuging or filtering the
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suspension culture and then resuspending the cells in fresh media. In the case of adherent 

cultures, the media can be removed directly by aspiration and replaced. In some embodiments, 

the cell medium allows at least a portion of the cells to divide for at least or about 5,10, 20, 40, 

50, 60, 65, or more cell divisions in a continuous culture (such as a continuous culture without 

dilution).

[0423] In some embodiments, a constitutive or leaky promoter (such as a Trc promoter) is 

used and a compound (such as IPTG) is not added to induce expression of the isoprene synthase, 

DXS, IDI, or MVA pathway nucleic acid(s) operably linked to the promoter. In some 

embodiments, a compound (such as IPTG) is added to induce expression of the isoprene 

synthase, DXS, IDI, or MVA pathway nucleic acid(s) operably linked to the promoter.

Exemplary Methods for Decoupling Isoprene Production from Cell Growth

[0424] Desirably, carbon from the feedstock is converted to isoprene rather than to the growth 

and maintenance of the cells. In some embodiments, the cells are grown to a low to medium 

ODeoo, then production of isoprene is started or increased. This strategy permits a large portion 

of the carbon to be converted to isoprene.

[0425] In some embodiments, cells reach an optical density such that they no longer divide or 

divide extremely slowly, but continue to make isoprene for several hours (such as about 2, 4, 6, 

8, 10, 15, 20, 25, 30, or more hours). For example, Figs. 60A-67C illustrate that cells may 

continue to produce a substantial amount of mevalonic acid or isoprene after the cells reach an 

optical density such that they no longer divide or divide extremely slowly. In some cases, the 

optical density at 550 nm decreases over time (such as a decrease in the optical density after the 

cells are no longer in an exponential growth phase due to cell lysis), and the cells continue to 

produce a substantial amount of mevalonic acid or isoprene. In some embodiments, the optical 

density at 550 nm of the cells increases by less than or about 50% (such as by less than or about 

40, 30, 20, 10, 5, or 0%) over a certain time period (such as greater than or about 5, 10, 15, 20, 

25, 30, 40, 50 or 60 hours), and the cells produce isoprene at greater than or about 1, 10, 25, 50, 

100, 150, 200, 250, 300, 400, 500, 600, 700, 800, 900, 1,000, 1,250, 1,500, 1,750, 2,000, 2,500, 

3,000, 4,000, 5,000, or more nmole of isoprene/gram of cells for the wet weight of the cells/hour 

(nmole/gwcm/hr) during this time period. In some embodiments, the amount of isoprene is 

between about 2 to about 5,000 nmole/gwcm/hr, such as between about 2 to about 100 

nmole/gWcm/hr, about 100 to about 500 nmole/gwcm/hr, about 150 to about 500 nmole/gwcm /hr, 

about 500 to about 1,000 nmole/gWCm/hr, about 1,000 to about 2,000 nmole/gWCm/hr, or about
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2,000 to about 5,000 nmole/gwcm/hr. In some embodiments, the amount of isoprene is between 

about 20 to about 5,000 nmole/gwcm/hr, about 100 to about 5,000 nmole/g„Cm/hr, about 200 to 

about 2,000 nmole/gWCm/hr, about 200 to about 1,000 nmole/gwcm/hr, about 300 to about 1,000 

nmole/gWcm/hr, or about 400 to about 1,000 nrnole/gWcm/hr.

[0426] In some embodiments, the optical density at 550 nm of the cells increases by less than 

or about 50% (such as by less than or about 40, 30, 20, 10, 5, or 0%) over a certain time period 

(such as greater than or about 5, 10, 15, 20, 25, 30, 40, 50 or 60 hours), and the cells produce a 

cumulative titer (total amount) of isoprene at greater than or about 1, 10, 25, 50, 100, 150, 200,

250, 300, 400, 500, 600, 700, 800, 900, 1,000, 1,250, 1,500, 1,750, 2,000, 2,500, 3,000, 4,000, 

5,000, 10,000, 50,000, 100,000, or more mg of isoprene/L of broth (mg/Lbroth, wherein the 

volume of broth includes the volume of the cells and the cell medium) during this time period. In 

some embodiments, the amount of isoprene is between about 2 to about 5,000 mg/Lbroth, such as 

between about 2 to about 100 mg/Lbrotii, about 100 to about 500 mg/Lbroth, about 500 to about 

1,000 mg/Lbroth, about 1,000 to about 2,000 mg/Lbroth, or about 2,000 to about 5,000 mg/Lbroth· In 

some embodiments, the amount of isoprene is between about 20 to about 5,000 mg/Lbroth, about 

100 to about 5,000 mg/Lbroth, about 200 to about 2,000 mg/Lbroth, about 200 to about 1,000 

mg/Lbroth, about 300 to about 1,000 mg/Lbroth, or about 400 to about 1,000 mg/Lbroth·

[0427] In some embodiments, the optical density at 550 nm of the cells increases by less than 

or about 50% (such as by less than or about 40, 30, 20, 10, 5, or 0%) over a certain time period 

(such as greater than or about 5, 10, 15, 20, 25, 30, 40, 50 or 60 hours), and the cells convert 

greater than or about 0.0015, 0.002, 0.005, 0.01, 0.02, 0.05, 0.1, 0.12, 0.14, 0.16, 0.2, 0.3, 0.4, 

0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.2, 1.4, 1.6, 1.8, 2.0, 2.5, 3.0, 3.5, 4.0, 5.0, 6.0, 7.0, or 8.0% ofthe

carbon in the cell culture medium into isoprene during this time period. In some embodiments, 

the percent conversion of carbon into isoprene is between such as about 0.002 to about 4.0%, 

about 0.002 to about 3.0%, about 0.002 to about 2.0%, about 0.002 to about 1.6%, about 0.002 

to about 0.005%, about 0.005 to about 0.01%, about 0.01 to about 0.05%, about 0.05 to about 

0.15%, 0.15 to about 0.2%, about 0.2 to about 0.3%, about 0.3 to about 0.5%, about 0.5 to about 

0.8%, about 0.8 to about 1.0%, or about 1.0 to about 1.6%. In some embodiments, the percent 

conversion of carbon into isoprene is between about 0.002 to about 0.4%, 0.002 to about 0.16%, 

0.04 to about 0.16%, about 0.005 to about 0.3%, about 0.01 to about 0.3%, or about 0.05 to 

about 0.3%.

[0428] In some embodiments, isoprene is only produced in stationary phase. In some 

embodiments, isoprene is produced in both the growth phase and stationary phase. In various
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embodiments, the amount of isoprene produced (such as the total amount of isoprene produced 

or the amount of isoprene produced per liter of broth per hour per 00Μ,ο) during stationary phase 

is greater than or about 2, 3, 4, 5, 10, 20, 30, 40, 50, or more times the amount of isoprene 

produced during the growth phase for the same length of time. In various embodiments, greater 

than or about 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 95, 99% or more of the total amount of 

isoprene that is produced (such as the production of isoprene during a fermentation for a certain 

amount of time, such as 20 hours) is produced while the cells are in stationary phase. In various 

embodiments, greater than or about 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 95, 99% or more of the 

total amount of isoprene that is produced (such as the production of isoprene during a 

fermentation for a certain amount of time, such as 20 hours) is produced while the cells divide 

slowly or not at all such that the optical density at 550 nm of the cells increases by less than or 

about 50% (such as by less than or about 40, 30, 20, 10, 5, or 0%). In some embodiments, 

isoprene is only produced in the growth phase.

[0429] In some embodiments, one or more MVA pathway, IDI, DXP, or isoprene synthase 

nucleic acids are placed under the control of a promoter or factor that is more active in stationary 

phase than in the growth phase. For example, one or more MVA pathway, TDl, DXP, or isoprene 

synthase nucleic acids may be placed under control of a stationary phase sigma factor, such as 

RpoS. In some embodiments, one or more MVA pathway, IDI, DXP, or isoprene synthase 

nucleic acids are placed under control of a promoter inducible in stationary phase, such as a 

promoter inducible by a response regulator active in stationary phase.

Production of Isoprene within Safe Operating Ranges

[0430] The production of isoprene within safe operating levels according to its flammability 

characteristics simplifies the design and construction of commercial facilities, vastly improves 

the ability to operate safely, and limits the potential for fires to occur. In particular, the optimal 

ranges for the production of isoprene are within the safe zone, i.e., the nonflammable range of 

isoprene concentrations. In one such aspect, described herein is a method for the production of 

isoprene within the nonflammable range of isoprene concentrations (outside the flammability 

envelope of isoprene).

[0431] Thus, computer modeling and experimental testing were used to determine the 

flammability limits of isoprene (such as isoprene in the presence of O2, N2, CO2, or any 

combination of two or more of the foregoing gases) in order to ensure process safety. The 

flammability envelope is characterized by the lower flammability limit (LFL), the
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upper flammability limit (UFL), the limiting oxygen concentration (LOC), and the limiting 

temperature. For a system to be flammable, a minimum amount of fuel (such as isoprene) must 

be in the presence of a minimum amount of oxidant, typically oxygen. The LFL is the minimum 

amount of isoprene that must be present to sustain burning, while the UFL is the maximum 

amount of isoprene that can be present. Above this limit, the mixture is fuel rich and the fraction 

of oxygen is too low to have a flammable mixture. The LOC indicates the minimum fraction of 

oxygen that must also be present to have a flammable mixture. The limiting temperature is based 

on the flash point of isoprene and is that lowest temperature at which combustion of isoprene can 

propagate. These limits are specific to the concentration of isoprene, type and concentration of 

oxidant, inerts present in the system, temperature, and pressure of the system. Compositions that 

fall within the limits of the flammability envelope propagate combustion and require additional 

safety precautions in both the design and operation of process equipment.

[0432] The following conditions were tested using computer simulation and mathematical 

analysis and experimental testing. If desired, other conditions (such as other temperature, 

pressure, and permanent gas compositions) may be tested using the methods described herein to 

determine the LFL, UFL, and LOC concentrations.

(1) Computer simulation and mathematical analysis

Test Suite 1:

isoprene: 0 wt% - 14 wt%

O2: 6 wt% - 21 wt%

N2: 79 wt% - 94 wt%

Test Suite 2:

isoprene: 0 wt% - 14 wt%

O2: 6 wt% - 21 wt%

N2: 79 wt% - 94 wt%

Saturated with H2O

Test Suite 3:

isoprene: 0 wt% - 14 wt%

O2: 6 wt% - 21 wt%
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N2: 79 wt% - 94 wt%

CO2: 5 wt% - 30 wt%

(2) Experimental testing for final determination of flammability limits

Test Suite 1:

isoprene: 0 wt% - 14 wt%

O2: 6 wt% - 21 wt%

N2: 79 wt% - 94 wt%

Test Suite 2:

isoprene: 0 wt% - 14 wt%

O2: 6 wt% - 21 wt%

N2: 79 wt% - 94 wt%

Saturated with H2O

[0433] Simulation software was used to give an estimate of the flammability characteristics of 

the system for several different testing conditions. CO2 showed no significant affect on the 

system's flammability limits. Test suites 1 and 2 were confirmed by experimental testing. The 

modeling results were in-line with the experimental test results. Only slight variations were 

found with the addition of water.

[0434] The LOC was determined to be 9.5 vol% for an isoprene, O2, N2, and CO2 mixture at 

40°C and 1 atmosphere. The addition of up to 30% CO2 did not significantly affect the 

flammability characteristics of an isoprene, O2, and N2 mixture. Only slight variations in 

flammability characteristics were shown between a dry and water saturated isoprene, O2, and N2 

system. The limiting temperature is about -54 °C. Temperatures below about -54 °C are too low 

to propagate combustion of isoprene.

[0435] In some embodiments, the LFL of isoprene ranges from about 1.5 vol.% to about 2.0 

vol%, and the UFL of isoprene ranges from about 2.0 vol.% to about 12.0 vol.%, depending on 

the amount of oxygen in the system. In some embodiments, the LOC is about 9.5 vol% oxygen. 

In some embodiments, the LFL of isoprene is between about 1.5 vol.% to about 2.0 vol%, the 

UFL of isoprene is between about 2.0 vol.% to about 12.0 vol.%, and the LOC is about 9.5 vol%
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oxygen when the temperature is between about 25 °C to about 55 °C (such as about 40 °C) and 

the pressure is between about 1 atmosphere and 3 atmospheres.

[0436] In some embodiments, isoprene is produced in the presence of less than about 9.5 vol% 

oxygen (that is, below the LOC required to have a flammable mixture of isoprene). In some 

embodiments in which isoprene is produced in the presence of greater than or about 9.5 vol% 

oxygen, the isoprene concentration is below the LFL (such as below about 1.5 vol.%). For 

example, the amount of isoprene can be kept below the LFL by diluting the isoprene 

composition with an inert gas (e.g., by continuously or periodically adding an inert gas such as 

nitrogen to keep the isoprene composition below the LFL). In some embodiments in which 

isoprene is produced in the presence of greater than or about 9.5 vol% oxygen, the isoprene 

concentration is above the LFL (such as above about 12 vol.%). For example, the amount of 

isoprene can be kept above the LFL by using a system (such as any of the cell culture systems 

described herein) that produces isoprene at a concentration above the UFL. If desired, a 

relatively low level of oxygen can be used so that the UFL is also relatively low. In this case, a 

lower isoprene concentration is needed to remain above the UFL.

[0437] In some embodiments in which isoprene is produced in the presence of greater than or 

about 9.5 vol% oxygen, the isoprene concentration is within the flammability envelope (such as 

between the LFL and the UFL). In some embodiments when the isoprene concentration may fall 

within the flammability envelope, one or more steps are performed to reduce the probability of a 

fire or explosion. For example, one or more sources of ignition (such as any materials that may 

generate a spark) can be avoided. In some embodiments, one or more steps are performed to 

reduce the amount of time that the concentration of isoprene remains within the flammability 

envelope. In some embodiments, a sensor is used to detect when the concentration of isoprene is 

close to or within the flammability envelope. If desired, the concentration of isoprene can be 

measured at one or more time points during the culturing of cells, and the cell culture conditions 

and/or the amount of inert gas can be adjusted using standard methods if the concentration of 

isoprene is close to or within the flammability envelope. In particular embodiments, the cell 

culture conditions (such as fermentation conditions) are adj usted to either decrease the 

concentration of isoprene below the LFL or increase the concentration of isoprene above the 

UFL. In some embodiments, the amount of isoprene is kept below the LFL by diluting the 

isoprene composition with an inert gas (such as by continuously or periodically adding an inert 

gas to keep the isoprene composition below the LFL).
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[0438] In some embodiments, the amount of flammable volatiles other than isoprene (such as 

one or more sugars) is at least about 2, 5, 10, 50, 75, or 100-fold less than the amount of isoprene 

produced. In some embodiments, the portion of the gas phase other than isoprene gas comprises 

between about 0% to about 100% (volume) oxygen, such as between about 0% to about 10%, 

about 10% to about 20%, about 20% to about 30%, about 30% to about 40%, about 40% to 

about 50%, about 50% to about 60%, about 60% to about 70%, about 70% to about 80%, about 

90% to about 90%, or about 90% to about 100% (volume) oxygen. In some embodiments, the 

portion of the gas phase other than isoprene gas comprises between about 0% to about 99% 

(volume) nitrogen, such as between about 0% to about 10%, about 10% to about 20%, about 

20% to about 30%, about 30% to about 40%, about 40% to about 50%, about 50% to about 60%, 

about 60% to about 70%, about 70% to about 80%, about 90% to about 90%, or about 90% to 

about 99% (volume) nitrogen.

[0439] In some embodiments, the portion of the gas phase other than isoprene gas comprises 

between about 1% to about 50% (volume) CO2, such as between about 1% to about 10%, about 

10% to about 20%, about 20% to about 30%, about 30% to about 40%, or about 40% to about 

50% (volume) CO2.

[0440] In some embodiments, an isoprene composition also contains ethanol. For example, 

ethanol may be used for extractive distillation of isoprene, resulting in compositions (such as 

intermediate product streams) that include both ethanol and isoprene. Desirably, the amount of 

ethanol is outside the flammability envelope for ethanol. The LOC of ethanol is about 8.7 vol%, 

and the LFL for ethanol is about 3.3 vol% at standard conditions, such as about 1 atmosphere 

and about 60 F (NFPA 69 Standard on Explosion Prevention Systems, 2008 edition, which is 

hereby incorporated by reference in its entirety, particularly with respect to LOC, LFL, and UFL 

values). In some embodiments, compositions that include isoprene and ethanol are produced in 

the presence of less than the LOC required to have a flammable mixture of ethanol (such as less 

than about 8.7% vol%). In some embodiments in which compositions that include isoprene and 

ethanol are produced in the presence of greater than or about the LOC required to have a 

flammable mixture of ethanol, the ethanol concentration is below the LFL (such as less than 

about 3.3 vol.%).

[0441] In various embodiments, the amount of oxidant (such as oxygen) is below the LOC of 

any fuel in the system (such as isoprene or ethanol). In various embodiments, the amount of 

oxidant (such as oxygen) is less than about 60, 40, 30, 20, 10, or 5% of the LOC of isoprene or 

ethanol. In various embodiments, the amount of oxidant (such as oxygen) is less than the LOC
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of isoprene or ethanol by at least 2, 4, 5, or more absolute percentage points (vol %). In 

particular embodiments, the amount of oxygen is at least 2 absolute percentage points (vol %) 

less than the LOC of isoprene or ethanol (such as an oxygen concentration of less than 7.5 vol% 

when the LOC of isoprene is 9.5 vol%). In various embodiments, the amount of fuel (such as 

isoprene or ethanol) is less than or about 25, 20, 15, 10, or 5% of the LFL for that fuel.

High Efficiency Production and Recovery of Isoprene, a Volatile Hydrocarbon, by Fermentation 

[0442] Methods are provided herein of producing isoprene comprising a) culturing cells under 

suitable conditions for production of isoprene; and b) producing isoprene, wherein the liquid 

phase concentration of isoprene is less than about 200 mg/L. In some embodiments, the liquid 

phase concentration of isoprene in the culture is less than about any of 175 mg/L, 150 mg/L, 125 

mg/L, 100 mg/L, 75 mg/L, 50 mg/L, 25 mg/L, 20 mg/L, 15 mg/L, 10 mg/L, 5 mg/L, or 2.5 

mg/L. In some embodiments, the liquid phase concentration of isoprene in culture is between 

about any of 0.1 mg/L to 200 mg/L, 1 mg/L to 200 mg/L, 1 mg/L to 150 mg/L, 1 mg/L to 100 

mg/L, 1 mg/L to 50 mg/L, 1 mg/L to 25 mg/L, 1 mg/L to 20 mg/L, or 10 mg/L to 20 mg/L. In 

some embodiments, the isoprene produced is any concentration or amount disclosed in the 

section entitled “Exemplary Production of Isoprene.” In some embodiments, the liquid phase 

concentration is below the solubility limit of isoprene.

[0443] In some embodiments of the methods, the cells produce greater than about 400 

nmole/gwcm/hour of isoprene. In some embodiments, the amount of isoprene is between about 

any of 400 nmole/gwcm/hour to 1 mole/gwcm/hour, 400 nmole/gWCm/hour to 1 mmole/gWCm/hour, 

400 nmo]e/gWcm/hour to 40 mmole/gWcm/hour, 400 nmole/gWCm/hour to 4 mmole/gwcm/hour, 1 

mmole/gwcm/hour to 1.5 mmole/gwcm/hour, 1.5 mmole/gwcm/hour to 3 mrnole/gWcm/hour, 3 

mmole/gwcm/hour to 5 mrnole/gWcm/hour, 5 mmole/gWcm/hour to 25 mrnole/gWcm/hour, 25 

mmole/gwcm/hour to 100 mrnole/gWcm/hour, 100 mmole/gwcm/hour to 500 mmole/gwcm/hour, or 

500 mmole/gWcm/hour to 1000 mmole/gwcm/hour. In some embodiments, the amount of isoprene 

is about any of 1 nimole/gWcm/hour, 1.5 mmole/gwcm/hour, 2 mrnole/gWcm/hour, 3

mniole/gWcm/hour, 4 nimole/gWcm/hour, or 5 mmole/gwcm/hour.

[0444] The low value for Henry’s coefficient (in M atm"1 units) means that isoprene can be 

recovered from fermentation broth by gas stripping at low sparging rates, for example 0.01 vvm 

to 2 vvm. In some embodiments, the gas sparging rate is between about any of 0.1 vvm to 1 

vvm, 0.01 vvm to 0.5 vvm, 0.2 vvm to 1 vvm, or 0.5 vvm to 1 vvm. In some embodiments, the 

gas sparging rate is about any of 0.1 vvm, 0.25 vvm, 0.5 vvm, 0.75 vvm, 1 vvm, 1.25 vvm, 1.5
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vvm, 1.75 vvm, or 2 vvm. In some embodiments, the low sparging rates are maintained for the 

entire course of the fermentation run, during growth phase, or during stationary phase. In some 

embodiments, the low sparging rates are maintained for between about any of 1 hour to 5 hours, 

5 hours to 10 hours, 10 hours to 20 hours, 20 hours to 30 hours, 30 hours to 40 hours, 40 hours 

to 50 hours, or 50 hours to 60 hours. The lower desirable gas sparge limit is defined by the point 

at which the aqueous phase becomes saturated with isoprene and a liquid organic phase forms. 

This can only occur below the boiling point of isoprene (34.1 °C at 1 atm), above which a liquid 

isoprene phase will never form. At temperatures below the boiling point of isoprene, the 

formation of a liquid phase is determined by the aqueous solubility of isoprene, which is 

approximately 650 mg/L at 25 °C. While it is highly desirable to avoid the formation of a liquid 

isoprene phase, it is not absolutely required provided that the cells can tolerate the presence of 

liquid isoprene without toxic effects.

[0445] In some embodiments, the oxygen, CO2, and isoprene are any of the amounts or 

concentrations discussed in the section entitled “Production of Isoprene with Safe Operating 

Ranges.” In some embodiments, all the oxygen is consumed by the cells while maintaining fully 

aerobic metabolism . In some embodiments, an excess of oxygen is used in order to satisfy the 

oxygen demands of the cells. Desirable ranges of oxygen in the off-gas are less than 20%, or less 

than 15% or less than 10% (v/v). Levels of oxygen below the limiting oxygen concentration 

required for combustion of isoprene (9.5% v/v at 1 atm) are particularly desirable. In some 

embodiments, oxygen-enriched air is utilized with the purpose of allowing minimal gas sweep 

rates while satisfying the cellular oxygen demand. In some embodiments, the portion of the gas 

phase of the gas sweep comprises between about 0.1% to about 10%, about 10% to about 20%, 

or about 20% to about 30% (volume) oxygen. In some embodiments, isoprene fermentations are 

performed under high pressure in order minimize the amount of excess oxygen required to 

maintain the required dissolved oxygen levels in the liquid phase.

[0446] In some embodiments, the reduction of the gas sweep rate through the fermentor is 

advantageous for an integrated isoprene production process in that such conditions enrich the 

off-gas isoprene levels up to about 30,000 pg/L (about 1% v/v) without adversely affecting the 

physiology of the cells.

[0447] In some embodiments, reduced gas-sparge rates do not significantly adversely affect 

the physiology of the cells. In some embodiments, the carbon dioxide evolution rate of cells in 

culture with reduced gas-sparge rates is between about any of 1 χ 10"18 mmol/L/hour to about 1 

mol/L/hour, 1 mmol/L/hour to 1 mol/L/hour, 25 mmol/L/hour to 750 mmol/L/hour, 25
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mmol/L/hour to 75 mmol/L/hour, 250 mmol/L/hour to 750 mmol/L/hour, or 450 mmol/L/hour to 

550 mmol/L/hour. In some embodiments, the carbon dioxide evolution rate is about any of 50 

mmol/L/hour, 100 mmol/L/hour, 150 mmol/L/hour, 200 mmol/L/hour, 250 mmol/L/hour, 300 

mmol/L/hour, 350 mmol/L/hour, 400 mmol/L/hour, 450 mmol/L/hour, or 500 mmol/L/hour. In 

some embodiments, cell viability with reduced gas-sparge rates is reduced by less than about any 

of 1.75-fold, 1.5-fold, 1.25-fold, 1-fold, 0.75-fold, 0.5-fold, or 0.25-fold. In some embodiments, 

cell viability with reduced gas-sparge rates is reduced by about 2-fold. In some embodiments, 

cell viability with reduced gas-sparge rates of a cell expressing a MVA pathway and/or DXP 

pathway RNA and/or protein from one or more of a heterologous and/or duplicate copy of a 

MVA pathway and/or DXP pathway nucleic acid is compared to a control cell lacking one or 

more of a heterologous and/or duplicate copy of a MVA pathway and/or DXP pathway nucleic 

acid with reduced gas-sparge rates. In some embodiments, cell viability with reduced gas-sparge 

rates of a cell expressing a MVA pathway and/or DXP pathway RNA and/or protein from one or 

more of a heterologous and/or duplicate copy of a MVA pathway and/or DXP pathway nucleic 

acid under the control of an inducible promoter, wherein the promotor is induced, is compared to 

a control cell containing one or more of a heterologous and/or duplicate copy of a MVA pathway 

and/or DXP pathway nucleic acid under the control of an inducible promoter, wherein the 

promotor is not induced (uninduced) with reduced gas-sparge rates. In some embodiments, the 

inducible promoter is a beta-galactosidase promotor.

[0448] In some embodiments, the fermentation of a genetically modified host organism that 

converts at least 5% of the total carbon consumed by the organism into a volatile, unsaturated 

hydrocarbon. In some embodiments, the production of an unsaturated hydrocarbon at such a rate 

as to be present in the fermentation off-gas at a level of at least about any of 100 pg/L, 500 pg/L, 

1000 pg/L, 2, 500 pg/L, 5,000 pg/L, 7,500 pg/L, or 10,000 pg/L.

[0449] In some embodiments, the unsaturated hydrocarbon is recovered from the off-gas 

stream in a manner that is suited to high-rates of production, which correspond to concentrations 

in the off-gas of at least about any of 100 pg/L, 500 pg/L, 1000 pg/L, 2,500 pg/L, 5,000 pg/L, 

7,500 pg/L, or 10,000 pg/L. In some embodiments, the continuous extraction and recovery of an 

unsaturated hydrocarbon from the fermentation off-gas in particular at low gas sweep rates such 

that the resulting off-gas is enriched in the volatile component of interest. In some embodiments, 

recovery of the volatile hydrocarbon by methods that depend on elevated concentrations of the 

volatile. For example, efficient capture of isoprene in fermentation off-gas through the use of 

compression/condensation or extractive distillation technologies. Also contemplated is the use of
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activated carbon cartridges in addition to silica gel adsorbants, desorption and concentration of 

isoprene from carbon cartridges, and/or construction and fermentation of host organisms such as 

E. coli strains that can convert about 5% or more of the glucose substrate to isoprene and result 

in off-gas concentrations of greater than about 15,000 qg/L isoprene. Recovery methods include 

any of the methods described herein.

[0450] Also provided herein are methods of producing a compound, wherein the compound 

has one or more characteristics selected from the group consisting of (a) a Henry’s law 

coefficient of less than about 250 M/atm and (b) a solubility in water of less than about 100 g/L. 

In some embodiments, the method comprises: a) culturing cells under suitable conditions for 

production of the compound, wherein gas is added (such as the addition of gas to a system such 

as a fermentation system) at a gas sparging rate between about 0.01 vvm to about 2 vvm; and b) 

producing the compound.

[0451] In some embodiments, the amount of the compound that partitions into the cell mass is 

not included in the liquid phase solubility values. In some embodiments, the liquid phase 

concentration is below the solubility limit of compound.

[0452] In some embodiments, the compounds can be continuously recovered from 

fermentation broth by gas stripping at moderate to low gas sparging rates, in particular those 

compounds with Henry’s law coefficients of about any of less than 250 M/atm, 200 M/atm, 150 

M/atm, 100 M/atm, 75 M/atm, 50 M/atm, 25 M/atm, 10 M/atm, 5 M/atm, or 1 M/atm. Examples 

include aldehydes such as acetaldehyde (15 M/atm), ketones such as acetone (30 M/atm) or 2- 

butanone (20 M/atm), or alcohols including methanol (220 M/atm), ethanol (200 M/atm), 1- 

butanol (120 M/atm) or C5 alcohols including 3-methyl-3-buten-l-ol, and 3-methyl-2-buten-l-ol 

(50- 100 M/atm). Esters of alcohols generally have lower Henry’s constants than the respective 

alcohols, for example ethyl acetate (6-9 M/atm) or the acetyl esters of C5 alcohols (<5 

M/atm).Compounds with Henry’s law coefficients of less than 1 M/atm are particularly 

desirable. Examples include hemiterpenes, monoterpenes, or sesquiterpenes, in addition to other 

hydrocarbons such as Cl to C5 hydrocarbons (e.g., methane, ethane, ethylene, or propylene). In 

some embodiments, the hydrocarbons such as C1 to C5 hydrocarbons are saturated, unsaturated, 

or branched.

[0453] In general, there is a correlation between Henry’s law coefficient and water solubility 

in that compounds with very low coefficients are sparingly soluble in water (substantially water 

insoluble). Although volatiles with infinite solubilities in water (e.g. acetone or ethanol) can be
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removed by gas stripping, desirable solubility limits are less than about any of 100 g/L, 75 g/L, 

50 g/L, 25 g/L, 10 g/L, 5 g/L, or lg/L.

[0454] In some embodiments of any of the methods of producing any of the compounds 

described above, the gas sparging rate is between about any of 0.1 vvm to 1 vvm, 0.2 vvm to 1 

vvm, or 0.5 vvm to 1 vvm. In some embodiments, the gas sparging rate is about any of 0.1 vvm, 

0.25 vvm, 0.5 vvm, 0.75 vvm, 1 vvm, 1.25 vvm, 1.5 vvm, 1.75 vvm, or 2 vvm. In some 

embodiments, the low sparging rates are maintained for the entire course of the fermentation run, 

during growth phase, or during stationary phase. In some embodiments, the low sparging rates 

are maintained for between about any of 1 hour to 5 hours, 5 hours to 10 hours, 10 hours to 20 

hours, 20 hours to 30 hours, 30 hours to 40 hours, 40 hours to 50 hours, or 50 hours to 60 hours. 

[0455] Any of the systems described herein can be used in the methods of producing a 

compound described above. Standard methods would be used to purify such as those described 

in the section entitled “Exemplary Purification Methods.” Separation can be performed post­

recovery for example, by distillation or selective adsorption techniques.

Exemplary Production of Bioisoprene

[0456] In some embodiments, the cells are cultured in a culture medium under conditions 

permitting the production of isoprene by the cells.

[0457] By “peak absolute productivity” is meant the maximum absolute amount of isoprene in 

the off-gas during the culturing of cells for a particular period of time (e.g., the culturing of cells 

during a particular fermentation run). By “peak absolute productivity time point” is meant the 

time point during a fermentation run when the absolute amount of isoprene in the off-gas is at a 

maximum during the culturing of cells for a particular period of time (e.g., the culturing of cells 

during a particular fermentation run). Tn some embodiments, the isoprene amount is measured at 

the peak absolute productivity time point. In some embodiments, the peak absolute productivity 

for the cells is about any of the isoprene amounts disclosed herein.

[0458] By “peak specific productivity” is meant the maximum amount of isoprene produced 

per cell during the culturing of cells for a particular period of time (e.g., the culturing of cells 

during a particular fermentation run). By “peak specific productivity time point” is meant the 

time point during the culturing of cells for a particular period of time (e.g., the culturing of cells 

during a particular fermentation run) when the amount of isoprene produced per cell is at a 

maximum. The peak specific productivity is determined by dividing the total productivity by the 

amount of cells, as determined by optical density at 600nm (OD„oo)· In some embodiments, the
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isoprene amount is measured at the peak specific productivity time point. In some

embodiments, the peak specific productivity for the cells is about any of the isoprene amounts

per cell disclosed herein.

[0459] By “peak volumetric productivity” is meant the maximum amount of isoprene 

produced per volume of broth (including the volume of the cells and the cell medium) during the 

culturing of cells for a particular period of time (e.g., the culturing of cells during a particular 

fermentation run). By “peak specific volumetric productivity time point” is meant the time point 

during the culturing of cells for a particular period of time (e.g., the culturing of cells during a 

particular fermentation run) when the amount of isoprene produced per volume of broth is at a 

maximum. The peak specific volumetric productivity is determined by dividing the total 

productivity by the volume of broth and amount of time. In some embodiments, the isoprene 

amount is measured at the peak specific volumetric productivity time point. In some 

embodiments, the peak specific volumetric productivity for the cells is about any of the isoprene 

amounts per volume per time disclosed herein.

[0460] By “peak concentration” is meant the maximum amount of isoprene produced during 

the culturing of cells for a particular period of time (e.g., the culturing of cells during a particular 

fermentation run). By “peak concentration time point” is meant the time point during the 

culturing of cells for a particular period of time (e.g., the culturing of cells during a particular 

fermentation run) when the amount of isoprene produced per cell is at a maximum. In some 

embodiments, the isoprene amount is measured at the peak concentration time point. In some 

embodiments, the peak concentration for the cells is about any of the isoprene amounts disclosed 

herein.

[0461] By “average volumetric productivity” is meant the average amount of isoprene 

produced per volume of broth (including the volume of the cells and the cell medium) during the 

culturing of cells for a particular period of time (e.g., the culturing of cells during a particular 

fermentation run). The average volumetric productivity is determined by dividing the total 

productivity by the volume of broth and amount of time. In some embodiments, the average 

specific volumetric productivity for the cells is about any of the isoprene amounts per volume 

per time disclosed herein.

[0462] By “cumulative total productivity” is meant the cumulative, total amount of isoprene 

produced during the culturing of cells for a particular period of time (e.g., the culturing of cells 

during a particular fermentation run). In some embodiments, the cumulative, total amount of
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isoprene is measured. In some embodiments, the cumulative total productivity for the cells is 

about any of the isoprene amounts disclosed herein.

[0463] As used herein, “relative detector response” refers to the ratio between the detector 

response (such as the GC/MS area) for one compound (such as isoprene) to the detector response 

(such as the GC/MS area) of one or more compounds (such as all C5 hydrocarbons). The 

detector response may be measured as described herein, such as the GC/MS analysis performed 

with an Agilent 6890 GC/MS system fitted with an Agilent HP-5MS GC/MS column (30 m x 

250 pm; 0.25 pm film thickness). If desired, the relative detector response can be converted to a 

weight percentage using the response factors for each of the compounds. This response factor is 

a measure of how much signal is generated for a given amount of a particular compound (that is, 

how sensitive the detector is to a particular compound). This response factor can be used as a 

correction factor to convert the relative detector response to a weight percentage when the 

detector has different sensitivities to the compounds being compared. Alternatively, the weight 

percentage can be approximated by assuming that the response factors are the same for the 

compounds being compared. Thus, the weight percentage can be assumed to be approximately 

the same as the relative detector response.

[0464] In some embodiments, the cells in culture produce isoprene at greater than or about 1, 

10, 25, 50, 100, 150, 200, 250, 300, 400, 500, 600, 700, 800, 900, 1,000, 1,250, 1,500, 1,750, 

2,000, 2,500, 3,000, 4,000, 5,000, 10,000, 12,500, 20,000, 30,000, 40,000, 50,000, 75,000, 

100,000, 125,000, 150,000, 188,000, or more nmole of isoprene/gram of cel Is for the wet weight 

of the cells/hour (nmole/gwcm/hr). In some embodiments, the amount of isoprene is between 

about 2 to about 200,000 nmole/gWcm/hr, such as between about 2 to about 100 nmole/gwcm/hr, 

about 100 to about 500 nmole/gwcm/hr, about 150 to about 500 nmole/gwcm /hr, about 500 to 

about 1,000 nmole/gwcm/hr, about 1,000 to about 2,000 nmole/gwcm/hr, or about 2,000 to about 

5,000 nmole/gWcm/hr, about 5,000 to about 10,000 nmole/gwcm/hr, about 10,000 to about 50,000 

nmole/gWcm/hr, about 50,000 to about 100,000 nrnole/gWcm/hr, about 100,000 to about 150,000 

nmole/gWcm/hr, or about 150,000 to about 200,000 nmole/gWcm/hr. In some embodiments, the 

amount of isoprene is between about 20 to about 5,000 nmole/gwcm/hr, about 100 to about 5,000 

nmole/gWcm/hr, about 200 to about 2,000 nmole/gwcm/hr, about 200 to about 1,000 nmole/g„Cm/hr, 

about 300 to about 1,000 nrnole/gWcm/hr, or about 400 to about 1,000 nrnole/gWcm/hr, about 1,000 

to about 5,000 nmole/gWCm/hr, about 2,000 to about 20,000 nmole/gWCm/hr, about 5,000 to about 

50,000 nmole/g„cm/hr, about 10,000 to about 100,000 nmole/gWCm/hr, about 20,000 to about 

150,000 nmole/gwcm/hr, or about 20,000 to about 200,000 nrnole/gWcm/hr.
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[0465] The amount of isoprene in units of nmole/gwcm/hr can be measured as disclosed in U.S. 

Patent No. 5,849,970, which is hereby incorporated by reference in its entirety, particularly with 

respect to the measurement of isoprene production. For example, two mL of headspace (e.g., 

headspace from a culture such as 2 mL of culture cultured in sealed vials at 32 °C with shaking 

at 200 rpm for approximately 3 hours) are analyzed for isoprene using a standard gas 

chromatography system, such as a system operated isothermally (85 °C) with an n-octane/porasil 

C column (Alltech Associates, Inc., Deerfield, Ill.) and coupled to a RGD2 mercuric oxide 

reduction gas detector (Trace Analytical, Menlo Park, CA) (see, for example, Greenberg et al, 

Atmos. Environ. 27A: 2689-2692, 1993; Silver et al., Plant Physiol. 97:1588-1591, 1991, which 

are each hereby incorporated by reference in their entireties, particularly with respect to the 

measurement of isoprene production). The gas chromatography area units are converted to nmol 

isoprene via a standard isoprene concentration calibration curve. In some embodiments, the 

value for the grams of cells for the wet weight of the cells is calculated by obtaining the A„oo 

value for a sample of the cell culture, and then converting the A^oo value to grams of cells based 

on a calibration curve of wet weights for cell cultures with a known A(1oo value. In some 

embodiments, the grams of the cells is estimated by assuming that one liter of broth (including 

cell medium and cells) with an Aeoo value of 1 has a wet cell weight of 1 gram. The value is also 

divided by the number of hours the culture has been incubating for, such as three hours.

[0466] In some embodiments, the cells in culture produce isoprene at greater than or about 1, 

10, 25, 50, 100, 150, 200, 250, 300, 400, 500, 600, 700, 800, 900, 1,000, 1,250, 1,500, 1,750,

2,000, 2,500, 3,000, 4,000, 5,000, 10,000, 100,000, or more ng of isoprene/gram of cells for the 

wet weight of the cells/hr (ng/gwcm/h). In some embodiments, the amount of isoprene is between 

about 2 to about 5,000 ng/gwcm/h, such as between about 2 to about 100 ng/gwcm/h, about 100 to 

about 500 ng/gwcm/h, about 500 to about 1,000 ng/gwcm/h, about 1,000 to about 2,000 ng/gwcm/h, 

or about 2,000 to about 5,000 ng/gwcm/h. In some embodiments, the amount of isoprene is 

between about 20 to about 5,000 ng/gwcm/h, about 100 to about 5,000 ng/gwcm/h, about 200 to 

about 2,000 ng/gwcm/h, about 200 to about 1,000 ng/gwcm/h, about 300 to about 1,000 ng/gwcm/h, 

or about 400 to about 1,000 ng/gwcm/h. The amount of isoprene in ng/gwcm/h can be calculated by 

multiplying the value for isoprene production in the units of nrnole/gWcm/hr discussed above by 

68.1 (as described in Equation 5 below).

[0467] In some embodiments, the cells in culture produce a cumulative titer (total amount) of 

isoprene at greater than or about 1, 10, 25, 50, 100, 150, 200, 250, 300, 400, 500, 600, 700, 800, 

900, 1,000, 1,250, 1,500, 1,750, 2,000, 2,500, 3,000, 4,000, 5,000, 10,000, 50,000, 100,000, or
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more mg of isoprene/L of broth (mg/Lbroth, wherein the volume of broth includes the volume of 

the cells and the cell medium). In some embodiments, the amount of isoprene is between about 2 

to about 5,000 mg/Lbroth, such as between about 2 to about 100 mg/Lbroth, about 100 to about 500 

mg/Lbroth, about 500 to about Ι,θθθ mg/Lbroth, about Ι,θθθ to about 2,000 mg/Lbroth, or about 

2,000 to about 5,000 mg/LbrOth. In some embodiments, the amount of isoprene is between about 

20 to about 5,000 mg/Lbroth, about 100 to about 5,000 mg/Lbroth, about 200 to about 2,000 

mg/Lbroth, about 200 to about Ι,θθθ mg/Lbroth, about 300 to about Ι,θθθ mg/Lbroth, or about 400 to 

about Ι,θθθ mg/Lbroth-

[0468] The specific productivity of isoprene in mg of isoprene/L of headspace from shake 

flask or similar cultures can be measured by taking a 1 ml sample from the cell culture at an 

ODeoo value of approximately 1.0. putting it in a 20 mL vial, incubating for 30 minutes, and then 

measuring the amount of isoprene in the headspace (as described, for example, in Example I, 

part II). If the ODw,o value is not 1.0, then the measurement can be normalized to an ODam value 

of 1.0 by dividing by the OD„oo value. The value of mg isoprene/L headspace can be converted 

to mg/Lbroth/hr/ODeoo of culture broth by multiplying by a factor of 38. The value in units of 

mg/Lbroth/hr/OD6oo can be multiplied by the number of hours and the OD(1hii value to obtain the 

cumulative titer in units of mg of isoprene/L of broth.

[0469] In some embodiments, the cells in culture have an average volumetric productivity of 

isoprene at greater than or about 0.1, 1.0, 10, 25, 50, 100, 150, 200, 250, 300, 400, 500, 600,

700, 800, 900, 1,000, 1100, 1200, 1300, 1,400, 1,500, 1,600, 1,700, 1,800, 1,900, 2,000, 2,100, 

2,200, 2,300, 2,400, 2,500, 2,600, 2,700, 2,800, 2,900, 3,000, 3,100, 3,200, 3,300, 3,400, 3,500,

or more mg of isoprene/L of broth/hr (mg/Lbroth/hr, wherein the volume of broth includes the 

volume of the cells and the cell medium). In some embodiments, the average volumetric 

productivity of isoprene is between about 0.1 to about 3,500 mg/Lbroth/hr, such as between about 

0.1 to about 100 mg/Lbroth/hr, about 100 to about 500 mg/Lbroth/hr, about 500 to about 1,000 

mg/Lbroth/hr, about 1,000 to about 1,500 mg/Lbroth/hr, about 1,500 to about 2,000 mg/Lbroth/hr, 

about 2,000 to about 2,500 mg/Lbroth/hr, about 2,500 to about 3,000 mg/Lbrotii/hr, or about 3,000 

to about 3,500 mg/Lbroth/hr. In some embodiments, the average volumetric productivity of 

isoprene is between about 10 to about 3,500 mg/Lbroth/hr, about 100 to about 3,500 mg/Lbroth/hr, 

about 200 to about 1,000 mg/Lbroth/hr, about 200 to about 1,500 mg/Lbroth/hr, about 1,000 to 

about 3,000 mg/Lbroth/hr, or about 1,500 to about 3,000 mg/Lbroth/hr.

[0470] In some embodiments, the cells in culture have a peak volumetric productivity of 

isoprene at greater than or about 0.5, 1.0, 10, 25, 50, 100, 150, 200, 250, 300, 400, 500, 600,
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700, 800, 900, 1,000, 1100, 1200, 1300, 1,400, 1,500, 1,600, 1,700, 1,800, 1,900, 2,000, 2,100,

2,200, 2,300, 2,400, 2,500, 2,600, 2,700, 2,800, 2,900, 3,000, 3,100, 3,200, 3,300, 3,400, 3,500,

3,750, 4,000, 4,250, 4,500, 4,750, 5,000, 5,250, 5,500, 5,750, 6,000, 6,250, 6,500, 6,750, 7,000,

7,250, 7,500, 7,750, 8,000, 8,250, 8,500, 8,750, 9,000, 9,250, 9,500, 9,750, 10,000, 12,500,

15,000, or more mg of isoprene/L of broth/hr (mg/Lbroth/hr, wherein the volume of broth includes 

the volume of the cells and the cell medium). In some embodiments, the peak volumetric 

productivity of isoprene is between about 0.5 to about 15,000 mg/Lbroth/hr, such as between 

about 0.5 to about 10 mg/Lbroth/hr, about 1.0 to about 100 mg/Lbroth/hr, about 100 to about 500 

mg/Lbroth/hr, about 500 to about 1,000 mg/Lbroth/hr, about 1,000 to about 1,500 mg/Lbroth/hr, 

about 1,500 to about 2,000 mg/Lbroth/hr, about 2,000 to about 2,500 mg/Lbroth/hr, about 2,500 to 

about 3,000 mg/Lbroth/hr, about 3,000 to about 3,500 mg/Lbroth/hr, about 3,500 to about 5,000 

mg/Lbroth/hr, about 5,000 to about 7,500 mg/LbrOth/hr, about 7,500 to about 10,000 mg/Lbroth/hr, 

about 10,000 to about 12,500 mg/Lbroth/h, or about 12,500 to about 15,000 mg/Lbroth/hr. In some 

embodiments, the peak volumetric productivity of isoprene is between about 10 to about 15,000 

mg/Lbroth/hr, about 100 to about 2,500 mg/Lbroth/hr, about 1,000 to about 5,000 mg/Lbroth/hr, 

about 2,500 to about 7,500 mg/Lbroth/hr, about 5,000 to about 10,000 mg/Lbroth/hr, about 7,500 to 

about 12,500 mg/Lbroth/hr, or about 10,000 to about 15,000 mg/Lbroth/hr.

[0471] The instantaneous isoprene production rate in mg/Lbroth/hr in a fermentor can be 

measured by taking a sample of the fermentor off-gas, analyzing it for the amount of isoprene (in 

units such as mg of isoprene per Lgas) as described, for example, in Example 1, part 11 and 

multiplying this value by the rate at which off-gas is passed though each liter of broth (e.g., at 1 

vvm (volume of air/volume of broth/minute) this is 60 Lgas per hour). Thus, an off-gas level of 1 

mg/Lgas corresponds to an instantaneous production rate of 60 mg/Lbroth/hr at air flow of 1 vvm.

If desired, the value in the units mg/Lbroth/hr can be divided by the OD60o value to obtain the 

specific rate in units of mg/Lbroth/hr/OD. The average value of mg isoprene/Lgas can be converted 

to the total product productivity (grams of isoprene per liter of fermentation broth, mg/Lbroth) by 

multiplying this average off-gas isoprene concentration by the total amount of off-gas sparged 

per liter of fermentation broth during the fermentation. Thus, an average off-gas isoprene 

concentration of 0.5 mg/Lbroth/hr over 10 hours at 1 vvm corresponds to a total product 

concentration of 300 mg isoprene/Lbroth.

[0472] In some embodiments, the cells in culture convert greater than or about 0.0015, 0.002, 

0.005, 0.01, 0.02, 0.05, 0.1, 0.12, 0.14, 0.16, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.2, 1.4, 1.6, 

1.8, 2.0, 2.2, 2.4, 2.6, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 11.0, 12.0, 13.0, 14.0, 15.0, 16.0, 17.0,
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18.0, 19.0, 20.0, 21.0, 22.0, 23.0, 23.2, 23.4, 23.6, 23.8, 24.0, 25.0, 30.0, 31.0, 32.0, 33.0, 35.0, 

37.5, 40.0, 45.0, 47.5, 50.0, 55.0, 60.0, 65.0, 70.0, 75.0, 80.0, 85.0, or 90.0 molar % ofthe 

carbon in the cell culture medium into isoprene. In some embodiments, the percent conversion 

of carbon into isoprene is between about 0.002 to about 90.0 molar %, such as about 0.002 to 

about 0.005%, about 0.005 to about 0.01%, about 0.01 to about 0.05%, about 0.05 to about 

0.15%, 0.15 to about 0.2%, about 0.2 to about 0.3%, about 0.3 to about 0.5%, about 0.5 to about 

0.8%, about 0.8 to about 1.0%, about 1.0 to about 1.6%, about 1.6 to about 3.0%, about 3.0 to 

about 5.0%, about 5.0 to about 8.0%, about 8.0 to about 10.0%, about 10.0 to about 15.0%, 

about 15.0 to about 20.0%, about 20.0 to about 25.0%, about 25.0% to 30.0%, about 30.0% to 

35.0%, about 35.0% to 40.0%, about 45.0% to 50.0%, about 50.0% to 55.0%, about 55.0% to 

60.0%, about 60.0% to 65.0%, about 65.0% to 70.0%, about 75.0% to 80.0%, about 80.0% to 

85.0%, or about 85.0% to 90.0%. In some embodiments, the percent conversion of carbon into 

isoprene is between about 0.002 to about 0.4 molar %, 0.002 to about 0.16 molar %, 0.04 to 

about 0.16 molar %, about 0.005 to about 0.3 molar %, about 0.01 to about 0.3 molar %, about 

0.05 to about 0.3 molar %, about 0.1 to 0.3 molar %, about 0.3 to about 1.0 molar %, about 1.0 

to about 5.0 molar %, about 2 to about 5.0 molar %, about 5.0 to about 10.0 molar %, about 7 to 

about 10.0 molar %, about 10.0 to about 20.0 molar %, about 12 to about 20.0 molar %, about 

16 to about 20.0 molar %, about 18 to about 20.0 molar %, about 18 to 23.2 molar %, about 18 

to 23.6 molar %, about 18 to about 23.8 molar %, about 18 to about 24.0 molar %, about 18 to 

about 25.0 molar %, about 20 to about 30.0 molar %, about 30 to about 40.0 molar %, about 30 

to about 50.0 molar %, about 30 to about 60.0 molar %, about 30 to about 70.0 molar %, about 

30 to about 80.0 molar %, or about 30 to about 90.0 molar %.

[0473] The percent conversion of carbon into isoprene (also referred to as “% carbon yield”) 

can be measured by dividing the moles carbon in the isoprene produced by the moles carbon in 

the carbon source (such as the moles of carbon in batched and fed glucose and yeast extract). 

This number is multiplied by 100% to give a percentage value (as indicated in Equation 1).

Equation 1

% Carbon Yield = (moles carbon in isoprene produced)/(moles carbon in carbon source) * 100

[0474] For this calculation, yeast extract can be assumed to contain 50% w/w carbon. As an 

example, for the 500 liter described in Example 7, part VIII, the percent conversion of carbon 

into isoprene can be calculated as shown in Equation 2.
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Equation 2

% Carbon Yield = (39.1 g isoprene * l/68.1mol/g * 5 C/mol)/[(181221 g glucose * 1/180 mol/g 

* 6 C/mol) + (17780 g yeast extract * 0.5 * 1/12 mol/g)] * 100 = 0.042%

[0475] For the two 500 liter fermentations described herein (Example 7, parts VII and VIII), 

the percent conversion of carbon into isoprene was between 0.04-0.06%. A 0.11-0.16% carbon 

yield has been achieved using 14 liter systems as described herein. Example 11, part V describes 

the 1.53% conversion of carbon to isoprene using the methods described herein.

[0476] One skilled in the art can readily convert the rates of isoprene production or amount of 

isoprene produced into any other units. Exemplary equations are listed below for interconverting 

between units.

Units for Rate of Isoprene production (total and specific)

Equation 3

1 g isoprene/Lbroth/hr = 14.7 mmol isoprene/Lbroth/hr (total volumetric rate)

Equation 4

1 nmol isoprene /gWcm/hr = 1 nmol isoprene /Lbroth/hr/OD6oo (This conversion assumes that one 

liter of broth with an ()Dfioo value of 1 has a wet cell weight of 1 gram.)

Equation 5

1 nmol isoprene/gwcm/hr = 68.1 ng isoprene/gwcm/hr (given the molecular weight of isoprene)

Equation 6

1 nmol isoprene/Lgas O2/hr = 90 nmol isoprene/Lbroth/hr (at an O2 flow rate of 90 L/hr per L of 

culture broth)

Equation 7

1 pg isoprene/LgaS isoprene in off-gas = 60 iig isoprene/Lbroth/hr at a flow rate of 60 Lgas per Lbroth 

(1 vvm)

Units for Titer (total and specific)
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Equation 8

1 nmol isoprene/mg cell protein = 150 nmol isoprene/Lhr()jvOD,,oo (This conversion assumes that 

one liter of broth with an Οϋβοο value of 1 has a total cell protein of approximately 150 mg) 

(specific productivity)

Equation 9

1 g isoprene/Lbroth = 14.7 mmol isoprene/Lbroth (total titer)

[0477] If desired, Equation 10 can be used to convert any of the units that include the wet 

weight of the cells into the corresponding units that include the dry weight of the cells.

Equation 10

Dry weight of cells = (wet weight of cells)/3.3

[0478] If desired, Equation 11 can be used to convert between units of ppm and pg/L. In 

particular, “ppm” means parts per million defined in terms of pg/g (w/w). Concentrations of 

gases can also be expressed on a volumetric basis using “ppmv” (parts per million by volume), 

defined in terms of pL/L (vol/vol). Conversion of pg/L to ppm (e.g., pg of analyte per g of gas) 

can be performed by determining the mass per L of off-gas (i.e., the density of the gas). For 

example, a liter of air at standard temperature and pressure (STP; 101.3 kPa (1 bar) and 

273.15K). has a density of approximately 1.29 g/L. Thus, a concentration of 1 ppm (pg/g) equals 

1.29 pg/L at STP (equation 11). The conversion of ppm (pg/g) to pg/L is a function of both 

pressure, temperature, and overall composition of the off-gas.

Equation 11

1 ppm (pg/g) equals 1.29 pg/L at standard temperature and pressure (STP; 101.3 kPa (1 bar) and 

273.15K).

[0479] Conversion of pg/L to ppmv (e.g., pL of analyte per L of gas) can be performed using 

the Universal Gas Law (equation 12). For example, an off-gas concentration of 1000 pg/L„as 

corresponds to 14.7 pmol/Lgas. The universal gas constant is 0.082057 L.atm K^mol'1, so using 

equation 12, the volume occupied by 14.7 pmol of HG at STP is equal to 0.329 mL. Therefore, 

the concentration of 1000 pg/L HG is equal to 329 ppmv or 0.0329% (v/v) at STP.
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Equation 12

[0480] PV = nRT, where “P” is pressure, “V” is volume, “n” is moles of gas, “R” is the 

Universal gas constant, and “T” is temperature in Kelvin.

[0481] The amount of impurities in isoprene compositions are typically measured herein on a 

weight per volume (w/v) basis in units such as pg/L. If desired, measurements in units of pg/L 

can be converted to units of mg/m3 using equation 13.

Equation 13

1 pg/L = 1 mg/mJ

[0482] In some embodiments described herein, a cell comprising a heterologous nucleic acid 

encoding an isoprene synthase polypeptide produces an amount of isoprene that is at least or 

about 2-fold, 3-fold, 5-fold, 10-fold, 25-fold, 50-fold, 100-fold, 150-fold, 200-fold, 400-fold, or 

greater than the amount of isoprene produced from a corresponding cell grown under essentially 

the same conditions without the heterologous nucleic acid encoding the isoprene synthase 

polypeptide.

[0483] In some embodiments described herein, a cell comprising a heterologous nucleic acid 

encoding an isoprene synthase polypeptide and one or more heterologous nucleic acids encoding 

a DXS, IDI, and/or MVA pathway polypeptide produces an amount of isoprene that is at least or 

about 2-fold, 3-fold, 5-fold, 10-fold, 25-fold, 50-fold, 100-fold, 150-fold, 200-fold, 400-fold, or 

greater than the amount of isoprene produced from a corresponding cell grown under essentially 

the same conditions without the heterologous nucleic acids.

[0484] In some embodiments, the isoprene composition comprises greater than or about 99.90, 

99.92, 99.94, 99.96, 99.98, or 100% isoprene by weight compared to the total weight of all C5 

hydrocarbons in the composition. In some embodiments, the composition has a relative detector 

response of greater than or about 99.90, 99.91, 99.92, 99.93, 99.94, 99.95, 99.96, 99.97, 99.98, 

99.99, or 100% for isoprene compared to the detector response for all C5 hydrocarbons in the 

composition. In some embodiments, the isoprene composition comprises between about 99.90 to 

about 99.92, about 99.92 to about 99.94, about 99.94 to about 99.96, about 99.96 to about 99.98, 

about 99.98 to 100% isoprene by weight compared to the total weight of all C5 hydrocarbons in 

the composition.

[0485] In some embodiments, the isoprene composition comprises less than or about 0.12, 

0.10, 0.08, 0.06, 0.04, 0.02, 0.01,0.005, 0.001, 0.0005, 0.0001,0.00005, or 0.00001% C5
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hydrocarbons other than isoprene (such as 1,3-cyclopentadiene, cis-1,3-pentadiene, trans-1,3- 

pentadiene, 1,4-pentadiene, 1-pentyne, 2-pentyne, 1-pentene, 2-methyl-1-butene, 3-methyl-l- 

butyne, pent-4-ene-l-yne, trans-pent-3-ene-l-yne, or cis-pent-3-ene-l-yne) by weight compared 

to the total weight of all C5 hydrocarbons in the composition. In some embodiments, the 

composition has arelative detector response of less than or about 0.12, 0.10, 0.08, 0.06, 0.04, 

0.02, 0.01, 0.005, 0.001, 0.0005, 0.0001, 0.00005, or 0.00001% for C5 hydrocarbons other than 

isoprene compared to the detector response for all C5 hydrocarbons in the composition. In some 

embodiments, the composition has arelative detector response of less than or about 0.12, 0.10, 

0.08, 0.06, 0.04, 0.02, 0.01, 0.005, 0.001, 0.0005, 0.0001, 0.00005, or 0.00001% for 1,3- 

cyclopentadiene, cis-l,3-pentadiene, trans-1,3-pentadiene, 1,4-pentadiene, 1-pentyne, 2-pentyne, 

1-pentene, 2-methyl-1-butene, 3-methyl-l-butyne, pent-4-ene-l-yne, trans-pent-3-ene-l-yne, or 

cis-pent-3-ene-l-yne compared to the detector response for all C5 hydrocarbons in the 

composition. In some embodiments, the isoprene composition comprises between about 0.02 to 

about 0.04%, about 0.04 to about 0.06%, about 0.06 to 0.08%, about 0.08 to 0.10%, or about 

0.10 to about 0.12% C5 hydrocarbons other than isoprene (such as 1,3-cyclopentadiene, cis-1,3- 

pentadiene, trans-1,3-pentadiene, 1,4-pentadiene, 1-pentyne, 2-pentyne, 1-pentene, 2-methyl-1- 

butene, 3-methyl-l-butyne, pent-4-ene-l-yne, trans-pent-3-ene-l-yne, or cis-pent-3-ene-l-yne) 

by weight compared to the total weight of all C5 hydrocarbons in the composition.

[0486] In some embodiments, the isoprene composition comprises less than or about 50, 40,

30, 20, 10, 5, 1, 0.5, 0.1, 0.05, 0.01, or 0.005 pg/L of a compound that inhibits the 

polymerization of isoprene for any compound in the composition that inhibits the polymerization 

of isoprene. In some embodiments, the isoprene composition comprises between about 0.005 to 

about 50, such as about 0.01 to about 10, about 0.01 to about 5, about 0.01 to about 1, about 0.01 

to about 0.5, or about 0.01 to about 0.005 pg/L of a compound that inhibits the polymerization of 

isoprene for any compound in the composition that inhibits the polymerization of isoprene. In 

some embodiments, the isoprene composition comprises less than or about 50, 40, 30, 20, 10, 5, 

1, 0.5, 0.1, 0.05, 0.01, or 0.005 pg/L of a hydrocarbon other than isoprene (such as 1,3- 

cyclopentadiene, cis-l,3-pentadiene, trans-1,3-pentadiene, 1,4-pentadiene, 1-pentyne, 2-pentyne, 

1-pentene, 2-methy 1-1-butene, 3-methyl-l-butyne, pent-4-ene-l-yne, trans-pent-3-ene-l-yne, or 

cis-pent-3-ene-l-yne). In some embodiments, the isoprene composition comprises between 

about 0.005 to about 50, such as about 0.01 to about 10, about 0.01 to about 5, about 0.01 to 

about 1, about 0.01 to about 0.5, or about 0.01 to about 0.005 pg/L of a hydrocarbon other than 

isoprene. In some embodiments, the isoprene composition comprises less than or about 50, 40,
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30, 20, 10, 5, 1, 0.5, 0.1, 0.05, 0.01, or 0.005 pg/L of a protein or fatty acid (such as a protein or 

fatty acid that is naturally associated with natural rubber).

[0487] In some embodiments, the isoprene composition comprises less than or about 10, 5, 1, 

0.8, 0.5, 0.1, 0.05, 0.01, or 0.005 ppm of alpha acetylenes, piperylenes, acetonitrile, or 1,3- 

cyclopentadiene. In some embodiments, the isoprene composition comprises less than or about 

5, 1, 0.5, 0.1, 0.05, 0.01, or 0.005 ppm of sulfur or allenes. In some embodiments, the isoprene 

composition comprises less than or about 30, 20, 15, 10, 5, 1, 0.5, 0.1, 0.05, 0.01, or 0.005 ppm 

of all acetylenes (such as 1-pcntyne, 2-pentync, 3-methyl-l-butyne, pent-4-ene-l-yne, /ra/z.s-pcnt- 

3-ene-l-yne, and czs-pent-3-ene-l-yne). In some embodiments, the isoprene composition 

comprises less than or about 2000, 1000, 500, 200, 100, 50, 40, 30, 20, 10, 5, 1, 0.5, 0.1, 0.05, 

0.01, or 0.005 ppm of isoprene dimers, such as cyclic isoprene dimmers (e.g., cyclic CIO 

compounds derived from the dimerization of two isoprene units).

[0488] In some embodiments, the isoprene composition includes ethanol, acetone, a C5 prenyl 

alcohol (such as 3-methyl-3-buten-l-ol or 3-methyl-2-buten-l-ol), or any two or more of the 

foregoing. In particular embodiments, the isoprene composition comprises greater than or about 

0.005, 0.01,0.05, 0.1,0.5, 1,5, 10, 20, 30, 40, 60, 80, 100, or 120 pg/L of ethanol, acetone, a C5 

prenyl alcohol (such as 3-methyl-3-buten-l-ol or 3-methyl-2-buten-l -ol), or any two or more of 

the foregoing. In some embodiments, the isoprene composition comprises between about 0.005 

to about 120, such as about 0.01 to about 80, about 0.01 to about 60, about 0.01 to about 40, 

about 0.01 to about 30, about 0.01 to about 20, about 0.01 to about 10, about 0.1 to about 80, 

about 0.1 to about 60, about 0.1 to about 40, about 5 to about 80, about 5 to about 60, or about 5 

to about 40 pg/L of ethanol, acetone, a C5 prenyl alcohol, or any two or more of the foregoing. 

[0489] In some embodiments, the isoprene composition includes one or more of the following 

components: 2-heptanone, 6-methyl-5-hepten-2-one, 2,4,5-trimethylpyridine, 2,3,5- 

trimethylpyrazine, citronellal, acetaldehyde, methanethiol, methyl acetate, 1 -propanol, diacetyl, 

2-butanone, 2-methyl-3-buten-2-ol, ethyl acetate, 2-methyl-l-propanol, 3-methyl- 1-butanal, 3- 

methyl-2-bulanone, 1-butanol, 2-pentanone, 3-methyl-l-butanol, ethyl isobutyrate, 3-methyl-2- 

butenal, butyl acetate, 3-methylbutyl acetate, 3-methyl-3-buten-l-yl acetate, 3-methyl-2-buten-l- 

yl acetate, 3-hexen-l-ol, 3-hexen-l-yl acetate, limonene, geraniol (trans-3,7-dimethyl-2,6- 

octadien-l-ol), citronellol (3,7-dimethyl-6-octen-l-ol), (E)-3,7-dimethyl-l,3,6-octatriene, (Z)- 

3,7-dimethyl-l,3,6-octatriene, 2,3-cycloheptenolpyridme, or a linear isoprene polymer (such as a 

linear isoprene dimer or a linear isoprene trimer derived from the polymerization of multiple 

isoprene units). In various embodiments, the amount of one of these components relative to
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amount of isoprene in units of percentage by weight (i.e., weight of the component divided by 

the weight of isoprene times 100) is greater than or about 0.01, 0.02, 0.05, 0.1, 0.5, 1, 5, 10, 20, 

30, 40, 50, 60, 70, 80, 90, 100, or 110% (w/w). In some embodiments, the relative detector 

response for the second compound compared to the detector response for isoprene is greater than 

or about 0.01, 0.02, 0.05, 0.1, 0.5, 1, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, or 110%. In 

various embodiments, the amount of one of these components relative to amount of isoprene in 

units of percentage by weight (i.e., weight of the component divided by the weight of isoprene 

times 100) is between about 0.01 to about 105 % (w/w), such as about 0.01 to about 90, about 

0.01 to about 80, about 0.01 to about 50, about 0.01 to about 20, about 0.01 to about 10, about 

0.02 to about 50, about 0.05 to about 50, about 0.1 to about 50, or 0.1 to about 20% (w/w).

[0490] In some embodiments, the isoprene composition includes one or more of the following: 

an alcohol, an aldehyde, or a ketone (such as any of the alcohols, aldehydes, or ketones 

described herein). In some embodiments, the isoprene composition includes (i) an alcohol and an 

aldehyde, (ii) an alcohol and a ketone, (iii) an aldehyde and a ketone, or (iv) an alcohol, an 

aldehyde, and a ketone.

[0491] In some embodiments, the isoprene composition contains one or more of the following: 

methanol, acetaldehyde, ethanol, methanethiol, 1-butanol, 3-methyl-l -propanol, acetone, acetic 

acid, 2-butanone, 2-methyl-l -butanol, or indole. In some embodiments, the isoprene 

composition contains 1 ppm or more of one or more of the following: methanol, acetaldehyde, 

ethanol, methanethiol, 1-butanol, 3-methyl-l-propanol, acetone, acetic acid, 2-butanone, 2- 

methyl-1-butanol, or indole. In some embodiments, the concentration of more of one or more of 

the following: methanol, acetaldehyde, ethanol, methanethiol, 1-butanol, 3-methyl-l-propanol, 

acetone, acetic acid, 2-butanone, 2-methyl-1-butanol, or indole, is between about 1 to about 

10,000 ppm in an isoprene composition (such as off-gas before it is purified). In some 

embodiments, the isoprene composition (such as off-gas after it has undergone one or more 

purification steps) includes one or more of the following: methanol, acetaldehyde, ethanol, 

methanethiol, 1-butanol, 3-methyl-l-propanol, acetone, acetic acid, 2-butanone, 2-methyl-1- 

butanol, or indole, at a concentration between about 1 to about 100 ppm, such as about 1 to 

about 10 ppm, about 10 to about 20 ppm, about 20 to about 30 ppm, about 30 to about 40 ppm, 

about 40 to about 50 ppm, about 50 to about 60 ppm, about 60 to about 70 ppm, about 70 to 

about 80 ppm, about 80 to about 90 ppm, or about 90 to about 100 ppm. Volatile organic 

compounds from cell cultures (such as volatile organic compounds in the headspace of cell 

cultures) can be analyzed using standard methods such as those described herein or other
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standard methods such as proton transfer reaction-mass spectrometry (see, for example, Bunge et 

al., Applied and Environmental Microbiology, 74(7):2179-2186, 2008 which is hereby 

incorporated by reference in its entirety, particular with respect to the analysis of volatile organic 

compounds).

[0492] In some embodiments, the composition comprises greater than about 2 mg of isoprene, 

such as greater than or about 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 

700, 800, 900, or 1000 mg of isoprene. In some embodiments, the composition comprises 

greater than or about 2, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 g of isoprene. In some 

embodiments, the amount of isoprene in the composition is between about 2 to about 5,000 mg, 

such as between about 2 to about 100 mg, about 100 to about 500 mg, about 500 to about 1,000 

mg, about 1,000 to about 2,000 mg, or about 2,000 to about 5,000 mg. In some embodiments, 

the amount of isoprene in the composition is between about 20 to about 5,000 mg, about 100 to 

about 5,000 mg, about 200 to about 2,000 mg, about 200 to about 1,000 mg, about 300 to about 

1,000 mg, or about 400 to about 1,000 mg. In some embodiments, greater than or about 20, 25, 

30, 40, 50, 60, 70, 80, 90, or 95% by weight of the volatile organic fraction of the composition is 

isoprene.

[0493] In some embodiments, the composition includes ethanol. In some embodiments, the 

composition includes between about 75 to about 90% by weight of ethanol, such as between 

about 75 to about 80%, about 80 to about 85%, or about 85 to about 90% by weight of ethanol.

Tn some embodiments in which the composition includes ethanol, the composition also includes 

between about 4 to about 15% by weight of isoprene, such as between about 4 to about 8%, 

about 8 to about 12%, or about 12 to about 15% by weight of isoprene.

[0494] In some embodiments described herein, a cell comprising one or more heterologous 

nucleic acids encoding an isoprene synthase polypeptide, DXS polypeptide, IDI polypeptide, 

and/or MVA pathway polypeptide produces an amount of an isoprenoid compound (such as a 

compound with 10 or more carbon atoms that is formed from the reaction of one or more IPP 

molecules with one or more DMAPP molecules) that is greater than or about 2-fold, 3-fold, 5­

fold, 10-fold, 25-fold, 50-fold, 100-fold, 150-fold, 200-fold, 400-fold, or greater than the amount 

of the isoprenoid compound produced from a corresponding cell grown under essentially the 

same conditions without the one or more heterologous nucleic acids. In some embodiments 

described herein, a cell comprising one or more heterologous nucleic acids encoding an isoprene 

synthase polypeptide, DXS polypeptide, IDI polypeptide, and/or MVA pathway polypeptide 

produces an amount of a C5 prenyl alcohol (such as 3-methyl-3-buten-l-ol or 3-methyl-2-buten-
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l-ol) that is greater than or about 2-fold, 3-fold, 5-fold, 10-fold, 25-fold, 50-fold, 100-fold, 150­

fold, 200-fold, 400-fold, or greater than the amount of the C5 prenyl alcohol produced from a 

corresponding cell grown under essentially the same conditions without the one or more 

heterologous nucleic acids.

Exemplary Co-Production of Bioisoprene and Hydrogen

[0495] In some embodiments, any of the isoprene-producing cells described herein that 

comprise one or more heterologous nucleic acids encoding an isoprene synthase polypeptide, a 

DXS polypeptide, an IDI polypeptide, and/or an MVA pathway polypeptide operably linked to a 

promoter further comprise a heterologous nucleic acid also operably linked to a promoter 

encoding one or more hydrogenase polypeptides or one or more polypeptides involved in the 

regulation or expression of hydrogenase polypeptides (e.g., hydrogenase maturation proteins or 

transcription factors). In some embodiments, any of the isoprene-producing cells described 

herein that comprise one or more heterologous nucleic acids encoding an isoprene synthase 

polypeptide, a DXS polypeptide, an IDI polypeptide, an MVA pathway polypeptide, one or 

more hydrogenase polypeptides or one or more polypeptides involved in the regulation or 

expression of hydrogenase polypeptides operably linked to a promoter further comprise a 

mutation or deletion inactivating one or more polypeptides involved in the production of 

fermentation side products, one or more polypeptides involved in the regulation or expression of 

genes for the production of fermentation side products, or one or more polypeptides involved in 

hydrogen reuptake. Such cells can co-produce isoprene and hydrogen.

[0496] In some embodiments of any of the aspects described herein, the cells are bacterial 

cells, such as gram-positive bacterial cells (e.g., Bacillus cells such as Bacillus subtilis cells or 

Streptomyces cells such as Streptomyces lividans, Streptomyces coelicolor, or Streptomyces 

griseus cells). In some embodiments of any of the aspects described herein, the cells are gram­

negative bacterial cells (e.g., Escherichia cells such as Escherichia coli cells,

Rhodopseudomonas sp. such as Rhodopseudomonas palustris cells, Pseudomonas sp. such as 

Pseudomonas fluorescens cells or Pseudomonas putida cells, or Pantoea cells such as Pantoea 

citrea cells). In some embodiments of any of the aspects described herein, the cells are fungal, 

cells such as fdamentous fungal cells (e.g., Trichoderma cells such as Trichoderma reesei cells 

or Aspergillus cells such as Aspergillus oryzae and Aspergillus niger) or yeast cells (e.g., 

Yarrowia cells such as Yarrowia lipolytica cells or Sacchraomyces cells such as Saccaromyces 

cerevisiae).
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[0497] In some embodiments of any of the aspects described herein, the isoprene synthase 

polypeptide is a polypeptide from a plant such as Pueraria (e.g., Pueraria montana or Pueraria 

lobata) or Populus (e.g., Populus tremuloides, Populus alba, Populus nigra, Populus 

trichocarpa, or the hybrid, Populus alba x Populus tremula).

[0498] In some embodiments of any of the aspects described herein, the cells further comprise 

a heterologous nucleic acid encoding an IDI polypeptide. In some embodiments of any of the 

aspects described herein, the cells further comprise an insertion of a copy of an endogenous 

nucleic acid encoding an IDI polypeptide. In some embodiments of any of the aspects described 

herein, the cells further comprise a heterologous nucleic acid encoding a DXS polypeptide. In 

some embodiments of any of the aspects described herein, the cells further comprise an insertion 

of a copy of an endogenous nucleic acid encoding a DXS polypeptide. In some embodiments of 

any of the aspects described herein, the cells further comprise one or more nucleic acids 

encoding an IDI polypeptide and a DXS polypeptide. In some embodiments of any of the 

aspects described herein, one nucleic acid encodes the isoprene synthase polypeptide, IDI 

polypeptide, and DXS polypeptide. In some embodiments of any of the aspects described herein, 

one vector encodes the isoprene synthase polypeptide, IDI polypeptide, and DXS polypeptide. In 

some embodiments, the vector comprises a selective marker or a selectable marker, such as an 

antibiotic resistance nucleic acid.

[0499] In some embodiments of any of the aspects described herein, the cells further comprise 

a heterologous nucleic acid encoding an MVA pathway polypeptide (such as an MVA pathway 

polypeptide from Saccharomyces cerevisia or Enterococcus faecalis). In some embodiments of 

any of the aspects described herein, the cells further comprise an insertion of a copy of an 

endogenous nucleic acid encoding an MVA pathway polypeptide (such as an MVA pathway 

polypeptide from Saccharomyces cerevisia or Enterococcus faecalis). In some embodiments of 

any of the aspects described herein, the cells comprise an isoprene synthase, DXS, and MVA 

pathway nucleic acid. In some embodiments of any of the aspects described herein, the cells 

comprise an isoprene synthase nucleic acid, a DXS nucleic acid, an IDI nucleic acid, and a MVA 

pathway nucleic acid.

[0500] In some embodiments, the isoprene-producing cells described herein further comprise a 

heterologous nucleic acid encoding a hydrogenase polypeptide operably linked to a promoter. In 

some embodiments, the hydrogenase polypeptide comprises E. coli hydrogenase-1 (Hyd-1), E. 

coli hydrogenase-2 (Hyd-2), E. coli hydrogenase-3 (Hyd-3), E. coli hydrogenase-4 (Hyd-4), E. 

coli formate hydrogen lyase (FHL) complex, which produces hydrogen gas from formate and
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CO2 under anaerobic conditions at acidic pH, Rhodococcus opacus MR11 hydrogenase (R. 

opacus HoxH), Synechosystis sp. PCC 6803 hydrogenase (Syn. PCC 6803 HoxH), Desulfovibrio 

gigas hydrogenase (D. gigas), and Desulfovibrio desulfuricans ATCC 7757 hydrogenase (D. 

desulfuricans). In some embodiments, the isoprene-producing cells furthercomprising a 

heterologous nucleic acid encoding a hydrogenase polypeptide operably linked to a promoter 

further comprise E. coli hydrogenase-3 (Hyd-3), E. coli pyruvate formate lyase (pfl), and E. coli 

formate hydrogen lyase (FHL) complex.

[0501] In some embodiments, the hydrogenase polypeptide encodes a ferredoxin-dependent 

hydrogenase polypeptide. In some embodiments, the ferredoxin-dependent hydrogenase 

polypeptide comprises Clostridium acetobutulicum hydrogenase A (HydA), which can be 

expressed in conjunction with one or more of: (1) Bacillus subtilis NADPH ferredoxin 

oxidoreductase (NFOR) or Clostridium kluyveri NADH ferredoxin oxidoreductase 

(RnfCDGEAB), Clostridium pasteuranium ferredoxin oxidoreductase (Fdx); (2) 

glyceraldehyde-6-phosphate ferredoxin oxidoreductase (GAPOR); or (3) pyruvate ferredoxin 

oxidoreductase (POR). In some embodiments, the ferredoxin-dependent hydrogenase 

polypeptide Clostridium acetobutulicum hydrogenase A (HydA) is expressed with three HydA- 

associated maturation enzymes (HydE, HydG, and HydF), and further in conjunction with one or 

more of: (1) Bacillus subtilis NADPH ferredoxin oxidoreductase (NFOR) or Clostridium 

kluyveri NADH ferredoxin oxidoreductase (RnfCDGEAB), Clostridium pasteuranium. 

ferredoxin oxidoreductase (Fdx); (2) glyceraldehyde-6-phosphate ferredoxin oxidoreductase 

(GAPOR); or (3) pyruvate ferredoxin oxidoreductase (POR).

[0502] In some embodiments, the hydrogenase polypeptide encodes an NADPH-dependent 

hydrogenase polypeptide. In some embodiments, the NADPH-dependent hydrogenase 

polypeptide comprises Pyrococcus furiosus hydrogenase. In some embodiments, the 

hydrogenase polypeptide encodes an oxygen-tolerant hydrogenase. In some embodiments, the 

oxygen-tolerant hydrogenase comprises Rubrivivax gelatinosus hydrogenase, and Ralstonia 

eutropha hydrogenase.

[0503] In some embodiments, the isoprene-producing cells described herein further comprise a 

mutation or deletion inactivating a gene involved in regulation of hydrogenase activity, such as 

iron-sulfur complex transcriptional regulator (iscR) (Kalim-Akhtar et al., “Deletion of iscR 

stimulates recombinant Clostridial Fe/Fe hydrogenase activity and ^-accumulation in 

Escherichia coli BL21(DE3),” Appl. Microbiol. Biotechnol. 78:853-862 (2008), which is 

incorporated herein by reference in its entirety, particularly with reference to stimulation of
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Clostridial Fe/Fe hydrogenase activity and hydrogen accumulation in E. coli by deleting the iscR 

gene).

[0504] In some embodiments, the isoprene-producing cells described herein further comprise a 

mutation or deletion inactivating a gene encoding one or more cellular polypeptides involved in 

production of fermentation side products, such as lactate, acetate, pyruvate, ethanol, succinate, 

and glycerol. In some embodiments, the inactivated polypeptides involved in production of 

fermentation side products comprise one or more polypeptides encoding formate dehydrogenase 

N, alpha subunit (fdnG), formate dehydrogenase O, large subunit (fdoG), nitrate reductase 

(narG), formate transporter A (focA), formate transporter B (focB), pyruvate oxidase (poxB), 

pyruvate dehydrogenase El component ackA/pta (aceE), alcohol dehydrogenase (adhE), 

fumarate reductase membrane protein (frdC), or lactate dehydrogenase (IdhK).

[0505] In some embodiments, the isoprene-producing cells described herein further comprise a 

mutation or deletion inactivating a gene encoding one or more cellular polypeptides involved in 

the regulation or expression of genes involved in production of fermentation side products. In 

some embodiments, the inactivated polypeptides involved in the regulation or expression of 

genes involved in production of fermentation side products comprise repressor of formate 

hydrogen lyase (hycAf fumarate reductase regulator (fnr), acetyl-coenzyme A synthetase (acs), 

and formate dehydrogenase regulatory protein (hycA).

[0506] In some embodiments, the isoprene-producing cells described herein further comprise a 

mutation or deletion inactivating a gene encoding one or more cellular polypeptides involved in 

hydrogen re-uptake. In some embodiments, the inactivated polypeptides involved in hydrogen 

re-uptake comprise E. coli hydrogenase-1 (Hyd-1) (kya operon) and £. coli hydrogenase-2 (Hyd- 

2) (hyb operon).

[0507] In some embodiments of any of the aspects described herein, the heterologous isoprene 

synthase, DXS polypeptide, IDI polypeptide, MVA pathway, hydrogenase, hydrogenase 

maturation or transcription factor polypeptide or nucleic acid is operably linked to a T7 

promoter, such as a T7 promoter contained in a medium or high copy plasmid. In some 

embodiments of any of the aspects described herein, the heterologous isoprene synthase, DXS 

polypeptide, IDI polypeptide, MVA pathway, hydrogenase, hydrogenase maturation or 

transcription factor nucleic acid is operably linked to a Trc promoter, such as a Trc promoter 

contained in a medium or high copy plasmid. In some embodiments of any of the aspects 

described herein, the heterologous isoprene synthase, DXS polypeptide, IDI polypeptide, MVA 

pathway, hydrogenase, hydrogenase maturation or transcription factor nucleic acid is operably
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linked to a Lac promoter, such as a Lac promoter contained in a low copy plasmid. In some 

embodiments of any of the aspects described herein, the heterologous isoprene synthase, DXS 

polypeptide, IDI polypeptide, MVA pathway, hydrogenase, hydrogenase maturation or 

transcription factor nucleic acid is operably linked to an endogenous promoter, such as an 

endogenous alkaline serine protease promoter. In some embodiments, the heterologous isoprene 

synthase, DXS polypeptide, IDI polypeptide, MVA pathway, hydrogenase, hydrogenase 

maturation or transcription factor nucleic acid integrates into a chromosome of the cells without 

a selective marker or without a selectable marker.

[0508] In some embodiments, one or more MVA pathway, IDI, DXS, isoprene synthase, 

hydrogenase, hydrogenase maturation or transcription factor nucleic acids are placed under the 

control of a promoter or factor that is more active in stationary phase than in the growth phase. 

For example, one or more MVA pathway, IDI, DXS, isoprene synthase, hydrogenase, 

hydrogenase maturation or transcription factor nucleic acids may be placed under control of a 

stationary phase sigma factor, such as RpoS. In some embodiments, one or more MVA pathway, 

IDI, DXS, isoprene synthase, hydrogenase, hydrogenase maturation or transcription factor 

nucleic acids are placed under control of a promoter inducible in stationary phase, such as a 

promoter inducible by a response regulator active in stationary phase.

[0509] In some embodiments of any of the aspects described herein, at least a portion of the 

cells maintain the heterologous isoprene synthase, DXS polypeptide, TDT polypeptide, MVA 

pathway, hydrogenase, hydrogenase maturation or transcription factor nucleic acid for at least or 

about 5, 10, 20, 40, 50, 60, 65, or more cell divisions in a continuous culture (such as a 

continuous culture without dilution). In some embodiments of any of the aspects described 

herein, the nucleic acid comprising the isoprene synthase, DXS polypeptide, IDI polypeptide, 

MVA pathway, hydrogenase, hydrogenase maturation or transcription factor nucleic acid also 

comprises a selective marker or a selectable marker, such as an antibiotic resistance nucleic acid. 

[0510] In some embodiments of any of the aspects described herein, cells that co-produce 

isoprene and hydrogen are cultured in any of the culture media described herein, under oxygen- 

limited conditions to facilitate the co-production of isoprene and hydrogen by the cells. In some 

embodiments, the cells are grown in oxygen-limited culture. In some embodiments, the cells are 

grown in the presence of 0.5 moles of oxygen per mole of isoprene. In some embodiments, the 

cells are grown anaerobically, in the absence of oxygen.

[0511] In some embodiments, any of the cells described herein are grown in oxygen-limited 

culture and co-produce isoprene and hydrogen. In some embodiments, the cells in oxygen-
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limited culture produce isoprene at a rate greater than about 400 nmole/gwcm/hr, and produce 

hydrogen at a rate greater than about 125 nmole/gwcm/hr. In some embodiments, the cells in 

oxygen-limited culture produce isoprene at a rate between about 400 nmole/gwcm/hr to about 2.0 

x 105 nmole/gwcm/hr and hydrogen at a rate between about 125 nrnole/gWcm/hr to about 1.25 x 104 

nmole/gwcm/hr. In some embodiments, the cells in oxygen-limited culture produce isoprene at a 

rate between about 400 nmole/gwcm/hr and about 2.0 x 105 nmole/gwcm/hr, between about 500 

nmole/gwcm/hr and about 1.5 * 105 nmole/gwcm/hr, between about 750 nmole/gwcm/hr and about 1 

x 105 nmole/gwcm/hr, between about 1000 nmole/gWCm/hr and about 1 x 105 nrnolc/gWcm/hr, 

between about 2500 nmole/gwcm/hr and about 1 x 105nmole/gWCm/hr, between about 5000 

nmole/gwcm/hr and about 1 x 10’nmole/gwcm/hr, between about 7500 nmole/gwcm/hr and about 1 

x 105 nmole/gWcm/hr, and between about 1 * 104 nmole/gwcm/hr and about 1 x 105 nmole/gwcm/hr. 

In some embodiments, the cells in oxygen-limited culture produce greater than about 400, 500, 

600, 700, 800, 900, 1,000, 1,250, 1,500, 1,750, 2,000, 2,500, 3,000, 4,000, 5,000, or more 

nmole/g„cm/hr isoprene. In some embodiments, the cells in oxygen-limited culture produce 

hydrogen at a rate between about 125 nmole/gwcm/hr to about 1.25 χ 104 nmole/gwcm/hr, between 

about 250 nmole/gWCm/hr to about 1.25 x 104 nmole/gwcm/hr, between about 500 nmole/gWCm/hr to 

about 1.25 x 104 nmole/gWCm/hr, between about 750 nmole/gwcm/hr to about 1.25 x 104 

nmole/gWcm/hr, between about 1000 nmole/gwcm/hr to about 1.25 x 104 nmole/gwcm/hr, between 

about 1250 nmole/gWCm/hr to about 1.25 x 104 nmole/gWCm/hr, between about 2500 nmole/gWCm/hr 

to about 1.25 x 104 nmole/gWCm/hr, between about 5000 nmole/gwcm/hr to about 1.25 x 104 

nmole/gWcm/hr, between about 7500 nmole/gWCm/hr to about 1.25 x 104 nniole/gWCm/hr, and 

between about 1.00 x 104 nmole/gwcm/hr to about 1.25 x 104 nmole/gwem/hr. In some 

embodiments, the cells in oxygen-limited culture produce greater than about 125, 250, 500, 750, 

1000, 1,250, 1,500, 1,750, 2,000, 2,500, 3,000, 4,000, 5,000, 7,500, 10,000, or more 

nmole/gWcm/hr hydrogen.

[0512] In some embodiments, any of the cells described herein are grown in oxygen-limited 

culture and co-produce isoprene and hydrogen. In some embodiments, the cells in oxygen- 

limited culture have an average volumetric productivity of isoprene greater than about 0.1 

mg/Lbroth/hr and an average volumetric productivity of hydrogen greater than about 0.005 

mg/Lbrotii/hr. In some embodiments, the cells in oxygen-limited culture have a peak volumetric 

productivity of isoprene greater than about 1000 mg/Lbroth/hr and a peak volumetric productivity 

of hydrogen greater than about 5 mg/Lbroth/hr. In some embodiments, the cells in oxygen-limited 

culture have a peak volumetric productivity of isoprene greater than about 3000 mg/Lbroth/hr and
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a peak volumetric productivity of hydrogen greater than about 5 mg/Lbroth/hr. In some 

embodiments, the cells in oxygen-limited culture have a peak volumetric productivity of 

isoprene greater than about 5000 mg/Lbroth/hr and a peak volumetric productivity of hydrogen 

greater than about 5 mg/Lbroth/hr. In some embodiments, the cells in oxygen-limited culture have 

an average volumetric productivity of isoprene between about 0.1 mg/Lbroth/hr and about 5000 

mg/Lbroth/hr, and an average volumetric productivity of hydrogen between about 0.005 

mg/Lbroth/hr and about 5 mg/Lbroth/hr. In some embodiments, the cells in oxygen-limited culture 

have an average volumetric productivity of isoprene between about 1 mg/LbrOth/hr and about 

5000 mg/Lbroth/hr, between about 5 mg/Lbroth/hr and about 5000 mg/Lbroth/hr, between about 10 

mg/Lbroth/hr and about 5000 mg/Lbroth/hr, between about 25 mg/Lbroth/hr and about 5000 

mg/Lbroth/hr, between about 50 mg/Lbroth/hr and about 5000 mg/Lbroth/hr, between about 100 

mg/Lbroth/hr and about 5000 mg/Lbroth/hr, between about 250 mg/Lbroth/hr and about 5000 

mg/LbrOth/hr, between about 500 mg/Lbroth/hr and about 5000 mg/Lbroth/hr, between about 1000 

mg/Lbroth/hr and about 5000 mg/Lbroth/hr, and between about 2500 mg/Lbroth/hr and about 5000 

mg/Lbroth/hr, and an average volumetric productivity of hydrogen between about 0.01 

mg/LbrOth/hr and about 5 mg/Lbroth/hr, between about 0.025 mg/Lbroth/hr and about 5 mg/Lbroth/hr, 

between about 0.05 mg/Lbroth/hr and about 5 mg/Lbroth/hr, between about 0.1 mg/Lbroth/hr and 

about 5 mg/Lbroth/hr, between about 0.25 mg/Lbroth/hr and about 5 mg/Lbroth/hr, between about 0.5 

mg/Lbroth/hr and about 5 mg/Lbroth/hr, between about 1 mg/Lbroth/hr and about 5 mg/Lbroth/hr, and 

between about 2.5 mg/Lbroth/hr and about 5 mg/Lbroth/hr.

[0513] In some embodiments, any of the cells described herein are grown in oxygen-limited 

culture and co-produce isoprene and hydrogen. In some embodiments, the cells in oxygen- 

limited culture convert more than about 0.002 molar percent of the carbon that the cells consume 

from a cell culture medium into isoprene, and produce hydrogen equivalent to more than about 

0.024 molar percent of the carbon that the cells consume from a cell culture medium. In some 

embodiments, the cells in oxygen-limited culture convert more than about 0.002 molar percent 

of the carbon that the cells consume from a cell culture medium into isoprene, and produce 

hydrogen equivalent to more than about 400 molar percent of the carbon that the cells consumer 

from a cell culture medium.

[0514] In some embodiments, any of the cells described herein that co-produce isoprene and 

hydrogen are grown in oxygen-limited culture. In some embodiments, the cells in oxygen- 

limited culture co-produce isoprene and hydrogen in a ratio ranging from at least one molar 

percent of isoprene for every three molar percent of hydrogen to at least one molar percent of
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isoprene for every four molar percent of hydrogen. In some embodiments, the cells in oxygen- 

limited culture produce an off-gas containing from 1 to 11 molar percent isoprene and from 3 to 

33 molar percent hydrogen. In some embodiments, the cells produce from 1 to 11 molar percent 

isoprene and from 4 to 44 molar percent hydrogen. In some embodiments, the cells in oxygen- 

limited culture also produce an off-gas containing oxygen, carbon dioxide, or nitrogen. In some 

embodiments, the cells in oxygen limited culture produce an off-gas containing from 0 to 21 

molar percent oxygen, from 18 to 44 molar percent carbon dioxide, and from 0 to 78 molar 

percent nitrogen.

[0515] In another aspect, provided herein are cells in oxygen-limited culture that co-produce 

isoprene and hydrogen, comprising a heterologous nucleic acid encoding an isoprene synthase 

polypeptide, wherein the cells: (i) produce isoprene at a rate greater than about 400 

nmole/gWcm/hr and produce hydrogen at a rate greater than about 125 nmole/gWCm/hr; (ii) have an 

average volumetric productivity of isoprene greater than about 0.1 mg/Lbroth/hr and an average 

volumetric productivity of hydrogen greater than about 0.005 mg/Lbroth/hr; or (iii) convert more 

than about 0.002 molar percent of the carbon that the cells consume from a cell culture medium 

into isoprene, and produce hydrogen equivalent to more than about 0.024 molar percent of the 

carbon that the cells consume from a cell culture medium.

[0516] In some embodiments, the cells in oxygen-limited culture comprise a heterologous 

nucleic acid encoding an isoprene synthase polypeptide, wherein the heterologous nucleic acid is 

operably linked to a promoter, and wherein the cells produce greater than about 400 

nmole/gWcm/hr of isoprene and greater than about 125 nmole/gwcm/hr of hydrogen. In some 

embodiments, the cells in oxygen-limited culture comprise a heterologous nucleic acid encoding 

an isoprene synthase polypeptide, wherein the heterologous nucleic acid is operably linked to a 

promoter, and wherein the cells have an average volumetric productivity of isoprene greater than 

about 0.1 mg/Lbroth/hr and an average volumetric productivity of hydrogen greater than about 

0.005 mg/Lbroth/hr. In some embodiments, the cells in oxygen-limited culture comprise a 

heterologous nucleic acid encoding an isoprene synthase polypeptide, wherein the heterologous 

nucleic acid is operably linked to a promoter, and wherein the cells convert more than about 

0.002 molar percent of the carbon that the cells consume from a cell culture medium into 

isoprene, and more than about 0.024 molar percent of the carbon that the cells consume from a 

cell culture medium into hydrogen. In some embodiments, the isoprene synthase polypeptide is 

a plant isoprene synthase polypeptide.
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[0517] In some embodiments, the cells in oxygen-limited culture comprising a heterologous 

nucleic acid encoding an isoprene synthase polypeptide produce isoprene at a rate between about 

400 nmole/gwcm/hr and about 2.0 x 105 nmole/g„Cm/hr, between about 500 nmole/gwcm/hr and 

about 1.5 x 105 nmole/gwcm/hr, between about 750 nmole/gwcm/hr and about 1 x 10s

nmole/gwcm/hr, between about 1000 nmole/gwcm/hr and about 1 x 105nmole/gWCm/hr, between 

about 2500 nmole/gwcm/hr and about 1 x 10s nmole/gwcm/hr, between about 5000 nmole/gwcm/hr 

and about 1 x 105 nmole/gwcm/hr, between about 7500 nmole/gwcm/hr and about 1 x 10s 

nmolc/gWcm/hr, and between about 1 x 104 nmole/gWCm/hr and about 1 x 105nmole/gWcm/hr, and 

produce hydrogen at a rate between about 125 nmole/gwcm/hr to about 1.25 x 104 nmole/gwcm/hr, 

between about 250 nmole/gwcm/hr to about 1.25 * 104 nmole/gWCm/hr, between about 500 

nmole/gwcm/hr to about 1.25 x 104 nmole/gwcm/hr, between about 750 nmole/gwcm/hr to about

1.25 x 104 nmole/gwcm/hr, between about 1000 nmole/gWCm/hr to about 1.25 x 104 nrnole/gWcm/hr, 

between about 1250 nmole/gwcm/hr to about 1.25 x 104 nmole/gwcm/hr, between about 2500 

nmole/gWcm/hr to about 1.25 x 104 nmole/gwcm/hr, between about 5000 nmole/gWCm/hr to about

1.25 x 104 nmole/g wem/hr, between about 7500 nmole/gwcm/hr to about 1.25 x 104 nmole/gwcm/hr, 

and between about 1.00 x 104 nmole/gwcm/hr to about 1.25 x 104 nmole/gWCm/hr.

[0518] In some embodiments, provided herein are methods of co-producing isoprene and 

hydrogen, the methods comprising: (a) culturing cells under conditions suitable for the co­

production of isoprene and hydrogen; and (b) co-producing isoprene and hydrogen, wherein the 

cells produce greater than about 400 nmole/gwcm/hour of isoprene, and wherein the cells produce 

greater than about 125 nmole/gWCm/hr of hydrogen.

[0519] In some embodiments, the cells in oxygen-limited culture comprising a heterologous 

nucleic acid encoding an isoprene synthase polypeptide produce isoprene at a rate between about 

400 nmole/gwcm/hr and about 2.0 x 105 nmole/gwcm/hr, between about 500 nnrole/gwcm/hr and 

about 1.5 x 105 nmole/gwcm/hr, between about 750 nmole/gwcm/hr and about 1 x 105

nmole/gWcm/hr, between about 1000 nmole/gwcm/hr and about 1 x 105nmole/gwcm/hr, between 

about 2500 nmole/gWCm/hr and about 1 x 105 nmole/gwcm/hr, between about 5000 nmole/gWCm/hr 

and about 1 x 105 nmole/gwcm/hr, between about 7500 nmole/gwcm/hr and about 1 x 105 

nmole/gWcm/hr, and between about 1 x 104 nmole/gWCm/hr and about 1 x 105nmole/gWCm/hr, and 

produce hydrogen at a rate between about 125 nmole/gWCm/hr to about 1.25 x 104 nmole/gWCm/hr, 

between about 250 nmole/gwcm/hr to about 1.25 x 104 nmole/gWCm/hr, between about 500 

nmole/gWcm/hr to about 1.25 x 104 nmole/gwcm/hr, between about 750 nmole/gwcm/hr to about

1.25 x 104nmole/gw cm/hr, between about 1000 nmole/gwclll/hr to about 1.25 x 104 nmole/gwcm/hr,
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between about 1250 nmole/gwcm/hr to about 1.25 x 104 nmole/gWCm/hr, between about 2500 

nmole/gWcra/hr to about 1.25 x 104 nmole/gwcm/hr, between about 5000 nmole/gwcm/hr to about

1.25 x 104 nmole/gWcm/hr, between about 7500 nmole/gwcm/hr to about 1.25 x 104 nmole/gwcm/hr, 

and between about 1.00 x 104 nmole/gwcm/hr to about 1.25 x 104 nmole/gWCm/hr.

[0520] In some embodiments, provided herein are methods of co-producing isoprene and 

hydrogen, the methods comprising: (a) culturing cells under conditions suitable for the co­

production of isoprene and hydrogen; and (b) co-producing isoprene and hydrogen, wherein the 

cells have an average volumetric productivity of isoprene greater than about 0.1 mg/Lbroth/hr and 

an average volumetric productivity of hydrogen greater than about 0.005 mg/Lbroth/hr.

[0521] In some embodiments, provided herein are methods of co-producing isoprene and 

hydrogen, the methods comprising: (a) culturing cells under conditions suitable for the co­

production of isoprene and hydrogen; and (b) co-producing isoprene and hydrogen, wherein the 

cells convert more than about 0.002 molar percent of the carbon that the cells consume from a 

cell culture medium into isoprene, and produce hydrogen equivalent to more than about 0.024 

molar percent of the carbon that the cells consume from a cell culture medium.

[0522] In some embodiments, provided herein are compositions comprising isoprene and 

hydrogen in a ratio ranging from at least one molar percent of isoprene for every three molar 

percent of hydrogen to at least one molar percent of isoprene for every four molar percent of 

hydrogen, and 0.1 molar percent or less of volatile impurities. In some embodiments, the 

compositions further comprise from 1 to 11 molar percent isoprene and from 4 to 44 molar 

percent hydrogen. In some embodiments, the compositions further comprise oxygen, carbon 

dioxide, or nitrogen. In some embodiments, the compositions further comprise from 0 to 21 

molar percent oxygen, from 18 to 44 molar percent carbon dioxide, and from 0 to 78 molar 

percent nitrogen. In some embodiments, the composition further comprises 1.0 x 10"4 molar 

percent or less of non-methane volatile impurities. In some embodiments, the non-methane 

volatile impurities comprise one or more of the following: 2-heptanone, 6-methyl-5-hepten-2- 

one, 2,4,5-trimethylpyridine, 2,3,5-trimethylpyrazine, citronellal, acetaldehyde, methanethiol, 

methyl acetate, 1-propanol, diacetyl, 2-butanone, 2-methyl-3-buten-2-ol, ethyl acetate, 2-methyl- 

l-propanol, 3-methyl- 1-butanal, 3-methyl-2-butanone, 1-butanol, 2-pentanone, 3-methyl-l- 

butanol, ethyl isobutyrate, 3-methyl-2-butenal, butyl acetate, 3-methylbutyl acetate, 3-methyl-3- 

buten-l-yl acetate, 3-methyl-2-buten-l-yl acetate, 3-hexen-l-ol, 3-hexen-l-yl acetate, limonene, 

geraniol (trans-3,7-dimethyl-2,6-octadien-l-ol), citronellol (3,7-dimethyl-6-octen-l-ol), (E)-3,7- 

dimethyl-1,3,6-octatriene, (Z)-3,7-dimethyl-l,3,6-octatriene, 2,3-cycloheptenolpyridine, or a
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linear isoprene polymer (such as a linear isoprene dimer or a linear isoprene trimer derived from 

the polymerization of multiple isoprene units). In some embodiments, the non-methane volatile 

impurities comprise one or more of the following: the isoprene composition includes one or 

more of the following: an alcohol, an aldehyde, or a ketone (such as any of the alcohols, 

aldehydes, or ketones described herein). In some embodiments, the isoprene composition 

includes (i) an alcohol and an aldehyde, (ii) an alcohol and a ketone, (iii) an aldehyde and a 

ketone, or (iv) an alcohol, an aldehyde, and a ketone. In some embodiments, the non-methane 

volatile impurities comprise one or more of the following: methanol, acetaldehyde, ethanol, 

methanethiol, 1-butanol, 3-methyl-1-propanol, acetone, acetic acid, 2-butanone, 2-methyl-l - 

butanol, or indole.

[0523] Also provided herein are methods of co-producing isoprene and hydrogen, the methods 

comprising: a) culturing cells under conditions suitable for the co-production of isoprene and 

hydrogen; and b) co-producing isoprene and hydrogen, wherein the peak concentration ofthe 

isoprene produced by the cells in oxygen-limited culture is greater than about 10 ng/Lbroth and 

the hydrogen evolution rate of the cells is greater than about 0.0025 mmol/Lbroth/hour. In some 

embodiments of any of these methods, the hydrogen evolution rate is between about any of 

0.0025 mmol/Lbroth/hr and about 10 mmol/Lbroth/hr, between about 0.0025 mmol/Lbroth/hr and 

about 5 mmol/Lbroth/hr, between about 0.0025 mmol/Lbroth/hr and about 2.5 mmol/Lbroth/hr, 

between about 0.0025 mmol/Lbroth/hr and about 1 mmol/Lbroth/hr, between about 0.0025 

mmol/Lbroth/hr and about 0.5 mmol/Lbroth/hr, between about 0.0025 mmol/Lbroth/hr and about 0.25 

mmol/Lbroth/hr, between about 0.0025 mmol/Lbroth/hr and about 0.025 mmol/Lbroth/hr, between 

about 0.025 mmol/Lbrotii/hr and about 0.5 mmol/Lbroth/hr, between about 0.025 mmol/Lbrotii/hr and 

about 1 mmol/Lbroth/hr, between about 0.025 mmol/Lbroth/hr and about 2.5 mmol/Lbroth/hr, 

between about 0.025 mmol/Lbroth/hr and about 5 mmol/Lbroth/hr, between about 0.025 

mmol/Lbroth/hr and about 10 mmol/Lbroth/hr, between about 0.25 mmol/Lbroth/hr and 1 

mmol/Lbroth/hr, between about 0.25 mmol/Lbroth/hr and 2.5 mmoLLbroth/hr, between about 0.25 

mmol/Lbroth/hr and 2.5 mmol/Lbroth/hr, and between about 0.25 mmol/Lbroth/hr and 10 

mmol/Lbrotii/hr.

[0524] Provided herein are also methods of co-producing isoprene and hydrogen comprising

a) culturing cells under conditions suitable for the co-production of isoprene and hydrogen; and

b) co-producing isoprene and hydrogen, wherein the liquid phase concentration of isoprene is 

less than about 200 mg/L, the cells produce greater than about 400 nmole/gwcm/hour of isoprene, 

and the hydrogen evolution rate of the cells is greater than about 0.0025 mmol/L/hour. In some
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embodiments, the liquid phase concentration of isoprene in the culture is less than about any of 

175 mg/L, 150 mg/L, 125 mg/L, 100 mg/L, 75 mg/L, 50 mg/L, 25 mg/L, 20 mg/L, 15 mg/L, 10 

mg/L, 5 mg/L, or 2.5 mg/L. In some embodiments, the liquid phase concentration of isoprene in 

culture is between about any of 0.1 mg/L to 200 mg/L, 1 mg/L to 200 mg/L, 1 mg/L to 150 

mg/L, 1 mg/L to 100 mg/L, 1 mg/L to 50 mg/L, 1 mg/L to 25 mg/L, 1 mg/L to 20 mg/L, or 10 

mg/L to 20 mg/L. In some embodiments of any of these methods, the hydrogen evolution rate is 

between about any of 0.0025 mmol/Lbroth/hr and about 10 mmol/Lbroth/hr, between about 0.0025 

mmol/Lbroth/hr and about 5 mmol/Lbroth/hr, between about 0.0025 mmol/Lbroth/hr and about 2.5 

mmol/Lbroth/hr, between about 0.0025 mmol/Lbroth/hr and about 1 mmol/Lbroth/hr, between about 

0.0025 mmol/Lbroth/hr and about 0.5 mmol/Lbroth/hr, between about 0.0025 mmol/Lbroth/hr and 

about 0.25 mmol/Lbroth/hr, between about 0.0025 mmol/Lbroth/hr and about 0.025 mmol/Lbroth/hr, 

between about 0.025 mmol/Lbroth/hr and about 0.5 mmol/Lbroth/hr, between about 0.025 

mmol/Lbroth/hr and about 1 mmol/Lbroth/hr, between about 0.025 mmol/Lbroth/hr and about 2.5 

mmol/Lbroth/hr, between about 0.025 mmol/Lbroth/hr and about 5 mmol/Lbroth/hr, between about 

0.025 mmol/Lbroth/hr and about 10 mmol/Lbroth/hr, between about 0.25 mmol/Lbroth/hr and 1 

mmol/Lbroth/hr, between about 0.25 mmol/Lbroth/hr and 2.5 mmol/Lbroth/hr, between about 0.25 

mmol/Lbroth/hr and 2.5 mmol/Lbroth/hr, and between about 0.25 mmol/Lbroth/hr and 10 

mmol/Lbroth/hr.

[0525] In one aspect, provided herein are cells in oxygen-limited culture that co-produce 

isoprene and hydrogen. In some embodiments, the oxygen-limited culture is anaerobic. In some 

embodiments, the cells in oxygen-limited culture produce greater than about 400 nrnole/gwcm/hr 

of isoprene and greater than about 125 nmole/gWCm/hr of hydrogen. In some embodiments, the 

cells have a heterologous nucleic acid that (i) encodes an isoprene synthase polypeptide and (ii) 

is operably linked to a promoter. In some embodiments, the cells are cultured in a culture 

medium that includes a carbon source, such as, but not limited to, a carbohydrate, glycerol, 

glycerine, dihydroxyacetone, one-carbon source, oil, animal fat, animal oil, fatty acid, lipid, 

phospholipid, glycerolipid, monoglyceride, diglyceride, triglyceride, renewable carbon source, 

polypeptide (e.g., a microbial or plant protein or peptide), yeast extract, component from a yeast 

extract, or any combination of two or more of the foregoing. In some embodiments, the cells are 

cultured under limited glucose conditions.

[0526] In some embodiments, provided herein are cells in oxygen-limited culture that convert 

more than about 0.002% of the carbon in a cell culture medium into isoprene and produce 

hydrogen equivalent to more than about 0.024 molar percent of the carbon in a cell culture
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medium. In some embodiments, the oxygen-limited culture is anaerobic. In some embodiments, 

the cells have a heterologous nucleic acid that (i) encodes an isoprene synthase polypeptide and 

(ii) is operably linked to a promoter. In some embodiments, the cells are cultured in a culture 

medium that includes a carbon source, such as, but not limited to, a carbohydrate, glycerol, 

glycerine, dihydroxyacetone, one-carbon source, oil, animal fat, animal oil, fatty acid, lipid, 

phospholipid, glycerolipid, monoglyceride, diglyceride, triglyceride, renewable carbon source, 

polypeptide (e.g., a microbial or plant protein or peptide), yeast extract, component from a yeast 

extract, or any combination of two or more of the foregoing. In some embodiments, the cells are 

cultured under limited glucose conditions.

[0527] In some embodiments, provided herein are cells in oxygen-limited culture that 

comprise a heterologous nucleic acid encoding an isoprene synthase polypeptide, in some 

embodiments, the oxygen-limited culture is anaerobic. In some embodiments, the cells have a 

heterologous nucleic acid that (i) encodes an isoprene synthase polypeptide and (ii) is operably 

linked to a promoter. In some embodiments, the cells are cultured in a culture medium that 

includes a carbon source, such as, but not limited to, a carbohydrate, glycerol, glycerine, 

dihydroxyacetone, one-carbon source, oil, animal fat, animal oil, fatty acid, lipid, phospholipid, 

glycerolipid, monoglyceride, diglyceride, triglyceride, renewable carbon source, polypeptide 

(e.g., a microbial or plant protein or peptide), yeast extract, component from a yeast extract, or 

any combination of two or more of the foregoing. In some embodiments, the cells are cultured 

under limited glucose conditions.

[0528] In one aspect, provided herein are methods of co-producing isoprene with another 

compound, such as methods of using any of the cells described herein to co-produce isoprene 

and hydrogen. In some embodiments, the method involves culturing cells under oxygen-limited 

conditions sufficient to produce greater than about 400 nmole/gwcm/hr of isoprene and greater 

than about 125 nmole/gWCm/hr of hydrogen. In some embodiments, the oxygen-limited culture is 

anaerobic. In some embodiments, the method also includes recovering the isoprene and 

hydrogen produced by the cells. In some embodiments, the method further includes purifying the 

isoprene and the hydrogen produced by the cells. In some embodiments, the method includes 

polymerizing the isoprene. In some embodiments, the cells have a heterologous nucleic acid that 

(i) encodes an isoprene synthase polypeptide and (ii) is operably linked to a promoter. In some 

embodiments, the cells are cultured in a culture medium that includes a carbon source, such as, 

but not limited to, a carbohydrate, glycerol, glycerine, dihydroxyacetone, one-carbon source, oil, 

animal fat, animal oil, fatty acid, lipid, phospholipid, glycerolipid, monoglyceride, diglyceride,
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triglyceride, renewable carbon source, polypeptide (e.g., a microbial or plant protein or peptide), 

yeast extract, component from a yeast extract, or any combination of two or more of the 

foregoing. In some embodiments, the cells are cultured under limited glucose conditions. In 

various embodiments, the amount of isoprene produced (such as the total amount of isoprene 

produced or the amount of isoprene produced per liter of broth per hour per OD,,0o) during 

stationary phase is greater than or about 2 or more times the amount of isoprene produced during 

the growth phase for the same length of time.

[0529] In some embodiments, the method includes culturing cells under oxygen-limited 

conditions sufficient to convert more than about 0.002% of the carbon (mol/mol) in a cell culture 

medium into isoprene and to produce hydrogen equivalent to more than about 0.024 molar 

percent of the carbon in a cell culture medium. In some embodiments, the oxygen-limited 

culture is anaerobic. In some embodiments, the method also includes recovering isoprene and 

hydrogen produced by the cells. In some embodiments, the method further includes purifying 

isoprene and hydrogen produced by the cells. In some embodiments, the method includes 

polymerizing the isoprene. In some embodiments, the cells have a heterologous nucleic acid that 

(i) encodes an isoprene synthase polypeptide and (ii) is operably linked to a promoter. In some 

embodiments, the cells are cultured in a culture medium that includes a carbon source, such as, 

but not limited to, a carbohydrate, glycerol, glycerine, dihydroxyacetone, one-carbon source, oil, 

animal fat, animal oil, fatty acid, lipid, phospholipid, glycerolipid, monoglyceride, diglyceride, 

triglyceride, renewable carbon source, polypeptide (e.g., a microbial or plant protein or peptide), 

yeast extract, component from a yeast extract, or any combination of two or more of the 

foregoing.

[0530] In some embodiments of any of the aspects described herein, the microbial polypeptide 

carbon source includes one or more polypeptides from yeast or bacteria. In some embodiments 

of any of the aspects described herein, the plant polypeptide carbon source includes one or more 

polypeptides from soy, corn, canola, jatropha, palm, peanut, sunflower, coconut, mustard, 

rapeseed, cottonseed, palm kernel, olive, safflower, sesame, or linseed.

[0531] In some embodiments, isoprene and hydrogen are only co-produced in stationary 

phase. In some embodiments, isoprene and hydrogen are co-produced in both the growth phase 

and stationary phase. In various embodiments, the amount of isoprene produced (such as the 

total amount of isoprene produced or the amount of isoprene produced per liter of broth per hour 

per OD6oo) during stationary phase is greater than or about 2, 3, 4, 5, 10, 20, 30, 40, 50, or more 

times the amount of isoprene produced during the growth phase for the same length of time. In
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various embodiments, the amount of hydrogen produced (such as the total amount of hydrogen 

produced or the amount of hydrogen produced per liter of broth per hour per OD,l(,o) during 

stationary phase is greater than or about 2, 3, 4, 5, 10, 20, 30, 40, 50, or more times the amount 

of hydrogen produced during the growth phase for the same length of time.

[0532] In some embodiments, the compositions provided herein comprise hydrogen and 

greater than or about 99.90, 99.92, 99.94, 99.96, 99.98, or 100% isoprene by weight compared to 

the total weight of all C5 hydrocarbons in the composition. In some embodiments, the 

composition comprises less than or about 0.12, 0.10, 0.08, 0.06, 0.04, 0.02, 0.01, 0.005, 0.001, 

0.0005, 0.0001, 0.00005, or 0.00001% C5 hydrocarbons other than isoprene (such as 1,3- 

cyclopcntadiene, cis-l,3-pentadiene, trans-1,3-pentadiene, 1,4-pentadiene, 1-pentyne, 2-pentyne, 

1-pentene, 2-methyl-l-butene, 3-methyl-l-butyne, pent-4-ene-l-yne, trans-pent-3-ene-l-yne, or 

cis-pent-3-ene-l-yne) by weight compared to the total weight of all C5 hydrocarbons in the 

composition. In some embodiments, the composition has less than or about 0.12, 0.10, 0.08,

0.06, 0.04, 0.02, 0.01, 0.005, 0.001, 0.0005, 0.0001, 0.00005, or 0.00001% for 1,3-

cyclopentadiene, cis-l,3-pentadiene, trans-1,3-pentadiene, 1,4-pentadiene, 1-pentyne, 2-pentyne, 

1-pentene, 2-methyl-l-butene, 3-methyl-l-butyne, pent-4-ene-l-yne, trans-pent-3-ene-l-yne, or 

cis-pent-3-ene-l -yne by weight compared to the total weight of all C5 hydrocarbons in the 

composition. In particular embodiments, the composition has greater than about 2 mg of 

isoprene and has greater than or about 99.90, 99.92, 99.94, 99.96, 99.98, or 100% isoprene by 

weight compared to the total weight of all C5 hydrocarbons in the composition. In some 

embodiments, the composition has less than or about 50, 40, 30, 20, 10, 5, 1, 0.5, 0.1, 0.05, 0.01, 

or 0.005 pg/L of a compound that inhibits the polymerization of isoprene for any compound in 

the composition that inhibits the polymerization of isoprene. In particular embodiments, the 

composition also comprises greater than about 2 mg of isoprene and greater than about 0.48 mg 

of hydrogen.

[0533] In some embodiments, the volatile organic fraction of the gas phase has less than or 

about 50, 40, 30, 20, 10,5, 1, 0.5, 0.1, 0.05, 0.01, or 0.005 pg/L of a compound that inhibits the 

polymerization of isoprene for any compound in the volatile organic fraction of the gas phase 

that inhibits the polymerization of isoprene. In particular embodiments, the volatile organic 

fraction of the gas phase also has greater than about 2 mg of isoprene and greater than about 0.48 

mg of hydrogen.

[0534] In some embodiments, the systems include any of the cells and/or compositions 

described herein. In some embodiments, the system includes a reactor that chamber comprises
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cells in oxygen-limited culture that produce greater than about 400, 500, 600, 700, 800, 900, 

1,000, 1,250, 1,500, 1,750, 2,000, 2,500, 3,000, 4,000, 5,000, or more nmole/gWCm/hr isoprene 

and greater than about 125, 250, 500, 750, 1000, 1,250, 1,500, 1,750, 2,000, 2,500, 3,000, 4,000, 

5,000, 7,500, 10,000, or more nmole/gwcm/hr hydrogen. In some embodiments, the system is not 

a closed system. In some embodiments, at least a portion of the isoprene is removed from the 

system. In some embodiments, the system includes a gas phase comprising isoprene and 

hydrogen. In various embodiments, the gas phase comprises any of the compositions described 

herein.

[0535] In one aspect, featured herein is a product produced by any of the compositions or 

methods described herein.

Cell Viability at High Isoprene Titer

[0536] Isoprene is a hydrophobic molecule secreted by many plants, animals, and microbes. 

Bacteria, such as Bacillus, produce isoprene at fairly low levels. While there is some evidence 

that plants secrete isoprene to help with thermoprotection, it has been hypothesized that isoprene 

may act antagonistically to cyanobacteria or fungi, or as an antimicrobial agent. See, e.g., 

Ladygina et al., Process Biochemistry 41:1001-1014 (2006), which is incorporated by reference 

in its entirety, particularly with respect to isoprene acting antagonistically. Since the very low 

production levels happening in nature are sufficient to be anti-microbial, it was of great concern 

that the titers and productivity levels of isoprene necessary for commercialization of isoprene 

would kill the host microbe.

[0537] We have found methods for producing titers and productivity levels of isoprene for 

commercialization of isoprene while maintaining cell viability and/or metabolic activity as 

indicated by carbon dioxide evolution rate or total carbon dioxide evolution rate.

[0538] Provided herein are methods of producing isoprene comprising: a) culturing cells under 

suitable conditions for production of isoprene; and b) producing isoprene, wherein cells produce 

greater than about 400 nmole/gWCm/hour of isoprene, and the carbon dioxide evolution rate of the 

cells is greater than about 1 x 10'18 mmol/L/hour. In some embodiments, the isoprene produced 

is any concentration or amount disclosed in the section entitled “Exemplary Production of 

Isoprene.” In some embodiments, the amount of isoprene is between about any of 400 

nmole/gwcm/hour to 1 mole/gwcm/hour, 400 nmole/gwcm/hour to 1 mmole/gwcm/hour, 400 

nmole/gwcm/hour to 40 mmole/gwcm/hour, 400 nmole/gwcm/hour to 4 mmole/gwcm/hour, 1 

mmole/gwcm/hour to 1.5 mmole/g„cm/hour, 1.5 mmole/gwcm/hour io 3 mmole/gwcm/hour, 3
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mmole/gWcm/hour to 5 mmole/gwcm/hour, 5 mmole/gwcm/hour to 25 mmole/gWCm/hour, 25

mmole/gwcm/hour to 100 mmole/gwcm/hour, 100 mmole/gwcm/hour to 500 mmole/g„Cm/hour, or

500 mmole/gwcm/hour to 1000 mmole/gwcm/hour. In some embodiments, the amount of isoprene

is about any of 1 mmole/gwcm/hour, 1.5 mmole/gwcm/hour, 2 mmole/gwcm/hour, 3

mmole/gwcm/hour, 4 mmole/gwcm/hour, or 5 mmole/gwcm/hour. In some embodiments, the carbon 
-18dioxide evolution rate is between about any of 1 x 10’ mmol/L/hour to about 1 mol/L/hour, 1 

mmol/L/hour to 1 mol/L/hour, 25 mmol/L/hour to 750 mmol/L/hour, 25 mmol/L/hour to 75 

mmol/L/hour, 250 mmol/L/hour to 750 mmol/L/hour, or 450 mmol/L/hour to 550 mmol/L/hour. 

In some embodiments, the carbon dioxide evolution rate is about any of 50 mmol/L/hour, 100 

mmol/L/hour, 150 mmol/L/hour, 200 mmol/L/hour, 250 mmol/L/hour, 300 mmol/L/hour, 350 

mmol/L/hour, 400 mmol/L/hour, 450 mmol/L/hour, or 500 mmol/L/hour.

[0539] Provided herein are also methods of producing isoprene comprising: a) culturing cells 

under suitable conditions for production of isoprene; and b) producing isoprene, wherein cells 

produce greater than about 400 nmole/gwcm/hour of isoprene, and cell viability is reduced by less 

than about two-fold. In some embodiments, the isoprene produced is any concentration or 

amount disclosed in the section entitled “Exemplary Production of Isoprene.” In some 

embodiments, the amount of isoprene is between about any of 400 nmole/gwcm/hour to 1 

mole/gwcm/hour, 400 nmole/gwcm/hour to 1 mmole/g„Cm/hour, 400 nmole/gWcm/hour to 40 

mmole/gwcm/hour, 400 nmole/gWCm/hour to 4 mmole/gWCm/hour, 1 mmole/gwcm/hour to 1.5 

mmole/gwcm/hour, 1.5 mmole/gwcm/hour to 3 mmole/gwcm/hour, 3 mmole/gwcm/hour to 5 

mmole/gwcm/hour, 5 mmole/gWCm/hour to 25 mmole/gWcm/hour, 25 mniole/gWcm/hour to 100 

mmole/gwcm/hour, 100 mmole/gWCm/hour to 500 mmole/gWCm/hour, or 500 mmole/gWCm/hour to 

1000 mmole/gWcm/hour. In some embodiments, the amount of isoprene is about any of 1 

mmole/gwcm/hour, 1.5 mniole/gwcm/hour, 2 mmole/gWCm/honr, 3 mmole/gwcm/hour, 4 

mmole/gwcm/hour, or 5 mmole/gWCm/hour. In some embodiments, cell viability is reduced by less 

than about any of 1.75-fold, 1.5-fold, 1.25-fold, 1-fold, 0.75-fold, 0.5-fold, or 0.25-fold. In some 

embodiments, cell viability is reduced by about 2-fold.

[0540] Further provided herein are methods of producing isoprene comprising: a) culturing 

cells under suitable conditions for production of isoprene; and b) producing isoprene, wherein 

the cumulative total productivity of the isoprene produced by the cells in culture is greater than 

about 0.2 mg/Lbroth/hour and the carbon dioxide evolution rate of the cells is greater than about 1 

χ 10"18 mmol/L/hour. In some embodiments, the cumulative total productivity of isoprene is any 

concentration or amount disclosed in the section entitled “Exemplary Production of Isoprene.” In
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some embodiments, the cumulative total productivity of the isoprene is between about any of 0.2 

mg/Lbroth/hour to 5 g/LbTOth/hour, 0.2 mg/Lbroth/hour to 1 g/Lbroth/hour, 1 g/Lbroth/hour to 2.5 

g/Lbroth/hour, 2.5 g/Lbroth/hour to 5 g/Lbroth/hour. In some embodiments, the carbon dioxide 

evolution rate is between about any of 1 x 10’18 mmol/L/hour to about 1 mol/L/hour, 1 

mmol/L/hour to 1 mol/L/hour, 25 mmol/L/hour to 750 mmol/L/hour, 25 mmol/L/hour to 75 

mmol/L/hour, 250 mmol/L/hour to 750 mmol/L/hour, or 450 mmol/L/hour to 550 mmol/L/hour. 

In some embodiments, the carbon dioxide evolution rate is about any of 50 mmol/L/hour, 100 

mmol/L/hour, 150 mmol/L/hour, 200 mmol/L/hour, 250 mmol/L/hour, 300 mmol/L/hour, 350 

mmol/L/hour, 400 mmol/L/hour, 450 mmol/L/hour, or 500 mmol/L/hour.

[0541] Provided herein are methods of producing isoprene comprising: a) culturing cells under 

suitable conditions for production of isoprene; and b) producing isoprene, wherein the 

cumulative total productivity of the isoprene produced by the cells in culture is greater than 

about 0.2 mg/Lbroth/hour and cell viability is reduced by less than about two-fold. In some 

embodiments, the cumulative total productivity of isoprene is any concentration or amount 

disclosed in the section entitled “Exemplary Production of Isoprene.” In some embodiments, the 

cumulative total productivity of the isoprene is between about any of 0.2 mg/Lbroth/hour to 5 

g/Lbroth/hour, 0.2 mg/Lbroth/hour to 1 g/Lbroth/hour, 1 g/Lbroth/hour to 2.5 g/Lbroth/hour, 2.5 

g/Lbroth/hour to 5 g/Lbroth/hour. In some embodiments, cell viability is reduced by less than about 

any of 1.75-fold, 1.5-fold, 1.25-fold, 1-fold, 0.75-fold, 0.5-fold, or 0.25-fold.

[0542] Methods of producing isoprene are also provided herein comprising: a) culturing cells 

under suitable conditions for production of isoprene; and b) producing isoprene, wherein the 

peak concentration of the isoprene produced by the cells in culture is greater than about 10 

ng/Lbroth and the carbon dioxide evolution rate of the cells is greater than about 1 x 10"18 

mmol/L/hour. In some embodiments, the peak concentration of isoprene is any concentration or 

amount disclosed in the section entitled “Exemplary Production of Isoprene.” In some 

embodiments, the peak concentration of isoprene is between about any of 10 ng/Lbroth to 500 

ng/Lbroth? 500 ng/Lbroth tO 1 gg/Lbroth, 1 gg/Lbroth tO 5 gg/Lbroth, 5 gg/Lbroth tO 50 gg/Lbroth, 5 

gg/Lbroth tO 100 gg/Lbroth, 5 gg/Lbroth tO 250 gg/Lbroth, 250 gg/Lbroth tO 500 gg/Lbroth, 500 gg/Lbroth 

to 1 mg/Lbroth, 1 mg/Lbroth to 50 mg/Lbroth, 1 mg/Lbroth to 100 mg/Lbroth, 1 mg/Lbroth to 200 

mg/Lbroth, 10 ng/Lbroth to 200 mg/Lbroth, 5 gg/Lbroth to 100 mg/Lbroth, or 5 gg/Lbroth to 200 mg/Lbroth. 

In some embodiments, the peak concentration is any of about 10 ng/Lbroth, 100 ng/Lbroth, 1 

gg/Lbroth, 5 gg/Lbroth, 1 mg/Lbroth, 30 mg/ Lbroth, 100 mg/Lbroth, or 200 mg/Lbroth- In some 

embodiments, the carbon dioxide evolution rate is between about any of 1 x 10"18 mmol/L/hour
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to about 1 mol/L/hour, 1 mmol/L/hour to 1 mol/L/hour, 25 mmol/L/hour to 750 mmol/L/hour,

25 mmol/L/hour to 75 mmol/L/hour, 250 mmol/L/hour to 750 mmol/L/hour, or 450 

mmol/L/hour to 550 mmol/L/hour. In some embodiments, the carbon dioxide evolution rate is 

about any of 50 mmol/L/hour, 100 mmol/L/hour, 150 mmol/L/hour, 200 mmol/L/hour, 250 

mmol/L/hour, 300 mmol/L/hour, 350 mmol/L/hour, 400 mmol/L/hour, 450 mmol/L/hour, or 500 

mmol/L/hour.

[0543] In addition, methods of producing isoprene arc also provided herein comprising: a) 

culturing cells under suitable conditions for production of isoprene; and b) producing isoprene, 

wherein the peak concentration of the isoprene produced by the cells in culture is greater than 

about 10 ng/Lbroth and cell viability is reduced by less than about two-fold. In some 

embodiments, the peak concentration of isoprene is any concentration or amount disclosed in the 

section entitled “Exemplary Production of Isoprene.” In some embodiments, the peak 

concentration of isoprene is between about any of 10 ng/Lbroth to 500 ng/Lbroth, 500 ng/Lbroth to 1 

Pg/Lbroth, 1 Pp/Lbrotli tO 5 pg/Lbroth, 5 pg/Lbroth tO 50 pg/Lbroth, 5 pg/Lbroth tO 100 pg/Lbroth, 5 

Pg/Lbroth tO 250 pg/Lbroth, 250 pg/Lbroth tO 500 pg/Lbroth, 500 pg/Lbroth tO 1 mg/Lbroth, 1 Ulg/Lbroth tO 

50 mg/Lbroth, 1 mg/Lbroth to 100 mg/Lbroth, 1 mg/Lbroth to 200 mg/LbrOth, 10 ng/LbrOth to 200 

mg/Lbroth, 5 pg/Lbroth to 100 mg/Lbroth, or 5 pg/Lbroth to 200 mg/Lbroth. In some embodiments, the 

peak concentration is any of about 10 ng/Lbroth, 100 ng/Lbroth, 1 pg/Lbroth, 5 pg/Lbroth, 1 mg/Lbroth, 

30 mg/ Lbroth, 100 mg/Lbroth, or 200 mg/Lbroth. In some embodiments, cell viability is reduced by 

less than about any of 1.75-fold, 1.5-fold, 1.25-fold, 1-fold, 0.75-fold, 0.5-fold, or 0.25-fold. In 

some embodiments, cell viability is reduced by about 2-fold.

[0544] Cells in culture are also provided herein comprising a nucleic acid encoding an 

isoprene synthase polypeptide, wherein the cells produce greater than about 400 

nmole/gwcm/hour of isoprene and carbon dioxide evolution rate of the cells is greater than about 1 

x 10"18 mmol/L/hour. In some embodiments, the isoprene produced is any concentration or 

amount disclosed in the section entitled “Exemplary Production of Isoprene.” In some 

embodiments, the amount of isoprene is between about any of 400 nmole/gwcm/hour to 1 

mole/gwcm/hour, 400 nmole/gwcm/hour to 1 mmole/gwcm/hour, 400 nmole/gwcm/hour to 40 

mmole/gwcm/hour, 400 nrnole/gWcm/hour to 4 rnmole/gWcm/hour, 1 mmole/gwcm/honr to 1.5 

mmole/gwcm/hour, 1.5 mrnole/gWcm/hour to 3 rnmole/gWcm/hour, 3 mmole/g„cm/hour to 5 

mmole/gwcm/hour, 5 mmole/gwcm/hour to 25 mmole/gwcm/hour, 25 mmole/gWcm/honr to 100 

mmole/gwcm/hour, 100 mrnole/gWcm/hour to 500 mrnole/gWCm/hour, or 500 mmole/g„Cm/hour to 

1000 mmole/gwcm/hour. In some embodiments, the amount of isoprene is about any of 1
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mmole/gwcm/hour, 1.5 mmole/gWCm/hour, 2 mmole/gwcm/hour, 3 mmole/gWCm/hour, 4

mmole/gwcm/hour, or 5 mmole/gwcm/hour. In some embodiments, the carbon dioxide evolution
-18rate is between about any of 1 x 10’ mmol/L/hour to about 1 mol/L/hour, 1 mmol/L/hour to 1 

mol/L/hour, 25 mmol/L/hour to 750 mmol/L/hour, 25 mmol/L/hour to 75 mmol/L/hour, 250 

mmol/L/hour to 750 mmol/L/hour, or 450 mmol/L/hour to 550 mmol/L/hour. In some 

embodiments, the carbon dioxide evolution rate is about any of 50 mmol/L/hour, 100 

mmol/L/hour, 150 mmol/L/hour, 200 mmol/L/hour, 250 mmol/L/hour, 300 mmol/L/hour, 350 

mmol/L/hour, 400 mmol/L/hour, 450 mmol/L/hour, or 500 mmol/L/hour.

[0545] Provided herein are also cells in culture comprising a nucleic acid encoding an isoprene 

synthase polypeptide, wherein cumulative total productivity of the isoprene produced by the 

cells in culture is greater than about 0.2 mg/Lbroth/hour and carbon dioxide evolution rate of the 

cells is greater than about 1x10" mmol/L/hour. In some embodiments, the cumulative total 

productivity of isoprene is any concentration or amount disclosed in the section entitled 

“Exemplary Production of Isoprene.” In some embodiments, the cumulative total productivity of 

the isoprene is between about any of 0.2 mg/Lbroth/hour to 5 g/Lbroth/hour, 0.2 mg/Lbroth/hour to 1 

g/Lbroth/hour, 1 g/Lbroth/hour to 2.5 g/Lbroth/hour, 2.5 g/Lbroth/hour to 5 g/Lbroth/hour. In some 

embodiments, the carbon dioxide evolution rate is between about any of 1 x IO"18 mmol/L/hour 

to about 1 mol/L/hour, 1 mmol/L/hour to 1 mol/L/hour, 25 mmol/L/hour to 750 mmol/L/hour,

25 mmol/L/hour to 75 mmol/L/hour, 250 mmol/L/hour to 750 mmol/L/hour, or 450 

mmol/L/hour to 550 mmol/L/hour. In some embodiments, the carbon dioxide evolution rate is 

about any of 50 mmol/L/hour, 100 mmol/L/hour, 150 mmol/L/hour, 200 mmol/L/hour, 250 

mmol/L/hour, 300 mmol/L/hour, 350 mmol/L/hour, 400 mmol/L/hour, 450 mmol/L/hour, or 500 

mmol/L/hour.

[0546] In addition, provided herein are cells in culture comprising a nucleic acid encoding an 

isoprene synthase polypeptide, wherein peak concentration of the isoprene produced by the cells 

in culture is greater than about 10 ng/Lbroth and carbon dioxide evolution rate of the cells is 

greater than about 1 χ 10'18 mmol/L/hour. In some embodiments, the peak concentration of 

isoprene is any concentration or amount disclosed in the section entitled “Exemplary Production 

of Isoprene.” In some embodiments, the peak concentration of isoprene is between about any of 

10 ng/Lbroth to 500 ng/Lbroth, 500 ng/Lbroth to 1 pg/Lbroth, 1 pg/Lbroth to 5 pg/Lbroth, 5 pg/Lbroth to 50 

Pg/Lbroth, 5 pg/Lbroth tO 100 gg/Lbroth, 5 gg/Lbroth tO 250 gg/Lbroth, 250 gg/Lbroth tO 500 gg/Lbroth,

500 pg/Lbroth to 1 mg/Lbroth, 1 mg/Lbroth to 50 mg/Lbroth, 1 mg/Lbroth to 100 mg/Lbroth, 1 mg/Lbroth to 

200 mg/Lbroth, 10 ng/Lbl.oth to 200 mg/Lbroth, 5 pg/Lbroth to 100 mg/Lbroth, or 5 pg/Lbroth to 200

129



WO 2010/148256 PCT/US2010/039088

mg/Lbroth.In some embodiments, the peak concentration is any of about 10 ng/Lb™*, 100

ng/Lbroth, 1 pg/Lbroth, 5 pg/Lbroth, 1 mg/Lbroth, 30 mg/ Lbroth, 100 mg/Lbroth, or 200 ing/Lhro,h. In 

-18some embodiments, the carbon dioxide evolution rate is between about any of 1 x 10’ 

mmol/L/hour to about 1 mol/L/hour, 1 mmol/L/hour to 1 mol/L/hour, 25 mmol/L/hour to 750 

mmol/L/hour, 25 mmol/L/hour to 75 mmol/L/hour, 250 mmol/L/hour to 750 mmol/L/hour, or 

450 mmol/L/hour to 550 mmol/L/hour. In some embodiments, the carbon dioxide evolution rate 

is about any of 50 mmol/L/hour, 100 mmol/L/hour, 150 mmol/L/hour, 200 mmol/L/hour, 250 

mmol/L/hour, 300 mmol/L/hour, 350 mmol/L/hour, 400 mmol/L/hour, 450 mmol/L/hour, or 500 

mmol/L/hour.

[0547] In some embodiments of any of the methods and cells described herein, carbon dioxide 

evolution rate and/or cell viability of a cell expressing a MVA pathway and/or DXP pathway 

RNA and/or protein from one or more of a heterologous and/or duplicate copy of a MVA 

pathway and/or DXP pathway nucleic acid is compared to a control cell lacking one or more of a 

heterologous and/or duplicate copy of a MVA pathway and/or DXP pathway nucleic acid. In 

some embodiments, carbon dioxide evolution rate and/or cell viability of a cell expressing a 

MVA pathway and/or DXP pathway RNA and/or protein from one or more of a heterologous 

and/or duplicate copy of a MVA pathway and/or DXP pathway nucleic acid under the control of 

an inducible promoter, wherein the promotor is induced, is compared to a control cell containing 

one or more of a heterologous and/or duplicate copy of a MVA pathway and/or DXP pathway 

nucleic acid under the control of an inducible promoter, wherein the promotor is not induced 

(uninduced). In some embodiments, the inducible promoter is a beta-galactosidase promoter. 

[0548] In some embodiments, the methods of producing isoprene comprise: a) culturing cells 

under suitable conditions for production of isoprene; and b) producing isoprene, wherein cells 

produce greater than about 400 nmole/gwcm/hour of isoprene, and the carbon dioxide evolution 

rale of the cells is greater than about 1 x 10"18 mmol/L/hour. Further provided herein are methods 

of producing isoprene comprising: a) culturing cells under suitable conditions for production of 

isoprene; and b) producing isoprene, wherein the cumulative total productivity of the isoprene 

produced by the cells in culture is greater than about 0.2 mg/L|,rot|,/hour and the carbon dioxide 

evolution rate of the cells is greater than about 1 x 10"18 mmol/F/hour. Methods of producing 

isoprene are also provided herein comprising: a) culturing cells under suitable conditions for 

production of isoprene; and b) producing isoprene, wherein the peak concentration of the 

isoprene produced by the cells in culture is greater than about 10 ng/Fbroth and the carbon dioxide 

evolution rate of the cells is greater than about 1 x 10"18 mmol/F/hour. In some embodiments of
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-18any of these methods, the carbon dioxide evolution rate is between about any of 1 x 10’ 

mmol/L/hour to about 1 mol/L/hour, 1 mmol/L/hour to 1 mol/L/hour, 25 mmol/L/hour to 750 

mmol/L/hour, 25 mmol/L/hour to 75 mmol/L/hour, 250 mmol/L/hour to 750 mmol/L/hour, or 

450 mmol/L/hour to 550 mmol/L/hour. In some embodiments, the carbon dioxide evolution rate 

is about 50 mmol/L/hour or about 500 mmol/L/hour.

[0549] Further provided herein are cells in culture comprising a nucleic acid encoding an 

isoprene synthase polypeptide, wherein the cells produce greater than about 400 

nmolc/gWcm/hour of isoprene and carbon dioxide evolution rate of the cells is greater than about 1 

x 10’ mmol/L/hour. Provided herein are also cells in culture comprising a nucleic acid 

encoding an isoprene synthase polypeptide, wherein cumulative total productivity of the 

isoprene produced by the cells in culture is greater than about 0.2 mg/Lbro±/hour and carbon 

dioxide evolution rate of the cells is greater than about 1x10" mmoFL/hour. In addition, 

provided herein are cells in culture comprising a nucleic acid encoding an isoprene synthase 

polypeptide, wherein peak concentration of the isoprene produced by the cells in culture is 

greater than about 10 ng/Lbroth and carbon dioxide evolution rate of the cells is greater than about 

1x10' mmol/L/hour. In some embodiments of any of these cells in culture, the carbon dioxide 

evolution rate is between about any of 1 x 10'18 mmol/L/hour to about 1 mol/L/hour, 1 

mmol/L/hour to 1 mol/L/hour, 25 mmol/L/hour to 750 mmol/L/hour, 25 mmol/L/hour to 75 

mmol/L/hour, 250 mmol/L/hour to 750 mmol/L/hour, or 450 mmol/L/hour to 550 mmol/L/hour. 

Tn some embodiments, the carbon dioxide evolution rate is about 50 mmol/L/hour or about 500 

mmol/L/hour.

[0550] Provided herein are also methods of producing isoprene comprising a) culturing cells 

under suitable conditions for production of isoprene; and b) producing isoprene, wherein the 

liquid phase concentration of isoprene is less than about 200 mg/L and the cells produce greater 

than about 400 nmole/gwcm/hour of isoprene. In some embodiments, the liquid phase 

concentration of isoprene in the culture is less than about any of 175 mg/L, 150 mg/L, 125 mg/L, 

100 mg/L, 75 mg/L, 50 mg/L, 25 mg/L, 20 mg/L, 15 mg/L, 10 mg/L, 5 mg/L, or 2.5 mg/L. In 

some embodiments, the liquid phase concentration of isoprene in culture is between about any of 

0.1 mg/L to 200 mg/L, 1 mg/L to 200 mg/L, 1 mg/L to 150 mg/L, 1 mg/L to 100 mg/L, 1 mg/L 

to 50 mg/L, 1 mg/L to 25 mg/L, 1 mg/L to 20 mg/L, or 10 mg/L to 20 mg/L.

[0551] Also provided herein are methods of producing a compound, wherein the compound 

has one or more characteristics selected from the group consisting of (a) a Henry’s law 

coefficient of less than about 250 M/atm and (b) a solubility in water of less than about 100 g/L.
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In some embodiments, the method comprises: a) culturing cells under suitable conditions for 

production of the compound, wherein gas is added (such as the addition of gas to a system such 

as a fermentation system) at a gas sparging rate between about 0.01 vvm to about 2 vvm; and b) 

producing the compound. In some embodiments, the Henry’s law coefficient of the compound is 

less than about any of 200 M/atm, 150 M/atm, 100 M/atm, 75 M/atm, 50 M/atm, 25 M/atm, 10 

M/atm, 5 M/atm, or 1 M/atm. In some embodiments, the solubility in water of the compound is 

less than about any of 75 g/L, 50 g/L, 25 g/L, 10 g/L, 5 g/L, or lg/L. In some embodiments, the 

compound is selected from a group consisting of isoprene, an aldehyde (e.g., acetaldehyde), a 

ketone (e.g., acetone or 2-butanone), an alcohol (e.g., methanol, ethanol, 1-butanol, or C5 

alcohols such as 3-methyl-3-butcn-l-ol or 3-methyl-2-butcn-l-ol), an ester of an alcohol (e.g., 

ethyl acetate or acetyl esters of C5 alcohols), a hemiterpene, a monoterpene, a sesquiterpene, and 

Cl to C5 hydrocarbons (e.g., methane, ethane, ethylene, or propylene). In some embodiments, 

the C1 to C5 hydrocarbons are saturated, unsaturated, or branched. In particular embodiments, 

the compound is isoprene. In some embodiments of the methods of producing any of the 

compounds described above, the gas sparging rate is between about any of 0.1 vvm to 1 vvm,

0.2 vvm to 1 vvm, or 0.5 vvm to 1 vvm.

[0552] In one aspect, cells in culture are used to produce isoprene. In some embodiments, the 

cells in culture produce greater than about 400 nmole of isoprene/gram of cells for the wet 

weight of the cells/hour (nmole/gwcm/hr) of isoprene. In some embodiments, the cells have a 

heterologous nucleic acid that (i) encodes an isoprene synthase polypeptide and (ii) is operably 

linked to a promoter. In some embodiments, the cells are cultured in a culture medium that 

includes a carbon source, such as, but not limited to, a carbohydrate, glycerol, glycerine, 

dihydroxyacetone, one-carbon source, oil, animal fat, animal oil, fatty acid, lipid, phospholipid, 

glycerolipid, monoglyceride, diglyceride, triglyceride, renewable carbon source, polypeptide 

(e.g., a microbial or plant protein or peptide), yeast extract, component from a yeast extract, or 

any combination of two or more of the foregoing. In some embodiments, the cells are cultured 

under limited glucose conditions.

[0553] In some embodiments, the cells in culture convert more than about 0.002% ofthe 

carbon in a cell culture medium into isoprene. In some embodiments, the cells have a 

heterologous nucleic acid that (i) encodes an isoprene synthase polypeptide and (ii) is operably 

linked to a promoter. In some embodiments, the cells are cultured in a culture medium that 

includes a carbon source, such as, but not limited to, a carbohydrate, glycerol, glycerine, 

dihydroxyacetone, one-carbon source, oil, animal fat, animal oil, fatty acid, lipid, phospholipid,
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glycerolipid, monoglyceride, diglyceride, triglyceride, renewable carbon source, polypeptide 

(e.g., a microbial or plant protein or peptide), yeast extract, component from a yeast extract, or 

any combination of two or more of the foregoing. In some embodiments, the cells are cultured 

under limited glucose conditions.

[0554] In some embodiments, the cells in culture comprise a heterologous nucleic acid 

encoding an isoprene synthase polypeptide. In some embodiments, the cells have a heterologous 

nucleic acid that (i) encodes an isoprene synthase polypeptide and (ii) is operably linked to a 

promoter. In some embodiments, the cells are cultured in a culture medium that includes a 

carbon source, such as, but not limited to, a carbohydrate, glycerol, glycerine, dihydroxyacctonc, 

one-carbon source, oil, animal fat, animal oil, fatty acid, lipid, phospholipid, glycerolipid, 

monoglyceridc, diglyceride, triglyceride, renewable carbon source, polypeptide (e.g., a microbial 

or plant protein or peptide), yeast extract, component from a yeast extract, or any combination of 

two or more of the foregoing. In some embodiments, the cells are cultured under limited glucose 

conditions.

[0555] In one aspect, described herein are methods of producing isoprene, such as methods of 

using any of the cells described herein to produce i soprene. In some embodiments, the method 

involves culturing cells under conditions sufficient to produce greater than about 400 

nmole/gWcm/hr of isoprene. In some embodiments, the method also includes recovering isoprene 

produced by the cells. In some embodiments, the method includes purifying isoprene produced 

by the cells. In some embodiments, the method includes polymerizing the isoprene. In some 

embodiments, the cells have a heterologous nucleic acid that (i) encodes an isoprene synthase 

polypeptide and (ii) is operably linked to a promoter. In some embodiments, the cells are 

cultured in a culture medium that includes a carbon source, such as, but not limited to, a 

carbohydrate, glycerol, glycerine, dihydroxy acetone, one-carbon source, oil, animal fat, animal 

oil, fatty acid, lipid, phospholipid, glycerolipid, monoglyceride, diglyceride, triglyceride, 

renewable carbon source, polypeptide (e.g., a microbial or plant protein or peptide), yeast 

extract, component from a yeast extract, or any combination of two or more of the foregoing. In 

some embodiments, the cells are cultured under limited glucose conditions. In various 

embodiments, the amount of isoprene produced (such as the total amount of isoprene produced 

or the amount of isoprene produced per liter of broth per hour per OD6oo) during stationary phase 

is greater than or about 2 or more times the amount of isoprene produced during the growth 

phase for the same length of time. In some embodiments, the gas phase comprises greater than or 

about 9.5 % (volume) oxygen, and the concentration of isoprene in the gas phase is less than the
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lower flammability limit or greater than the upper flammability limit. In particular embodiments, 

(i) the concentration of isoprene in the gas phase is less than the lower flammability limit or 

greater than the upper flammability limit, and (ii) the cells produce greater than about 400 

nmole/gWcm/hr of isoprene.

[0556] In some embodiments, the method includes culturing cells under conditions sufficient 

to convert more than about 0.002% of the carbon (mol/mol) in a cell culture medium into 

isoprene. In some embodiments, the method also includes recovering isoprene produced by the 

cells. In some embodiments, the method includes purifying isoprene produced by the cells. In 

some embodiments, the method includes polymerizing the isoprene. In some embodiments, the 

cells have a heterologous nucleic acid that (i) encodes an isoprene synthase polypeptide and (ii) 

is operably linked to a promoter. In some embodiments, the cells are cultured in a culture 

medium that includes a carbon source, such as, but not limited to, a carbohydrate, glycerol, 

glycerine, dihydroxyacetone, one-carbon source, oil, animal fat, animal oil, fatty acid, lipid, 

phospholipid, glycerolipid, monoglyceride, diglyceride, triglyceride, renewable carbon source, 

polypeptide (e.g., a microbial or plant protein or peptide), yeast extract, component from a yeast 

extract, or any combination of two or more of the foregoing. In some embodiments, the cells are 

cultured under limited glucose conditions.

[0557] In some embodiments, isoprene is only produced in stationary phase. Tn some 

embodiments, isoprene is produced in both the growth phase and stationary phase. In various 

embodiments, the amount of isoprene produced (such as the total amount of isoprene produced 

or the amount of isoprene produced per liter of broth per hour per ODeoo) during stationary phase 

is greater than or about 2, 3, 4, 5, 10, 20, 30, 40, 50, or more times the amount of isoprene 

produced during the growth phase for the same length of time.

[0558] In one aspect, described herein are compositions and systems that comprise isoprene.

In some embodiments, the composition comprises greater than or about 2, 5, 10, 20, 30, 40, 50, 

60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, or 1000 mg of isoprene. In some 

embodiments, the composition comprises greater than or about 2, 5, 10, 20, 30, 40, 50, 60, 70,

80, 90, 100 g of isoprene(wZw) ofthe volatile organic fraction of the composition is isoprene. 

[0559] In some embodiments, the composition comprises greater than or about 99.90, 99.92, 

99.94, 99.96, 99.98, or 100% isoprene by weight compared to the total weight of all C5 

hydrocarbons in the composition. In some embodiments, the composition comprises less than or 

about 0.12, 0.10, 0.08, 0.06, 0.04, 0.02, 0.01, 0.005, 0.001, 0.0005, 0.0001, 0.00005, or 

0.00001% C5 hydrocarbons other than isoprene (such as 1,3-cyclopentadiene, cis-1,3-
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pentadiene, trans- 1,3-pentadiene, 1,4-pentadiene, 1-pentyne, 2-pentyne, 1-pentene, 2-methyl-1- 

butene, 3-methyl-l-butyne, pent-4-ene-l-yne, trans-pent-3-ene-l-yne, or cis-pent-3-ene-l-yne) 

by weight compared to the total weight of all C5 hydrocarbons in the composition. In some 

embodiments, the composition has less than or about 0.12, 0.10, 0.08, 0.06, 0.04, 0.02, 0.01, 

0.005, 0.001, 0.0005, 0.0001, 0.00005, or 0.00001% for 1,3-cyclopentadiene, cis-1,3-pentadiene, 

trans-1,3-pentadiene, 1,4-pentadiene, 1-pentyne, 2-pentyne, 1-pentene, 2-methyl-l-butene, 3- 

methyl-l-butyne, pcnt-4-cne-l-yne, trans-pent-3-ene-l-yne, or cis-pent-3-ene-l-yne by weight 

compared to the total weight of all C5 hydrocarbons in the composition. In particular 

embodiments, the composition has greater than about 2 mg of isoprene and has greater than or 

about 99.90, 99.92, 99.94, 99.96, 99.98, or 100% isoprene by weight compared to the total 

weight of all C5 hydrocarbons in the composition.

[0560] In some embodiments, the composition has less than or about 50, 40, 30, 20, 10, 5, 1, 

0.5, 0.1, 0.05, 0.01, or 0.005 pg/L of a compound that inhibits the polymerization of isoprene for 

any compound in the composition that inhibits the polymerization of isoprene. In particular 

embodiments, the composition also has greater than about 2 mg of isoprene.

[0561] In some embodiments, the composition has one or more compounds selected from the 

group consisting of ethanol, acetone, C5 prenyl alcohols, and isoprenoid compounds with 10 or 

more carbon atoms. In some embodiments, the composition has greater than or about 0.005,

0.01,0.05, 0.1, 0.5, 1,5, 10, 20, 30, 40, 60, 80, 100, or 120 pg/L of ethanol, acetone, a C5 prenyl 

alcohol (such as 3-methyl-3-buten-l -ol or 3-methyl-2-buten-l -ol), or any two or more of the 

foregoing. In particular embodiments, the composition has greater than about 2 mg of isoprene 

and has one or more compounds selected from the group consisting of ethanol, acetone, C5 

prenyl alcohols, and isoprenoid compounds with 10 or more carbon atoms.

[0562] In some embodiments, the composition includes isoprene and one or more second 

compounds selected from the group consisting of 2-heptanone, 6-methyl-5-hepten-2-one, 2,4,5- 

trimethylpyridine, 2,3,5-trimethylpyrazine, citronellal, acetaldehyde, methanethiol, methyl 

acetate, 1-propanol, diacetyl, 2-butanone, 2-methyl-3-buten-2-ol, ethyl acetate, 2-methyl-1- 

propanol, 3-methyl-l-butanal, 3-methyl-2-butanone, 1-butanol, 2-pentanone, 3-methyl-l- 

butanol, ethyl isobutyrate, 3-methyl-2-butenal, butyl acetate, 3-methylbutyl acetate, 3-methyl-3- 

buten-l-yl acetate, 3-methyl-2-buten-l-yl acetate, 3-hexen-l-ol, 3-hexen-l-yl acetate, limonene, 

geraniol (trans-3,7-dimethyl-2,6-octadien-l-ol), citronellol (3,7-dimethyl-6-octen-l-ol), (E)-3,7- 

dimethyl-l,3,6-octatriene, (Z)-3,7-dimethyl-l,3,6-octatriene, and 2,3-cycloheptenolpyridine. In 

various embodiments, the amount of one of these second components relative to the amount of
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isoprene in units of percentage by weight (i.e., weight of the component divided by the weight of 

isoprene times 100) is at greater than or about 0.01, 0.02, 0.05, 0.1, 0.5, 1, 5, 10, 20, 30, 40, 50, 

60, 70, 80, 90, 100, or 110% (w/w).

[0563] In some embodiments, the composition comprises (i) a gas phase that comprises 

isoprene and (ii) cells in culture that produce greater than about 400 nmole/gwcm/hr of isoprene.

In some embodiments, the composition comprises a closed system, and the gas phase comprises 

greater than or about 5. 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 pg/L of isoprene when normalized 

to 1 mL of 1 ODfloo cultured for 1 hour. In some embodiments, the composition comprises an 

open system, and the gas phase comprises greater than or about 5, 10, 20, 30, 40, 50, 60, 70, 80, 

90, 100 pg/L of isoprene when sparged at a rate of 1 vvm. In some embodiments, the volatile 

organic fraction of the gas phase comprises greater than or about 99.90, 99.92, 99.94, 99.96, 

99.98, or 100% isoprene by weight compared to the total weight of all C5 hydrocarbons in the 

volatile organic fraction. In some embodiments, the volatile organic fraction of the gas phase 

comprises less than or about 0.12, 0.10, 0.08, 0.06, 0.04, 0.02, 0.01, 0.005, 0.001, 0.0005,

0.0001, 0.00005, or 0.00001% C5 hydrocarbons other than isoprene (such as 1,3-

cyclopentadiene, cis-l,3-pentadiene, trans-l,3-pentadiene, 1,4-pentadiene, 1-pentyne, 2-pentyne,

1-pentene, 2-methyl-l-butene, 3-methyl-l-butyne, pent-4-ene-l-yne, trans-pent-3-ene-l-yne, or 

cis-pent-3-ene-l-yne) by weight compared to the total weight of all C5 hydrocarbons in the 

volatile organic fraction. In some embodiments, the volatile organic fraction of the gas phase has 

less than or about 0.12, 0.10, 0.08, 0.06, 0.04, 0.02, 0.01, 0.005, 0.001,0.0005, 0.0001, 0.00005, 

or 0.00001% for 1,3-cyclopentadiene, cis-l,3-pentadiene, trans-1,3-pentadiene, 1,4-pentadiene, 

1-pentyne, 2-pentyne, 1-pentene, 2-methyl-l-butene, 3-methyl-l-butyne, pent-4-ene-l-yne, trans- 

pent-3-ene-l-yne, or cis-pent-3-ene-l-yne by weight compared to the total weight of all C5 

hydrocarbons in the volatile organic fraction. In particular embodiments, the volatile organic 

fraction of the gas phase has greater than about 2 mg of isoprene and has greater than or about 

99.90, 99.92, 99.94, 99.96, 99.98, or 100% isoprene by weight compared to the total weight of 

all C5 hydrocarbons in the volatile organic fraction.

[0564] In some embodiments, the volatile organic fraction of the gas phase has less than or 

about 50, 40, 30, 20, 10,5, 1, 0.5, 0.1, 0.05, 0.01, or 0.005 pg/L of a compound that inhibits the 

polymerization of isoprene for any compound in the volatile organic fraction of the gas phase 

that inhibits the polymerization of isoprene. In particular embodiments, the volatile organic 

fraction of the gas phase also has greater than about 2 mg of isoprene.
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[0565] In some embodiments, the volatile organic fraction of the gas phase has one or more 

compounds selected from the group consisting of ethanol, acetone, C5 prenyl alcohols, and 

isoprenoid compounds with 10 or more carbon atoms. In some embodiments, the volatile organic 

fraction of the gas phase has greater than or about 0.005, 0.01, 0.05, 0.1, 0.5, 1, 5, 10, 20, 30, 40, 

60, 80, 100, or 120 pg/L of ethanol, acetone, a C5 prenyl alcohol (such as 3-methyl-3-buten-l-ol 

or 3-methyl-2-buten-l-ol), or any two or more of the foregoing. In particular embodiments, the 

volatile organic fraction of the gas phase has greater than about 2 mg of isoprene and has one or 

more compounds selected from the group consisting of ethanol, acetone, C5 prenyl alcohols, and 

isoprenoid compounds with 10 or more carbon atoms.

[0566] In some embodiments, the volatile organic fraction of the gas phase has includes 

isoprene and one or more second compounds selected from the group consisting of 2-heptanone, 

6-methyl-5-hepten-2-one, 2,4,5-trimethylpyridine, 2,3,5-trimethylpyrazine, citronellal, 

acetaldehyde, methanethiol, methyl acetate, 1-propanol, diacetyl, 2-butanone, 2-methyl-3-buten-

2- ol, ethyl acetate, 2-methyl-l-propanol, 3-methyl-1-butanal, 3-methyl-2-butanone, 1-butanol, 2- 

pentanone, 3-methyl-1-butanol, ethyl isobutyrate, 3-methyl-2-butenal, butyl acetate, 3- 

methylbutyl acetate, 3-methyl-3-buten-l-yl acetate, 3-methyl-2-buten-1-yl acetate, 3-hexen-l-ol,

3- hexen-l-yl acetate, limonene, geraniol (trans-3,7-dimethyl-2,6-octadien-l-ol), citronellol (3,7- 

dimethyl-6-octen-l-ol), (E)-3,7-dimethyl-l ,3,6-octatriene, (Z)-3,7-dimethyl-l,3,6-octatriene, and 

2,3-cycloheptenolpyridine. In various embodiments, the amount of one of these second 

components relative to amount of isoprene in units of percentage by weight (i.e., weight of the 

component divided by the weight of isoprene times 100) is at greater than or about 0.01, 0.02, 

0.05, 0.1, 0.5, 1, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, or 110% (w/w) in the volatile organic 

fraction of the gas phase.

[0567] In some embodiments of any of the compositions described herein, at least a portion of 

the isoprene is in a gas phase. In some embodiments, at least a portion ofthe isoprene is in a 

liquid phase (such as a condensate). In some embodiments, at least a portion of the isoprene is in 

a solid phase. In some embodiments, at least a portion of the isoprene is adsorbed to a solid 

support, such as a support that includes silica and/or activated carbon. In some embodiments, the 

composition includes ethanol. In some embodiments, the composition includes between about 75 

to about 90% by weight of ethanol, such as between about 75 to about 80%, about 80 to about 

85%, or about 85 to about 90% by weight of ethanol. In some embodiments, the composition 

includes between about 4 to about 15% by weight of isoprene, such as between about 4 to about 

8%, about 8 to about 12%, or about 12 to about 15% by weight of isoprene.
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[0568] In some embodiments, the systems include any of the cells and/or compositions 

described herein. In some embodiments, the system includes a reactor that chamber comprises 

cells in culture that produce greater than about 400, 500, 600, 700, 800, 900, 1,000, 1,250, 1,500,

1,750, 2,000, 2,500, 3,000, 4,000, 5,000, or more nmole/gwcm/hr isoprene. In some embodiments, 

the system is not a closed system. In some embodiments, at least a portion of the isoprene is 

removed from the system. In some embodiments, the system includes a gas phase comprising 

isoprene. In various embodiments, the gas phase comprises any of the compositions described 

herein.

[0569] In some embodiments of any of the compositions, systems, and methods described 

herein, a nonflammable concentration of isoprene in the gas phase is produced. In some 

embodiments, the gas phase comprises less than about 9.5 % (volume) oxygen. In some 

embodiments, the gas phase comprises greater than or about 9.5 % (volume) oxygen, and the 

concentration of isoprene in the gas phase is less than the lower flammability limit or greater 

than the upper flammability limit. In some embodiments, the portion of the gas phase other than 

isoprene comprises between about 0% to about 100% (volume) oxygen, such as between about 

10% to about 100% (volume) oxygen. In some embodiments, the portion of the gas phase other 

than isoprene comprises between about 0% to about 99% (volume) nitrogen. In some 

embodiments, the portion of the gas phase other than isoprene comprises between about 1% to 

about 50% (volume) CO2.

[0570] In some embodiments of any of the aspects described herein, the cells in culture 

produce isoprene at greater than or about 400, 500, 600, 700, 800, 900, 1,000, 1,250, 1,500,

1,750, 2,000, 2,500, 3,000, 4,000, 5,000, or more nmole/gwcm/hr isoprene. In some embodiments 

of any of the aspects described herein, the cells in culture convert greater than or about 0.002, 

0.005, 0.01, 0.02, 0.05, 0.1, 0.12, 0.14, 0.16, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.2, 1.4,

1.6%, or more of the carbon in the cell culture medium into isoprene. In some embodiments of 

any of the aspects described herein, the cells in culture produce isoprene at greater than or about 

1, 10, 25, 50, 100, 150, 200, 250, 300, 400, 500, 600, 700, 800, 900, 1,000, 1,250, 1,500, 1,750, 

2,000, 2,500, 3,000, 4,000, 5,000, 10,000, 100,000, or more ng of isoprene/gram of cells for the 

wet weight of the cells /hr (ng/gwcm/h). In some embodiments of any of the aspects described 

herein, the cells in culture produce a cumulative titer (total amount) of isoprene at greater than or 

about 1, 10, 25, 50, 100, 150, 200, 250, 300, 400, 500, 600, 700, 800, 900, 1,000, 1,250, 1,500,

1,750, 2,000, 2,500, 3,000, 4,000, 5,000, 10,000, 50,000, 100,000, or more mg of isoprene/L of 

broth (mg/Lbroth, wherein the volume of broth includes the volume of the cells and the cell
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medium). Other exemplary rates of isoprene production and total amounts of isoprene 

production are disclosed herein.

[0571] In some embodiments of any of the aspects described herein, the cells further comprise 

a heterologous nucleic acid encoding an IDI polypeptide. In some embodiments of any of the 

aspects described herein, the cells further comprise an insertion of a copy of an endogenous 

nucleic acid encoding an IDI polypeptide. In some embodiments of any of the aspects described 

herein, the cells further comprise a heterologous nucleic acid encoding a DXS polypeptide. In 

some embodiments of any of the aspects described herein, the cells further comprise an insertion 

of a copy of an endogenous nucleic acid encoding a DXS polypeptide. In some embodiments of 

any of the aspects described herein, the cells further comprise one or more nucleic acids 

encoding an IDI polypeptide and a DXS polypeptide. In some embodiments of any of the 

aspects described herein, one nucleic acid encodes the isoprene synthase polypeptide, IDI 

polypeptide, and DXS polypeptide. In some embodiments of any of the aspects described herein, 

one vector encodes the isoprene synthase polypeptide, IDI polypeptide, and DXS polypeptide. In 

some embodiments, the vector comprises a selective marker, such as an antibiotic resistance 

nucleic acid.

[0572] In some embodiments of any of the aspects described herein, the heterologous isoprene 

synthase nucleic acid is operably linked to a T7 promoter, such as a T7 promoter contained in a 

medium or high copy plasmid. In some embodiments of any of the aspects described herein, the 

heterologous isoprene synthase nucleic acid is operably linked to a Trc promoter, such as a Trc 

promoter contained in a medium or high copy plasmid. In some embodiments of any of the 

aspects described herein, the heterologous isoprene synthase nucleic acid is operably linked to a 

Lac promoter, such as a Lac promoter contained in a low copy plasmid. In some embodiments of 

any of the aspects described herein, the heterologous isoprene synthase nucleic acid is operably 

linked to an endogenous promoter, such as an endogenous alkaline serine protease promoter. In 

some embodiments, the heterologous isoprene synthase nucleic acid integrates into a 

chromosome of the cells without a selective marker.

[0573] In some embodiments, one or more MVA pathway, IDI, DXP, or isoprene synthase 

nucleic acids are placed under the control of a promoter or factor that is more active in stationary 

phase than in the growth phase. For example, one or more MVA pathway, IDI, DXP, or isoprene 

synthase nucleic acids may be placed under control of a stationary phase sigma factor, such as 

RpoS. In some embodiments, one or more MVA pathway, IDI, DXP, or isoprene synthase
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nucleic acids are placed under control of a promoter inducible in stationary phase, such as a 

promoter inducible by a response regulator active in stationary phase.

[0574] In some embodiments of any of the aspects described herein, at least a portion of the 

cells maintain the heterologous isoprene synthase nucleic acid for at least or about 5,10, 20, 40, 

50, 60, 65, or more cell divisions in a continuous culture (such as a continuous culture without 

dilution). In some embodiments of any of the aspects described herein, the nucleic acid 

comprising the isoprene synthase, IDI, or DXS nucleic acid also comprises a selective marker, 

such as an antibiotic resistance nucleic acid.

[0575] In some embodiments of any of the aspects described herein, the cells further comprise 

a heterologous nucleic acid encoding an MVA pathway polypeptide (such as an MVA pathway 

polypeptide from Saccharomyces cerevisia ox Enterococcus faecalis). In some embodiments of 

any of the aspects described herein, the cells further comprise an insertion of a copy of an 

endogenous nucleic acid encoding an MVA pathway polypeptide (such as an MVA pathway 

polypeptide from Saccharomyces cerevisia ox Enterococcus faecalis). In some embodiments of 

any of the aspects described herein, the cells comprise an isoprene synthase, DXS, and MVA 

pathway nucleic acid. In some embodiments of any of the aspects described herein, the cells 

comprise an isoprene synthase nucleic acid, a DXS nucleic acid, an IDI nucleic acid, and a MVA 

pathway nucleic (in addition to the IDI nucleic acid).

[0576] In some embodiments of any of the aspects described herein, the isoprene synthase 

polypeptide is a polypeptide from a plant such as Pueraria (e.g., Pueraria montana or Pueraria 

lobata) or Populus (e.g., Populus tremuloides, Populus alba, Populus nigra, Populus 

trichocarpa, or the hybrid, Populus alba, x Populus tremula).

[0577] In some embodiments of any of the aspects described herein, the cells are bacterial 

cells, such as gram-positive bacterial cells (e.g., Bacillus cells such as Bacillus subtilis cells or 

Streptomyces cells such as Streptomyces lividans, Streptomyces coelicolor, or Streptomyces 

griseus cells). In some embodiments of any of the aspects described herein, the cells are gram­

negative bacterial cells (e.g., Escherichia cells such as Escherichia coli cells,

Rhodopseudomonas sp. such as Rhodopseudomonas palustris cells, Pseudomonas sp. such as 

Pseudomonas fluorescens cells or Pseudomonas putida cells, or Pantoea cells such as Pantoea 

citrea cells). In some embodiments of any of the aspects described herein, the cells are fungal, 

cells such as fdamentous fungal cells (e.g., Trichoderma cells such as Trichoderma reesei cells 

ox Aspergillus cells such as Aspergillus oryzae and Aspergillus niger) or yeast cells (e.g.,
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Yarrowia cells such as Yarrowia lipolytica cells or Sacchraomyces cells such as Saccaromyces 

cerevisiae).

[0578] In some embodiments of any of the aspects described herein, the microbial polypeptide 

carbon source includes one or more polypeptides from yeast or bacteria. In some embodiments 

of any of the aspects described herein, the plant polypeptide carbon source includes one or more 

polypeptides from soy, corn, canola, jatropha, palm, peanut, sunflower, coconut, mustard, 

rapeseed, cottonseed, palm kernel, olive, safflower, sesame, or linseed.

Production of isoprene in anaerobic microorganisms using synthesis gas as an energy source 

[0579] In some embodiements, the bioisoprene composition is produced in anaerobic 

microorganisms using synthesis gas as an energy source as described in US Provisional Patent 

Application Nos. 61/289,347 and 61/289,355, filed on December 22, 2009, the disclosures of 

which are incorporated herein by reference in their entireties.

[0580] Production of isoprene from syngas by anaerobic organisms may provide a number of 

advantages over production of isoprene from sugars by aerobic organisms. First, the maximum 

theoretical mass yield of isoprene can be greater for the aerobic organisms, as discussed further 

below. Second, the anaerobic organisms do not have excess reducing power in the form of 

NAD(P)H that must be turned over via cell growth, formation of byproducts (such as glycerol, 

lactic acid, or ethanol) or oxidation using molecular oxygen. Without this NAD(P)H turnover 

requirement, anaerobic organisms can have higher energy yield, lower oxygen demand, lower 

heat of fermentation, and lower utility costs to run the process. Third, due to the lack of oxygen 

in the system, anaerobic organisms can have greater isoprene concentration in the offgas, lower 

probability of creating a flammable isoprene-oxygen mixture, easier recovery, and higher 

isoprene quality. Fourth, the anaerobic organisms can be more easily grown by using existing 

infrastructure, such as existing plants designed for production of bioethanol.

[0581] Anaerobic organisms useful for isoprene production can include obligate anaerobes, 

facultatitive anaerobes, and aerotolerant anaerobes. The obligate anaerobes can be any one or 

combination selected from the group consisting of Clostridium ljungdahlii, Clostridium 

autoethanogenum, Eurobacterium limosum, Clostridium carboxydivorans, Peptostreptococcus 

productus, and Butyribacterium methylotrophicum. Syngas useful as energy source for 

production of isoprene can be derived from a feedstock by a variety of processes, including
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methane reforming, coal liquefaction, co-firing, fermentative reactions, enzymatic reactions, and 

biomass gasification.

Exemplary Purification Methods

[0582] In some embodiments, any of the methods described herein further include recovering 

the co-produced compounds. In some embodiments, any of the methods described herein further 

include recovering the isoprene. In some embodiments, any of the methods described herein 

further include recovering the hydrogen by cryogenic membrane, adsorption matrix-based 

separation methods.

[0583] The isoprene and hydrogen produced using the compositions and methods described 

herein can be recovered using standard techniques, such as gas stripping, membrane enhanced 

separation, fractionation, adsorption/desorption, pcrvaporation, thermal or vacuum desorption of 

isoprene from a solid phase, or extraction of isoprene immobilized or absorbed to a solid phase 

with a solvent (see, for example, U.S. Patent Nos. 4,703,007, 4,570,029, and 4,740,222 

(“Recovery and Purification of Hydrogen from Refinery and Petrochemical Off-gas Streams”) 

which are each hereby incorporated by reference in their entireties, particularly with respect to 

isoprene recovery and purification methods (Ό07 and Ό29 patents) and with respect to hydrogen 

recovery and purification methods (’222 patent)). In particular embodiments, extractive 

distillation with an alcohol (such as ethanol, methanol, propanol, or a combination thereof) is 

used to recover the isoprene. In some embodiments, the recovery of isoprene involves the 

isolation of isoprene in a liquid form (such as a neat solution of isoprene or a solution of 

isoprene in a solvent). Gas stripping involves the removal of isoprene vapor from the 

fermentation off-gas stream in a continuous manner. Such removal can be achieved in several 

different ways including, but not limited to, adsorption to a solid phase, partition into a liquid 

phase, or direct condensation (such as condensation due to exposure to a condensation coil or do 

to an increase in pressure). In some embodiments, membrane enrichment of a dilute isoprene 

vapor stream above the dew point of the vapor resulting in the condensation of liquid isoprene.

In some embodiments, the isoprene is compressed and condensed.

[0584] The recovery of isoprene may involve one step or multiple steps. In some

embodiments, the removal of isoprene vapor from the fermentation off-gas and the conversion of 

isoprene to a liquid phase are performed simultaneously. For example, isoprene can be directly 

condensed from the off-gas stream to form a liquid. In some embodiments, the removal of 

isoprene vapor from the fermentation off-gas and the conversion of isoprene to a liquid phase are
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performed sequentially. For example, isoprene may be adsorbed to a solid phase and then

extracted from the solid phase with a solvent.

[0585] The recovery of hydrogen may involve one step or multiple steps. In some

embodiments, the removal of hydrogen gas from the fermentation off-gas and the conversion of 

hydrogen to a liquid phase are performed simultaneously. In some embodiments, the removal of 

hydrogen gas from the fermentation off-gas and the conversion of hydrogen to a liquid phase are 

performed sequentially. For example, hydrogen may be adsorbed to a solid phase and then 

desorbed from the solid phase by a pressure swing. In some embodiments, recovered hydrogen 

gas is concentrated and compressed.

[0586] In some embodiments, any of the methods described herein further include purifying 

the isoprene. For example, the isoprene produced using the compositions and methods described 

herein can be purified using standard techniques. Purification refers to a process through which 

isoprene is separated from one or more components that are present when the isoprene is 

produced. In some embodiments, the isoprene is obtained as a substantially pure liquid.

Examples of purification methods include (i) distillation from a solution in a liquid extractant 

and (ii) chromatography. As used herein, “purified isoprene” means isoprene that has been 

separated from one or more components that are present when the isoprene is produced. In some 

embodiments, the isoprene is at least about 20%, by weight, free from other components that are 

present when the isoprene is produced. In various embodiments, the isoprene is at least or about 

25%, 30%, 40%, 50%, 60%, 70%, 75%, 80%, 90%, 95%, or 99%, by weight, pure. Purity can be 

assayed by any appropriate method, e.g., by column chromatography, HPLC analysis, or GC- 

MS analysis.

[0587] In some embodiments, any of the methods described herein further include purifying 

the hydrogen. For example, the hydrogen produced using the compositions and methods 

described herein can be purified using standard techniques. Purification refers to a process 

through which hydrogen is separated from one or more components that are present when the 

hydrogen is produced. In some embodiments, the hydrogen is obtained as a substantially pure 

gas. In some embodiments, the hydrogen is obtained as a substantially pure liquid. Examples of 

purification methods include (i) cryogenic condensation and (ii) solid matrix adsorption. As used 

herein, “purified hydrogen” means hydrogen that has been separated from one or more 

components that are present when the hydrogen is produced. In some embodiments, the 

hydrogen is at least about 20%, by weight, free from other components that are present when the 

hydrogen is produced. In various embodiments, the hydrogen is at least or about 25%, 30%,
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40%, 50%, 60%, 70%, 75%, 80%, 90%, 95%, or 99%, by weight, pure. Purity can be assayed 

by any appropriate method, e.g., by column chromatography or GC-MS analysis.

[0588] In some embodiments, at least a portion of the gas phase remaining after one or more 

recovery steps for the removal of isoprene is recycled by introducing the gas phase into a cell 

culture system (such as a fermentor) for the production of isoprene.

[0589] Methods and apparatus for the purification of a bioisoprene composition from 

fermentor off-gas is described in US Provisional Patent Application No. 61/88,142, filed 

December 18, 2009, which is incorporated herein by reference in its entirety.

[0590] A bioisoprene composition from a fermentor off-gas may contain bioisoprene with 

volatile impurities and bio-byproduct impurities. In some embodiments, a bioisoprene 

composition from a fermentor off-gas is purified using a method comprising: (a) contacting the 

fermentor off-gas with a solvent in a first column to form: an isoprene-rich solution comprising 

the solvent, a major portion of the isoprene and a major portion of the bio-byproduct impurity; 

and a vapor comprising a major portion of the volatile impurity; (b) transferring the isoprene- 

rich solution from the first column to a second column; and (c) stripping isoprene from the 

isoprene-rich solution in the second column to form: an isoprene-lean solution comprising a 

major portion of the bio-byproduct impurity; and a purified isopene composition.

[0591] Figure 169 illustrates an exemplary method of purifying isoprene and an exemplary 

apparatus. Fermentor off-gas comprising isoprene may be generated from renewable resources 

(e.g., carbon sources) by any method in the art for example, as described in U.S. provisional 

patent application Nos. 61/187,944, the content of which is hereby incorporated by reference, 

particularly with respect to the methods of generating fermentor off-gas comprising isoprene. 

The fermentor off-gas generated from one or more individual fermentors 12 (e.g., 1, 2, 3, 4, 5, 6, 

7, 8, or more fermentors connected in series and/or in parallel) may be directed to a first column 

14. As described below, the fermentor off-gas may be directed through an isolation unit 16 

and/or compressed by a compression means, such as compression system 18. Additionally, the 

temperature of the fermentor off-gas may optionally be reduced at any point, for example, to 

form a condensate or partial condensate prior to contact with the solvent (which may aid in 

solubiliztion of one or more off-gas components, such as isoprene). The fermentor off-gas may 

be contacted (e.g., absorbed) at column 14 with a solvent (e.g., any solvent described herein, 

such as a non-polar high boiling-point solvent). The volatile impurities having less propensity
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for absorption in the solvent (particularly with non-polar high boiling-point solvents) are 

separated from the remaining solvent/fermentor off-gas mixture, resulting in a vapor comprising 

a major portion of the volatile impurity (e.g., exiting at port 20), and an isoprene-rich solution 

having a major portion of the isoprene and a major portion of the bio-byproduct impurity (e.g., at 

port 22). The solvent may optionally be heated by any suitable means (e.g., by steam) prior to, 

simultaneously, and/or after contact with the fermentor off-gas, which may aid in separation of 

the volatile impurity from the remaining solution. Steam may be directed through the column (at 

any suitable location, such as near entry of the off-gas and/or the opposite end of the volatile 

impurity exit as shown in Figure 169) to provide a sweeping vapor phase which may aid in the 

removal of the volatile impurity.

[0592] The isoprene-rich solution having a major portion of the isoprene and a major portion 

of the bio-byproduct impurity (e.g., at port 22) may be directed to a second column 24. The 

second column may be isolated from the first column 14 (as shown in Figure 169) or may be 

part of a single column comprising both the first and second columns (e.g., a tandem column 

wherein the solvent enters the first column at or near one end, and exits the second column at or 

near an opposite end). The isoprene may be stripped from the isoprene-rich solution in the 

second column to generate a purified isopene composition (e.g., at port 26) and an isoprene-lean 

solution comprising a major portion of the bio-byproduct impurity (e.g., at port 28). The 

isoprene-rich solution may be heated by any suitable means (e.g., by steam), which may aid in 

stripping of the isoprene from the remaining solution. Steam may be directed through the 

column (at any suitable location, such as the opposite end of the entry point of the isoprene-rich 

solution and/or the near the end of the isoprene-lean solution exit as shown in Figure 169).

[0593] As described herein, the columns may be conventional and of any suitable size. 

Exemplary types of columns are commercially available from manufacturers including Koch 

Modular Process Systems (Paramus, NJ), Fluor Corporation (Irving, TX), Kuhni USA (Mount 

Holly, NC). In general, columns are designed to maximize vapor/liquid contact in order to 

achieve the desired efficiency. This is achieved by filling the column with either a packing 

material, or trays spaced at regular intervals along the column. Suitable packing materials 

include both random and structured types based on metal, glass, polymer and ceramic materials. 

Exemplary random packing types include Raschig rings, Pall rings, A-PAK rings, Saddle rings, 

Pro-Pak, Heli-Pak, Ceramic saddles and FLEXIRINGS®. Structured packings include wire mesh 

and perforated metal plate type materials. Manfacturers specializing in column packings include 

ACS Separations & Mass-Transfer Products (Houston, TX), Johnson Bros. Metal Forming Co.
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(Berkeley, IL) and Koch Glitsch, Inc. Knight Div. (East Canton, OH). The efficiency of a gas 

stripping column is expressed in terms of the theoretical plate height and the total number of 

plates in the column. In general, the greater the number of theoretical plates present, the greater 

the efficiency of the column. Laboratory scale columns can be purchased from Ace Glass 

(Vineland, NJ), Sigma-Aldrich (St. Louis, MO) and Chemglass (Vineland, NJ). Suitable types 

of glass column include Vigreux, Snyder, Hemple and Perforated-plate type columns. Columns 

can include packing materals, or contain features designed to maximize vapor/liquid contact. A 

laboratory scale gas scrubber unit (part # CG-1830-10) is available from Chemglass and consists 

of a packed glass column, solvent reservoir and solvent recirculation pump.

[0594] The purified isoprene composition from the second column 24 (e.g., exiting at port 26) 

may be further purified by any suitable means (e.g., by using a reflux condenser 34 and/or an 

adsorption system 36, such as a silica adsorption system). The reflux reduces the solvent 

composition in the isoprene product. The isoprene-lean solution may be recycled back to the first 

column for reuse (e.g., as shown in Figure 169 at port 30). The isoprene-lean solution may be 

purified by any suitable means (e.g., by liquid-liquid extraction and/or an adsorption system 32, 

such as a silica adsorption system) prior to recycling to the first column 14 to reduce to amount 

of bio-byproduct. Additionally, the temperature of the isoprene-lean solution may be reduced by 

any suitable means prior to recycling to the first column 14 (e.g., prior to, simultaneously, and/or 

after optionally purifying the isoprene solution). Figure 169 shows an example of reducing the 

temperature of the isoprene-lean solution at port 40 prior to purification of the isoprene-lean 

solution (in this case, using coolant for temperature reduction).

[0595] The vapor comprising a major portion of the volatile impurity (e.g., the vapor exiting at 

port 20 in Figure 169) may comprise a minor portion of isoprene (e.g., residual isoprene not 

remaining in the isoprene-rich solution). The residual isoprene may be recollected for use from 

the vapor comprising a major portion of the volatile impurity by any suitable means (e.g., an 

adsorption system 38, such as an activated carbon adsorption system) and in some cases, as 

shown in Figure 169, may be combined with the purified isoprene composition (e.g., prior to, 

during, or after additional purification, such as an adsorption system similar to system 36).

Figure 169 also shows an optional capture device 42 (e.g., a thermal oxidizer and/or CCL capture 

system) capable of reducing the amount of undesirable components released into the atmosphere 

(e.g., CO2) from the vapor.
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Exemplary chemical transformations of isoprene

[0596] Although current industrial use of isoprene is predominantly in the production of 

synthetic rubber, isoprene is a reactive conjugated diene and undergoes a varieties of chemical 

transformations to form oxygenates and higher molecular weight hydrocarbons. For example, 

Palladium(O) complexes (Pd(acac)2-Ph3P and Pd(OAc)2-Ph3P) catalyze dimerization and 

telomerization of isoprene in alcohol solvents to give linear isoprene dimers (e.g. 2,7-dimethyl- 

1,3,7-octatriene) and methoxydimethyloctadicnes (Zakharkin, L. I. and Babich, S. A. Russ. 

Chem. Bull. (1976), pp 1967-1968.) Adams, J. M. and Clapp, T. V. (Clay and Clay Minerals 

(1986), 34(3), 287-294) reported reactions of isoprene over divalent and trivalent transition 

metal-exchanged montmorillonites (e.g. Cr’ -montmorillonilc) to give isoprene dimers and 

adducts with methanol. The linear dimerization of isoprene catalyzed by Ni(0)-

aminophosphinite systems resulted in regioselective tail-to-tail linear dimers, accompanied by a 

competitive cyclodimerization reaction (Denis, Philippe; Croizy, Jean Francois; Mortreux, 

Andre; Petit, Francis, Journal of Molecular Catalysis (1991), 68(2), 159-75. Denis, Philippe; 

Jean, Andre; Croizy, Jean Francois; Mortreux, Andre; Petit, Francis, Journal of the American 

Chemical Society (1990), 112(3), 1292-4.) New chiral aminophosphinite ligands, e.g., 

(+)-MeCH2CHMeCH(NH2)CH2OPPh2 was investigated as homogeneous catalysts in the linear 

dimerization of isoprene, leading to a conversion rate above 50% (Masotti, Henriette; Peiffer, 

Gilbert; Siv, Chhan; Courbis, Pierre; Sergent, Michelle; Phan Tan Luu, Roger, Bulletin des 

Societes Chimiques Beiges (1991), 100(1), 63-77.)

[0597] Thermal dimerization of isoprene at 110-250° in presence of dinitrocresol as 

polymerization inhibitor gives high yields of dimers and little polymer (U.S. Patent No. 

4,973,787.) Ni-catalyzed dimerization of isoprene yields a dimethyl-1,5-cyclooctadiene mixture 

consisting of 80% l,5-dimethyl-l,5-cyclooctadiene and 20% l,6-dimethyl-l,5-cyclooctadiene 

(Doppelt, Pascal; Baum, Thomas H.; Ricard, Louis, Inorganic Chemistry (1996), 35(5), 1286­

91.) Isoprene is converted to dimethylcyclooctadienes with a catalytic amt. of Cp*Ru(q4- 

isoprene)Cl and AgOTf (Itoh, Kenji; Masuda, Katsuyuki; Fukahori, Takahiko; Nakano, 

Katsumasa; Aoki, Katsuyuki; Nagashima, Hideo, Organometallics (1994), 13(3), 1020-9.) 

JP59065026A (1984) reported preparation of l,6-dimethyl-l,5-cyclooctadiene by cyclic 

dimerization of isoprene in the presence of catalysts comprising Fe carboxylates or β-diketone 

compounds, organo-Al or Mg compounds, and 2,2'-dipyridyl derivatives having electron- 

donating groups. Dimethylcyclooctadiene was prepared by cyclodimerization of isoprene over 

3-component catalysts containing Ni carboxylates or β-ketones, organoaluminum or
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organomagnesium compounds and substituted triphenylphosphite (JP58055434A, 1983.) 1,5- 

Dimethyl-l,5-cyclooctadiene was prepared by cyclodimerization of isoprene at 100-300° in an 

inert organic solvent in the presence of a homogeneous catalyst containing Fe(3) salt, 

organoalummum compound and an activator (SU615056A1, 1978), in the presence of a 

homogeneous catalyst containing Ni acetylacetonate, a triarylphosphite and

perhydroalumophenolene (SU493455A1, 1975), in the presence of a catalyst containing a 

mixture of aNi carboxylate or carboxylatc or chelate compounds ofNi and l-hydroxy-3- 

carbonyl compounds, trialkylaluminum, dialkylmagnesium or active organo-Mg compounds 

obtained from conjugated dienes and Mg, triaryl phosphites and tertiary amines (JP48064049A, 

1973), or in the presence of a catalyst composed of Ni naphthenate, Ft;AI, and tri-o-cresyl 

phosphate (Suga, K.; Watanabe, S.; Fujita, T.; Shimada, T., Israel Journal of Chemistry (1972), 

10(1), 15-18.) U.S. Patent No. 3,954,665 disclosed dimerization of isoprene in the presence of 

reaction products of [(q3-C6H5)NiBr]2 or [M(NO)2X]2 (M = Fe, Co; X = Cl, I, Br) with Fe, Co, 

or Ni carbonyls. European Patent No. 2411(1981) disclosed cyclodimerization of isoprene over 

a Fe(NO)2Cl-bis(l,5-cyclooctadiene)nickel catalyst at from -5° to +20° to give 1-methyl- and 2- 

methyl-4-isopropenyl-l-cyclohexene and 1,4- and 2,4-dimethyl-4-vinyl-l-cyclohexene. U.S. 

Patent No. 4,189,403 disclosed preparation of 1,5-dimethyl-l ,5-cyclooctadiene and 1,4- 

dimethyl-4-vinyl-l -cyclohexene by contacting isoprene with a mixed catalyst of a 

tris(substituted hydrocarbyl) phosphite, arsenite, or antimonite and a Group VIII metal(0) 

compound (e.g. Ni acetylacetonate). Jackstell, R.; Grotevendt, A.; Michalik, D.; El Firdoussi,

L.; Belter, M. J. Organometallic Chem. (2007) 692(21), 4737-4744 cites the use of 

palladium/carbene catalysts for isoprene dimerization. Bowen, L.; Charemsuk, M.; Wass, D.F. 

Chem. Commun. (2007) 2835-2837 describes the use of a chromium N,N-

bis(diarylphosphino)amine catalyst for the production of linear and cyclic trimers of isoprene. 

[0598] Isoprene was reportedly dimerized in the presence of a Ni catalyst to yield cis-2- 

isopropenyl-l-methylvinylcyclobutane (Billups, W. E.; Cross, J. H.; Smith, C. V., Journal of the 

American Chemical Society (1973), 95(10), 3438-9.) The oligomerization of isoprene [78-79-5] 

catalyzed by nickel naphthenate and isoprenemagnesium in the presence of various phosphites as 

electron donors gave cyclic dimers containing dimethylcyclooctadiene [39881-79-3]; in 

particular l,l,l-tris(hydroxymethyl)propane phosphite [39865-19-5] gave

trimethylcyclododecatriene [39881-80-6] selectively (Suga, Kyoichi; Watanabe, Shoji; Fujita, 

Tsutomu; Shimada, Takashi, Journal of Applied Chemistry & Biotechnology (1973), 23(2), 131­

8.) W02006/051011 discloses preparation of trimethylcyclododecatriene, useful in perfumes

148



WO 2010/148256 PCT/US2010/039088

and fragrances, by the trimerization of isoprene in the presence of a catalyst system comprising 

Ni and/or Ti, one or more organometallic compound, and a Group VA compound, and that the 

reaction is conducted in a hydroxyl group-containing solvent. Ligabue, R. A.; Dupont, J.; de 

Souza, R. F., Alegre, R.S. J. Mol. Cat. A: Chem. (2001), 169(1-2), 11-17, describes the selective 

dimerization of isoprene to six-membered dimers using an iron nitrosyl catalyst in an ionic 

liquid. Huchette, D.; Nicole, J.; Petit, F., Tetrahedron Letters (1979), (12), 1035-8, describes the 

electrochemical generation of an iron nitrosyl catalyst and subsequent use for the dimerization of 

isoprene to cyclohexene dimers. Zakharkin, L. I.; Zhigareva, G. G.; Pryanishnikov, A. P. 

Zhurnal Obshchei Khimii (1987), 57(11), 2551-6, describes the cyclooligomcrization of isoprene 

on complex nickel and iron catalysts.

[0599] The highly pure isoprene starting compositions described herein are chemically 

transformed using each catalyst systems and reaction conditions disclosed in the references 

cited. Other catalysts and reaction conditions known in the art such as catalysts and reaction 

conditions applied to chemical transformations of 1,3-butadiene can be adapted to the isoprene 

starting compositions by one skilled in the art.

Dimerization and Trimerization

[0600] In some embodiments, a commercially beneficial amount of highly pure isoprene 

starting material undergoes catalytic chemical transformation to give dimers and trimers.

Catalyst systems are identified using methods known in the art. Preferred catalysts include those 

known to convert isoprene to dimers and trimers with high efficiency. Examples include those 

based upon Palladium, Nickel, Cobalt, Iron and Chromium.

[0601] In some embodiments, a commercially beneficial amount of highly pure isoprene 

starting material undergoes thermal or catalytic dimerization. The isoprene starting composition 

is converted to a mixture of dimers that includes unsaturated 6 and 8-membered rings by heating 

the starting composition under pressure. In some embodiments, the starting isoprene 

composition is heated to over or about 100, 125, 150, 175, 200, 225 or 250 °C under pressure.

In some embodiments, the starting isoprene composition is heated in the presence of an 

antioxidant (e.g. 2,6-di-tert-butyl-4-methylphenol) to prevent radical-mediated polymerization.

In some embodiments, the reaction is accelerated by one or more catalysts selected from 

catalysts known in the art for catalyzing cyclic dimerization of isoprene, e.g., iron nitrosyl halide 

catalysts described in US patents 4,144,278, 4,181,707, 5,545,789 and European patent 

EP0397266A2. The use of iron nitrosyl catalysts in ionic liquids is described by Ligabue et al.

149



WO 2010/148256 PCT/US2010/039088

(2001) J. Mol. Catalysis A: Chemical, 169 (2), 11-17. Examples of catalysts include but are not 

limited to FeiNO bCl? and Cr3+-montmorillonite. In another example, an isoprene starting 

composition is converted to CIO cyclic dimers (e.g. a mixture of dimethyl-cyclooctadienes) 

using a ruthenium catalyst (Itoh, Kenji; Masuda, Katsuyuki; Fukahori, Takahiko; Nakano, 

Katsumasa; Aoki, Katsuyuki; Nagashima, Hideo, Organometallics (1994), 13(3), 1020-9.)

[0602] In a specific embodiment, a isoprene starting composition in a liquid state is heated to 

over 100 °C under pressure and in the presence of an antioxidant to produce a mixture of dimers 

that includes 6 and 8-membered rings, for examples, limonene (l-methyl-4-(prop-l-en-2- 

yl)cyclohex-l -ene), 1 -methyl-5-(prop-1 -en-2-yl)cyclohex-l-ene, 1,4-dimcthyl-4- 

vinylcyclohexene, 2,4-dimethyl-4-vinylcyclohexene, l,5-dimethylcycloocta-l,5-diene, 1,6- 

dimethylcycloocta-l,5-diene, 2,6-dimethyl-1,3-cyclooctadiene, 2,6-dimethyl-l,4-cyclooctadiene, 

3,7-dimethyl-1,5-cyclooctadienc, 3,7-dimethyl-l,3-cyclooctadiene, 3,6-dimethyl-1,3- 

cyclooctadiene and other 8-membered ring isoprene dimers as described in Organometallics 

(1994), 13(3), 1020-9. All stereoisomers of these compounds are contemplated. Conversion of 

isoprene to dimers is best performed in the absence of oxygen so as to avoid the production of 

undesirable reaction products.

[0603] In some embodiments, a commercially beneficial amount of highly pure isoprene 

starting material undergoes photo-dimerization to give 4-membered ring dimers. The isoprene 

starting composition is converted by light irradiation to a mixture comprising one or more of 

1,2-di(prop-l -en-2-yl)cyclobutane, 1,3-di(prop-l -en-2-yl)cyclobutane, 1 -methyl-1 -vinyl-3- 

(prop-1 -en-2-yl)cyclobutane, 1 -methyl-1 -vinyl-2-(prop-1 -en-2-yl)cyclobutane, 1,3-dimethyl-1,3- 

divinylcyclobutane, l,2-dimethyl-l,2-divinylcyclobutane and stereoisomers thereof. In some 

embodiments, the highly pure isoprene starting material is dimerized in the presence of a catalyst 

(e.g. a nickel catalyst) or a photosensitizer (e.g. benzophenone) to yield 4-membered ring 

dimers, e.g. cis-2-isopropenyl-l-methylvinylcyclobutane, in addition to 6- and 8-membered 

rings [See: Hammond, J.S. ;Turro, N.J. ; Liu, R.S.H. (1963) "Mechanisms of Photochemical 

Reactions in Solution. XVI. Photosensitized Dimerization of Conjugated Dienes. J. Org. Chem., 

28, 3297-3303.]

[0604] In some embodiments, a commercially beneficial amount of highly pure isoprene 

starting material is converted to a cyclic trimer in the presence of a catalyst system. In some 

embodiments, the cyclic trimer is trimethylcyclododecatriene. In some embodiments, the 

catalyst system comprises a nickel catalyst. In some embodiments, the catalyst system 

comprises a titanium compound. In some embodiments, the catalyst system comprises a nickel
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catalyst and a titanium compound. In some embodiments, the catalyst system comprises one or 

more organometallic compound and a Group VA compound. In some embodiments, the 

catalytic transformation is conducted in a hydroxyl group-containing solvent. In a particular 

embodiment, a starting isoprene composition is converted to trimethylcyclododecatriene in the 

presence of a catalyst system comprising Ni and/or Ti, one or more organometallic compound, 

and a Group VA compound, and that the reaction is conducted in a hydroxyl group-containing 

solvent.

[0605] In some embodiments, a commercially beneficial amount of highly pure isoprene 

starting material undergoes thermal or catalytic conversion to hydrocarbons in the C7 to C14 

range by treatment with a C2 to C5 unsaturated hydrocarbon. The C2 to C5 hydrocarbon can be 

an alkene, a diene or an alkyne. For example, in some embodiments, isoprene is contacted with 

ethylene and an appropriate catalyst to produce C7 compounds. In another embodiment, 

isoprene is contacted with 1,3-butadiene to form cyclic C9 hydrocarbons. Hydrogenation of 

these C7 to C14 hydrocarbons results in compositions suitable for use as jet fuels and other 

aviation fuels. In yet another embodiment, unsaturated C7 to C14 hydrocarbons derived from 

isoprene and one or more unsaturated hydrocarbons undergo dehydrogenation to form aromatic 

derivatives suitable for use as jet fuels and other aviation fuels, or as blendstocks for such fuels. 

[0606] In some embodiments, a commercially beneficial amount of highly pure isoprene 

starting material is converted to a mixture of linear dimers and trimers using a catalyst system in 

alcohol solvents. This reaction also produces alkoxy derivatives when performed in methanol or 

ethanol. In some embodiments, the catalyst system is a palladium-based catalyst system, e.g., a 

palladium acetylacetonate - triphenylphosphine system or a palladium acetate - 

triphenylphosphine system. In some embodiments, the alcohol solvent is methanol, ethanol or 

isopropyl alcohol. The nature of the products depends on the catalyst and the solvent used. For 

example, when a palladium-based catalyst system, e.g., PdfycacfyPhsP or Pd(OAc)2-Ph3P, is 

used in isopropyl alcohol solvent, linear dimers of isoprene is formed, e.g. 2,7-dimethyl-l,3,7- 

octatriene and 2,7-dimethyl-2,4,6-octatriene. When this reaction is performed in methanol, 

methoxydimethyloctadienes (e.g., l-methoxy-2,7-dimethyl-2,7-octadiene and 3-methoxy-2,7- 

dimethyl-l,7-octadiene) are formed in addition to linear isoprene dimers such as 

dimethyloctatrienes. Some reactions produce linear trimers of isoprene, such as a-famesene 

(3,7,11-trimethyl-1,3,6,10-dodecaletraene), B-famesene (7,11-dimethyl-3-methylene-1,6,10- 

dodecatriene) and other positional isomers (e.g. from tail to tail and head to head addition of 

isoprene units). In another example, isoprene is converted to linear and cyclic C15 trimers using
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a chromium ,V,,V-bis(diatylphosphino)amine catalyst (Bowen, L.; Charemsuk, M.; Wass, D.F. 

Chem. Commun. (2007) 2835-2837.)

Conversion to Oxygenates

[0607] In some embodiments, a commercially beneficial amount of highly pure isoprene 

starting material is converted to fuel oxygenates by reaction with ethanol and other alcohols in 

the presence of an acid catalyst. In one embodiment, the acid catalyst is sulfuric acid. In 

another embodiment, the acid catalyst is a solid phase sulfuric acid (e.g., Dowex Marathon®). 

Other catalysts include both liquid and solid-phase fluorosulfonic acids, for example, 

trifluoromethanesulfonic acid and Nafion-H (DuPont). Zeolite catalysts can also been used, for 

example beta-zeolite, under conditions similar to those described by Hensel et al. [Hensen, K.; 

Mahaim, C.; Holdcrich, W.F., Applied Catalysis A: General (1997) 140(2), 311-329.] for the 

methoxylation of limonene and related monoterpenes. In some embodiments, a highly pure 

isoprene starting material is converted to alcohols and esters by a hydroxylation/esterification 

process or other known reaction of alkenes in the art, for example peroxidation to epoxides with 

peracids such as peracetic acid and 3-chloroperbenzoic acid; and hydration to give alcohols and 

diols with i) water and acid catalysts and ii) hydroboration methods. Such reactions are 

described in, for example, Michael B. Smith and Jerry March, Advanced Organic Chemistry: 

Reactions, Mechanisms, and Structure, Sixth Edition, John Wiley & Sons, 2007. Figures 3 and 

4 show examples of alcohols and oxygenates that can be produced from the starting isoprene 

compositions.

Partial Hydrogenation

[0608] In some embodiments, a commercially beneficial amount of highly pure isoprene 

starting material is partially hydrogenated to a mono-olefin (e.g. 2-methylbut-l-ene, 3-methyl- 

but-l-ene and 2-methylbut-2-ene). In some embodiments, the mono-olefin undergoes 

dimerization or reaction with other olefins using traditional hydrocarbon cationic catalysis, such 

as that used to covert isobutylene to isooctane. See, for example, H.M. Lybarger. Isoprene in 

Kirk-Othmer Encyclopedia of Chemical Technology, 4th ed., Wiley, New York (1995), 14, 934­

952. In some preferred embodiments, the highly pure isoprene starting material is a bioisoprene 

composition.

[0609] In some embodiments, a commercially beneficial amount of highly pure isoprene 

starting material undergoes partial hydrogenation to form mono-olefins (e.g. 2-methylbut-l-ene, 

3-methyl-but-l-ene and 2-methylbut-2-ene). In some preferred embodiments, the highly pure
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isoprene starting material is a bioisoprene composition. In some embodiments, partial 

hydrogenation of the isoprene starting material produces high yields of mono-olefins with 

minimal conversion to isopentane and low residual isoprene levels. In some embodiments, a 

mixture of mono-olefin and isopentane is produced, with low levels of residual isoprene. In 

some embodiments, the partial hydrogenation is selective hydrogenation where a particular 

mono-olefin such as 2-methylbut-2-ene, 2-methylbut-l-ene, or 3-methylbut-l-ene is 

preferentially produced. Preferred hydrogenation catalysts give high catalytic activity, maintain 

catalytic activity over time, and are highly selective for the conversion of isoprene to mono­

olefins.

[0610] Suitable catalysts for partial hydrogenation of the isoprene starting composition may 

contain a platinum-group metal such as platinum, palladium, rhodium, or ruthenium, or a 

transition metal such as nickel, cobalt, copper, iron, molybdenum, or a noble metal such as silver 

or gold in elemental form, or a salt or complex with organic and inorganic ligands. Alloys of 

these metals can also be used in some circumatances. These metals and their derivatives can be 

pure or mixed with other active and inert materials. Catalysts may be adsorbed to a support 

material (such as activated carbon, alumina, or silica) in order to maximize the effective surface 

area. The physical morphology of hydrogenation catalysts is known to have a considerable 

influence on their performance. Preferred hydrogenation catalysts include heterogeneous 

palladium catalysts such as palladium on carbon (Pd/C), palladium on alumina (Pd/AFCfi), or 

palladium on silica (Pd/SiCh) in grades ranging from 0.1% Pd to 20% Pd (w/w) relative to the 

support material. An example of a suitable selective hydrogenation catalyst is LD 2773, a sulfur 

tolerant promoted Pd on alumina (Axens, Rueil-Malmaison Cedex, France). Partial 

hydrogenation catalysts that allow the conversion of isoprene into isoamylenes with minimal 

conversion to isopentane include the Lindlar catalyst (Pd/BaSCfi treated with quinoline), Pd/C 

treated with the triphenyl derivative of a group 15 element (N, P, As), Pd/C treated with a sulfur- 

containing compound, molybdenum sulfide, and Pd/Fe alloys. One preferred catalyst comprises 

palladium adsorbed to egg-shell alumina (d-AFCF,). Catalysts used in the refining industry for 

the remo val of diolefins and alkynes from pyrolysis gasoline are particularly preferred, for 

example Ni/AFCb and Pd/AFCF, based catalysts. Another suitable class of catalyst for the 

conversion of isoprene to isoamylenes are those used in industry for the hydrotreating of 

pyrolysis gasoline. See for example US Patent Nos. 7,014,750 and 6,9949,686, and references 

cited therein. In general, the catalysts used in pyrolysis gas hydrotreament allow for selective 

conversion of acetlyenes and diolefins (e.g. isoprene and piperylenes) into monoolefins.
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[0611] The hydrogen source can be hydrogen gas or a hydrogen source including, but not 

limited to, hydrogen gas (H2), formic acid, hydrazine, or isopropanol. The hydrogen source can 

be either chemically or biologically derived. In some embodiments the hydrogen used for 

hydrogenation is co-produced with isoprene during fermentation. The hydrogenation can be 

performed at hydrogen pressures ranging from 0.5 atm to 200 atm, or higher. The temperature 

can range from 0 °C to 200 °C.

[0612] Products from partial hydrogenation of a bioisoprene composition are expected to 

contain certain impurities originally present in the starting isoprene composition and/or 

hydrogenated derivatives of the imputities such as ac etone, ethanol, amyl alcohol, ethyl acetate, 

isoamyl acetate, methyl ethyl ketone and other saturated polar impurities.

[0613] In some embodiments, the isoprene starting composition undergoes partial 

hydrogenation or selective hydrogenation in the presence of a palladium catalyst. For example, 

palladium catalysts, such as Pd/CaCC>3, Pd/BaSC>4, Pd/C, Pd black, Pd/SiO3, Pd/AbCh, or 

Pd/SiO2, were shown to convert isoprene to mono-olefins with a selectivity of greater than 95% 

over fully reduced C5 alkanes. Use of these palladium catalysts gave a mixture of mono-olefin 

products, with 5%Pd/CaCO3 having the greatest selectivity for 3-methylbut-l-ene and 5% 

Pd/SiO2 having the greatest selectivity for 2-methylbut-2-ene. (See G.C. Bond and A.F. Rawle. 

J. Mol. Catalysis A: Chemical 109 (1996) 261-271.) Bond and Rawle have also shown that 

palladium-gold and palladium-silver catalysts (e.g., Pd-Au/SiO2 and Pd-Ag/SiO2) have high 

selectivity for reducing isoprene to mono-olefins over fully reduced C5 alkanes. In some 

embodiments, silica-supported polyamidoamine (PAMAM) dendrimer-palladium complexes 

have been used to selectively catalyze the reduction of cyclic and acyclic dienes to a mixture of 

mono-olefin isomers. Selectivity for the various mono-olefin isomers was dependent on the 

precise PAMAM ligand used in the catalyst. (See P.P. Zweni and H. Alper. Adv. Synth. Catal. 

348 (2006) 725-731.) In some embodiments, reduction of isoprene to mono-olefins can be 

carried out using a Group VIB metal on an inorganic support (e.g., a metal zeolite) as a catalyst. 

For example, a Mo/Al2C>3 catalyst was used to selectively reduce 1,3-butadiene to the respective 

mono-olefins. (See US 6,235,954 BI.) In some embodiment, isoprene can be reduced to mono- 

olefms using a Group VIII metal catalyst promoted by a metal from Group IB, VIB, VIIB, or 

zinc to reduce poisoning of the catalyst. (See US 6,949,686 B2). In some embodiments, 

isoprene can be reduced to mono-olefins using a monolithic catalyst bed, which may be in a 

honeycomb configuration. Catalyst support materials for the monolithic catalyst bed may 

include metals such as nickel, platinum, palladium, rhodium, ruthenium, silver, iron, copper,
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cobalt, chromium, iridium, tin, and alloys or mixtures thereof. (See US 7,014,750 B2). In some 

embodiments, isoprene can be reduced to mono-olefins using an eggshell Pd/d-AECh catalyst, 

particularly if the reaction is free of water. The eggshell Pd/d-AECb catalyst is selective for 

mono-olefins over fully reduced alkanes and 2-methylbut-2-ene is the thermodynamically 

favorable isomer. (See J.-R. Chang and C.-H. Cheng. Ind. Eng. Chem. Res. 36 (1997) 4094­

4099.)

[0614] Light olefins (C3-C6) can be readily dimerized using acid catalysts to give higher 

olefins (C6-C12) also known as dimate. For example, the conversion of isobutylene (2- 

methylpropene) to isooctene is well described in the art using a variety of acid catalysts 

including sulfuric, phosphoric and other mineral acids, sulfonic acids, fluorosulfonic acids, 

zeolites and acidic clays.

[0615] In some embodiments, the isoprene starting composition undergoes partial

hydrogenation or selective hydrogenation to form a mono-olefin, and the mono-olefin undergoes 

dimerization or reaction with other olefins using traditional hydrocarbon cationic catalysis, such 

as that used to covert isobutylene to isooctane, e.g. sulfuric, phosphoric and other mineral acids, 

sulfonic acids, fluorosulfonic acids, zeolites and acidic clays. See, for example, H.M. Lybarger. 

Isoprene in Kirk-Othmer Encyclopedia of Chemical Technology, 4th ed., Wiley, New York 

(1995), 14, 934-952. In some preferred embodiments, the highly pure isoprene starting material 

is a bioisoprene composition. Acid catalyst in both liquid and solid forms can be used. Acid 

resins are preferred and include Amberlyst 15, 35, XE586, XN1010 (Rohm and Haas) and 

similar acidic ion-exchange resins. Acidic molecular sieves are also preferred catalysts 

including a medium-pore acid molecular sieve such as ZSM-5, ferrierite, ZSM-22 and ZSM-23. 

[0616] In some embodiments, the isoprene starting composition undergoes partial 

hydrogenation or selective hydrogenation to form isoamylenes. In some embodiments, the 

isoamylenes are dimerized to give CIO dimates such as isodecenes. In some embodiments, the 

isoamylenes are dimerized with an olefin such as propylene, butane or isobutene to give C8-C10 

dimates. In some embodiments, the mono-olefin undergoes dimerization using a resin catalyst 

(e.g., Amberlyst, Amberlyst 35, Amberlyst 15, Amberlyst XN1010, Amberlyst XE586 ) to 

produce diisoamylenes. Use of such resin catalysts has been shown to minimize cracking and 

further oligomerization reactions, and under optimal conditions the resin catalysts provide 

selectivity for dimers of greater than 92%, with trimer formation of less than 8%. See, for 

example, M. Marchionna et al. Catalysis Today 65 (2001) 397-403. In some embodiments, the 

mono-olefin undergoes dimerization using a catalytic material containing an acidic mesoporous

155



WO 2010/148256 PCT/US2010/039088

molecular sieve, such as a mesoporous sieve embedded in a zeolite structure, ZSM-5, ferrierite, 

ZSM-22, or ZSM-23. In a particular embodiment, the catalytic material is thermally stable at 

high temperatures (e.g., at least 900 °C). In another particular embodiment, the mono-olefin is 

substantially free of multi-unsaturated hydrocarbons, such as isoprene. Use of a catalytic 

material containing an acidic mesoporous molecular sieve for dimerization can lead to selectivity 

for dimers in excess of 80%. See, for example, US 2007/0191662 Al. In some embodiments, 

the mono-olefin undergoes dimerization using a solid acidic catalyst (e.g., a solid phosphoric 

acid catalyst, acidic ion exchange resins). Selectivity for dimers using a solid phosphoric acid 

catalyst can be at least 75%, at least 85% or at least 90%. See, for example, US 2009/0099400 

Al and US 6,660,898 BI.

[0617] Efficient dimerization can sometimes require the presence of a polar component(s) 

such as water and oxygenated compound in the feed stream. Examples include alcohols such as 

methanol, ethanol and t-butanol, ethers such as methyl t-butyl ether (MTBE) and methyl t-amyl 

ether (TAME) or an ester such as Cl to C5 acetates. In some embodiments, isoamylenes can be 

converted to ethers such as TAME by treatment with alcohols in the presence of an acid catalyst. 

[0618] In some embodiments, the CIO dimers of mono-olefins produced by any of the 

methods described herein can be reduced to fully saturated CIO alkylates (e.g., by

hydrogenation). In a particular embodiment, isoprene or a mono-olefin can be reduced to an 

alkylate using a catalyst containing an acid component, such as sulfuric acid, a fluorosulfonic 

acid, a perhaloalkylsulfonic acid, an ionic liquid, or a mixture of Bronsted acids and Lewis acids, 

mixed with a polymer component, such as a polyacrylate. (See US 2010/0094072 Al).

[0619] In some embodiments, a commercially beneficial amount of highly pure isoprene 

starting material undergoes oligomerization in the presence of an acid catalysts to produce 

dimers, trimers, higher oligomers, aromatic products, and/or polymeric products. Kinetic control 

of the reaction can favor certain products, for example lower oligomers, although gum formation 

and coking are known issues leading to catalyst deactivation.

Exemplary unsaturated isoprene derivatives

[0620] In some embodiments, the compositions and systems for producing a fuel constituent 

from isoprene further comprise an unsaturated hydrocarbon or oxygenate intermediate for 

chemical transformation of an isoprene starting composition to a fuel constituent. In some 

embodiment, the unsaturated hydrocarbon intermediate comprise one or more unsaturated 

dimers of isoprene selected from the group consisting of l,2-di(prop-l-en-2-yl)cyclobutane, 1,3­
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di(prop-1 -en-2-yl)cyclobutane, 1 -methyl-1 -vinyl-3 -(prop-1 -en-2-yl)cyclobutane, 1 -methyl-1 - 

vinyl-2-(prop-l -en-2-yl)cyclobutane, 1,3-dimethyl-1,3-divinylcyclobutane, 1,2-dimethyl-l ,2- 

divinylcyclobutane, 1 -methyl-4-(prop-1 -en-2-yl)cyclohex-1 -ene), 1 -methyl-5 -(prop-1 -en-2- 

yl)cyclohex-l-ene, l,4-dimethyl-4-vinylcyclohexene, 2,4-dimethyl-4-vinylcyclohexene, 1,5- 

dimethylcycloocta-1,5-diene, 1,6-dimethylcycloocta-1,5-diene, 1,4-dimethyl-4-vinyl-l - 

cyclohexene, 2,4-dimethyl-4-vinyl-l-cyclohexene, 2,7-dimethyl-l,3,7-octatriene, 2,7-dimethyl-

2,4,6-octatriene, 2,6-dimethyl-l,3-cyclooctadiene, 2,6-dimethyl-l,4-cyclooctadienc, 3,7- 

dimethyl-l,5-cyclooctadiene, 3,7-dimethyl-1,3-cyclooctadiene and 3,6-dimethyl-l,3- 

cyclooctadiene. In some embodiments, the unsaturated hydrocarbon intermediate comprises one 

or more unsaturated trimers such as a-famesene, β-famesene, trimethylcyclododecatrienes (e.g. 

l,5,9-trimethyl-(l£,52i,9£)-cyclododecatriene and positional and geometric isomers thereof) and 

trimethyldodecatetraenes and the like. In some embodiments, the unsaturated oxygenate 

intermediate comprise one or more unsaturated methyl ethers such as l-methoxy-2,7-dimethyl- 

2,7-octadiene and 3-methoxy-2,7-dimethyl- 1,7-octadiene and the like. In some embodiments, 

the unsaturated oxygenate intermediate comprise one or more unsaturated ethyl ethers such as 

ethyl 3-methyl-3-butenyl ether, ethyl l,l-dimethyl-2-propenyl ether, ethyl 1,2-dimethyl-2- 

propenyl ether, ethyl 2-methyl-3-butenyl ether and the like. In some embodiments, the 

unsaturated oxygenate intermediate comprise one or more unsaturated alcohols such as 3- 

methyl-3-buten-l-ol, 2-methyl-3-buten-2-ol, 3-methyl-3-buten-2-ol, 2-methyl-3-buten-l-ol and 

the like. In some embodiments, the unsaturated oxygenate intermediate comprise one or more 

unsaturated esters such as 3-methyl-3-buten-l-yl acetate, 2-methyl-3-buten-2-yl acetate, 3- 

methyl-3-buten-2-yl acetate, 2-methyl-3-buten-l-yl acetate and esters of other C3-C18 aliphatic 

carboxylic acids. In some embodiment, the unsaturated hydrocarbon intermediate comprise one 

or more isoamylenes, e.g. 2-methylbut-l-ene, 3-methyl-but-l-ene and 2-methylbut-2-ene. In 

some embodiments, the unsaturated hydrocarbon intermediate comprise on or more 

diisoamylenes derived from dimerization of isoamylenes.
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Scheme I. Exemplary unsaturated 6- and 8-membered ring intermediates

tx b<"
l-methyl-4-(prop-l-en- 1-methyl-5-(prop-1-en- i ,4-dimethyl-4- 2,4-dimethyl-4- 

2 yl)cyclohex 1 ene 2-yl)cyclohex-l-ene vinylcyclohexene vinylcyclohexene

xy xy xy xy
2,6-dimethyl-l,3- 2,6-dimethyl-l,4- 3,7-dimethyl-l,3- 3,7-dimethyl-l,5- 

cyclooctadiene cyclooctadiene cyclooctadiene cyclooctadiene

l,5-dimethylcycloocta-l,5- 1,6-dimethylcycloocta- 3,6-dimethyl-l,3-
diene 1,5-diene cyclooctadiene

Scheme II. Exemplary unsaturated 4-membered ring intermediates

1,2-di(prop-l -en-2- 
yl)cyclobutane

l-methyl-3-(prop-1 -en-2- 
yl)-1 -vinylcyclobutane

l,3-dimethyl-l,3-
divinylcyclobutane

1 -methyl-2-(prop-1 -en-2- 
yl)-1 -vinylcyclobutane

l,2-dimethyl-l,2-
divinylcyclobutane l,3-di(prop-l-en-2-

yl)cyclobutane
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Scheme III. Exemplary unsaturated isoprene telomer and oxygenate intermediates

2,7-dimethylocta- 2,7-dimethylocta- 3,7,11-trimethyldodeca-
1,3,7-triene 2,4,6-triene 1,3,7,11-tetraene

3,7,11 -trimethyldodeca-1,3,6,10-tetraene 7,11 -dimethyl-3-methylenedodeca-1,6,10-triene

Ό

8-methoxy-2,7-dimethylocta-1,6-diene 3-methoxy-2,7-dimethylocta-l,7-diene

Scheme IV. Exemplary unsaturated ethyl ether intermediates

O

Ethyl 3-methyl-3-butenyl ether Ethyl 1,1 -dimethyl-2-propenyl ether

Ethyl l,2-dimethyl-2-propenyl ether Ethyl 2-methy 1-3-butenyl ether

Scheme V. Exemplary unsaturated alcohol intermediates

OH
3-methyl-3-buten-l-ol 2-methyl-3-buten-2-ol 3-methyl-3-buten-2-ol 2-methyl-3-buten-l-ol
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Scheme VI. Exemplary unsaturated ester intermediates

OAc
3 -methyl-3 -buten-1 -yl acetate

OAc

2-methyl-3-buten-2-yl acetate

AcO
OAc

3-methyl-3-buten-2-yl acetate 2-methyl-3-buten-1-yl acetate

Exemplary hydrogenation of unsaturated intermediates

[0621] The unsaturated isoprene derivatives are subject hydrogenation in the presence of a 

hydrogenation catalyst to produce saturated compounds. The saturated compounds are 

characterized and their values as fuels are assessed. In some embodiments, the hydrogen source 

for hydrogenation is hydrogen gas. In some embodiments, the hydrogen gas is co-produced with 

the bioisoprene as described in U.S. provisional patent application No.61/141,652, filed on 

December 30, 2008 and US 2009/0203102 Al. In some embodiments, the hydrogenation 

catalyst is a palladium based catalyst such as Pd/C (e.g. 5% (wt.) Pd/C). In some embodiments, 

the hydrogenation catalyst is a Raney Nickel catalyst. In some embodiments, the hydrogenation 

catalyst is a homogenous catalyst such as ruthenium or rhodium based homogenous 

hydrogenation catalysts. In some embodiments, unsaturated isoprene dimers and trimers are 

hydrogenated to produce saturated CIO and C15 hydrocarbons suitable for making fuels. In 

some embodiments, unsaturated cyclic dimers arc hydrogenated to produce saturated cyclic CIO 

hydrocarbons such as 1,2-bis(isopropyl)cyclobutane, l,2-bis(isopropyl)cyclobutane, l-methyl-4- 

isopropylcyclohexane, l-methyl-3-isopropylcyclohexane, 1 -ethyl-1,4-dimethylcyclohexane, 1- 

ethyl-l,3-dimethylcyclohexane, 1,5-dimethylcyclooctane and 1,4-dimethylcyclooctane. In some 

embodiments, unsaturated cyclic trimers are hydrogenated to produce saturated cyclic Cl 5 

hydrocarbons such as 1,5,9-trimethylcyclododecane and 1,5,10-trimethylcyclododecane (see 

Scheme VJI). In some embodiments, unsaturated linear dimers are hydrogenated to produce 

saturated aliphatic CIO hydrocarbons such as 2,6-dimethyloctane, 2,7-dimethyloctane and 3,6- 

dimethyloctane. In some embodiments, unsaturated linear trimers are hydrogenated to produce 

saturated aliphatic C15 hydrocarbons such as 2,6,10-trimethyldodecane, 2,7,10- 

trimethyl dodecane and 3,7,10-trimethyldodecane (see Scheme VIII). In some embodiments, the 

product of the dimerization of isoamylenes (diamylenes or CIO dimates) are fully hydrogenated
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to isoparaffins (e.g. 2,3,4,4-tetramethylhexane, 2,2,3,4-tetramethylhexane, 2,3,3,4-

tetramethylhexane and 3,3,5-trimethylheptane) (see Scheme Villa). In some embodiments, a 

commercially beneficial amount of highly pure isoprene starting composition is hydrogenated to 

produce a product comprising 2-methylbutane. In some embodiments, the unsaturated isoprene 

hydroxylates are hydrogenated to produce saturated hydroxylates such as C5 alcohols and diols 

(e.g. 3-methyl-butan-l-ol, 2-methyl-butan-l-ol and 2-methyl-butan-2-ol, 3-methyl-butan-l,3- 

diol and 2-methyl-butan-2,3-diol), C-10 alcohols and diols (e.g. 3,7-dimethyloctan-l-ol, 2,7- 

dimethyloctan-l-ol, 2,7-dimethyloctan-2-ol and 2,7-dimcthyloctan-2,7-diol) and cyclic C-10 

alcohols (e.g. 2-(4-methylcyclohexyl)propan-2-ol, 2-(4-methylcyclohcxyl)propan-1-ol, 2-(1,4- 

dimethylcyclohexyl)ethanol and 4-ethyl-l,4-dimethylcyclohexanol) (see Scheme IX). In some 

embodiments, the unsaturated isoprene oxygenates are hydrogenated to produce saturated ethers 

such as l,3-diethoxy-3-methylbutane, l-ethoxy-3-methylbutane, l-methoxy-2,7-dimethyloctane 

and 3-methoxy-2,7-dimethyloctane (see Scheme X). It is understood that when an alkene 

moiety is hydrogenated, one or more stereo isomers are produced. The relative ratios between 

the stereo isomers depend on the reaction conditions and the catalysts used. When applicable, 

each and every stereo isomer is intended for the saturated hydrocarbons and oxygenates 

described herein.

161



WO 2010/148256 PCT/US2010/039088

Scheme VII. Examples of cyclic hydrocarbons derived from isoprene

h/i-(isopropyl)cyclobutanes 
from 2+2 photodimerization

Cyclohexanes from thermal or catalytic cyclodimerization

1,5-dimethyl- and 1,6-dimethylcyclooctanane from thermal or catalytic cyclodimerization

1,5,9- and 1,5,10-trimethylcyclododecane from cyclic trimerization of isoprene
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Scheme VIII. Examples of aliphatic hydrocarbons derived from isoprene

2-methylbutane 2,6,10-trimethyldodecane 
(Famesane)

2,6-dimethyloctane

2,7,10-trimethyldodecane

2,7-dimelhyloctane

3,6-dimethyloctane

3,7,10-trimethyldodecane

Scheme Villa. Examples of isodecanes derived from isoamylenes

2,3,4,4-tetramethylhexane 2,2,3,4-tetramethylhexane

2,3,3,4-tetramethylhexane 3,3,5-trimethylheptane
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Scheme IX. Examples of IsoFuel™ alcohols derived from isoprene

OH HO HO

C5 alcohols and diols

Cyclic CIO alcohols
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Scheme X. Examples of IsoFuel™ oxygenates derived from isoprene

OAc

Isopentyl acetate3 -methyltetrahydrofuran

Reaction products of isoprene and ethanol 
(see attached presentation from S. Reyer)

Alkoxy-derivatives produced by Pd-catalyzed 
telomerization of isoprene in methanol solvent, 

(see Zakharkin (1976))

[0622] In some embodiment, the fuel constituent produced by chemical transformation of a 

commercially beneficial amount of highly pure isoprene starting composition comprises 

saturated isoprene derivatives. In some embodiments, the fuel constituent comprises saturated 

CIO and C15 hydrocarbons derived from isoprene. In some embodiments, the fuel constituent 

comprises one or more saturated cyclic CIO hydrocarbons selected from the group consisting of

1,2-bis(isopropyl)cyclobutane, 1,2-bis(isopropyl)cyclobutane, 1 -methyl-4-isopropylcyclohexane, 

1 -methyl-3-isopropylcyclohexane, 1 -ethyl-1,4-dimethylcyclohexane, 1 -ethyl-1,3- 

dimethylcyclohexane, 1,5-dimethylcyclooctane and 1,4-dimethylcyclooctane. In some 

embodiments, the fuel constituent comprises one or more saturated cyclic C15 hydrocarbons 

selected from the group consisting of 1,5,9-trimethylcyclododecane and 1,5,10- 

trimethylcyclododecane. In some embodiments, the fuel constituent comprises one or more 

saturated aliphatic CIO hydrocarbons selected from the group consisting of 2,6-dimethyloctane, 

2,7-dimethyloctane and 3,6-dimethyloctane. In some embodiments, the fuel constituent 

comprises one or more saturated aliphatic C15 hydrocarbons selected from the group consisting
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of 2,6,10-trimethyldodecane, 2,7,10-trimethyldodecane and 3,7,10-trimethyldodecane. In some 

embodiments, the fuel constituent comprises 2-methylbutane. In some embodiments, the fuel 

constituent comprises one or more isoparaffins selected from the group consisting of 2,3,4,4- 

tetramethylhexane, 2,2,3,4-tetramethylhexane, 2,3,3,4-tetramethylhexane and 3,3,5- 

trimethylheptane. In some embodiments, the fuel constituent comprises one or more saturated 

hydroxylates selected from the group consisting of 3-methyl-butan-l-ol, 2-methyl-butan-l-ol 

and 2-methyl-butan-2-ol, 3-methyl-butan-l,3-diol, 2-mcthyl-butan-2,3-diol, 3,7-dimethyloctan-

1- ol, 2,7-dimethyloctan-l-ol, 2,7-dimethyloctan-2-ol, 2,7-dimethyloctan-2,7-diol, 2-(4- 

methylcyclohexyl)propan-2-ol, 2-(4-methylcyclohexyl)propan-l-ol, 2-(1,4- 

dimethylcyclohexyl)ethanol and 4-ethyl-l,4-dimethylcyclohexanol. In some embodiments, the 

fuel constituent comprises one or more saturated ethers selected from the group consisting of

1,3-diethoxy-3-methylbutanc, 1-ethoxy-3-methylbutane, 1 -methoxy-2,7-dimethyloctane and 3- 

methoxy-2,7-dimethyloctane. In some embodiments, the fuel constituent comprises one or more 

oxygenates of isoprene selected from the group consisting of 3-methyltetrahydrofuran, 3-methyl-

2- butanone and isopentyl acetate.

[0623] In some embodiments, the compositions and systems for producing a fuel constituent 

from isoprene further comprise catalysts for catalyzing the chemical transformation of an 

isoprene starting composition to a fuel constituent or an intermediate for making a fuel 

constituent. In some embodiments, the compositions and systems for producing a fuel 

constituent from isoprene further comprise catalysts for catalyzing hydrogenation of an 

unsaturated intermediate to produce a saturated fuel constituent. In some embodiments, the 

catalyst is any catalyst described or a combination of one or more of the catalyst described 

herein.

Method and/or Processes for Producing Fuels

[0624] The invention provides methods and/or processes for producing a fuel constituent from 

isoprene comprising: (a) obtaining a commercially beneficial amount of highly pure isoprene; 

and (b) chemically transforming at least a portion of the commercially beneficial amount of 

highly pure isoprene to a fuel constituent. In one embodiment, a highly pure isoprene 

composition is transformed to a fuel component in a continuous chemical process. In another 

embodiment, a highly pure isoprene is further purified before chemical transformation to a fuel 

composition. In yet another embodiment, a highly pure isoprene is chemically transformed to an 

intermediate composition; the intermediate composition undergoes further chemical
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transformations to produce a fuel or a fuel component. In a further embodiment, the fuel 

component produced is mixed with a petroleum distillate and other optional additives to make a 

fuel. In some preferred embodiments, the highly pure isoprene is a bioisoprene composition. 

[0625] In some embodiments, the method for producing a fuel constituent from isoprene 

comprises obtaining a commercially beneficial amount of highly pure isoprene composition. In 

some embodiments, the highly pure isoprene composition useful in the invention comprises 

greater than or about 2, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 

800, 900, or 1000 mg of isoprene. In some embodiments, the highly pure isoprene composition 

comprises greater than or about 2, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 g of isoprene. In 

some embodiments, the starting isoprene composition comprises greater than or about 0.2, 0.5, 

1, 2, 5, 10, 20, 50, 100, 200, 500, 1000 kg of isoprene.

[0626] In some embodiments, the method for producing a fuel constituent from isoprene 

comprises obtaining a commercially beneficial amount of highly pure isoprene composition. In 

some embodiments, the highly pure isoprene starting composition comprises greater than or 

about 98.0, 98.5, 99.0, 99.5, or 100% isoprene by weight compared to the total weight of all C5 

hydrocarbons in the starting composition. In some embodiments, the highly pure isoprene 

composition useful in the invention comprises greater than or about 99.90, 99.92, 99.94, 99.96, 

99.98, or 100% isoprene by weight compared to the total weight of all C5 hydrocarbons in the 

composition. In some embodiments, the highly pure isoprene composition comprises less than 

or about 2.0, 1.5, 1.0, 0.5, 0.2, 0.12, 0.10, 0.08, 0.06, 0.04, 0.02, 0.01,0.005, 0.001,0.0005, 

0.0001, 0.00005, or 0.00001% C5 hydrocarbons other than isoprene (such 1,3-cyclopentadiene, 

cis- 1,3-pentadiene, Zra«s-l,3-pentadiene, 1,4-pentadiene, 1-pentyne, 2-pentyne, 1-pentene, 2- 

methyl-1-butene, 3-methyl-l-butyne, pent-4-ene-l-yne, /ra«s-pent-3-ene-1 -yne, or f /.s-pent-3- 

ene-l-yne) by weight compared to the total weight of all C5 hydrocarbons in the composition. 

In some embodiments, the highly pure isoprene composition has less than or about 2.0, 1.5, 1.0, 

0.5, 0.2, 0.12, 0.10, 0.08, 0.06, 0.04, 0.02, 0.01, 0.005, 0.001, 0.0005, 0.0001, 0.00005, or 

0.00001% for 1,3-cyclopentadiene, cis-1,3-pentadiene, trans- 1,3-pentadiene, 1,4-pentadiene, 1- 

pentyne, 2-pentyne, 1-pentene, 2-methyl-l-butene, 3-methyl-l-butyne, pent-4-ene-1-yne, trans- 

pent-3-ene-l-yne, or cri-pent-3-ene-l-yne by weight compared to the total weight of all C5 

hydrocarbons in the composition. In particular embodiments, the highly pure isoprene 

composition has greater than about 2 mg of isoprene and has greater than or about 98.0, 98.5, 

99.0, 99.5, 99.90, 99.92, 99.94, 99.96, 99.98, or 100% isoprene by weight compared to the total 

weight of all C5 hydrocarbons in the composition.
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[0627] In some embodiments, the method for producing a fuel constituent from isoprene 

comprises obtaining a commercially beneficial amount of highly pure isoprene composition. In 

some embodiments, the highly pure isoprene composition useful in the invention has less than or 

about 50, 40, 30, 20, 10,5, 1, 0.5, 0.1, 0.05, 0.01, or 0.005 pg/L of a compound that inhibits the 

polymerization of isoprene for any compound in the composition that inhibits the polymerization 

of isoprene. In particular embodiments, the composition also has greater than about 2 mg of 

isoprene.

[0628] In some embodiments, the method for producing a fuel constituent from isoprene 

comprises obtaining a commercially beneficial amount of highly pure isoprene composition. In 

some embodiments, the highly pure isoprene composition useful in the invention has one or 

more compounds selected from the group consisting of ethanol, acetone, C5 prenyl alcohols, and 

isoprenoid compounds with 10 or more carbon atoms. In some embodiments, the highly pure 

isoprene composition has greater than or about 0.005, 0.01, 0.05, 0.1, 0.5, 1, 5, 10, 20, 30, 40,

60, 80, 100, or 120 pg/L of ethanol, acetone, a C5 prenyl alcohol (such as 3-methyl-3-buten-l-ol 

or 3-methyl-2-buten-l-ol), or any two or more of the foregoing. In particular embodiments, the 

highly pure isoprene composition has greater than about 2 mg of isoprene and has one or more 

compounds selected from the group consisting of ethanol, acetone, C5 prenyl alcohols, and 

isoprenoid compounds with 10 or more carbon atoms.

[0629] In some embodiments, the method for producing a fuel constituent from isoprene 

comprises obtaining a commercially beneficial amount of highly pure isoprene composition. In 

some embodiments, the highly pure isoprene composition useful in the invention includes 

isoprene and one or more second compounds selected from the group consisting of 2-heptanone, 

6-methyl-5-hepten-2-one, 2,4,5-trimethylpyridine, 2,3,5-trimethylpyrazine, citronellal, 

acetaldehyde, methanethiol, methyl acetate, 1-propanol, diacetyl, 2-butanone, 2-methyl-3-buten-

2- ol, ethyl acetate, 2-methyl-l-propanol, 3 -methyl- 1-butanal, 3-methyl-2-butanone, 1-butanol, 2- 

pentanone, 3-methyl-l-butanol, ethyl isobutyrate, 3-methyl-2-butenal, butyl acetate, 3- 

methylbutyl acetate, 3-methyl-3-buten-l-yl acetate, 3-methyl-2-buten-l-yl acetate, 3-hexen-l-ol,

3- hexen-l-yl acetate, limonene, geraniol (trans-3,7-dimethyl-2,6-octadien-l-ol), citronellol (3,7- 

dimethyl-6-octen-l-ol), (E)-3,7-dimethyl-l,3,6-octatriene, (Z)-3,7-dimethyl-l,3,6-octatriene, and

2,3-cycloheptenolpyridine. In various embodiments, the amount of one of these second 

components relative to the amount of isoprene in units of percentage by weight (i.e., weight of 

the component divided by the weight of isoprene times 100) is at greater than or about 0.01,

0.02, 0.05, 0.1, 0.5, 1, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, or 110% (w/w). In some
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embodiments, the amount of methanethiol relative to the amount of isoprene in units of 

percentage by weight is at less than 0.01% (w/w).

[0630] In some embodiments, the method for producing a fuel constituent from isoprene 

comprises obtaining a commercially beneficial amount of highly pure isoprene composition. In 

some embodiments, the method comprises obtaining a commercially beneficial amount of highly 

pure isoprene composition from a biological process comprising: (a) culturing cells comprising a 

heterologous nucleic acid encoding an isoprene synthase polypeptide under suitable culture 

conditions for the production of isoprene, wherein the cells (i) produce greater than about 400 

nmole/gWcm/hr of isoprene, (ii) convert more than about 0.002 molar percent of the carbon that 

the cells consume from a cell culture medium into isoprene, or (iii) have an average volumetric 

productivity of isoprene greater than about 0.1 mg/Lbroth/hr of isoprene, and (b) producing 

isoprene. In some embodiments, the cells have a heterologous nucleic acid that (i) encodes an 

isoprene synthase polypeptide, e.g. a naturally-occurring polypeptide from a plant such as 

Pueraria, and (ii) is operably linked to a promoter, e.g. a T7 promoter. In some embodiments, 

the cells are cultured in a culture medium that includes a carbon source, such as, but not limited 

to, a carbohydrate, glycerol, glycerine, dihydroxyacetone, one-carbon source, oil, animal fat, 

animal oil, fatty acid, lipid, phospholipid, glycerolipid, monoglyceride, diglyceride, triglyceride, 

renewable carbon source, polypeptide (e.g., a microbial or plant protein or peptide), yeast 

extract, component from a yeast extract, or any combination of two or more of the foregoing. In 

some embodiments, the cells are cultured under limited glucose conditions. In some 

embodiment, the cells further comprise a heterologous nucleic acid encoding an IDI polypeptide. 

In some embodiments, the cells further comprise a heterologous nucleic acid encoding an MDV 

pathway polypeptide. In some embodiment, the method comprises producing isoprene using the 

methods described in U.S. provisional patent application Nos. 61/134,094, filed on July 2, 2008, 

WO 2010/003007, and U.S. patent application No. 12/335,071, filed December 15, 2008 (US 

2009/0203102 Al), which are incorporated by reference in their entireties.

[0631] In some embodiment, the method comprises obtaining a gas phase (off-gas) produced 

by cells in culture that produces isoprene. In some embodiments, the cells in culturing produce 

greater than about 400 nrnole/gWcm/hr of isoprene. In some embodiments, the gas phase 

comprises greater than or about 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 pg/L of isoprene when 

sparged at a rate of 1 v vm. In some embodiments, the volatile organic fraction of the gas phase 

comprises greater than or about 99.90, 99.92, 99.94, 99.96, 99.98, or 100% isoprene by weight 

compared to the total weight of all C5 hydrocarbons in the volatile organic fraction. In some
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embodiments, the volatile organic fraction of the gas phase comprises less than or about 2.0, 1.5, 

1.0, 0.5, 0.2, 0.12, 0.10, 0.08, 0.06, 0.04, 0.02, 0.01, 0.005, 0.001, 0.0005, 0.0001, 0.00005, or 

0.00001% C5 hydrocarbons other than isoprene (such 1,3-cyclopentadiene, cis-1,3-pentadiene, 

trans-1,3-pentadiene, 1,4-pentadiene, 1-pentyne, 2-pentyne, 1-pentene, 2-methyl-1-butene, 3- 

methyl-l-butyne, pent-4-ene-l-yne, /ra/?.s-pent-3-ene-1 -yne, or c/.s-pent-3-cne-1 -ync) by weight 

compared to the total weight of all C5 hydrocarbons in the volatile organic fraction. In some 

embodiments, the volatile organic fraction of the gas phase has less than or about 2.0, 1.5, 1.0, 

0.5, 0.2, 0.12, 0.10, 0.08, 0.06, 0.04, 0.02, 0.01, 0.005, 0.001, 0.0005, 0.0001, 0.00005, or 

0.00001% for 1,3-cyclopentadiene, cis-1,3-pentadiene, trans- 1,3-pentadiene, 1,4-pentadiene, 1- 

pentyne, 2-pentyne, 1-pentene, 2-methyl-l-butene, 3-methyl-l-butyne, pent-4-ene-1-yne, trans- 

pent-3-ene-l-yne, or c/.v-pcnt-3-enc-1 -ync by weight compared to the total weight of all C5 

hydrocarbons in the volatile organic fraction. In particular embodiments, the volatile organic 

fraction of the gas phase has greater than about 2 mg of isoprene and has greater than or about 

99.90, 99.92, 99.94, 99.96, 99.98, or 100% isoprene by weight compared to the total weight of 

all C5 hydrocarbons in the volatile organic fraction.

[0632] In some embodiment, the method comprises obtaining a gas phase (off-gas) produced 

by cells in culture that produces isoprene. In some embodiments, the volatile organic fraction of 

the gas phase has less than or about 50, 40, 30, 20, 10, 5, 1,0.5, 0.1,0.05, 0.01, or 0.005 pg/L of 

a compound that inhibits the polymerization of isoprene for any compound in the volatile 

organic fraction of the gas phase that inhibits the polymerization of isoprene. In particular 

embodiments, the volatile organic fraction of the gas phase also has greater than about 2 mg of 

isoprene. In some embodiments, the volatile organic fraction of the gas phase has one or more 

compounds selected from the group consisting of ethanol, acetone, C5 prenyl alcohols, and 

isoprenoid compounds with 10 or more carbon atoms. In some embodiments, the volatile organic 

fraction of the gas phase has greater than or about 0.005, 0.01, 0.05, 0.1, 0.5, 1, 5, 10, 20, 30, 40, 

60, 80, 100, or 120 pg/L of ethanol, acetone, a C5 prenyl alcohol (such as 3-methyl-3-buten-l-ol 

or 3-methyl-2-buten-l-ol), or any two or more of the foregoing. In particular embodiments, the 

volatile organic fraction of the gas phase has greater than about 2 mg of isoprene and has one or 

more compounds selected from the group consisting of ethanol, acetone, C5 prenyl alcohols, and 

isoprenoid compounds with 10 or more carbon atoms. In some embodiments, the volatile organic 

fraction of the gas phase has includes isoprene and one or more second compounds selected 

from the group consisting of 2-heptanone, 6-methyl-5-hepten-2-one, 2,4,5-trimethylpyridine, 

2,3,5-trimethylpyrazine, citronellal, acetaldehyde, methanethiol, methyl acetate, 1-propanol,
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diacetyl, 2-butanone, 2-methyl-3-buten-2-ol, ethyl acetate, 2-methyl-1 -propanol, 3-methyl-l- 

butanal, 3-methyl-2-butanone, 1-butanol, 2-pentanone, 3-methyl-1-butanol, ethyl isobutyrate, 3- 

methyl-2-butenal, butyl acetate, 3-methylbutyl acetate, 3-methyl-3-buten-l-yl acetate, 3-methyl- 

2-buten-l-yl acetate, 3-hexen-l-ol, 3-hexen-l-yl acetate, limonene, geraniol (trans-3,7-dimethyl- 

2,6-octadien-l-ol), citronellol (3,7-dimethyl-6-octen-l-ol), (E)-3,7-dimethyl-l,3,6-octatriene, 

(Z)-3,7-dimethyl-l,3,6-octatriene, and 2,3-cycloheptenolpyridine. In various embodiments, the 

amount of one of these second components relative to amount of isoprene in units of percentage 

by weight (i.e., weight of the component divided by the weight of isoprene times 100) is at 

greater than or about 0.01, 0.02, 0.05, 0.1, 0.5, 1, 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, or 

110% (w/w) in the volatile organic fraction of the gas phase. In some embodiments, the method 

further includes recovering the isoprene from the gas phase. For example, the isoprene in the 

gas phase comprising isoprene can be recovered using standard techniques, such as gas 

stripping, membrane enhanced separation, fractionation, adsorption/desorption, pervaporation, 

thermal or vacuum desorption of isoprene from a solid phase, or extraction of isoprene 

immobilized or absorbed to a solid phase with a solvent (see, for example, U.S. Patent Nos. 

4,703,007 and 4,570,029, which are each hereby incorporated by reference in their entireties, 

particularly with respect to isoprene recovery and purification methods). In some particular 

embodiments, extractive distillation with an alcohol (such as ethanol, methanol, propanol, or a 

combination thereof) is used to recover the isoprene. In some embodiments, the recovery of 

isoprene involves the isolation of isoprene in a liquid form (such as a neat solution of isoprene or 

a solution of isoprene in a solvent). Gas stripping involves the removal of isoprene vapor from 

the fermentation off-gas stream in a continuous manner. Such removal can be achieved in 

several different ways including, but not limited to, adsorption to a solid phase, partition into a 

liquid phase, or direct condensation (such as condensation due to exposure to a condensation coil 

or do to an increase in pressure). In some embodiments, membrane enrichment of a dilute 

isoprene vapor stream above the dew point of the vapor resulting in the condensation of liquid 

isoprene. In some embodiments, the recovered isoprene is compressed and condensed.

[0633] The recovery of isoprene may involve one step or multiple steps. In some 

embodiments, the removal of isoprene vapor from a fermentation off-gas and the conversion of 

isoprene to a liquid phase are performed simultaneously. For example, isoprene can be directly 

condensed from the off-gas stream to form a liquid. In some embodiments, the removal of 

isoprene vapor from the fermentation off-gas and the conversion of isoprene to a liquid phase are

171



WO 2010/148256 PCT/US2010/039088

performed sequentially. For example, isoprene may be adsorbed to a solid phase and then 

extracted from the solid phase with a solvent.

[0634] In some embodiments, a method is provided for producing a cyclic dimer of isoprene 

comprising heating neat bioisoprene. The cyclic dimers of isoprene produced may be 6­

membered ring dimers (e.g. a [2+4] electrocyclization product such as limonene) or 8-membered 

ring dimers or a mixture thereof. Examples of 6-membered ring dimers include but not limited 

to l-methyl-4-(prop-l-en-2-yl)cyclohex-l-ene, l-methyl-5-(prop-l-en-2-yl)cyclohcx-l-ene, 1,4- 

dimethyl-4-vinylcyclohexene, 2,4-dimethyl-4-vinylcyclohexenc and the like. Examples of 8­

membered ring dimers include but not limited to l,5-dimethylcycloocta-l,5-diene, 1,6- 

dimethylcycloocta-l,5-diene and the like. In one embodiment, neat biologically produced 

isoprene is dimerized by heating to a temperature of about 100 °C to about 300 °C, preferably 

about 150 °C to about 250 °C. The pressure is maintained at about 2 to 3 atm. In another 

embodiment, a catalyst suitable for catalyzing dimerization of conjugated dienes may be used. 

The proportions of various dimers in the product mixture may be controlled by the catalyst and 

other reactions conditions. For example, a nickel catalyst can promote formation of 8-membered 

ring dimers.

[0635] In some embodiments, a method is provided for producing a cyclic dimer of isoprene 

comprising photo-dimerization of bioisoprene. The cyclic dimer of isoprene produced may be 

one or more 4-membered ring dimer or a mixture thereof. Examples of Examples of 4­

membered ring dimers include but not limited to l,2-di(prop-l -en-2-yl)cyclobutane, 1,3-di(prop- 

1 -en-2-yl)cyclobutane, 1 -methyl-1 -vinyl-3 -(prop-1 -en-2-yl)cyclobutane, 1 -methyl-1 -vinyl-2 - 

(prop-1 -en-2-yl)cyclobutane, 1,3-dimethyl-1,3-divinylcyclobutane, 1,2-dimethyl-1,2- 

divinylcyclobutane and the like. In one embodiment, neat biologically produced isoprene is 

dimerized by irradiating with UV light, preferably in presence of a photosensitizer such as 

benzophenone.

[0636] Isoprene dimers can be hydrogenated to form saturated Cio hydrocarbons that can serve 

as fuels or blended into fuels. In one embodiment, the unsaturated isoprene dimers are subjected 

to catalytic hydrogenation to produce partially hydrogenated and/or fully hydrogenated products. 

Examples of fully hydrogenated products include but not limited to 1 -methyl-4-

isopropylcyclohexane and l-methyl-5-isopropylcyclohexane, l,4-dimethyl-4-ethylcyclohexane,

2,4-dimethyl-4-ethylcyclohexane, 1,2-diisopropylcyclobutane and 1,3-diisopropylcyclobutane,

1 -methyl-l-vinyl-3-(prop-1 -en-2-yl)cyclobutane, 1 -methyl-1 -ethyl-2-(prop-2-yl)cyclobutane,
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1,3-dimethyl-1,3-ethylcyclobutane, 1,2-dimethyl-1,2-diethylcyclobutane, 1,5-

dimethylcyclooctane, 1,6-dimethylcyclooctane and the like.

[0637] In some embodiments, the method for producing a fuel constituent from isoprene 

comprises: (a) obtaining a commercially beneficial amount of any of the highly pure isoprene 

starting composition described herein; (b) chemically transforming at least a portion of the 

highly pure isoprene starting composition to a fuel constituent comprising: (i) heating the highly 

pure isoprene composition to over or about 100 °C under pressure; (ii) converting at least a 

portion of the starting isoprene composition to unsaturatcd cyclic isoprene dimers; and (iii) 

hydrogenating the unsaturated cyclic isoprene dimers to produce saturated cyclic isoprene 

dimers. In some embodiments, the starting isoprene composition is heated to over or about 100, 

125, 150, 175, 200, 225 or 250 °C under pressure. In some embodiments, the starting isoprene 

composition is heated in the presence of an antioxidant (e.g. 2,6-di-tert-butyl-4-methylphenol) to 

prevent radical-mediated polymerization. In one embodiment, the thermal dimerization of 

isoprene is performed in presence of dinitrocresol as polymerization inhibitor. Suitable 

antioxidants may be used as polymerization inhibitors. In some embodiments, at least a portion 

of the starting isoprene composition to a mixture of unsaturated dimers that includes 6 and 8­

membered rings, for examples, limonene (l-methyl-4-(prop-l-en-2-yl)cyclohex-l-ene), 1- 

methyl-5-(prop-l-en-2-yl)cyclohex-l-ene, l,4-dimethyl-4-vinylcyclohexene, 2,4-dimethyl-4- 

vinylcyclohexene, l,5-dimethylcycloocta-l,5-diene, 1,6-dimethylcycloocta-l ,5-diene, 2,6- 

dimethyl-1,3-cyclooctadiene, 2,6-dimethyl-1,4-cyclooctadiene, 3,7-dimethyl-l,5-cyclooctadiene, 

3,7-dimethyl-l,3-cyclooctadiene and 3,6-dimethyl-l,3-cyclooctadiene. In some embodiments, 

greater than or about 20, 30, 40, 50, 60, 70, 75, 80, 85, 90, 95, 98, 99 or 100% of isoprene in 

starting isoprene composition is converted to unsaturated cyclic isoprene dimers. In some 

embodiments, hydrogenation of the unsaturated cyclic isoprene dimers is catalyzed by a 

hydrogenation catalyst such as a palladium based catalyst (e.g. Pd/C, e.g. 5% (wt.) Pd/C.) In 

some embodiments, the saturated cyclic isoprene dimers comprise one or more CIO 

hydrocarbons selected from the group consisting of 1 -methyl-4-isopropylcyclohexane, 1 -methyl- 

3-isopropylcyclohexane, 1,5-dimethylcyclooctane and 1,4-dimethylcyclooctane. In some 

preferred embodiments, the starting isoprene composition is a bioisoprene composition.

[0638] In some embodiments, the method for producing a fuel constituent from isoprene 

comprises: (a) obtaining a commercially beneficial amount of any of the highly pure isoprene 

starting composition described herein; (b) chemically transforming at least a portion of the 

highly pure isoprene starting composition to a fuel constituent comprising: (i) contacting the
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highly pure isoprene composition with a catalyst system; (ii) converting at least a portion of the 

starting isoprene composition to unsaturated isoprene dimers and/or trimers; and (iii) 

hydrogenating the unsaturated dimers and/or trimers to produce saturated CIO and/or C15 

hydrocarbons. In some embodiments, greater than or about 20, 30, 40, 50, 60, 70, 75, 80, 85, 90, 

95, 98, 99 or 100% of isoprene in starting isoprene composition is converted to unsaturated 

dimers and/or trimers of isoprene. In some embodiments, the starting isoprene composition is 

contacted with appropriate catalyst systems known in the art to yield one or more of unsaturated 

cyclic isoprene dimers selected from the group consisting of 1,2-di(prop-1-en-2-yl)cyclobutane,

1,3 -di(prop-1 -en-2-yl)cyclobutane, 1 -methyl-1 -vinyl-3 -(prop-1 -en-2-yl)cyclobutane, 1 -methyl- 

1 -vinyl-2-(prop-1 -en-2-yl)cyclobutane, 1,3-dimethyl-1,3 -divinylcyclobutane, 1,2-dimethyl-1,2- 

divinylcyclobutane, l-methyl-4-(prop-l-en-2-yl)cyclohex-l-ene), 1-methyl-5-(prop-l-en-2- 

yl)cyclohex-l-ene, l,4-dimethyl-4-vinylcyclohexcne, 2,4-dimethyl-4-vinylcyclohexene, 1,5- 

dimethylcycloocta-1,5-diene, 1,6-dimethylcycloocta-1,5-diene, 1,4-dimethyl-4-vinyl-1 - 

cyclohexene, 2,4-dimethyl-4-vinyl-l-cyclohexene, 2,7-dimethyl-l,3,7-octatriene, 2,7-dimethyl- 

2,4,6-octatriene, 2,6-dimethyl-l,3-cyclooctadiene, 2,6-dimethyl-l,4-cyclooctadiene, 3,7- 

dimethyl-1,5-cyclooctadiene, 3,7-dimethyl-1,3-cyclooctadiene and 3,6-dimethyl-l ,3- 

cyclooctadiene. In some embodiments, the starting isoprene composition is contacted with 

appropriate catalyst systems known in the art to yield one or more of unsaturated cyclic isoprene 

trimers such as trimethylcyclododecatrienes and trimethyldodecatetraenes and the like. In some 

embodiments, the starting isoprene composition is contacted with appropriate catalyst systems 

known in the art to yield one or more of unsaturated linear dimers and/or trimers of isoprene 

such as dimethyloctatrienes (e.g. 2,7-dimethyl-l,3,7-octatriene and 2,7-dimethyl-2,4,6- 

octatriene) and trimethyldodecatetraenes (e.g. 2,6,10-trimethyl-l,5,9,l 1-dodecatetraene, a- 

famesene and β-famesene) and the like. In some preferred embodiments, the starting isoprene 

composition is a bioisoprene composition.

[0639] In some embodiments, the method for producing a fuel constituent from isoprene 

comprises contacting the highly pure isoprene composition with a catalyst system to convert at 

least a portion of the starting isoprene composition to unsaturated isoprene dimers and/or 

trimers. In some embodiments, the catalyst system comprise a Ni, Fe or Co catalyst and the 

isoprene in the starting composition is converted an 8-membered ring isoprene dimer comprising 

dimethylcyclooctadienes such as l,5-dimethylcycloocta-l,5-diene and 1,6-dimethylcycloocta-

1,5-diene. In some embodiments, the catalyst system comprises a nickel compound. Ni- 

catalyzed dimerization of isoprene yields a dimethyl-1,5-cyclooctadiene mixture consisting of
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about 90 to 10, 80 to 20, 70 to 30, 60 to 40, 50 to 50, 40 to 60, 30 to 70, 20 to 80 and 10 to 90 

ratio of 1,5-dimethyl-1,5-cyclooctadiene to l,6-dimethyl-l,5-cyclooctadiene. In one 

embodiment, the catalyst system comprises a 3-component catalyst containing Ni carboxylates 

or β-ketones, organoaluminum or organomagnesium compounds and substituted 

triphenylphosphite. For example, a degassed solution of a highly pure isoprene starting 

composition in anhydrous toluene is mixed with Ni(acac)2, ft;AI, and tris(3,4- 

bis(dimcthylamino)phenyl)phosphite under nitrogen atmosphere and the mixture is heated at 95 

°C to give dimethylcyclooctadiene. In another embodiment, the catalyst system comprises Fe 

carboxylates or β-diketone compounds, organo-Al or Mg compounds, and 2,2'-dipyridyl 

derivatives having electron-donating groups. For example, a starting isoprene composition is 

heated with a mixture of Fe acetylacetonate, 4,4'-dimethyl-2,2’-dipyridyl, and ft;AI in toluene to 

gave 1,6-dimethyl-1,5-cyclooctadiene in good yields. In some preferred embodiments, the 

starting isoprene composition is a bioisoprene composition.

[0640] In some embodiments, the method for producing a fuel constituent from isoprene 

comprises contacting the highly pure isoprene composition with a catalyst system to convert at 

least a portion of the starting isoprene composition to unsaturated isoprene dimers and/or 

trimers. In some embodiments, the catalyst system comprises a Ru, Fe, Ni or Pd catalyst or a 

combination thereof and the isoprene in the starting composition is converted to a mixture 

comprising 6-membered ring isoprene dimers. In one embodiment, the catalyst system is a 

Fe(NO)2Cl-bis(l,5-cyclooctadiene)nickel catalyst system and the isoprene in the starting 

composition is cyclodimerized at low temperatures (e.g. from -5 to +20 °C) to give 1-methyl- 

and 2-methyl-4-isopropenyl-l-cyclohexene and 1,4- and 2,4-dimethyl-4-vinyl-l-cyclohexene.

In another embodiment, contacting with a mixed catalyst of a tris(substituted hydrocarbyl) 

phosphite, arsenite, or antimonite and a Group VIII metal(0) compound (e.g. Ni

acetylacetonate) converts the isoprene in the starting composition to l,4-dimethyl-4-vinyl-l- 

cyclohexene and l,5-dimethyl-l,5-cyclooctadiene. In another embodiment, contacting an 

isoprene starting composition with a ruthenium catalyst (e.g. see Itoh, Kenji; Masuda,

Katsuyuki; Fukahori, Takahiko; Nakano, Katsumasa; Aoki, Katsuyuki; Nagashima, Hideo, 

Organometallics (1994), 13(3), 1020-9) converts isoprene to CIO cyclic dimers (e.g. a mixture 

of dimethyl-cyclooctadienes). The ruthenium catalyst can be synthesized in two steps from 

RuCf and pentamethylcyclopentadiene (CsMesH). The process may be performed in batch 

mode and the catalyst recovered and recycled. In some preferred embodiments, the starting

175



WO 2010/148256 PCT/US2010/039088

isoprene composition is a bioisoprene composition. One embodiment of the method is 

illustrated in Scheme XI.

[0641] In some embodiments, the method for producing a fuel constituent from isoprene 

comprises contacting the highly pure isoprene composition with a catalyst system to convert at 

least a portion of the starting isoprene composition to unsaturated isoprene dimers and/or 

trimers. In some embodiments, the catalyst system comprises a Ni, Ti, Al, or Mg catalyst or a 

mixture thereof and the isoprene in the starting composition is converted to a mixture 

comprising cyclic isoprene trimers such as trimethylcyclododecatrienes. In one embodiment, the 

catalyst system for the trimerization of isoprene comprising Ni and/or Ti, one or more 

organometallic compound, and a Group VA compound. The reaction may be conducted in a 

hydroxyl group-containing solvent. In another embodiment, oligomerization of isoprene 

catalyzed by nickel naphthenate and isoprenemagnesium in the presence of various phosphites as 

electron donors give cyclic dimers containing dimethylcyclooctadiene, in particular 1,1,1- 

tris(hydroxymethyl)propane phosphite gives trimethylcyclododecatriene selectively.

Scheme XI

Isoprene

heat
and/or
catalyst

6-membered 8-membered
ring dimers ring dimers

[0642] In some embodiments, the method for producing a fuel constituent from isoprene 

comprises contacting the highly pure isoprene composition with a catalyst system to convert at 

least a portion ofthe starting isoprene composition to unsaturated isoprene dimers and/or 

trimers. In some embodiments, the catalyst system comprises a Ni, Pd or Cr catalyst or a 

mixture thereof and the isoprene in the starting composition is converted telomers or linear 

dimers and/or trimers. In one embodiment, a catalyst system comprising Pd(0) complexes (e.g. 

Pd(acac)2-Ph3P and Pd(OAc)2-Ph3P) catalyzes dimerization and telomerization of isoprene to
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give linear isoprene dimers (e.g. 2,7-dimethyl-l,3,7-octatriene). In one variation, the reaction is 

performed in methanol as a solvent and methyl ethers such as methoxydimethyloctadienes (e.g. 

l-methoxy-2,7-dimethyl-2,7-octadiene and 3-methoxy-2,7-dimethyl-l,7-octadiene) are 

produced. In another embodiment, the catalyst system comprises divalent and trivalent 

transition metal-exchanged montmorillonites (e.g. Cr3_-montmorillonite). In another 

embodiment, the catalyst system comprises a Ni(0)-aminophosphinite catalyst and the isoprene 

in the starting composition is converted to regioselective tail-to-tail linear dimers. In some 

variations, the linear dimer formation is accompanied by a competitive cyclodimerization 

reaction. In another embodiment, the catalyst system comprises a chromium N,N- 

bis(diarylphosphino)amine catalyst (e.g. see Bowen, L.; Charemsuk, M.; Wass, D.F. Chem. 

Commun. (2007) 2835-2837) and the isoprene is converted to linear and cyclic C15 trimers. In 

one variation, the chromium catalyst is made in situ from CrCfflHF); and a PNP phosphine 

ligand.

[0643] In some embodiments, the method for producing a fuel constituent from a bioisoprene 

composition comprises chemically transforming a substantial portion of the isoprene in the 

bioisoprene composition by (i) contacting the bioisoprene composition with a catalyst for 

catalyzing trimerization of isoprene to produce an unsaturated isoprene trimer and (ii) 

hydrogenating the isoprene trimer to produce a fuel constituent. Tn some embodiments, at least 

about 95% of isoprene in the bioisoprene composition is converted to non-isoprene compounds 

during the chemical transformation.

[0644] In some embodiments, the method for producing a fuel constituent from isoprene 

comprises; (a) obtaining a commercially beneficial amount of any of the highly pure isoprene 

starting composition described herein; (b) converting at least a portion of the starting isoprene 

composition to unsaturated isoprene derivatives; and (c) hydrogenating the unsaturated isoprene 

derivatives to produce saturated compounds. In some embodiments, hydrogenation of 

unsaturated isoprene derivatives to saturated compounds is performed in batch mode. In some 

embodiments, hydrogenation of unsaturated isoprene derivatives to saturated compounds is 

performed in continuous mode. One embodiment of the method is illustrated in Scheme XII.
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Scheme XII

H2, catalyst

[0645] In some embodiments, the method for producing a fuel constituent from isoprene 

comprises: (a) obtaining a commercially beneficial amount of any of the highly pure isoprene 

starting composition described herein; (b) converting at least a portion of the starting isoprene 

composition to oxygenated isoprene derivatives; and optionally (c) hydrogenating any 

unsaturated oxygenated isoprene derivatives to produce saturated oxygenates. In some 

embodiments, the isoprene starting composition is contacted with a catalyst in the presence of 

alcohols (e.g. methanol or ethanol or mixtures thereof) to form oxygenated isoprene derivatives 

comprise one or more unsaturated or saturated ethers (e.g. methyl ethers or ethyl ethers or 

mixtures thereof). In some embodiments, the catalyst is an acid catalyst such as sulfuric acid, 

solid phase sulfuric acid (e.g., Dowex Marathon®), liquid and solid-phase fluorosulfonic acids 

(e.g. trifluoromethanesulfonic acid and Nafion-H (DuPont)). Zeolite catalysts can also been 

used, for example beta-zeolite, under conditions similar to those described by Hensel et al. 

[Hensen, K.; Mahaim, C.; Holderich, W.F., Applied Catalysis A: General (1997) 140(2), 311­

329.] for the methoxylation of limonene and related monoterpenes. In some embodiments, the 

isoprene starting compositions or the unsaturated isoprene dimers or trimers undergo 

oxidation/hydrogenation to form the hydroxylated isoprene derivatives comprise one or more 

alcohols such as C5, CIO and 05 alcohols and diols. In some embodiments, the isoprene 

starting composition undergoes hydroxyl ation/esterifi cation to form alcohols and esters. For 

example, bioisoprene or an unsaturated intermediate undergoes peroxidation to epoxides with 

peracids such as peracetic and 3-chloroperbenzoic acid; and hydration to give alcohols and diols 

with i) water and acid catalysts and ii) hydroboration methods. Such reactions are described in, 

for example, Michael B. Smith and Jerry March, Advanced Organic Chemistry: Reactions,
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Mechanisms, and Structure, Sixth Edition, John Wiley & Sons, 2007. In some preferred 

embodiments, the starting isoprene composition is a bioisoprene composition.

[0646] In some embodiments, the method for producing a fuel constituent from isoprene 

comprises: (a) obtaining a commercially beneficial amount of any of the highly pure isoprene 

starting composition described herein; (b) partially hydrogenating the starting isoprene 

composition to mono-olefins (e.g. 2-methylbut-l-ene, 3-methyl-but-l-ene and 2-methylbut-2- 

ene); and (c) producing the fuel constituent from the mono-olefins. In one embodiment, the 

mono-olefin undergoes dimerization. In another embodiment, the mono-olefin is reacted with 

other olefins using traditional hydrocarbon cationic catalysis, such as that used to covert 

isobutylene to isooctane. The product of dimerization or reaction with other olefins are then 

undergoes hydrogenation to give saturated fuel constituents. In some preferred embodiments, 

the highly pure isoprene is a bioisoprene composition. In some embodiment, the starting 

isoprene composition partially hydrogenated using a palladium catalyst, such as Pd/CaCCfi, 

Pd/BaSCfi, Pd/C, Pd black, Pd/SiCh, Pd/AhCh, or Pd/SiCf. In some embodiment, the starting 

isoprene composition partially hydrogenated using a silica-supported polyamidoamine 

(PAMAM) dendrimer-palladium complex. In some embodiment, the starting isoprene 

composition partially hydrogenated using a palladium-gold and palladium-silver catalysts (e.g., 

Pd-Au/SiCh and Pd-Ag/SiCh) have high selectivity for reducing isoprene to mono-olefins over 

fully reduced C5 alkanes. In some embodiment, the starting isoprene composition partially 

hydrogenated using a Group VTB metal on an inorganic support (e.g., a metal zeolite) as a 

catalyst, e.g. a MO/AI2O3 catalyst. In some embodiment, the starting isoprene composition 

partially hydrogenated using a monolithic catalyst bed, which may be in a honeycomb 

configuration. Catalyst support materials for the monolithic catalyst bed may include metals 

such as nickel, platinum, palladium, rhodium, ruthenium, silver, iron, copper, cobalt, chromium, 

iridium, tin, and alloys or mixtures thereof. In some embodiment, the starting isoprene 

composition partially hydrogenated using an eggshell Pd/d-AkCh catalyst, particularly if the 

reaction is free of water. In some embodiment, the starting isoprene composition partially 

hydrogenated using a Group VIII metal catalyst promoted by a metal from Group IB, VIB, VIIB, 

or zinc to reduce poisoning of the catalyst. Methods for converting isoprene into isoamylenes 

(mono-olefins) can be performed in continuous or batch mode using both homogeneous or 

heterogeneous catalysts. One embodiment of the method is illustrated in Scheme XIII.
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[0647] In some embodiments, isoamylenes produce from partial hydrogenatin of isoprene

undergos trimerization in liquid phase over ion exchange resins and zeolites. See,

GranGranollers, Ind. Eng. Chem. Res., 49 (8), pp 3561-3570 (2001).

Scheme XIII

Catalyst

Isoprene

Oxygenates 
(e.g. TAME)

Acid Catalyst

Diisoamylenes
Isoamylenes

[0648] In some embodiments, the method for producing a fuel constituent from isoprene 

comprises: (a) obtaining a commercially beneficial amount of any of the highly pure isoprene 

starting composition described herein; (b) partially hydrogenating the starting isoprene 

composition to a mono-olefin (e.g. 2-methylbut-l-ene, 3-methyl-but-l-ene and 2-methylbut-2- 

ene); (c) contacting the mono-olefin with a catalyst for dimerization of mono-olefins to form a 

dimate with another mono-olefin; and (d) hydrogenating the product of dimerization (dimate) to 

produce saturated hydrocarbon fuel constituents. In some preferred embodiments, the highly 

pure isoprene is a bioisoprene composition, in some embodoments, the other mono-olefin is an 

isoamylene derived from the highly pure isoprene starting composition. In some embodoments, 

the other mono-olefin is an olefin from another source such as propylene, butane or isobutene.

In some embodiements, the catalyst for dimerization is a resin catalyst (e.g., Amberlyst, 

Amberlyst 35, Amberlyst 15, Amberlyst XN1010, Amberlyst XE586). In some embodiements, 

the catalyst for dimerization is a catalytic material containing an acidic mesoporous molecular 

sieve, such as a mesoporous sieve embedded in a zeolite structure, ZSM-5, ferrierite, ZSM-22, 

or ZSM-23. In some embodiements, the catalyst for dimerization is the catalytic material is 

thermally stable at high temperatures (e.g., at least 900 °C). In some embodiements, the catalyst 

for dimerization is a catalytic material containing an acidic mesoporous molecular sieve. In some

embodiements, the catalyst for dimerization is a solid acidic catalyst (e.g., a solid phosphoric 
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acid catalyst, acidic ion exchange resins). One embodiment of the method is illustrated in 

Scheme XIV.

Scheme XIV

2,3,3,4-tetramethylhexane 3,3,5 -trimethy lheptane

[0649] In some embodiments, the method for producing a fuel constituent from isoprene 

comprises: (a) obtaining a commercially beneficial amount of any of the highly pure isoprene 

starting composition described herein; (b) partially hydrogenating the starting isoprene 

composition to an isoamylene (e.g. 2-methylbut-l-ene, 3-methyl-but-l-ene and 2-methylbut-2- 

ene); (c) contacting the isoamylene with an alcohol and a catalyst to form an oxygenate; and (c) 

producing producing the fuel constituent from the isoamylene oxygenate. In some preferred 

embodiments, the highly pure isoprene is a bioisoprene composition. In some embodiements, 

the isoamylene is contacted with ethanol and the fuel oxygenate formed is an ether such as 

TAME.

[0650] In some embodiments, any of the methods described herein further include purifying 

the starting isoprene composition before the chemical transformation. For example, the isoprene 

produced using the compositions and methods of the invention can be purified using standard 

techniques. Purification refers to a process through which isoprene is separated from one or 

more components that are present when the isoprene is produced. In some embodiments, the 

isoprene is obtained as a substantially pure liquid. Examples of purification methods include (i) 

distillation from a solution in a liquid extractant and (ii) chromatography. As used herein, 

“purified isoprene” means isoprene that has been separated from one or more components that 

are present when the isoprene is produced. In some embodiments, the isoprene is at least about 

20%, by weight, free from other components that are present when the isoprene is produced. In 

various embodiments, the isoprene is at least or about 25%, 30%, 40%, 50%, 60%, 70%, 75%, 

80%, 90%, 95%, or 99%, by weight, pure. Purity can be assayed by any appropriate method,
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e.g., by column chromatography, HPLC analysis, or GC-MS analysis. In some embodiments,

bioisoprene is recovered from fermentation off-gas by initial adsorption to activated carbon,

followed by desorption and condensation to give a liquid isoprene composition for chemical

transformation to a fuel constituent.

Continuous Process for Producing Fuels

[0651] The invention also provides a continuous process for producing a fuel constituent from 

isoprene comprising: (a) continuously producing a commercially beneficial amount of highly 

pure isoprene; and (b) continuously transforming chemically at least a portion of the 

commercially beneficial amount of highly pure isoprene to a fuel constituent. In a continuous 

process according to the invention, a stream of highly pure isoprene is produced continuously, 

for example, by a biological process (e.g. culturing cells producing isoprene) and is passed to a 

reactor for chemical transformation. In some embodiments, the isoprene from a fermentation 

off-gas is separated from water and other permanent gases (e.g., ON2 and CO2) using 

extractive distillation, condensation, adsorption or membranes in a continuous purification unit, 

where the oxygen level is lowered to ppm range and other impurities of concern are removed; 

the isoprene vapor is catalytically converted to dimers (C10) and trimers (C15) using a 

heterogeneous catalyst; the desired product is separated and the unrcacted isoprene is returned to 

the reactor for further conversion. In some embodiments, the catalytic dimerization is monitored 

by measuring the levels of desirable CIO hydrocarbons in the gas phase.

[0652] In some embodiments, a stream of biologically produced isoprene is passed through a 

chemical reactor (e.g., a reaction tube) maintained at a temperature of about 100 °C to about 300 

°C, where the biologically produced isoprene undergoes dimerization reactions. In one 

variation, the isoprene dimers are separated from the product stream and at least a portion of the 

unreacted isoprene is recycled back into the chemical reactor. In one embodiment, the 

unsaturated isoprene dimers produced is contacted with a hydrogenation catalyst and a hydrogen 

source in a second chemical reactor producing partially hydrogenated and/or fully hydrogenated 

products. The process can further comprise a step of recovering isoprene from the off-gas of a 

bio-reactor producing isoprene.

[0653] In some embodiments, a stream of bioisoprene containing co-produced hydrogen is 

first separated from the hydrogen gas, the bioisoprene stream is passed through a chemical 

reactor (e.g., a reaction tube) maintained at a temperature of about 100 °C to about 300 °C, 

where the biologically produced isoprene undergoes dimerization reactions. In one variation, the
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isoprene dimers are separated from the product stream and at least a portion of the unreacted 

isoprene is recycled back into the chemical reactor. In one embodiment, the unsaturated 

isoprene dimers produced is contacted with a hydrogenation catalyst and a hydrogen source in a 

second chemical reactor producing partially hydrogenated and/or fully hydrogenated products.

In one variation, the hydrogen stream isolated from the isoprene-hydrogen co-production is used 

in the hydrogenation step. The process can further comprise a step of recovering isoprene from 

the off-gas of a bio-reactor producing isoprene. The process can further comprise a step of 

purifying the hydrogen stream isolated from the isoprene-hydrogen co-production using 

purification methods known in the art such as cryogenic condensation and solid matrix 

adsorption.

Removal of Dienes and Polymers from Fuel Products

[0654] Fuel compositions often contain unsaturated compounds (olefins, diolefins and 

polyolefins) that can form gums, resins, polymers and other undesirable byproducts over time 

(for example, see Pereira and Pasa (2006) Fuel, 85, 1860-1865 and references therein). In 

general, as the degree of unsaturation increases of a given compound, the more likely that 

compound is to form such byproducts. Isoprene is a 1,3-diene that readily forms undesirable 

polymeric byproducts when present in fuel compositions. While there exist fuel additives (anti­

oxidants, radical quenchers etc.) that can reduce the extent of byproduct formation, such 

byproducts can still form over time. Olefins can also contribute to the formation of ground-level 

ozone when released into the atmosphere upon evaporation from fuels, or as the result of 

incomplete combustion of olefin-containing fuels.

[0655] Accordingly, fuel compositions derived wholly or in part from isoprene should contain 

little to no free isoprene. A range of methods can be used to either remove isoprene from fuel 

compositions such as purification by distillation, reaction with alcohols to form ethers, or 

hydrogenation to convert isoprene to saturated derivatives. Alternately, isoprene can be treated 

with a dienophile such as malic anhydride producing inert adducts that do not contribute to the 

formation of undesirable byproducts.

[0656] Provided are fuel compositions comprising isoprene derivatives that are substantially 

free of isoprene. In some embodiements, the fuel composition contains less than 0.01%, 0.1%, 

1%, 2%, 3%, 4%, 5%, 10% or 15% isoprene. Also provided are methods for chemically 

transforming a bioisoprene composition to fuel compositions comprising isoprene derivatives 

that are substantially free of isoprene. In some embodiments, a substantial portion of the
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isoprene from the bioisoprene composition is converted to fuel constituents. In some 

embodiments, a substantial portion of the isoprene from the bioisoprene composition is 

converted to intermediates that can be further converted to produce fuel constituents. In some 

embodiments, a substantial portion of the isoprene from the bioisoprene composition is 

converted to compounds other than isoprene. A “substantial portion” is 99.99%, 99.9%, 99%, 

98%, 97%, 96%, 95%, 90%, 85% or 80%.

[0657] In some instances, isoprene and other conjugated dienes can form polymeric products 

with gum-like consistencies that can reduce the yields of desired products and/or deactivate 

catalysts. (See, e.g., R.C.C. Pereira and V.M.D. Pasa. Fuel 85 (2006) 1860-1865.) In some 

embodiments, methods are provided for determining the amount of conjugated diene present in a 

product mixture. D.F. Andrade ct al. describe various methods for determining the amount of 

conjugated diene present (Fuel (2010), doi: 10.106/j.fuel/2010.01.003), including the following: 

1) UOP-326 method (maleic anhydride method), a semi-quantitative method in which the 

amount of maleic anhydride consumed via Diels-Alder reaction with the diene is measured; 2) 

polarography; 3) gas chromatography, in which the diene may be reacted with a derivatization 

agent, such as 4-methyl-1,2,4-triazoline-3,5-dione (MTAD) or 4-phenyl-l,2,4-triazoline-3,5- 

dione (PTAD); 4) HPLC; 5) supercritical fluid chromatography; 6) NMR; 7) UV and near IR 

spectroscopy; and 8) other spectroscopic methods, which may include first derivatizing the diene 

with p-nitrobenezenediazonium fluoroborate.

[0658] Method are provided herein for minimizing gum-formation and/or reducing the amount 

of gum that has been produced. In some embodiments, an anti-oxidant is used to minimize gum- 

formation. In other embodiments, polymeric by-products are recycled back to the process 

stream. In some embodiments, depolymerization of polymeric by-products is carried out via 

olefin metathesis. Olefin metathesis can be carried out using a molybdenum or tungsten catalyst, 

such as 2,6-diisopropylphenylimido neophylidene molybdenum bis(2-tertbutylphenoxide). (See 

US 5,446,102.)

[0659] In some embodiments, any of the methods described herein further include

characterizing the products of these reactions and assessing the potential fuel value. For 

example, the products are characterized by standard methods known in the art, e.g. GC/MS, 

NMR, UV-Vis and IR spectroscopies, boiling temperature, density and other physical properties. 

The products can be further characterized by dual carbon-isotopic fingerprinting (see, US 

Patent Number 7,169,588). The potential fuel value of the products are assessed by parameters 

measuring fuel properties such as the energy density, heating value, water solubility,
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octane/cetane number, density, viscosity, surface tension, enthalpy of vaporization, vapor

diffusivity, flash point, autoignition point, flammability limits, cloud point and chemical

stability.

[0660] As with commercial petroleum fuels, BioIsoFuel™ products can be tested for their 

acidity, density, trace mineral content, benzene, total aromatics content, water content, and 

corrosivity. To assure that minor impurities in BioIsoFuel™ products are not adversely affecting 

their material properties, samples can also be tested for their corrosivity and compatibility with 

fuel systems by standard ASTM tests such as Karl Fischer for water and copper strip for 

corrosivity.

Fuel Compositions

[0661] The invention provides a fuel composition comprising a fuel constituent produced by 

any of the methods and processes described herein. In some embodiments, the fuel constituent 

comprises one or more of the hydrocarbons selected from the group consisting of saturated CIO 

and Cl 5 hydrocarbons derived from isoprene and oxygenated derivatives of isoprene. The 

hydrocarbon BioIsoFuel™ products are expected to be completely compatible with petroleum 

gasoline and diesel. Blends of BioIsoFuel™ with commercial petroleum fuels are expected to 

have more desirable properties, as they do not contain acids, sulfur, aromatics, or other 

undesirable impurities.

[0662] In some preferred embodiments, the fuel constituent comprises derivatives of 

bioisoprene. It is anticipated that there will be a significant demand for fuels derived from 

bioisoprene which is made from renewable, non-petrochemical based resources. It is believed 

that industrial customers and consumers would prefer to purchase fuel components derived from 

such environmentally friendly sources to those that are made with isoprene derived from a 

petrochemical process. It is further believed that customers would be willing to pay premium 

prices for such environmentally friendly products that are made with renewable resources. Fuel 

components derived from bioisoprene compositions described herein offer the benefit of being 

verifiable as to be derived from non-petrochemical based resources.

[0663] In some embodiments, the fuel constituent comprises one or more of the saturated 

cyclic CIO hydrocarbons such as l,2-bis(isopropyl)cyclobutane, l,2-bis(isopropyl)cyclobutane,

1 -methyl-4-isopropylcyclohexane, 1 -methyl-3-isopropylcyclohexane, 1 -ethyl-1,4-

dimethylcyclohexane, 1-ethyl-1,3-dimethylcyclohexane, 1,5-dimethylcyclooctane and 1,4- 

dimethylcyclooctane. In some embodiments, the fuel constituent comprises one or more of the
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saturated cyclic C15 hydrocarbons such as 1,5,9-trimethylcyclododecane and 1,5,10- 

trimethylcyclododecane. In some embodiments, the fuel constituent comprises one or more of 

the saturated aliphatic CIO hydrocarbons such as 2,6-dimethyloctane, 2,7-dimethyloctane and

3.6- dimethyloctane. In some embodiments, the fuel constituent comprises one or more of the 

saturated aliphatic C15 hydrocarbons such as 2,6,10-trimethyldodecane, 2,7,10- 

trimethyldodecane and 3,7,10-trimethyldodecane. In some embodiments, the fuel constituent 

comprises 2-methylbutanc. In some embodiments, the fuel constituent comprises one or more of 

the hydrocarbons selected from the group consisting of l,2-bis(isopropyl)cyclobutane, 1,2- 

bis(isopropyl)cyclobutane, 1 -methyl-4-isopropylcyclohexane, 1 -methyl-3-isopropylcyclohexane, 

1 -ethyl-1,4-dimethylcyclohexane, 1 -ethyl-1,3-dimethylcyclohexane, 1,5-dimethylcyclooctane, 

1,4-dimethylcyclooctane, 1,5,9-trimethylcyclododecane, 1,5,10-trimethylcyclododecane, 2,6- 

dimethyloctane, 2,7-dimethyloctane, 3,6-dimcthyloctane, 2,6,10-trimethyldodecane, 2,7,10- 

trimethyldodecane, 3,7,10-trimethyldodecane and 2-methylbutane.

[0664] In some embodiments, the fuel constituent comprises one or more of the saturated 

hydroxylates such as C5 alcohols and diols (e.g. 3-methyl-butan-l-ol, 2-methyl-butan-1 -ol and 

2-methyl-butan-2-ol, 3-methyl-butan-l,3-diol and 2-methyl-butan-2,3-diol), C-10 alcohols and 

diols (e.g. 3,7-dimethyloctan-l-ol, 2,7-dimethyloctan-l-ol, 2,7-dimethyloctan-2-ol and 2,7- 

dimethyloctan-2,7-diol) and cyclic C-10 alcohols (e.g. 2-(4-methylcyclohexyl)propan-2-ol, 2-(4- 

methylcyclohexyl)propan-l-ol, 2-(1,4-dimethylcyclohexyl)ethanol and 4-ethyl-l,4- 

dimethylcyclohexanol). In some embodiments, the fuel constituent comprises one or more of 

the saturated ethers such as l,3-diethoxy-3-methylbutane, 1 -ethoxy-3-methylbutane, 1-methoxy-

2.7- dimethyloctane and 3-methoxy-2,7-dimethyloctane. In some embodiments, the fuel 

constituent comprises one or more of the isoprene derived oxygenates selected from the group 

consisting of 3-methyl-butan-l-ol, 2-methyl-butan-1-ol, 2-methyl-butan-2-ol, 3-methyl-butan- 

1,3-diol, 2-methyl-butan-2,3-diol, 3,7-dimethyloctan-l-ol, 2,7-dimethyloctan-l-ol, 2,7- 

dimethyloctan-2-ol, 2,7-dimethyloctan-2,7-diol, 2-(4-methylcyclohexyl)propan-2-ol, 2-(4- 

methylcyclohexyl)propan-l -ol, 2-(1,4-dimethylcyclohexyl)ethanol, 4-ethyl-1,4-

dimethylcyclohexanol, 1,3-diethoxy-3-methylbutane, 1-ethoxy-3-methylbutane, 1 -methoxy-2,7- 

dimethyloctane and 3-methoxy-2,7-dimethyloctane.

[0665] In some embodiments, the fuel constituent comprises less than or about 0.5 pg/L a 

product from a C5 hydrocarbon other than isoprene after undergoing the steps according to any 

of the methods and processes described herein. In one embodiment, he fuel constituent is 

substantially free of a product from a C5 hydrocarbon other than isoprene after undergoing the
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steps according to any of the methods and processes described herein. In some embodiments, 

the fuel constituent comprises less than or about 0.2, 0.12, 0.10, 0.08, 0.06, 0.04, 0.02, 0.01, 

0.005, 0.001, 0.0005, 0.0001, 0.00005, or 0.00001% C5 hydrocarbons other than isoprene (such 

1,3-cyclopentadiene, cis-1,3-pentadiene, trans- 1,3-pentadiene, 1,4-pentadiene, 1-pentyne, 2- 

pentyne, 1-pentene, 2-methyl-l-butene, 3-methyl-l-butyne, pent-4-ene-l-yne, /ra/?.s-pcnl-3-cnc- 

1-yne, or cis-pent-3-ene- 1-yne) by weight compared to the total weight of all C5 hydrocarbons 

in the starting composition. In some embodiments, the fuel constituent comprises C5 

hydrocarbons other than isoprene (such 1,3-cyclopentadiene, trans-1,3-pentadiene, cis- 1,3- 

pentadiene, 1,4-pentadiene, 1-pentyne, 2-pentyne, 1-pentene, 2-methyl-l-butene, 3-methyl-l- 

butyne, pent-4-ene-1-yne, /ra«s-pent-3-ene-1-yne, or cz's-pent-3-cne-1 -ync) at a concentration of 

less than 100, 10, 1, 0.1 or 0.01 ppm.

[0666] It is understood that components other than isoprene in the bioisoprene compositions 

described herein will be converted to different products after undergoing various processes 

described herein. The sensitivities of metal-based catalysts used in the methods/processes to the 

components other than isoprene are different depending on the nature and levels of these 

components. For the thermal dimerization process, a far wider range of compounds will be 

tolerated. In some cases, a component other than isoprene will react with isoprene to produce 

adducts, for example the Diels-Alder reactions of methacrolein and methyl vinyl ketone with 

isoprene to give 6-membered products. The unsaturated adducts can be further hydrogenated to 

saturated derivatives which are present in the fuel constituents and compositions, e.g. 1,4- 

dimethyl-l-(hydroxymethyl)cyclohexane and l-(l-hydroxyethyl)-4-methylcyclohexane (see 

Scheme XV).
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Scheme XV. Examples of trace impurities derived from Bioisoprene™

i) Hydrogenated Diels-Alder adducts

1,4-dimethyl-1 -(hydroxymethyl)cyclohexane 1 -(1 -hydroxyethyl)-4-methylcyclohexane

ii) Alkanes

2-methylbutane 3 -methylpentane

iii) Alcohols

OH

2-propanol 2-methyl-l -propanol 2-butanol 3 -methyl-1 -butanol

iv) Esters

[0667] In some embodiments, the fuel constituent comprises a product from a compound 

selected from the group consisting of ethanol, acetone, C5 prenyl alcohols, and isoprenoid 

compounds with 10 or more carbon atoms after undergoing the steps according to any of the 

methods and processes described herein. In some embodiments, the fuel constituent comprises 

one or more products from one or more compounds selected from the group consisting of 

ethanol, acetone, methanol, acetaldehyde, methacrolein, methyl vinyl ketone, 2-methyl-2- 

vinyloxirane, cis- and /ra«s-3-methyl-1,3-pentadiene, a C5 prenyl alcohol (such as 3-methyl-3-
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buten-l-ol or 3-methyl-2-buten-l-ol), 2-heptanone, 6-methyl-5-hepten-2-one, 2,4,5-

trimethylpyridine, 2,3,5-trimethylpyrazine, citronellal, methanethiol, methyl acetate, 1-propanol, 

diacetyl, 2-butanone, 2-methyl-3-buten-2-ol, ethyl acetate, 2-methyl-1-propanol, 3-methyl-l- 

butanal, 3-methyl-2-butanone, 1-butanol, 2-pentanone, 3-methyl-l-butanol, ethyl isobutyrate, 3- 

methyl-2-butenal, butyl acetate, 3-methylbutyl acetate, 3-methyl-3-buten-l-yl acetate, 3-methyl- 

2-buten-l-yl acetate, 3-hexen-l-ol, 3-hexen-l-yl acetate, limonene, geraniol (trans-3,7-dimethyl- 

2,6-octadien-l-ol), citronellol (3,7-dimcthyl-6-octen-l-ol), (E)-3,7-dimethyl-l,3,6-octatricne, 

(Z)-3,7-dimcthyl-l,3,6-octatrienc, and 2,3-cycloheptcnolpyridine after undergoing the steps 

according to any of the methods and processes described herein. In some embodiments, the fuel 

constituent comprises one or more compounds selected from the group consisting of 1,4- 

dimethyl-1 -(hydroxymethyl)cyclohexane, 1-(1 -hydroxyethyl)-4-methylcyclohexane, 2- 

methylbutane, 3-methylpentane, 2-propanol, 2-methyl-1-propanol, 2-butanol, 3-methyl-l- 

butanol, ethyl acetate and 3-methyl-l-butyl acetate. In some embodiments, the fuel constituent 

comprises one or more compounds selected from the group consisting of 1,4-dimethyl-l- 

(hydroxymethyl)cyclohexane, l-(l-hydroxyethyl)-4-methylcyclohexane, 2-methylbutane, 3- 

methylpentane, 2-propanol, 2-methyl-l-propanol, 2-butanol, 3-methyl-l-butanol, ethyl acetate 

and 3-methyl-l-butyl acetate at levels greater than or about 10 ppm, 1 ppm, 100 ppb, 10 ppb or 1 

ppb.

[0668] In some embodiments, the fuel constituent comprises one or more compounds selected 

from the group consisting of ethanol, acetone, methanol, acetaldehyde, methacrolein, methyl 

vinyl ketone, 2-methyl-2-vinyloxirane, cis- and zrao.s-3-mcthyl-l ,3-pentadiene, a C5 prenyl 

alcohol (such as 3-methyl-3-buten-l-ol or 3-methyl-2-buten-l-ol), 2-heptanone, 6-methyl-5- 

hepten-2-one, 2,4,5-trimethylpyridine, 2,3,5-trimethylpyrazine, citronellal, methanethiol, methyl 

acetate, 1-propanol, diacetyl, 2-butanone, 2-methyl-3-buten-2-ol, ethyl acetate, 2-methyl-1- 

propanol, 3-methyl-l-butanal, 3-methyl-2-butanone, 1-butanol, 2-pentanone, 3-methyl-l- 

butanol, ethyl isobutyrate, 3-methyl-2-butenal, butyl acetate, 3-methylbutyl acetate, 3-methyl-3- 

buten-l-yl acetate, 3-methyl-2-buten-l-yl acetate, 3-hexen-l-ol, 3-hexen-l-yl acetate, limonene, 

geraniol (trans-3,7-dimethyl-2,6-octadien-l-ol), citronellol (3,7-dimethyl-6-octen-l-ol), (E)-3,7- 

dimethyl-l,3,6-octatriene, (Z)-3,7-dimethyl-l,3,6-octatriene, and 2,3-cycloheptenolpyridine at 

levels greater than or about 10 ppm, 1 ppm, 100 ppb, 10 ppb or 1 ppb.
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Carbon fingerprinting

[0669] BioIsoFuels derived from bioisoprene can be distinguished from fuels derived form 

petrochemical carbon on the basis of dual carbon-isotopic fingerprinting. Additionally, the 

specific source of biosourced carbon (e.g. glucose vs. glycerol) can be determined by dual 

carbon-isotopic fingerprinting (see, US Patent Number 7,169,588, which is herein 

incorporated by reference).

[0670] This method usefully distinguishes chemically-identical materials, and apportions 

carbon in products by source (and possibly year) of growth of the biospheric (plant) component. 

The isotopes, 14C and 13C, bring complementary information to this problem. The radiocarbon 

dating isotope (14C), with its nuclear half life of 5730 years, clearly allows one to apportion 

specimen carbon between fossil ("dead") and biospheric ("alive") feedstocks [Currie, L. A. 

"Source Apportionment of Atmospheric Particles," Characterization of Environmental Particles, 

J. Buffle and Η. P. van Leeuwen, Eds., 1 of Vol. 1 of the IUPAC Environmental Analytical 

Chemistry Series (Lewis Publishers, Inc) (1992) 3 74]. The basic assumption in radiocarbon 

dating is that the constancy of 14C concentration in the atmosphere leads to the constancy of 14C 

in living organisms. When dealing with an isolated sample, the age of a sample can be deduced 

approximately by the relationship t = (-5730/0.693)ln(A/Ao) (Equation 14) where t = age, 5730 

years is the half-life of radiocarbon, and A and Ao are the specific 14C activity of the sample and 

of the modem standard, respectively [Hsieh, Y., Soil Sci. Soc. Am J., 56, 460, (1992)].

However, because of atmospheric nuclear testing since 1950 and the burning of fossil fuel since 

1850, 14C has acquired a second, geochemical time characteristic. Its concentration in 

atmospheric CO2 - and hence in the living biosphere - approximately doubled at the peak of 

nuclear testing, in the mid-1960s. It has since been gradually returning to the steady-state 

cosmogenic (atmospheric) baseline isotope rate (14C /12C) of ea. 1.2x10"12, with an approximate 

relaxation "half-life" of 7-10 years. (This latter half-life must not be taken literally; rather, one 

must use the detailed atmospheric nuclear input/decay function to trace the variation of 

atmospheric and biospheric 14C since the onset of the nuclear age.) It is this latter biospheric 14C 

time characteristic that holds out the promise of annual dating of recent biospheric carbon. 14C 

can be measured by accelerator mass spectrometry (AMS), with results given in units of 

"fraction of modem carbon" (fri). f\i is defined by National Institute of Standards and 

Technology (NIST) Standard Reference Materials (SRMs) 4990B and 4990C, known as oxalic 

acids standards HOxI and HOxII, respectively. The fundamental definition relates to 0.95 times
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the 14C/ 12C isotope ratio HOxI (referenced to AD 1950). This is roughly equivalent to decay- 

corrected pre-industrial Revolution wood. For the current living biosphere (plant material), 

fM~ i.i.

[0671] The stable carbon isotope ratio (13C /12C) provides a complementary route to source 

discrimination and apportionment. The 13C /12C ratio in a given biosourced material is a 

consequence of the 13C /12C ratio in atmospheric carbon dioxide at the time the carbon dioxide is 

fixed and also reflects the precise metabolic pathway. Regional variations also occur.

Petroleum, C3 plants (the broadleaf), C4 plants (the grasses), and marine carbonates all show 

significant differences in 13C /12C and the corresponding d13C values. Furthermore, lipid matter 

of C3 and C4 plants analyze differently than materials derived from the carbohydrate components 

of the same plants as a consequence of the metabolic pathway. Within the precision of 

measurement, 13C shows large variations due to isotopic fractionation effects, the most 

significant of which for the instant invention is the photosynthetic mechanism. The major cause 

of differences in the carbon isotope ratio in plants is closely associated with differences in the 

pathway of photosynthetic carbon metabolism in the plants, particularly the reaction occurring 

during the primary carboxylation, i. e., the initial fixation of atmospheric CO2. Two large 

classes of vegetation are those that incorporate the "C3" (or Calvin-Benson) photosynthetic cycle 

and those that incorporate the "C4" (or Hatch-Slack) photosynthetic cycle. C3 plants, such as 

hardwoods and conifers, are dominant in the temperate climate zones. In C3 plants, the primary 

CO2 fixation or carboxylation reaction involves the enzyme ribulose-1,5-diphosphate 

carboxylase and the first stable product is a 3-carbon compound. C4 plants, on the other hand, 

include such plants as tropical grasses, com and sugar cane. In C4 plants, an additional 

carboxylation reaction involving another enzyme, phosphoenol-pyruvate carboxylase, is the 

primary carboxylation reaction. The first stable carbon compound is a 4-carbon acid which is 

subsequently decarboxylated. The CO2 thus released is refixed by the C3 cycle.

[0672] Both C4 and C3 plants exhibit a range of 13C/12C isotopic ratios, but typical values are 

ca. -10 to -14 per mil (C4) and -21 to -26 per mil (C3) [Weber et al., J. Agric. Food Chem., 45, 

2942 (1997)]. Coal and petroleum fall generally in this latter range. The 13C measurement scale 

was originally defined by a zero set by pee dee belemnite (PDB) limestone, where values are 

given in parts per thousand deviations from this material. The “d13C”, values are in parts per 

thousand (per mil), abbreviated %o, and are calculated as follows (Equation 15):
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Since the PDB reference material (RM) has been exhausted, a series of alternative RMs have 

been developed in cooperation with the IAEA, USGS, NIST, and other selected international 

isotope laboratories. Notations for the per mil deviations from PDB is d13C. Measurements 

are made on CO2 by high precision stable ratio mass spectrometry (IRMS) on molecular ions 

of masses 44, 45 and 46.

[0673] For isoprene derived from extractive distillation of C5 streams from petroleum 

refineries, 613C is about -22%o to about -24%o. This range is typical for light, unsaturated 

hydrocarbons derived from petroleum, and products derived from petroleum-based isoprene 

typically contain isoprenic units with the same 013C. Bioisoprene produced by fermentation of 

corn-derived glucose (513C -10.73%o) with minimal amounts of other carbon-containing 

nutrients (e.g., yeast extract) produces isoprene which can be polymerized into polyisoprene 

with 613C-14.66%o to-14.85 %o. Products produced from such bioisoprene are expected to have 

δ 1jC values that are less negative than those derived from petroleum-based isoprene. For 

isoprene derived from the reaction of isobutylene with formaldehyde, 5I 3C values can be about - 

34.4%o because formaldehyde is often derived from feedstocks with much more negative 513C 

values.

[0674] The fuels and fuel constituents of this invention which are made with isoprene from the 

cell cultures that utilize bio-renewable carbon sources can be identified as such by virtue of their 

d13C value and other fuel characteristics. In some embodiments, the fuel constituent derived 

from bioisoprene has 61jC values of greater (less negative) than -22%o. In some embodiments, 

the fuel constituent derived from bioisoprene has 013C values of greater than -20, -18, -16, -14, - 

12, or -10 %<». In some embodiments, the fuel constituent derived from bioisoprene has a 513C 

value which is within the range of -22 to -10, -21 to -12, or -20 to -14 %o. In some embodiments, 

the fuel constituent derived from bioisoprene has a 5, 3C value which is within the range of -34 to 

-24, -34 to -25, -33 to -25, -32 to -24, -32 to -25, -31 to -25, -30 to -29, -30.0 to -29.5, -29.5 to - 

28.5, or -29.0 to -28.5 %□.

[0675] In some embodiments, the fuel constituent derived from bioisoprene comprises 

radioactive carbon-14. In some embodiments, the 14C/12C ratio is greater than or about 1.0 x 10" 

12, 1.05 x 10"12, 1.1 x 10"12, 1.15 x 10"12,or 1.2 x 10"12. In some embodiments, the fuel constituent

derived from bioisoprene has an fM value of greater than or about 0.9, 0.95, 1.0, 1.05 or 1.1. In 
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some embodiments, the fuel constituent derived from bioisoprene has an fM value of greater than 

or about 0.9, 0.95, 1.0, 1.05 or 1.1 and 613C values of greater (less negative) than -22%o. In some 

embodiments, the fuel constituent derived from bioisoprene has an value of greater than or

about 0.9, 0.95, 1.0, 1.05 or 1.1 and a 513C value which is within the range of -22 to -10, -21 to - 

12, or -20 to -14 %o. In some embodiments, the fuel constituent derived from bioisoprene has an 

fM value of greater than or about 0.9, 0.95, 1.0, 1.05 or 1.1 and a 013C value which is within the 

range of -34 to -24, -34 to -25, -33 to -25, -32 to -24, -32 to -25, -31 to -25, -30 to -29, -30.0 to - 

29.5, -29.5 to -28.5, or -29.0 to -28.5 %o.

[0676] The bioisoprene derivatives and the associated BiolsoFuels, intermediates, and 

mixtures may be completely distinguished from their petrochemical derived counterparts on the 

basis of 14C (fri) and dual carbon-isotopic fingerprinting, indicating new compositions of matter. 

[0677] In some embodiments, the fuel constituent of the invention has an energy density 

higher than that of ethanol. In some embodiments, the fuel constituent boosts the cetane number 

of a fuel, e.g., a petroleum-based fuel. In some embodiments, the fuel constituent reduces 

emission of petroleum based fuels. In some embodiments, the fuel composition has an octane 

number in the range between about 80 to about 120. In some embodiments, the fuel 

composition has a cetane number in the range between about 30 to about 130.

[0678] In some embodiments, a fuel composition of the invention comprises one or more 

dimethylcyclooctane compounds. In some embodiments, a fuel composition of the invention 

comprises one or more CIO hydrocarbons such as substitued cyclohexanes. In some 

embodiments, a fuel composition of the invention comprises one or more isoprene derived 

oxygenates described herein. In some embodiments, any of the fuel compositions described 

herein further comprises a petroleum based fuel in the amount of from about 1% to about 95% 

by weight or volume, based on the total weight or volume of the total fuel composition.

[0679] The invention further provides methods for making a fuel composition comprising 

obtaining a petroleum distillate and adding a fuel constituent of the invention.

[0680] The invention can be further understood by reference to the following examples, which 

are provided by way of illustration and are not meant to be limiting.

EXAMPLES

Example 1: Production of isoprene in E. coli expressing recombinant kudzu isoprene synthase

I. Construction of vectors for expression of the kudzu isoprene synthase in E. coli
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[0681] The protein sequence for the kudzu (Pueraria montana) isoprene synthase gene (IspS) 

was obtained from GenBank (AAQ84170). A kudzu isoprene synthase gene, optimized for E. 

coli codon usage, was purchased from DNA2.0 (SEQ ID NO:1). The isoprene synthase gene was 

removed from the supplied plasmid by restriction endonuclease digestion with As/?LU 1II /Pstl, 

gel-purified, and ligated into pTrcHis2B (Invitrogen) that had been digested with Ncol!Pstl. The 

construct was designed such that the stop codon in the isoprene synthase gene 5’ to the Pstl site. 

As a result, when the construct was expressed the His-Tag is not attached to the isoprene 

synthase protein. The resulting plasmid, pTrcKudzu, was verified by sequencing (Figures 2 and 

3; SEQ ID NO:2).

[0682] The isoprene synthase gene was also cloned into pET16b (Novagen). In this case, the 

isoprene synthase gene was inserted into pET16b such that the recombinant isoprene synthase 

protein contained the N-terminal His tag. The isoprene synthase gene was amplified from 

pTrcKudzu by PCR using the primer set pET-His-Kudzu-2F: 5’-

CGTGAGATCATATGTGTGCGACCTCTTCTCAATTTAC (SEQ ID NO:49) and pET-His- 

Kudzu-R: 5’-CGGTCGACGGATCCCTGCAGTTAGACATACATCAGCTG (SEQ IDNO:50). 

These primers added an Ndel site at the 5’-end and a BamH 1 site at the 3’ end of the gene 

respectively. The plasmid pTrcKudzu, described above, was used as template DNA, Herculase 

polymerase (Stratagene) was used according to manufacture’s directions, and primers were 

added at a concentration of 10 pMols. The PCR was carried out in a total volume of 25 μΐ. The 

PCR product was digested with Ndel/BamHl and cloned into pETl 6b digested with the same 

enzymes. The ligation mix was transformed into E. coli ToplO (Invitrogen) and the correct clone 

selected by sequencing. The resulting plasmid, in which the kudzu isoprene synthase gene was 

expressed from the T7 promoter, was designated pETNHisKudzu (Figures 4 and 5; SEQ ID 

NO:51).

[0683] The kudzu isoprene synthase gene was also cloned into the low copy number plasmid 

pCL1920. Primers were used to amplify the kudzu isoprene synthase gene from pTrcKudzu 

described above. The forward primer added a //z'ndlll site and an E. coli consensus RBS to the 5’ 

end. The Pstl cloning site was already present in pTrcKudzu j ust 3 ’ of the stop codon so the 

reverse primer was constructed such that the final PCR product includes the Ps/I site. The 

sequences of the primers were: Hindlll-rbs-Kndzu F: 5’-

CATATGAAAGCTTGTATCGATTAAATAAGGAGGAATAAACC (SEQ ID NO:51) and 

BamH 1-Kudzu R:
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[0684] 5’- CGGTCGACGGATCCCTGCAGTTAGACATACATCAGCTG  (SEQ ID NO:50).

The PCR product was amplified using Herculase polymerase with primers at a concentration of 

10 pmol and with 1 ng of template DNA (pTrcKudzu). The amplification protocol included 30 

cycles of (95° C for 1 minute, 60° C for 1 minute, 72° C for 2 minutes). The product was 

digested with Hindlll and Pstl and ligated into pCL1920 which had also been digested with 

Hinddll and Pstl. The ligation mix was transformed into E. coli ToplO. Several transformants 

were checked by sequencing. The resulting plasmid was designated pCL-lac-Kudzu (Figures 6 

and 7; SEQ ID NO:4).

II. Determination of isoprene production

[0685] For the shake flask cultures, one ml of a culture was transferred from shake flasks to 20 

ml CTC headspace vials (Agilent vial cat# 5188 2753; cap cat# 5188 2759). The cap was 

screwed on tightly and the vials incubated at the equivalent temperature with shaking at 250 

rpm. After 30 minutes the vials were removed from the incubator and analyzed as described 

below (see Table 1 for some experimental values from this assay).

[0686] In cases where isoprene production in fermentors was determined, samples were taken 

from the off-gas of the fermentor and analyzed directly as described below (see Table 2 for some 

experimental values from this assay).

[0687] The analysis was performed using an Agilent 6890 GC/MS system interfaced with a 

CTC Analytics (Switzerland) CombiPAL autosampler operating in headspace mode. An Agilent 

HP-5MS GC/MS column (30 m x 0.25 mm; 0.25 pm film thickness) was used for separation of 

analytes. The sampler was set up to inject 500 pL of headspace gas. The GC/MS method utilized 

helium as the carrier gas at a flow of 1 ml/min. The injection port was held at 250° C with a split 

ratio of 50:1. The oven temperature was held at 37° C for the 2 minute duration of the analysis. 

The Agilent 5793N mass selective detector was run in single ion monitoring (SIM) mode on m/z 

67. The detector was switched off from 1.4 to 1.7 minutes to allow the elution of permanent 

gases. Under these conditions isoprene (2-methyl-1,3-butadiene) was observed to elute at 1.78 

minutes. A calibration table was used to quantify the absolute amount of isoprene and was found 

to be linear from 1 pg/L to 70,000 pg/L. The limit of detection was estimated to be 50 to 100 

ng/L using this method.

III. Production of isoprene in shake flasks containing E. coli cells expressing recombinant 

isoprene synthase
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[0688] The vectors described above were introduced to E. coli strain BL21 (Novagen) to 

produce strains BL21/ptrcKudzu, BL21/pCL-lac-Kudzu and BL21/pETHisKudzu. The strains 

were spread for isolation onto LA (Luria agar) + carbenicillin (50 qg/ml) and incubated 

overnight at 37° C. Single colonies were inoculated into 250 ml baffled shake flasks containing 

20 ml Luria Bertani broth (LB) and carbenicillin (100 qg/ml). Cultures were grown overnight at 

20° C with shaking at 200 rpm. The ODeoo of the overnight cultures were measured and the 

cultures were diluted into a 250 ml baffled shake flask containing 30 ml MagicMedia 

(Invitrogen) + carbenicillin (100 qg/ml) to an ODw,o ~ 0.05. The culture was incubated at 30° C 

with shaking at 200 rpm. When the ODeoo ~ 0.5 - 0.8, 400 μΜ IPTG was added and the cells 

were incubated for a further 6 hours at 30° C with shaking at 200 rpm. At 0, 2, 4 and 6 hours 

after induction with IPTG, 1 ml aliquots of the cultures were collected, the OTCoo was 

determined and the amount of isoprene produced was measured as described above. Results are 

shown in Figure 8.

IV. Production of Isoprene from BL21/ptrcKudzu in 14 liter fermentation

[0689] Large scale production of isoprene from E. coli containing the recombinant kudzu 

isoprene synthase gene was determined from a fed-batch culture. The recipe for the fermentation 

media (TM2) per liter of fermentation medium was as follows: K2HPO4 13.6 g, KH2PO4 13.6 g, 

MgSO4 * 7H2O 2 g, citric acid monohydrate 2 g, ferric ammonium citrate 0.3 g, (NH4)2SO4 3.2 

g, yeast extract 5 g, 1000X Modified Trace Metal Solution 1 ml. All of the components were 

added together and dissolved in diH2O. The pH was adjusted to 6.8 with potassium hydroxide 

(KOH) and q.s. to volume. The final product was filter sterilized with 0.22 μ filter (only, do not 

autoclave). The recipe for 1000X Modified Trace Metal Solution was as follows: Citric Acids * 

H2O 40 g, MnSO4 * H2O 30 g, NaCl 10 g, FeSO4 * 7H2O 1 g, CoCl2 * 6H2O 1 g, ZnSO * 7H2O 

1 g, CuSO4 * 5H2O 100 mg, H3BO3 100 mg, NaMoO4 * 2H2O 100 mg. Each component was 

dissolved one at a time in diH2O, pH to 3.0 with HCl/NaOH, then q.s. to volume and filter 

sterilized with a 0.22 μ filter.

[0690] This experiment was carried out in 14 L bioreactor to monitor isoprene formation from 

glucose at the desired fermentation, pH 6.7 and temperature 34° C. An inoculum of E. coli strain 

BL21/ptrcKudzu taken from a frozen vial was prepared in soytone-yeast extract-glucose 

medium. After the inoculum grew to OD550 = 0.6, two 600 ml flasks were centrifuged and the 

contents resuspended in 70 ml supernatant to transfer the cell pellet (70 ml of OD 3.1 material)
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to the bioreactor. At various times after inoculation, samples were removed and the amount of 

isoprene produced was determined as described above. Results are shown in Figure 9.

Example 2: Production of isoprene in E. coli expressing recombinant poplar isoprene synthase

[0691] The protein sequence for the poplar (Populus alba x Populus tremula) isoprene 

synthase (Schnitzler, J-P, et al. (2005) Planta 222:777-786) was obtained from GenBank 

(CAC35696). A gene, codon optimized for E. coli, was purchased from DNA2.0 (p9796-poplar, 

Figures 30 and 31; SEQ ID NO: 14). The isoprene synthase gene was removed from the supplied 

plasmid by restriction endonuclease digestion with fisy?LU 111 IPstl, gel-purified, and ligated into 

pTrcHis2B that had been digested with Ncol/Pstl. The construct is cloned such that the stop 

codon in the insert is before the Pstl site, which results in a construct in which the His-Tag is not 

attached to the isoprene synthase protein. The resulting plasmid pTrcPoplar (Figures 32 and 33; 

SEQ ID NO: 15), was verified by sequencing.

Example 2B: Demonstration of isoprene synthase activity from several popzz/z/s isoprene
synthases

[0692] The following isoprene synthases were examined; Populus alba (Accession number 

BAD98243; Figures 137A and B; SEQ ID NO:30), Populus nigra (Accession number 

CAL69918; Figures 137C and D; SEQ ID NO:31), Populus tremuloides (Accession number 

AAQ16588; Figure 137 E, F, and G; SEQ ID NOs:32-33), Populus trichocarpa (Accession 

number ACD70404; Figures 137H and I; SEQ ID NO:34), Populus alba x Populus tremula 

(Accession number CAJ29303; Figures 137J and K; SEQ ID NO:35), and MCM112-Kudzu. 

[0693] pET24Kudzu (also referred to as MCM112) was constructed as follows: the kudzu 

isoprene synthase gene was subcloned into the pET24d vector (Novagen) from the pCR2.1 

vector (Invitrogen). The kudzu IspS gene was amplified from pTrcKudzu template DNA using 

primers MCM50 5’-GATCATGCAT TCGCCCTTAG

GAGGTAAAAAAACATGTGTGCGACCTCTTC TCAATTTACT (SEQ ID NO:52); and 

MCM53 5’-CGGTCGACGGATCCCTGCAG TTAGACATAC ATCAGCTG (SEQ ID NO:50). 

PCR reactions were carried out using Taq DNA Polymerase (Invitrogen), and the resulting PCR 

product was cloned into pCR2.1-TOPO TA cloning vector (Invitrogen), and transformed into E. 

coli ToplO chemically competent cells (Invitrogen). Transformants were plated on L-agar 

containing carbenicillin (50 pg/ml) and incubated overnight at 37°C. Five ml Luria Broth 

cultures containing carbenicillin 50 pg/ml were inoculated with single transformants and grown
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overnight at 37°C. Five colonies were screened for the correct insert by sequencing of plasmid 

DNA isolated from 1 ml of liquid culture (Luria Broth) and purified using the QIAprep Spin 

Mini-prep Kit (Qiagen). The resulting plasmid, designated MCM93, contains the kudzu IspS 

coding sequence in apCR2.1 backbone (Figure 137L). The sequence of MCM93 (SEQ ID 

NO:36) is shown in Figures 137M and N.

[0694] The kudzu coding sequence was removed by restriction endonuclease digestion with 

Pcil and BamR 1 (Roche) and gel purified using the QIAquick Gel Extraction kit (Qiagen). The 

pET24d vector DNA was digested with Ncol and BamR I (Roche), treated with shrimp alkaline 

phosphatase (Roche), and purified using the QIAprep Spin Mini-prep Kit (Qiagen). The kudzu 

IspS fragment was ligated to the Ncol/BamRl digested pET24d using the Rapid DNA Ligation 

Kit (Roche) at a 5:1 fragment to vector ratio in a total volume of 20 pl. A portion of the ligation 

mixture (5 μΐ) was transformed into E. coli Top 10 chemically competent cells and plated on L 

agar containing kanamycin (50 pg/ml). The correct transformant was confirmed by sequencing 

and transfonned into chemically competent BL21(kDE3)pLysS cells (Novagen). A single 

colony was selected after overnight growth at 37°C on L agar containing kanamycin (50 pg/ml). 

A map of the resulting plasmid designated as pET24D-Kudzu is shown in Figure 1370. The 

sequence of pET24D-Kudzu (SEQ ID NO:37) is shown in Figures 137P and Q.

[0695] Escherichia coli optimized isoprene synthase genes cloned into the pET24a expression 

vector (Novagen) were purchased from DNA2.0 (Menlo Park, CA) for Populus tremuloides, 

Populus alba, Populus nigra and Populus trichocarpa. Genes were synthesized with the 

chloroplast transit peptide sequence removed, resulting in expression of mature proteins.

[0696] The construct for the Kudzu isoprene synthase was used as control in this example. The 

plasmids were transformed into the E. coli expression host BL21(DE3)plysS and transformants 

were grown in 0.6 ml TM3 medium. The recipe for TM3 medium is as follows: Κ2ΗΡΟ4 (13.6 

g/1) KH2PO4 (13.6 g/1), MgSO4 * 7H2O (2 g/L) Citric Acid Monohydrate (2 g/L) Ferric 

Ammonium Citrate (0.3 g/L) (NLEfiSCfi (3.2 g/L) yeast extract (0.2 g/L) 1 ml of lOOOx Trace 

Elements solution, pH adjusted to 6.8 with ammonium hydroxide qs to volume with sterile DI 

H2O and filter sterilized with a 0.22 micron filter. The recipe for 1000X Trace Elements solution 

is as follows: Citric Acids * H2O (40 g/L), MnSCfi * H2O (30 g/L), NaCl (10 g/L), FeSCfi * 7 

H2O (1 g/L), CoCl2 * 6 H2O (1 g/L), ZnSO4 * 7 H2O (1 g/L), CuSO4 * 5 H2O (100 mg/L),

H3BO3 (100 mg/L), NaMoCfi * 2 H2O (100 mg/L). Each component was dissolved one at a time 

in DI H2O, pH adjusted to 3.0 with HCl/NaOH, qs to volume and filter sterilized with a 0.22 

micron filter.
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[0697] The cultures were induced with 400 μΜ IPTG and growth was continued to OD,l(l0 of 

about 5. Aliquots of culture were transferred to a deep well glass plate and wells were sealed 

with aluminum plate sealer. The plate was incubated at 25°C for 30 minutes with shaking at 450 

rpm. The reactions were heat inactivated by raising the temperature to 70°C for 5 minutes.

Whole cell head space was measured by the GCMS method as described in Example 1, Part II. 

[0698] Km values were obtained from cultures grown in similar maimer but cells were 

harvested and lysed by a frecze/thaw lysozyme protocol. A volume of 400 pL of culture was 

transferred into a new 96-well plate (Perkin Elmer, Catalog No. 6008290) and cells were 

harvested by centrifugation in a Beckman Coulter Allegra 6R centrifuge at 2500 x g. The pellet 

was resuspended in 200 mL of hypotonic buffer (5 mM MgCL2, 5 mM Tris HCI, 5 mM DTT pH 

8.0) and the plate was frozen at -80°C for a minimum time of 60 minutes. Cell lysate was 

prepared by thawing the plate and adding 32 mL of isoprene synthase DMAPP assay buffer (57 

mM Tris HCI, 19 mM MgCl2, 74 mg/mL DNase I (Sigma Catalog No. DN-25), 2.63xl05 U/mL 

ofReadyLyse lysozyme solution (Epicentre Catalog No. R1802M), and 5 mg/mL of molecular 

biology grade BSA. The plate was incubated with shaking at 25°C for 30 minutes and then 

placed on ice. DMAPP and lysate were added at desired concentration in a sealed deep well 

glass block for the whole cell head space assay described above. The reactions were allowed to 

proceed for 1 hour and then terminated by the heat step described above and head space activity 

was measured also as described.

[0699] In an alternate approach, the activity of the enzymes was measured from cells cultured 

in 25 mL volume and induced similarly as described above. Cells were harvested by 

centrifugation and the pellets were lysed by French pressing in buffer consisting of 50% glycerol 

mixed 1: Iwith 20 mM Tris/HCl pH 7.4, 20 mM MgCl2, 200 mM KC1, 1 mM DTT. A lysate 

volume of 25 pL was assayed for isoprene synthase activity in 2 mL screw cap vials containing 

75 pL of assay buffer (66.6 mM Tris/HCl pH 8, 6.66 mM DMAPP, 43 mM, MgCl2). The 

reaction was incubated for 15 minutes at 30°C and was quenched by the addition of 100 pL of 

250 mM EDTA through the septum of the vial. Isoprene was measured by GC/MS as described 

in Example 1, Part II.

[0700] All methods for the determination of activity showed that the poplar enzyme derived 

from the pure bred poplars were several-fold higher than the Populus [albax tremula}. Figures 

138 and 139 showed these results for the whole cell head space assay and the DMAPP assay, 

respectively, and surprisingly indicate that enzymes from P. nigra, P. tremuloides, P. 

trichocarpa, and P. alba all had significantly higher activity than hybrid [Λ albax P.tremula}.
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[0701] The DMAPP assay was performed as follows: a volume of 400 pL of culture was 

transferred into a new 96-well plate (Perkin Elmer, Catalog No. 6008290) and cells were 

harvested by centrifugation in a Beckman Coulter Allegra 6R centrifuge at 2500 x g. The pellet 

was resuspended in 200 mL of hypotonic buffer (5 mM MgCL2, 5 mM Tris HC1, 5 mM DTT pH 

8.0) and the plate was frozen at -80°C for a minimum time of 60 minutes. Cell lysate was 

prepared by thawing the plate and adding 32 mL of isoprene synthase DMAPP assay buffer (57 

mM Tris HC1, 19 mM MgCl2, 74 mg/mL DNase I (Sigma Catalog No. DN-25), 2.63xl05 U/mL 

of ReadyLyse lysozyme solution (Epicentre Catalog No. R1802M), and 5 mg/mL of molecular 

biology grade BSA. The plate was incubated with shaking at 25°C for 30 minutes and then 

placed on ice. For isoprene production an 80 mL aliquot of lysate was transferred to a 96-deep 

well glass plate (Zinsser Catalog No. 3600600) and 20 mL of a 10 mM DMAPP solution in 100 

mM KHPO4, pH 8.2 (Cayman Chemical Catalog No. 63180) was added. The plate was sealed 

with an aluminum plate seal (Beckman Coultor Catalog No. 538619) and incubated with shaking 

at 30°C for 60 minutes. The enzymatic reactions were terminated by heating the glass block 

(70°C for 5 minutes). The cell head space of each well was quantitatively analyzed as described 

in Example 1, Part II.

[0702] Notably, P. alba, P.tremuloides, P. trichocarpa had higher activity than the isoprene 

synthase from Kudzu. The enzyme from P. alba was expressed with the greatest activity of all 

enzymes tested. The higher activities observed with the cell lysate compared to the whole cell 

head space assay was likely due to limitations in DMAPP, the substrate for these enzymes, 

delivered by the endogenous deoxyxylulose 5-phosphate (DXP) pathway of the cell.

[0703] Km kinetic parameter was measured to be about 2 to 3 mM for all enzymes for which 

the value was determined.

Example 3: Production of isoprene in Panteoa citrea expressing recombinant kudzu isoprene

synthase

[0704] The pTrcKudzu and pCL-lac Kudzu plasmids described in Example 1 were 

electroporated into P. citrea (U.S. Pat. No. 7,241,587). Transformants were selected on LA 

containing carbenicillin (200 pg/ml) or spectinomycin (50 pg/ml) respectively. Production of 

isoprene from shake flasks and determination of the amount of isoprene produced was 

performed as described in Example 1 for E. coli strains expressing recombinant kudzu isoprene 

synthase. Results are shown in Figure 10.
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Example 4: Production of isoprene in Bacillus subtilis expressing recombinant kudzu isoprene

synthase

I. Construction of a B. subtilis replicating plasmid for the expression of kudzu isoprene 

synthase

[0705] The kudzu isoprene synthase gene was expressed in Bacillus subtilis aprEnprE Pxyl- 

comK strain (BG3594comK) using a replicating plasmid (pBS19 with a chloramphenicol 

resistance cassette) under control of the aprE promoter. The isoprene synthase gene, the aprE 

promoter and the transcription terminator were amplified separately and fused using PCR. The 

construct was then cloned into pBS19 and transformed into B. subtilis.

a) Amplification of the aprE promoter

[0706] The aprE promoter was amplified from chromosomal DNA from Bacillus subtilis 

using the following primers:

CF 797 (+) Start aprE promoter Mfel

5’- GACATCAATTGCTCCATTTTCTTCTGCTATC (SEQ ID NO:53)

CF 07-43 (-) Fuse aprE promoter to Kudzu ispS

5’- ATTGAGAAGAGGTCGCACACACTCTTTACCCTCTCCTTTTA (SEQ ID NO:54)

b) Amplification of the isoprene synthase gene

[0707] The kudzu isoprene synthase gene was amplified from plasmid pTrcKudzu (SEQ ID 

NO:2). The gene had been codon optimized for E. coli and synthesized by DNA 2.0. The 

following primers were used:

CF 07-42 (+) Fuse the aprE promoter to kudzu isoprene synthase gene (GTG start codon)

5’- TAAAAGGAGAGGGTAAAGAGTGTGTGCGACCTCTTCTCAAT (SEQ ID NO:55)

CF 07-45 (-) Fuse the 3’ end of kudzu isoprene synthase gene to the terminator

5’- CCAAGGCCGGTTTTTTTTAGACATACATCAGCTGGTTAATC (SEQ ID NO:56)

c) Amplification of the transcription terminator

[0708] The terminator from the alkaline serine protease of Bacillus amyliquefaciens was 

amplified from a previously sequenced plasmid pJHPms382 using the following primers:

CF 07-44 (+) Fuse the 3’ end of kudzu isoprene synthase to the terminator
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5’- GATTAACCAGCTGATGTATGTCTAAAAAAAACCGGCCTTGG (SEQ ID NO:57)

CF 07-46 (-) End of B. amyliquefaciens terminator (BamHI)

5’- GACATGACGGATCCGATTACGAATGCCGTCTC (SEQ ID NO:58)

[0709] The kudzu fragment was fused to the terminator fragment using PCR with the 

following primers:

CF 07-42 (+) Fuse the aprE promoter to kudzu isoprene synthase gene (GTG start codon)

5’- TAAAAGGAGAGGGTAAAGAGTGTGTGCGACCTCTTCTCAAT (SEQ ID NO:55)

CF 07-46 (-) End of B. amyliquefaciens terminator (BamHI)

5’- GACATGACGGATCCGATTACGAATGCCGTCTC (SEQ ID NO:58)

[0710] The kudzu-terminator fragment was fused to the promoter fragment using PCR with 

the following primers:

CF 797 (+) Start aprE promoter Mfel

5’- GACATCAATTGCTCCATTTTCTTCTGCTATC (SEQ ID NO:53)

CF 07-46 (-) End of B. amyliquefaciens terminator (BamHI)

5’- GACATGACGGATCCGATTACGAATGCCGTCTC (SEQ ID NO:58)

[0711] The fusion PCR fragment was purified using a Qiagen kit and digested with the 

restriction enzymes Mfel and BotoHI. This digested DNA fragment was gel purified using a 

Qiagen kit and ligated to a vector known as pBS19, which had been digested with EcoRI and 

BamPI and gel purified.

[0712] The ligation mix was transformed into E. coli Top 10 cells and colonies were selected 

on LA+50 carbenicillin plates. A total of six colonies were chosen and grown overnight in 

LB+50 carbenicillin and then plasmids were isolated using a Qiagen kit. The plasmids were 

digested with EcoR I and BamP I to check for inserts and three of the correct plasmids were sent 

in for sequencing with the following primers:

CF 149 (+) EcoRI start of aprE promoter

5’- GACATGAATTCCTCCATTTTCTTCTGC (SEQ ID NO:59)
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CF 847 (+) Sequence in pXX 049 (end of aprE promoter)

5’- AGGAGAGGGTAAAGAGTGAG (SEQ ID NO:60)

CF 07-45 (-) Fuse the 3’ end of kudzu isoprene synthase to the terminator

5’- CCAAGGCCGGTTTTTTTTAGACATACATCAGCTGGTTAATC (SEQ ID NO:56)

CF 07-48 (+) Sequencing primer for kudzu isoprene synthase

5’- CTTTTCCATCACCCACCTGAAG (SEQ ID NO:61)

CF 07-49 (+) Sequencing in kudzu isoprene synthase

5’- GGCGAAATGGTCCAACAACAAAATTATC (SEQ ID NO:62)

[0713] The plasmid designated pBS Kudzu #2 (Figures 52 and 12; SEQ ID NO:5) was correct 

by sequencing and was transformed into BG 3594 comK, & Bacillus subtilis host strain.

Selection was done on LA + 5 chloramphenicol plates. A transformant was chosen and struck to 

single colonies on LA + 5 chloramphenicol, then grown in LB+5 chloramphenicol until it 

reached an ODgoo of 1.5. It was stored frozen in a vial at -80° C in the presence of glycerol. The 

resulting strain was designated CF 443.

II. Production of isoprene in shake flasks containing B. subtilis cells expressing recombinant 

isoprene synthase

[0714] Overnight cultures were inoculated with a single colony of CF 443 from a LA + 

Chloramphenicol (Cm, 25 pg/ml). Cultures were grown in LB + Cm at 37° C with shaking at 

200 rpm. These overnight cultures (1 ml) were used to inoculate 250 ml baffled shake flasks 

containing 25 ml Grants II media and chloramphenicol at a final concentration of 25 pg/ml. 

Grants II Media recipe was 10 g soytone, 3 ml 1M K2EIPO4, 75 g glucose, 3.6 g urea, 100 ml 

10X MOPS, q.s. to 1 L with H2O, pH 7.2; 10X MOPS recipe was 83.72 g MOPS, 7.17 g tricine, 

12 g KOH pellets, 10 ml 0.276M K2SO4 solution, 10 ml 0.528M MgCl2 solution, 29.22 g NaCl, 

100 ml 100X micronutrients, q.s. to 1 L with H2O; and 100X micronutrients recipe was 1.47 g 

CaCl2*2H2O, 0.4 g FeSO4*7H2O, 0.1 g MnSO4*H2O, 0.1 g ZnSO4*H2O, 0.05 g CuCl2*2H2O, 

0.1 g CoCl2*6H2O, 0.1 g Na2MoO4*2H2O, q.s. to 1 L with H2O. Shake flasks were incubated at 

37° C and samples were taken at 18, 24, and 44 hours. At 18 hours the headspaces of CF443 and 

the control strain were sampled. This represented 18 hours of accumulation of isoprene. The
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amount of isoprene was determined by gas chromatography as described in Example 1. 

Production of isoprene was enhanced significantly by expressing recombinant isoprene synthase 

(Figure 11).

ΙΠ. Production of isoprene by CF443 in 14 L fermentation

[0715] Large scale production of isoprene from B. subtilis containing the recombinant kudzu 

isoprene synthase gene on a replication plasmid was determined from a fed-batch culture. 

Bacillus strain CF 443, expressing a kudzu isoprene synthase gene, or control stain which does 

not express a kudzu isoprene synthase gene were cultivated by conventional fed-batch 

fermentation in a nutrient medium containing soy meal (Cargill), sodium and potassium 

phosphate, magnesium sulfate and a solution of citric acid, ferric chloride and manganese 

chloride. Prior to fermentation the media is macerated for 90 minutes using a mixture of 

enzymes including cellulases, hemicellulases and pectinases (see, WO95/04134). 14-L batch 

fermentations are fed with 60% wt/wt glucose (Cargill DE99 dextrose, ADM Versadex greens or 

Danisco invert sugar) and 99% wt/wt oil (Western Family soy oil, where the 99% wt/wt is the 

concentration of oil before it was added to the cell culture medium). Feed was started when 

glucose in the batch was non-detectable. The feed rate was ramped over several hours and was 

adjusted to add oil on an equal carbon basis. The pH was controlled at 6.8 - 7.4 using 28% w/v 

ammonium hydroxide. In case of foaming, antifoam agent was added to the media. The 

fermentation temperature was controlled at 37°C and the fermentation culture was agitated at 

750 rpm. Various other parameters such as pH, DO%, airflow, and pressure were monitored 

throughout the entire process. The DO% is maintained above 20. Samples were taken over the 

time course of 36 hours and analyzed for cell growth (OD550) and isoprene production. Results 

of these experiments are presented in Figures 53A and 53B.

IV. Integration of the kudzu isoprene synthase (ispS) in B. subtilis.

[0716] The kudzu isoprene synthase gene was cloned in an integrating plasmid (pJHlOl- 

cmpR) under the control of the aprE promoter. Under the conditions tested, no isoprene was 

detected.

Example 5: Production of isoprene in Trichoderma

I. Construction of vectors for expression of the kudzu isoprene synthase in Trichoderma 

reesei
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[0717] The Yarrowia lipolytica codon-optimized kudzu IS gene was synthesized by DNA 2.0 

(SEQ ID NO:6) (Figure 13). This plasmid served as the template for the following PCR 

amplification reaction: 1 μΐ plasmid template (20 ng/ul), 1 μΐ Primer EL-945 (10 μΜ) 5’- 

GCTTATGGATCCTCTAGACTATTACACGTACATCAATTGG  (SEQ ID NO:63), 1 μΐ 

Primer EL-965 (10 μΜ) 5’-CACCATGTGTGCAACCTCCTCCCAGTTTAC (SEQ ID NO:64),

1 μΐ dNTP (lOmM), 5 μΐ lOx PfuUltra II Fusion HS DNA Polymerase Buffer, 1 μΐ PfuUltra II 

Fusion HS DNA Polymerase, 40 μΐ water in a total reaction volume of 50 μΐ. The forward primer 

contained an additional 4 nucleotides at the 5’-end that did not correspond to the Y. lipolytica 

codon-optimized kudzu isoprene synthase gene, but was required for cloning into the pENTR/D- 

TOPO vector. The reverse primer contained an additional 21 nucleotides at the 5’-end that did 

not correspond to the T. lipolytica codon-optimized kudzu isoprene synthase gene, but were 

inserted for cloning into other vector backbones. Using the MJ Research PTC-200 

Thermocycler, the PCR reaction was performed as follows: 95° C for 2 minutes (first cycle 

only), 95° C for 30 seconds, 55° C for 30 seconds, 72° C for 30 seconds (repeat for 27 cycles), 

72° C for 1 minute after the last cycle. The PCR product was analyzed on a 1.2% E-gel to 

confirm successful amplification of the Y. lipolytica codon-optimized kudzu isoprene synthase 

gene.

[0718] The PCR product was then cloned using the TOPO pENTR/D-TOPO Cloning Kit 

following manufacturer’s protocol: 1 μΐ PCR reaction, 1 μΐ Salt solution, 1 μΐ TOPO pENTR/D- 

TOPO vector and 3 μΐ water in a total reaction volume of 6 μΐ. The reaction was incubated at 

room temperature for 5 minutes. One microliter of TOPO reaction was transformed into TOP 10 

chemically competent E. coli cells. The transformants were selected on LA + 50 pg/ml 

kanamycin plates. Several colonies were picked and each was inoculated into a 5 ml tube 

containing LB + 50 pg/ml kanamycin and the cultures grown overnight at 37° C with shaking at 

200 rpm. Plasmids were isolated from the overnight culture tubes using QIAprep Spin Miniprep 

Kit, following manufacturer’s protocol. Several plasmids were sequenced to verify that the DNA 

sequence was correct.

[0719] A single pENTR/D-TOPO plasmid, encoding a Y. lipolytica codon-optimized kudzu 

isoprene synthase gene, was used for Gateway Cloning into a custom-made pTrex3g vector. 

Construction of pTrex3g is described in WO 2005/001036 A2. The reaction was performed 

following manufacturer’s protocol for the Gateway LR Clonase II Enzyme Mix Kit (Invitrogen): 

1 μΐ Y. lipolytica codon-optimized kudzu isoprene synthase gene pENTR/D-TOPO donor vector, 

1 μΐ pTrex3g destination vector, 6 μΐ TE buffer, pH 8.0 in a total reaction volume of 8 μΐ. The
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reaction was incubated at room temperature for 1 hour and then 1 μΐ proteinase K solution was 

added and the incubation continued at 37° C for 10 minutes. Then 1 μΐ of reaction was 

transformed into TOPIO chemically competent E. coli cells. The transformants were selected on 

LA + 50 pg/ml carbenicillin plates. Several colonies were picked and each was inoculated into a 

5 ml tube containing LB + 50 plg/ml carbenicillin and the cultures were grown overnight at 37° 

C with shaking at 200 rpm. Plasmids were isolated from the overnight culture tubes using 

QIAprep Spin Miniprep Kit (Qiagen, Inc.), following manufacturer’s protocol. Several plasmids 

were sequenced to verify that the DNA sequence was correct.

[0720] Biolistic transformation of T. lipolytica codon-optimized kudzu isoprene synthase 

pTrex3g plasmid (Figure 14) into a quad delete Trichoderma reesei strain was performed using 

the Biolistic PDS-1000/HE Particle Delivery System (see WO 2005/001036 A2). Isolation of 

stable transformants and shake flask evaluation was performed using protocol listed in Example 

11 of patent publication WO 2005/001036 A2.

II. Production of isoprene in recombinant strains of T. reesei

[0721] One ml of 15 and 36 hour old cultures of isoprene synthase transformants described 

above were transferred to head space vials. The vials were sealed and incubated for 5 hours at 

30° C. Head space gas was measured and isoprene was identified by the method described in 

Example 1. Two of the transformants showed traces of isoprene. The amount of isoprene could 

be increased by a 14 hour incubation. The two positive samples showed isoprene at levels of 

about 0.5 pg/L for the 14 hour incubation. The untransformed control showed no detectable 

levels of isoprene. This experiment shows that T. reesei is capable of producing isoprene from 

endogenous precursor when supplied with an exogenous isoprene synthase.

Example 6: Production of isoprene in Yarrowia

I. Construction of vectors for expression of the kudzu isoprene synthase in Yarrowia 

lipolytica.

[0722] The starting point for the construction of vectors for the expression of the kudzu 

isoprene synthase gene in Yarrowia lipolytica was the vector pSPZl(MAP29Spb). The complete 

sequence of this vector (SEQ ID NO:7) is shown in Figure 15.

[0723] The following fragments were amplified by PCR using chromosomal DNA of a Y. 

lipolytica strain GICC 120285 as the template: a promotorless form of the URA3 gene, a

fragment of 18S ribosomal RNA gene, a transcription terminator of the Y. lipolytica XPR2 gene 
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and two DNA fragments containing the promoters of XPR2 and ICL1 genes. The following PCR 

primers were used:

ICL1 3

5’- GGTGAATTCAGTCTACTGGGGATTCCCAAATCTATATATACTGCAGGTGAC (SEQ 

ID NO:65)

ICL1 5

5’- GCAGGTGGGAAACTATGCACTCC (SEQ ID NO:66)

XPR3

5’- CCTGAATTCTGTTGGATTGGAGGATTGGATAGTGGG (SEQ ID NO:67)

XPR5

5’- GGTGTCGACGTACGGTCGAGCTTATTGACC (SEQ ID NO:68)

XPRT3

5’- GGTGGGCCCGCATTTTGCCACCTACAAGCCAG (SEQ TD NO:69)

XPRT 5

5’- GGTGAATTCTAGAGGATCCCAACGCTGTTGCCTACAACGG (SEQ TD NO:70)

Y18S3

5’- GGTGCGGCCGCTGTCTGGACCTGGTGAGTTTCCCCG (SEQ ID NO:71)

Y18S 5

5’- GGTGGGCCCATTAAATCAGTTATCGTTTATTTGATAG  (SEQ ID NO:72)

YURA3

5’- GGTGACCAGCAAGTCCATGGGTGGTTTGATCATGG (SEQ ID NO:73)

YURA 50

5’- GGTGCGGCCGCCTTTGGAGTACGACTCCAACTATG (SEQ ID NO:74)
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YURA 51

5’- GCGGCCGCAGACTAAATTTATTTCAGTCTCC (SEQ ID NO:75)

[0724] For PCR amplification the PfiiUltrall polymerase (Stratagene), supplier-provided 

buffer and dNTPs, 2.5 μΜ primers and the indicated template DNA were used as per the 

manufacturer’s instructions. The amplification was done using the following cycle: 95° C for 1 

min; 34x (95° C for 30 sec; 55° C for 30 sec; 72° C for 3 min) and 10 min at 72° C followed by 

a 4° C incubation.

[0725] Synthetic DNA molecules encoding the kudzu isoprene synthase gene, codon- 

optimized for expression in Yarrowia, was obtained from DNA 2.0 (Figure 16; SEQ ID NOG). 

Full detail of the construction scheme of the plasmids pYLA(KZl) and pYLI(KZl) carrying the 

synthetic kudzu isoprene synthase gene under control of XPR2 and ICL1 promoters respectively 

is presented in Figure 18. Control plasmids in which a mating factor gene (MAP29) is inserted in 

place of an isoprene synthase gene were also constructed (Figure 18E and 18F).

[0726] A similar cloning procedure can be used to express a poplar (Populus alba x Populus 

tremula) isoprene synthase gene. The sequence of the poplar isoprene is described in Miller B. et 

al. (2001) Planta'213, 483-487 and shown in Figure 17 (SEQ ID NO:9). A construction scheme 

for the generation the plasmids pYLA(POPl) and pYLI(POPl) carrying synthetic poplar 

isoprene synthase gene under control of XPR2 and TCL1 promoters respectively is presented in 

Figure 18A and B.

II. Production of isoprene by recombinant strains of Y. lipolytica.

[0727] Vectors pYLA(KZl), pYLI(KZl), pYLA(MAP29) and pYLI(MAP29) were digested 

with Sacll and used to transform the strain Y. lipolytica CLIB 122 by a standard lithium 

acetate/polyethylene glycol procedure to uridine prototrophy. Briefly, the yeast cells grown in 

YEPD (1 % yeast extract, 2% peptone, 2% glucose) overnight, were collected by centrifugation 

(4000 rpm, 10 min), washed once with sterile water and suspended in 0.1 M lithium acetate, pH 

6.0. Two hundred μΐ aliquots of the cell suspension were mixed with linearized plasmid DNA 

solution (10-20 pg), incubated for 10 minutes at room temperature and mixed with 1 ml of 50% 

PEG 4000 in the same buffer. The suspensions were further incubated for 1 hour at room 

temperature followed by a 2 minutes heat shock at 42° C. Cells were then plated on SC his leu 

plates (0.67% yeast nitrogen base, 2% glucose, 100 mg/L each of leucine and histidine). 

Transformants appeared after 3-4 days of incubation at 30° C.
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[0728] Three isolates from the pYLA(KZl) transformation, three isolates from the pYLI(KZl) 

transformation, two isolates from the pYLA(MAP29) transformation and two isolates from the 

pYLI(MAP29) transformation were grown for 24 hours in YEP7 medium (1% yeast extract, 2% 

peptone, pH 7.0) at 30° C with shaking. Cells from 10 ml of culture were collected by 

centrifugation, resuspended in 3 ml of fresh YEP7 and placed into 15 ml screw cap vials. The 

vials were incubated overnight at room temperature with gentle (60 rpm) shaking. Isoprene 

content in the headspace of these vials was analyzed by gas chromatography using mass- 

spectrometric detector as described in Example 1. All transformants obtained with pYLA(KZl) 

and pYLl(KZl) produced readily detectable amounts of isoprene (0.5 pg/L to 1 pg/L, Figure 

20). No isoprene was detected in the headspace of the control strains carrying phytase gene 

instead of an isoprene synthase gene.

Example 7: Production of isoprene in E. coli expressing kudzu isoprene synthase and idi, or dxs,

or idi and dxs

I. Construction of vectors encoding kudzu isoprene synthase and idi, or dxs, or idi and dxs 

for the production of isoprene in E. coli

i) Construction of pTrcKudzuKan

[0729] The bla gene of pTrcKudzu (described in Example 1) was replaced with the gene 

conferring kanamycin resistance. To remove the bla gene, pTrcKudzu was digested with KspHI, 

treated with Shrimp Alkaline Phosphatase (SAP), heat killed at 65° C, then end-filled with 

Klenow fragment and dNTPs. The 5 kbp large fragment was purified from an agarose gel and 

ligated to the kan1 gene which had been PCR amplified from pCR-Blunt-II-TOPO using primers 

MCM22 5’- GATCAAGCTTAACCGGAATTGCCAGCTG (SEQ ID NO:76) and MCM23 5’- 

GATCCGATCGTCAGAAGAACTCGTCAAGAAGGC (SEQ ID NO:77), digested with 

Hindlll and Pvul, and end-filled. A transformant carrying a plasmid conferring kanamycin 

resistance (pTrcKudzuKan) was selected on LA containing kanamycin 50 pg/ml.

ii) Construction of pTrcKudzu yIDI Kan

[0730] pTrcKudzuKan was digested with Pstl, treated with SAP, heat killed and gel purified.

It was ligated to a PCR product encoding idi from S. cerevisiae with a synthetic RBS. The 

primers for PCR were Nsil-YIDI 1 F 5’-

CATCAATGCATCGCCCTTAGGAGGTAAAAAAAAATGAC (SEQ ID NO:78) and Pstl- 

YIDI 1 R 5’- CCTTCTGCAGGACGCGTTGTTATAGC (SEQ ID NO:79); and the template
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was X. cerevisiae genomic DNA. The PCR product was digested with TVsz'I and Pstl and gel 

purified prior to ligation. The ligation mixture was transformed into chemically competent 

TOP10 cells and selected on LA containing 50 pg/ml kanamycin. Several transformants were 

isolated and sequenced and the resulting plasmid was called pTrcKudzu-ylDI(kan) (Figures 34 

and 35; SEQ ID NO: 16).

iii) Construction of pTrcKudzu DXS Kan

[0731] Plasmid pTrcKudzuKan was digested with Pstl, treated with SAP, heat killed and gel 

purified. It was ligated to a PCR product encoding dxs from E. coli with a synthetic RBS. The 

primers for PCR were MCM 13 5’-

GATCATGCATTCGCCCTTAGGAGGTAAAAAAACATGAGTTTTGATATTGCCAAATAC  

CCG (SEQ ID NO:80) and MCM14 5’- CATGCTGCAGTTATGCCAGCCAGGCCTTGAT 

(SEQ ID NO:81); and the template was E. coli genomic DNA. The PCR product was digested 

with /Vszl and Pstl and gel purified prior to ligation. The resulting transformation reaction was 

transformed into TOP10 cells and selected on LA with kanamycin 50 pg/ml. Several 

transformants were isolated and sequenced and the resulting plasmid was called pTrcKudzu- 

DXS(kan) (Figures 36 and 37; SEQ ID NO: 17).

iv) Construction of pTrcKudzu-ylDI-dxs (kan)

[0732] pTrcKudzu-yIDI(kan) was digested with Pstl, treated with SAP, heat killed and gel 

purified. It was ligated to a PCR product encoding E. coli dxs with a synthetic RBS (primers 

MCM13 5’-

GATCATGCATTCGCCCTTAGGAGGTAAAAAAACATGAGTTTTGATATTGCCAAATAC  

CCG (SEQ ID NO:80) and MCM14 5’- CATGCTGCAGTTATGCCAGCCAGGCCTTGAT 

(SEQ ID NO:81); template TOP10 cells) which had been digested with /Vsz'l and Pstl and gel 

purified. The final plasmid was called pTrcKudzu-ylDI-dxs (kan) (Figures 21 and 22; SEQ ID 

NO: 10).

v) Construction of pCL PtrcKudzu

[0733] A fragment of DNA containing the promoter, structural gene and terminator from 

Example 1 above was digested from pTrcKudzu using Sspl and gel purified. It was ligated to 

pCL1920 which had been digested with Pvull, treated with SAP and heat killed. The resulting 

ligation mixture was transformed into TOP10 cells and selected in LA containing spectinomycin 

50 pg/ml. Several clones were isolated and sequenced and two were selected. pCL PtrcKudzu
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and pCL PtrcKudzu (A3) have the insert in opposite orientations (Figures 38-41; SEQ ID 

NOs:18-19).

vi) Construction of pCL PtrcKudzu yIDI

[0734] The Nsil-Pstl digested, gel purified, IDI PCR amplicon from (ii) above was ligated into 

pCL PtrcKudzu which had been digested with Pstl, treated with SAP, and heat killed. The 

ligation mixture was transformed into TOP 10 cells and selected in LA containing spectinomycin 

50 pg/ml. Several clones were isolated and sequenced and the resulting plasmid is called pCL 

PtrcKudzu yIDI (Figures 42 and 43; SEQ ID NO:20).

vii) Construction of pCL PtrcKudzu DXS

[0735] The Nsil-Pstl digested, gel purified, DXS PCR amplicon from (iii) above was ligated 

into pCL PtrcKudzu (A3) which had been digested with Pstl, treated with SAP, and heat killed. 

The ligation mixture was transformed into TOP 10 cells and selected in LA containing 

spectinomycin 50 pg/ml. Several clones were isolated and sequenced and the resulting plasmid 

is called pCL PtrcKudzu DXS (Figures 44 and 45; SEQ ID NO:21).

II. Measurement of isoprene in headspace from cultures expressing kudzu isoprene synthase, 

idi, and/or dxs at different copy numbers.

[0736] Cultures of E. coli BL21 (XDE3) previously transformed with plasmids

pTrcKudzu(kan) (A), pTrcKudzu-ylDI kan (B), pTrcKudzu-DXS kan (C), pTrcKudzu-ylDI- 

DXS kan (D) were grown in LB kanamycin 50 pg/mL. Cultures of pCL PtrcKudzu (E), pCL 

PtrcKudzu, pCL PtrcKudzu-ylDI (F) and pCL PtrcKudzu-DXS (G) were grown in LB 

spectinomycin 50 pg/mL. Cultures were induced with 400 pM IPTG at time 0 (Οϋβοο 

approximately 0.5) and samples taken for isoprene headspace measurement (see Example 1). 

Results are shown in Figure 23A-23G.

[0737] Plasmid pTrcKudzu-ylDI-dxs (kan) was introduced into E. coli strain BL21 by 

transformation. The resulting strain BL21/pTrc Kudzu IDI DXS was grown overnight in LB 

containing kanamycin (50 pg/ml) at 20° C and used to inoculate shake flasks of TM3 (13.6 g 

K2PO4, 13.6 g KH2PO4, 2.0 g MgSO4*7H2O), 2.0 g citric acid monohydrate, 0.3 g ferric 

ammonium citrate, 3.2 g (NH4)2SO4, 0.2 g yeast extract, 1.0 ml lOOOx Modified Trace Metal 

Solution, adjusted to pH 6.8 and q.s. to H2O, and filter sterilized) containing 1% glucose. Flasks 

were incubated at 30° C until an OD600 of 0.8 was reached, and then induced with 400 pM IPTG.
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Samples were taken at various times after induction and the amount of isoprene in the head 

space was measured as described in Example 1. Results are shown in Figure 23H.

ΙΠ. Production of isoprene from biomass in E. colifYrcYmAzu yIDI DXS

[0738] The strain BL21 pTrcKudzuIDIDXS was tested for the ability to generate isoprene 

from three types of biomass; bagasse, corn stover and soft wood pulp with glucose as a control. 

Hydrolysates of the biomass were prepared by enzymatic hydrolysis (Brown, L and Torget, R.,

1996, NREL standard assay method Lap-009 “Enzymatic Saccharification of Lignocellulosic 

Biomass”) and used at a dilution based upon glucose equivalents. In this example, glucose 

equivalents were equal to 1 % glucose. A single colony from a plate freshly transformed cells of 

BL21 (DE3) pTrcKudzu yIDI DXS (kan) was used to inoculate 5 ml of LB plus kanamycin (50 

pg/ml). The culture was incubated overnight at 25° C with shaking. The following day the 

overnight culture was diluted to an OD600 of 0.05 in 25 ml of TM3 + 0.2% YE + 1% feedstock. 

The feedstock was com stover, bagasse, or softwood pulp. Glucose was used as a positive 

control and no glucose was used as a negative control. Cultures were incubated at 30° C with 

shaking at 180 rpm. The culture was monitored for ODftoo and when it reached an Οϋβοο of ~0.8, 

cultures were analyzed at 1 and 3 hours for isoprene production as described in Example 1. 

Cultures are not induced. All cultures containing added feedstock produce isoprene equivalent to 

those of the glucose positive control. Experiments were done in duplicate and are shown in 

Figure 46.

IV. Production of isoprene from invert sugar in E. co/z'/pTrcKudzuIDIDXS

[0739] A single colony from a plate freshly transformed cells of BL21 (XDE3)/pTrcKudzu 

yIDI DXS (kan) was used to inoculate 5 mL of LB + kanamycin (50 pg/ml). The culture was 

incubated overnight at 25° C with shaking. The following day the overnight culture was diluted 

to an OD6oo of 0.05 in 25 ml of TM3 + 0.2% YE + 1% feedstock. Feedstock was glucose, 

inverted glucose or com stover. The invert sugar feedstock (Danisco Invert Sugar) was prepared 

by enzymatically treating sucrose syrup. AFEX com stover was prepared as described below 

(Part V). The cells were grown at 30° C and the first sample was measured when the cultures 

reached an OD6oo -0.8-1.0 (0 hour). The cultures were analyzed for growth as measured by 

Οϋέοο and for isoprene production as in Example 1 at 0, 1 and 3 hours. Results are shown in 

Figure 47.

V. Preparation of hydrolysate from AFEX pretreated com stover
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[0740] AFEX pretreated com stover was obtained from Michigan Biotechnology Institute. The 

pretreatment conditions were 60% moisture, 1:1 ammonia loading, and 90 °C for 30 minutes, 

then air dried. The moisture content in the AFEX pretreated com stover was 21.27%. The 

contents of glucan and xylan in the AFEX pretreated com stover were 31.7% and 19.1% (dry 

basis), respectively. The saccharification process was as follows; 20 g of AFEX pretreated com 

stover was added into a 500 ml flask with 5 ml of 1 M sodium citrate buffer pH 4.8, 2.25 ml of 

Accellerase 1000, 0.1 ml of Grindamyl H121 (Danisco xylanase product from Aspergillus niger 

for bread-making industry), and 72.65 ml of DI water. The flask was put in an orbital shaker and 

incubated at 50° C for 96 hours. One sample was taken from the shaker and analyzed using 

HPLC. The hydrolysate contained 38.5 g/1 of glucose, 21.8 g/1 of xylose, and 10.3 g/1 of 

oligomers of glucose and/or xylose.

VI. The effect of yeast extract on isoprene production in E. coli grown in fed-batch culture

[0741] Fermentation was performed at the 14-L scale as previously described with E. coli cells 

containing the pTrcKudzu yIDI DXS plasmid described above. Yeast extract (Bio Springer, 

Montreal, Quebec, Canada) was fed at an exponential rate. The total amount of yeast extract 

delivered to the fermentor was varied between 70-830 g during the 40 hour fermentation. Optical 

density of the fermentation broth was measured at a wavelength of 550 nm. The final optical 

density within the fermentors was proportional to the amount of yeast extract added (Figure 

48A). The isoprene level in the off-gas from the fermentor was determined as previously 

described. The isoprene titer increased over the course of the fermentation (Figure 48B). The 

amount of isoprene produced was linearly proportional to the amount of fed yeast extract (Figure 

48C).

VII. Production of isoprene in 500 L fermentation of pTrcKudzu DXS yIDI

[0742] A 500 liter fermentation of E. coli cells with a kudzu isoprene synthase, S. cerevisiac 

IDI, and E. coli DXS nucleic acids (E. coli BT21 (XDE3) pTrc Kudzu dxs yidi) was used to 

produce isoprene. The levels of isoprene varied from 50 to 300 pg/L over a time period of 15 

hours. On the basis ofthe average isoprene concentrations, the average flow through the device 

and the extent of isoprene breakthrough, the amount of isoprene collected was calculated to be 

approximately 17 g.

VIII. Production of isoprene in 500 T fermentation of E. coli grown in fed-batch culture
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Medium Recipe (per liter fermentation medium):

[0743] K2HPO4 7.5 g, MgSCfi * 7H2O 2 g, citric acid monohydrate 2 g, ferric ammonium 

citrate 0.3 g, yeast extract 0.5 g, 1000X Modified Trace Metal Solution 1 ml. All of the 

components were added together and dissolved in diH2O. This solution was autoclaved. The pH 

was adjusted to 7.0 with ammonium gas (NH3) and q.s. to volume. Glucose 10 g, thiamine * HCl 

0.1 g, and antibiotic were added after sterilization and pH adjustment.

1000X Modified Trace Metal Solution:

[0744] Citric Acids * H2O 40 g, MnSO4 * H2O 30 g, NaCl 10 g, FeSO4 * 7H2O 1 g, CoCl2 * 

6H2O 1 g, ZnSO * 7H2O 1 g, CuSO4 * 5H2O 100 mg, H3BO3 100 mg, NaMoO4 * 2H2O 100 mg. 

Each component is dissolved one at a time in DI H2O, pH to 3.0 with HCl/NaOH, then q.s. to 

volume and filter sterilized with 0.22 micron filter.

[0745] Fermentation was performed in a 500-L bioreactor with E. coli cells containing the 

pTrcKudzu yIDI DXS plasmid. This experiment was carried out to monitor isoprene formation 

from glucose and yeast extract at the desired fermentation pH 7.0 and temperature 30° C. An 

inoculum of E. coli strain taken from a frozen vial was prepared in soytone-yeast extract-glucose 

medium. After the inoculum grew to OD 0.15, measured at 550 nm, 20 ml was used to inoculate 

a bioreactor containing 2.5-L soytone-yeast extract-glucose medium. The 2.5-L bioreactor was 

grown at 30° C to OD 1.0 and 2.0-L was transferred to the 500-L bioreactor.

[0746] Yeast extract (Bio Springer, Montreal, Quebec, Canada) and glucose were fed at 

exponential rates. The total amount of glucose and yeast extract delivered to the biorcactor 

during the 50 hour fermentation was 181.2 kg and 17.6 kg, respectively. The optical density 

within the bioreactor over time is shown in Figure 49A. The isoprene level in the off-gas from 

the bioreactor was determined as previously described. The isoprene titer increased over the 

course of the fermentation (Figure 49B). The total amount of isoprene produced during the 50 

hour fermentation was 55.1 g and the time course of production is shown in Figure 49C.

Example 8: Production of isoprene in E. coli expressing kudzu isoprene synthase and

recombinant mevalonic acid pathway genes

I. Cloning the lower MVA pathway

[0747] The strategy for cloning the lower mevalonic pathway was as follows. Four genes of 

the mevalonic acid biosynthesis pathway; mevalonate kinase (MVK), phosphomevalonate kinase
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(PMK), diphosphomevalonte decarboxylase (MVD) and isopentenyl diphosphate isomerase 

genes were amplified by PCR from S. cei-evisiae chromosomal DNA and cloned individually 

into the pCR Bluntll TOPO plasmid (Invitrogen). In some cases, the idi gene was amplified 

from E. coli chromosomal DNA. The primers were designed such that an E. coli consensus RBS 

(AGGAGGT (SEQ ID NO:82) or AAGGAGG (SEQ ID NO:83)) was inserted at the 5’ end, 8 bp 

upstream of the start codon and a Pstl site was added at the 3 ’ end. The genes were then cloned 

one by one into the pTrcHis2B vector until the entire pathway was assembled.

[0748] Chromosomal DNA from S. cerevisiae S288C was obtained from ATCC (ATCC 

204508D). The MVK gene was amplified from the chromosome of S. cerevisiae using primers 

MVKF (5’-AGGAGGTAAAAAAACATGTCATTACCGTTCTTAACTTCTGC, SEQ ID 

NO:84) and MVK-Pstl-R (5’-

ATGGCTGCAGGCCTATCGCAAATTAGCTTATGAAGTCCATGGTAAATTCGTG,  SEQ 

ID NO:85) using PfuTurbo as per manufacturer’s instructions. The correct sized PCR product 

(1370 bp) was identified by electrophoresis through a 1.2% E-gel (Invitrogen) and cloned into 

pZeroBLUNT TOPO. The resulting plasmid was designated pMVKl. The plasmid pMVKl was 

digested with Sacl and 7aqT restriction endonucleases and the fragment was gel purified and 

ligated into pTrcHis2B digested with Sacl and 2N/BI. The resulting plasmid was named 

pTrcMVKl.

[0749] The second gene in the mevalonic acid biosynthesis pathway, PMK, was amplified by 

PCR using primers: Pstl-PMKl R (5’-GAATTCGCCCTTCTGCAGCTACC, SEQ ID NO:86) 

and BsiHKAI-PMKl F (5’-CGACTGGTGCACCCTTAAGGAGGAAAAAAACATGTCAG, 

SEQ ID NO:87). The PCR reaction was performed using Pfu Turbo polymerase (Stratagene) as 

per manufacturer’s instructions. The correct sized product (1387 bp) was digested with Pstl and 

//sz'HKI and ligated into pTrcMVKl digested with Pstl. The resulting plasmid was named 

pTrcKK. The MVD and the idi genes were cloned in the same manner. PCR was carried out 

using the primer pairs Pstl-MVD 1 R (5’-GTGCTGGAATTCGCCCTTCTGCAGC, SEQ ID 

NO:88) andNsil-MVD 1 F (5’-GTAGATGCATGCAGAATTCGCCCTTAAGGAGG, SEQ ID 

NO:89) to amplify the MVD gene and Pstl-YIDI 1 R (5’-

CCTTCTGCAGGACGCGTTGTTATAGC, SEQ ID NO:79) andNsil-YIDI 1 F (5’- 

CATCAATGCATCGCCCTTAGGAGGTAAAAAAAAATGAC, SEQ ID NO:78) to amplify 

the yIDI gene. In some cases the IPP isomerase gene, idi from E. coli was used. To amplify idi 

from E. coli chromosomal DNA, the following primer set was used: Pstl-CIDI 1 R (5’- 

GTGTGATGGATATCTGCAGAATTCG, SEQ ID NO:90) andNsil-CIDI 1 F (5’-
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CATCAATGCATCGCCCTTAGGAGGTAAAAAAACATG, SEQ ID NO:91). Template DNA 

was chromosomal DNA isolated by standard methods from E. coli FM5 (WO 96/35796 and WO 

2004/033646, which are each hereby incorporated by reference in their entireties, particularly 

with respect to isolation of nucleic acids). The final plasmids were named pKKDIy for the 

construct encoding the yeast idi gene or pKKDIc for the construct encoding the E. coli idi gene. 

The plasmids were transformed into E. coli hosts BL21 for subsequent analysis. In some cases 

the isoprene synthase from kudzu was cloned into pKKDIy yielding plasmid pKKDIyIS.

[0750] The lower MVA pathway was also cloned into pTrc containing a kanamycin antibiotic 

resistance marker. The plasmid pTrcKKDIy was digested with restriction endonucleases Apal 

and Pstl, the 5930 bp fragment was separated on a 1.2% agarose E-gel and purified using the 

Qiagen Gel Purification kit according to the manufacturer’s instructions. The plasmid 

pTrcKudzuKan, described in Example 7, was digested with restriction endonucleases Apal and 

Pstl, and the 3338 bp fragment containing the vector was purified from a 1.2% E-gel using the 

Qiagen Gel Purification kit. The 3338 bp vector fragment and the 5930 bp lower MVA pathway 

fragment were ligated using the Roche Quick Ligation kit. The ligation mix was transformed 

into E. coli TOPI 0 cells and tranformants were grown at 37° C overnight with selection on LA 

containing kanamycin (50 pg/ml). The transformants were verified by restriction enzyme 

digestion and one was frozen as a stock. The plasmid was designated pTrcKanKKDIy.

II. Cloning a kudzu isoprene synthase gene into pTrcKanKKDIy

[0751] The kudzu isoprene synthase gene was amplified by PCR from pTrcKudzu, described 

in Example 1, using primers MCM50 5’-

GATCATGCATTCGCCCTTAGGAGGTAAAAAAACATGTGTGCGACCTCTTCTCAATTT  

ACT (SEQ ID NO:52) and MCM53 5’-

CGGTCGACGGATCCCTGCAGTTAGACATACATCAGCTG  (SEQ ID NO:50). The resulting 

PCR fragment was cloned into pCR2.1 and transformed into E. coli TOP10. This fragment 

contains the coding sequence for kudzu isoprene synthase and an upstream region containing a 

RBS from E. coli. Transformants were incubated overnight at 37° C with selection on LA 

containing carbenicillin (50 pg/ml). The correct insertion of the fragment was verified by 

sequencing and this strain was designated MCM93.

[0752] The plasmid from strain MCM93 was digested with restriction endonucleases TVszI and 

Pstl to liberate a 1724 bp insert containing the RBS and kudzu isoprene synthase. The 1724 bp 

fragment was separated on a 1.2% agarose E-gel and purified using the Qiagen Gel Purification
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kit according to the manufacturer’s instructions. Plasmid pTrcKanKKDIy was digested with the 

restriction endonuclease Pstl, treated with SAP for 30 minutes at 37° C and purified using the 

Qiagen PCR cleanup kit. The plasmid and kudzu isoprene synthase encoding DNA fragment 

were ligated using the Roche Quick Ligation kit. The ligation mix was transformed into E. coli 

TOP10 cells and transformants were grown overnight at 37° C with selection on LA containing 

Kanamycin at 50 pg/ml. The correct transformant was verified by restriction digestion and the 

plasmid was designated pTrcKKDylkISKan (Figures 24 and 25; SEQ ID NO:11). This plasmid 

was transformed into BL21 (XDE3) cells (Invitrogen).

III. Isoprene production from mevalonate in E. coli expressing the recombinant lower 

mevalonate pathway and isoprene synthase from kudzu.

[0753] Strain BL21/pTrcKKDylkISKan was cultured in MOPS medium (Neidhardt et al., 

(1974) J. Bacteriology 119:736-747) adjusted to pH 7.1 and supplemented with 0.5% glucose 

and 0.5% mevalonic acid. A control culture was also set up using identical conditions but 

without the addition of 0.5% mevalonic acid. The culture was started from an overnight seed 

culture with a 1% inoculum and induced with 500 pM IPTG when the culture had reached an 

OD60o of 0.3 to 0.5. The cultures were grown at 30° C with shaking at 250 rpm. The production 

of isoprene was analyzed 3 hours after induction by using the head space assay described in 

Example 1. Maximum production of isoprene was 6.67 χ 10'4 mol/Lbrotii/OD6o0/hr where Lbroth is 

the volume of broth and includes both the volume of the cell medium and the volume of the 

cells. The control culture not supplemented with mevalonic acid did not produce measurable 

isoprene.

IV. Cloning the upper MVA pathway

[0754] The upper mevalonate biosynthetic pathway, comprising two genes encoding three 

enzymatic activities, was cloned from Enterococcus faecalis. The mvaE gene encodes a protein 

with the enzymatic activities of both acetyl-CoA acetyltransferase and 3-hydroxy-3- 

methylglutaryl-CoA (HMG-CoA) reductase, the first and third proteins in the pathway, and the 

mvaS gene encodes second enzyme in the pathway, HMG-CoA synthase. The mvaE gene was 

amplified from E. faecalis genomic DNA (ATCC 700802D-5) with an E. coli ribosome binding 

site and a spacer in front using the following primers:

CF 07-60 (+) Start of mvaE wl RBS + ATG start codon Sacl
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5’ - GAGACATGAGCTCAGGAGGTAAAAAAACATGAAAACAGTAGTTATTATTG  (SEQ 

ID NO:93)

CF 07-62 (-) Fuse mvaE to mvaS with RBS in between

5’ - TTTATCAATCCCAATTGTCATGTTTTTTTACCTCCTTTATTGTTTTCTTAAATC 

(SEQ ID NO:94)

[0755] The mvaS gene was amplified from E.faecalis genomic DNA (ATCC 700802D-5) 

with a RBS and spacer from E. coli in front using the following primers:

CF 07-61 (+) Fuse mvaE to mvaS with RBS in between

5’ -

GATTTAAGAAAACAATAAAGGAGGTAAAAAAACATGACAATTGGGATTGATAAA  

(SEQ ID NO:95)

CF 07-102 (-) End of mvaS gene BgBl

5’ -GACATGACATAGATCTTTAGTTTCGATAAGAACGAACGGT  (SEQ ID NO:96)

[0756] The PCR fragments were fused together with PCR using the following primers:

CF 07-60 (+) Start of mvaE w/ RBS + ATG start codon Sacl

5’ -GAGACATGAGCTCAGGAGGTAAAAAAACATGAAAACAGTAGTTATTATTG  (SEQ 

ID NO:93)

CF 07-102 (-) End of mvaS gene Bgill

5’-GACATGACATAGATCTTTAGTTTCGATAAGAACGAACGGT (SEQ ID NO:96)

[0757] The fusion PCR fragment was purified using a Qiagen kit and digested with the 

restriction enzymes Sacl and Bgill. This digested DNA fragment was gel purified using a 

Qiagen kit and ligated into the commercially available vector pTrcHis2A, which had been 

digested with Sacl and Bgill and gel purified.

[0758] The ligation mix was transformed into E. coli Top 10 cells and colonies were selected 

on LA+50 qg/ml carbenicillin plates. A total of six colonies were chosen and grown overnight in 

LB+50 qg/ml carbenicillin and plasmids were isolated using a Qiagen kit. The plasmids were
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digested with Sacl and Bglll to check for inserts and one correct plasmid was sequenced with the 

following primers:

CF 07-58 (+) Start of mvaE gene

5’ - ATGAAAACAGTAGTTATTATTGATGC (SEQ ID NO:97)

CF 07-59 (-) End of mvaE gene

5’ - ATGTTATTGTTTTCTTAAATCATTTAAAATAGC  (SEQ ID NO:98)

CF 07-82 (+) Start of mvaS gene

5’ - ATGACAATTGGGATTGATAAAATTAG (SEQ ID NO:99)

CF 07-83 (-) End of mvaS gene

5’ - TTAGTTTCGATAAGAACGAACGGT (SEQ ID NO: 100)

CF 07-86 (+) Sequence in mvaE

5’ - GAAATAGCCCCATTAGAAGTATC (SEQ ID NO: 101)

CF 07-87 (+) Sequence in mvaE

5’ - TTGCCAATCATATGATTGAAAATC (SEQ ID NO: 102)

CF 07-88 (+) Sequence in mvaE

5’ - GCTATGCTTCATTAGATCCTTATCG (SEQ ID NO: 103)

CF 07-89 (+) Sequence mvaS

5’ - GAAACCTACATCCAATCTTTTGCCC (SEQ ID NO: 104)

[0759] The plasmid called pTrcHis2AUpperPathway#l was correct by sequencing and was 

transformed into the commercially available E. coli strain BL21. Selection was done on LA+ 50 

pg/nil carbenicillin. Two transformants were chosen and grown in LB+ 50 pg/rnl carbenicillin 

until they reached an ODfioo of 1.5. Both strains were frozen in a vial at -80° C in the presence of 

glycerol. Strains were designated CF 449 for pTrcHis2AUpperPathway#l in BL21, isolate #1 

and CF 450 for pTrcHis2AUpperPathway#l in BL21, isolate #2. Both clones were found to 

behave identically when analyzed.
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V. Cloning of UpperMVA Pathway into pCL1920

[0760] The plasmid pTrcHis2AUpperPathway was digested with the restriction endonuclease 

Sspl to release a fragment containing pTrc-wraT'-/wva1S’-(His tag)-terminator. In this fragment, 

the his-tag was not translated. This blunt ended 4.5 kbp fragment was purified from a 1.2% E-gel 

using the Qiagen Gel Purification kit. A dephosphorylated, blunt ended 4.2 kbp fragment from 

pCL 1920 was prepared by digesting the vector with the restriction endonuclease Pvull, treating 

with SAP and gel purifying from a 1.2% E-gel using the Qiagen Gel Purification kit. The two 

fragments were ligated using the Roche Quick Ligation Kit and transformed into TOPIO 

chemically competent cells. Transformants were selected on LA containing spectinomycin (50 

pg/ml). A correct colony was identified by screening for the presence of the insert by PCR. The 

plasmid was designated pCL PtrcUpperPathway (Figures 26 and 27A-27D; SEQ ID NO: 12).

VI. Strains expressing the combined Upper and Lower Mevalonic Acid Pathways

[0761] To obtain a strain with a complete mevalonic acid pathway plus kudzu isoprene 

synthase, plasmids pTrcKKDylkISkan and pCLpTrcUpperPathway were both transformed into 

BL21 (XDE3) competent cells (Invitrogen) and transformants were selected on LA containing 

kanamycin (50 pg/ml) and Spectinomycin (50 pg/ml). The transformants were checked by 

plasmid prep to ensure that both plasmids were retained in the host. The strain was designated 

MCM127.

VII. Production of mevalonic acid from glucose in E. co/z/pUpperpathway

[0762] Single colonies of the BL2 l/pTrcHis2A-wvaE'/znvtzS or FM5/p pTrcHis2A-zz7iY/£//77wz5’ 

are inoculated into LB + carbenicillin (100 pg/ml) and are grown overnight at 37° C with 

shaking at 200 rpm. These cultures were diluted into 50 ml medium in 250 ml baffled flasks to 

an Οϋβοο of 0.1. The medium was TM3 + 1 or 2% glucose + carbenicillin (100 pg/ml) or TM3 + 

1% glucose + hydrolyzed soy oil + carbenicillin (100 pg/ml) or TM3 + biomass (prepared 

bagasse, com stover or switchgrass). Cultures were grown at 30° C with shaking at 200 rpm for 

approximately 2-3 hours until an OD<oo of 0.4 was reached. At this point the expression from the 

mvaE mvaS construct was induced by the addition of IPTG (400 pM). Cultures were incubated 

for a further 20 or 40 hours with samples taken at 2 hour intervals to 6 hour post induction and 

then at 24, 36 and 48 hours as needed. Sampling was done by removing 1 ml of culture, 

measuring the ODf,oo, pelleting the cells in a microfuge, removing the supernatant and analyzing 

it for mevalonic acid.
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[0763] A 14 liter fermentation of E. coli cells with nucleic acids encoding Enterococcus 

faecalis AA-CoA thiolase, HMG-CoA synthase, and HMG-CoA reductase polypeptides 

produced 22 grams of mevalonic acid with TM3 medium and 2% glucose as the cell medium. A 

shake flask of these cells produced 2-4 grams of mevalonic acid per liter with LB medium and 

1 % glucose as the cell culture medium. The production of mevalonic acid in these strains 

indicated that the MVA pathway was functional in E. coli.

VIII. Production of isoprene from E. coli BL21 containing the upper and lower MVA pathway 

plus kudzu isoprene synthase.

[0764] The following strains were created by transforming in various combinations of 

plasmids containing the upper and lower MVA pathway and the kudzu isoprene synthase gene as 

described above and the plasmids containing the idi, dxs, and dxr and isoprene synthase genes 

described in Example 7. The host cells used were chemically competent BL21(XDE3) and the 

transformations were done by standard methods. Transformants were selected on L agar 

containing kanamycin (50 pg/ml) or kanamycin plus spectinomycin (both at a concentration of 

50 pg/ml). Plates were grown at 37° C. The resulting strains were designated as follows:

Grown on Kanamycin plus Spectinomycin (50 pg/ml each)

MCM127 - pCL Upper MVA + pTrcKKDylkIS (kan) in BL21(XDE3)

MCM131 - pCL1920 + pTrcKKDylkIS (kan) in BL21(XDE3)

MCM125 - pCL Upper MVA + pTrcHis2B (kan) in BL21(XDE3)

Grown on Kanamycin (50 pg/ml)

MCM64 - pTrcKudzu yIDI DXS (kan) in BL21(XDE3)

MCM50 - pTrcKudzu (kan) in BL21(XDE3)

MCM123 - pTrcKudzu yIDI DXS DXR (kan) in BL21(XDE3)

[0765] The above strains were streaked from freezer stocks to LA + appropriate antibiotic and 

grown overnight at 37° C. A single colony from each plate was used to inoculate shake flasks 

(25 ml LB + the appropriate antibiotic). The flasks were incubated at 22° C overnight with 

shaking at 200 rpm. The next morning the flasks were transferred to a 37° C incubator and 

grown for a further 4.5 hours with shaking at 200 rpm. The 25 ml cultures were centrifuged to 

pellet the cells and the cells were resuspended in 5 ml LB + the appropriate antibiotic. The

221



WO 2010/148256 PCT/US2010/039088

cultures were then diluted into 25 ml LB+1% glucose + the appropriate antibiotic to an OD,l(in of 

0.1. Two flasks for each strain were set up, one set for induction with IPTG (800 μΜ) the second 

set was not induced. The cultures were incubated at 37° C with shaking at 250 rpm. One set of 

the cultures were induced after 1.50 hours (immediately following sampling time point 1). At 

each sampling time point, the ODgoo was measured and the amount of isoprene determined as 

described in Example 1. Results are presented in Table 3. The amount of isoprene made is 

presented as the amount at the peak production for the particular strain.

Table 3. Production of isoprene in E. coli strains

Strain Isoprene (pg/liter/OD/hr)

MCM50 23.8
MCM64 289

MCM 125 ND
MCM131 Trace
MCM127 874
ND: not detected

Trace: peak present but not integratable.

IX. Analysis of mevalonic acid

[0766] Mevalonolactone (1.0 g, 7.7 mmol) (CAS# 503-48-0) was supplied from Sigma- 

Aldrich (WI, USA) as a syrup that was dissolved in water (7.7 mL) and was treated with 

potassium hydroxide (7.7 mmol) in order to generate the potassium salt of mevalonic acid. The 

conversion to mevalonic acid was confirmed by ΧΗ NMR analysis. Samples for HPLC analysis 

were prepared by centrifugation at 14,000 rpm for 5 minutes to remove cells, followed by the 

addition of a 300 μΐ aliquot of supernatant to 900 μΐ of H2O. Perchloric acid (36 μΐ of a 70% 

solution) was then added followed by mixing and cooling on ice for 5 minutes. The samples 

were then centrifuged again (14,000 rpm for 5 min) and the supernatant transferred to HPLC. 

Mevalonic acid standards (20, 10, 5, 1 and 0.5 g/L) were prepared in the same fashion. Analysis 

of mevalonic acid (20 pL injection volume) was performed by HPLC using a BioRad Aminex 

87-H+ column (300 mm by 7.0 mm) eluted with 5 mM sulfuric acid at 0.6 mL/min with 

refractive index (RI) detection. Under these conditions mevalonic acid eluted as the lactone form 

at 18.5 minutes.

X. Production of isoprene from E. coli BL21 containing the upper MVA pathway plus 

kudzu isoprene synthase
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[0767] A 15-L scale fermentation of E. coli expressing mevalonic acid pathway polypeptides 

and Kudzu isoprene synthase was used to produce isoprene from cells in fed-batch culture. This 

experiment demonstrates that growing cells under glucose limiting conditions resulted in the 

production of 2.2 g/L of isoprene.

Medium Recipe (per liter fermentation medium):

[0768] The medium was generated using the following components per liter fermentation 

medium: K2HPO4 7.5 g, MgSCfi * 7H2O 2 g, citric acid monohydrate 2 g, ferric ammonium 

citrate 0.3 g, yeast extract 0.5 g, and 1000X modified trace metal solution 1 ml. All of the 

components were added together and dissolved in diH2O. This solution was autoclaved. The pH 

was adjusted to 7.0 with ammonium hydroxide (30%) and q.s. to volume. Glucose 10 g, 

thiamine * HC1 0.1 g, and antibiotics were added after sterilization and pH adjustment.

1000X Modified Trace Metal Solution:

[0769] The 1000X modified trace metal solution was generated using the following 

components: citric acids * H2O 40 g, MnSCfi * H2O 30 g, NaCI 10 g, FeSCfi * 7H2O 1 g, CoCl2 

* 6H2O 1 g, ZnSO * 7H2O 1 g, CuSO4 * 5H2O 100 mg, H3BO3 100 mg, and NaMoO4 * 2H2O 

100 mg. Each component was dissolved one at a time in diH2O, pH to 3.0 with HCl/NaOH, then 

q.s. to volume, and filter sterilized with a 0.22 micron filter.

[0770] Fermentation was performed in a 15-L bioreactor with BL21 (DE3) E. coli cells 

containing the pCL PtrcUpperPathway (Figure 26) and pTrcKKDylkIS plasmids. This 

experiment was carried out to monitor isoprene formation from glucose at the desired 

fermentation pH 7.0 and temperature 30°C. An inoculum of E. coli strain taken from a frozen 

vial was streaked onto an LB broth agar plate (with antibiotics) and incubated at 37°C. A single 

colony was inoculated into soytone-yeast extract-glucose medium. After the inoculum grew to 

OD 1.0 when measured at 550 nm, 500 mL was used to inoculate a 5-L bioreactor.

[0771] Glucose was fed at an exponential rate until cells reached the stationary phase. After 

this time the glucose feed was decreased to meet metabolic demands. The total amount of 

glucose delivered to the bioreactor during the 54 hour fermentation was 3.7 kg. Induction was 

achieved by adding isopropyl-beta-D-l-thiogalactopyranoside (IPTG). The IPTG concentration 

was brought to 25 μΜ when the optical density at 550 nm (OD550) reached a value of 10. The 

IPTG concentration was raised to 50 μΜ when OD550 reached 190. IPTG concentration was 

raised to 100 μΜ at 38 hours of fermentation. The OD550 profile within the bioreactor over time

is shown in Figure 54. The isoprene level in the off gas from the bioreactor was determined as 
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described herein. The isoprene titer increased over the course of the fermentation to a final value 

of 2.2 g/L (Figure 55). The total amount of isoprene produced during the 54 hour fermentation 

was 15.9 g, and the time course of production is shown in Figure 56.

XI. Isoprene fermentation from E. coli expressing genes from the mevalonic acid pathway 

and grown in fed-batch culture at the 15-L scale

[0772] A 15-L scale fermentation of E. coli expressing mevalonic acid pathway polypeptides 

and Kudzu isoprene synthase was used to produce isoprene from cells in fed-batch culture. This 

experiment demonstrates that growing cells under glucose limiting conditions resulted in the 

production of 3.0 g/L of isoprene.

Medium Recipe (per liter fermentation medium):

[0773] The medium was generated using the following components per liter femientation 

medium: Κ2ΗΡΟ4 7.5 g, MgSO4 * 7H2O 2 g, citric acid monohydrate 2 g, ferric ammonium 

citrate 0.3 g, yeast extract 0.5 g, and 1000X Modified Trace Metal Solution 1 ml. All ofthe 

components were added together and dissolved in diH2O. This solution was autoclaved. The pH 

was adjusted to 7.0 with ammonium hydroxide (30%) and q.s. to volume. Glucose 10 g, 

thiamine * HCl 0.1 g, and antibiotics were added after sterilization and pH adjustment.

1000X Modified Trace Metal Solution:

[0774] The 1000X modified trace metal solution was generated using the following 

components: citric acids * H2O 40 g, MnSO4 * H2O 30 g, NaCI 10 g, FeSO4 * 7H2O 1 g, CoCl2 

* 6H2O 1 g, ZnSO * 7H2O 1 g, CuSO4 * 5H2O 100 mg, H3BO3 100 mg, and NaMoO4 * 2H2O 

100 mg. Each component was dissolved one at a time in diH2O, pH to 3.0 with HCl/NaOH, then 

q.s. to volume, and filter sterilized with a 0.22 micron filter.

[0775] Fermentation was performed in a 15-L bioreactor with BL21 (DE3) E. coli cells 

containing the pCL PtrcUpperMVA and pTrc KKDylkIS plasmids. This experiment was carried 

out to monitor isoprene formation from glucose at the desired fermentation pH 7.0 and 

temperature 30°C. An inoculum of E. coli strain taken from a frozen vial was streaked onto an 

LB broth agar plate (with antibiotics) and incubated at 37°C. A single colony was inoculated 

into tryptone-yeast extract medium. After the inoculum grew to OD 1.0, measured at 550 nm, 

500 mL was used to inoculate a 5-L bioreactor.

[0776] Glucose was fed at an exponential rate until cells reached the stationary phase. After 

this time, the glucose feed was decreased to meet metabolic demands. The total amount of
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glucose delivered to the bioreactor during the 59 hour fermentation was 2.2 kg. Induction was 

achieved by adding IPTG. The IPTG concentration was brought to 25 μΜ when the optical 

density at 550 nm (OD550) reached a value of 10. The IPTG concentration was raised to 50 μΜ 

when OD550 reached 190. The OD550 profile within the bioreactor over time is shown in Figure 

93. The isoprene level in the off gas from the bioreactor was determined as described herein. The 

isoprene titer increased over the course of the fermentation to a final value of 3.0 g/L (Figure 

94). The total amount of isoprene produced during the 59 hour fermentation was 22.8 g, and the 

time course of production is shown in Figure 95. The molar yield of utilized carbon that went 

into producing isoprene during fermentation was 2.2%. The weight percent yield of isoprene 

from glucose was 1.0%.

XII. Isoprene fermentation from E. coli expressing genes from the mevalonic acid pathway 

and grown in fed-batch culture at the 15-L scale

[0777] A 15-L scale fermentation of E. coli expressing mevalonic acid pathway polypeptides, 

Pueraria lobata isoprene synthase, and Kudzu isoprene synthase was used to produce isoprene 

from cells in fed-batch culture. This experiment demonstrates that growing cells under glucose 

limiting conditions resulted in the production of 3.3 g/L of isoprene.

i) Construction of pCLPtrcUpperPathwayHGS2

[0778] The gene encoding isoprene synthase from Pueraria lobata was PCR-amplified using 

primers Nsil-RBS-HGS F (CTTGATGCATCCTGCATTCGCCCTTAGGAGG, SEQ ID 

NO:105) and pTrcR (CCAGGCAAATTCTGTTTTATCAG, SEQ ID NO:106), and 

pTrcKKDylkIS as a template. The PCR product thus obtained was restriction-digested with A/szI 

and Pstl and gel-purified. The plasmid pCL PtrcUpperPathway was restriction-digested with 

Pstl and dephosphorylated using rAPid alkaline phosphatase (Roche) according to 

manufacturer’s instructions.

[0779] These DNA fragments were ligated together and the ligation reaction was transformed 

into E. coli Top 10 chemcially competent cells (Invitrogen), plated on L agar containing 

spectinomycin (50 pg/ml) and incubated overnight at 37 °C. Plasmid DNA was prepared from 6 

clones using the Qiaquick Spin Mini-prep kit. The plasmid DNA was digested with restriction 

enzymes EcoRN and Mlul to identify a clone in which the insert had the right orientation (i.e., 

the gene oriented in the same way as the pTrc promoter).
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[0780] The resulting correct plasmid was designated pCLPtrcUpperPathwayHGS2. This 

plasmid was assayed using the headspace assay described herein and found to produce isoprene 

in E. coli ToplO, thus validating the functionality of the gene. The plasmid was transformed into 

BL21(LDE3) containing pTrcKKDylkIS to yield the strain BL21/pCLPtrcUpperPathwayHGS2- 

pTrcKKDylklS. This strain has an extra copy of the isoprene synthase compared to the 

BL21/pCL PtrcUpperMVA and pTrc KKDylkIS strain (Example 8, part XI). This strain also had 

increased expression and activity of HMGS compared to the BL21/pCL PtrcUpperMVA and 

pTrc KKDylkIS strain used in Example 8, part XI.

ii) Isoprene fermentation from E. coli expressing pCLPtrcUpperPathwayHGS2-pTrcKKDyIkIS 

and grown in fed-batch culture at the 15-L scale

Medium Recipe (per liter fermentation medium):

[0781] The medium was generated using the following components per liter fermentation 

medium: K2HPO4 7.5 g, MgSO4 * 7H2O 2 g, citric acid monohydrate 2 g, ferric ammonium 

citrate 0.3 g, yeast extract 0.5 g, and 1000X modified trace metal solution 1 ml. All of the 

components were added together and dissolved in diH2O. This solution was autoclaved. The pH 

was adjusted to 7.0 with ammonium hydroxide (30%) and q.s. to volume. Glucose 10 g, 

thiamine * HC1 0.1 g, and antibiotics were added after sterilization and pH adjustment.

1000X Modified Trace Metal Solution:

[0782] The 1000X modified trace metal solution was generated using the following 

components: citric acids * H2O 40 g, MnSO4 * H2O 30 g, NaCl 10 g, FeSO4 * 7H2O 1 g, CoCl2 

* 6H2O 1 g, ZnSO * 7H2O 1 g, CuSO4 * 5H2O 100 mg, H3BO3 100 mg, and NaMoO4 * 2H2O 

100 mg. Each component is dissolved one at a time in Di H2O, pH to 3.0 with HCI/NaOH, then 

q.s. to volume and filter sterilized with 0.22 micron filter.

[0783] Fermentation was performed in a 15-L bioreactor with BL21 (DE3) E. coli cells 

containing the pCLPtrcUpperPathwayHGS2 and pTrc KKDylkIS plasmids. This experiment 

was carried out to monitor isoprene formation from glucose at the desired fermentation pH 7.0 

and temperature 30°C. An inoculum of E. coli strain taken from a frozen vial was streaked onto 

an LB broth agar plate (with antibiotics) and incubated at 37°C. A single colony was inoculated 

into tryptone-yeast extract medium. After the inoculum grew to OD 1.0 measured at 550 nm,

500 mL was used to inoculate a 5-L bioreactor.
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[0784] Glucose was fed at an exponential rate until cells reached the stationary phase. After 

this time the glucose feed was decreased to meet metabolic demands. The total amount of 

glucose delivered to the bioreactor during the 58 hour fermentation was 2.1 kg. Induction was 

achieved by adding IPTG. The IPTG concentration was brought to 25 μΜ when the optical 

density at 550 nm (OD550) reached a value of 9. The IPTG concentration was raised to 50 μΜ 

when OD550 reached 170. The OD550 profile within the bioreactor over time is shown in Figure 

104. The isoprene level in the off gas from the bioreactor was determined as described herein. 

The isoprene titer increased over the course of the fermentation to a final value of 3.3 g/L 

(Figure 105). The total amount of isoprene produced during the 58 hour fermentation was 24.5 g 

and the time course of production is shown in Figure 106. The molar yield of utilized carbon that 

went into producing isoprene during fermentation was 2.5%. The weight percent yield of 

isoprene from glucose was 1.2%. Analysis showed that the activity of the isoprene synthase was 

increased by approximately 3-4 times that compared to BL21 expressing CL PtrcUpperMVA 

and pTrc KKDylkIS plasmids (data not shown).

XIII. Chromosomal Integration of the Lower Mevalonate Pathway in E. coli.

[0785] A synthetic operon containing mevalonate kinase, mevalonate phosphate kinase, 

mevalonate pyrophosphate decarboxylase, and the IPP isomerase was integrated into the 

chromosome of E. coli. If desired, expression may be altered by integrating different promoters 

5 ’ of the operon.

[0786] Table 4 lists primers used for this experiment.

Table 4. Primers

MCM78 attTn7 up rev for 
integration construct

gcatgctcgagcggccgcTTTTAATCAAACATCCTGCCAA 
CTC (SEQ ID NO: 107)

MCM79 attTn7 down rev for 
integration construct

gatcgaagggcgatcgTGTCACAGTCTGGCGAAACCG 
(SEQ ID NO: 108)

MCM88 attTn7 up forw for 
integration construct

ctgaattctgcagatatcTGTTTTTCCACTCTTCGTTCACTT
T (SEQ ID NO: 109)

MCM89 attTn7 down forw for 
integration construct

tctagagggcccAAGAAAAATGCCCCGCTTACG (SEQ
ID NO: 110)

MCM104 GI 1.2 promoter - 
MVK

Gatcgcggccgcgcccttgacgatgccacatcctgagcaaataattcaaccac 
taattgtgagcggataacacaaggaggaaacagctatgtcattaccgttcttaact 
tc (SEQ ID NO:111)

MCM105 aspA terminator - 
yIDI

Gatcgggccccaagaaaaaaggcacgtcatctgacgtgccttttttatttgtaga  
cgcgttgttatagcattcta (SEQ ID NO:112)

MCM120 Forward of attTn7: 
attTn7 homology, GB

aaagtagccgaagatgacggtttgtcacatggagttggcaggatgtttgattaaa  
agcAATTAACCCTCACTAAAGGGCGG (SEQ ID
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marker homology NO: 113)
MCM 127 Rev complement of

1.2 GI: GB marker 
homology(extra long), 
promoter, RBS, ATG

AGAGTGTTCACCAAAAATAATAACCTTTCCCGG 
TGCAgaagttaagaacggtaatgacatagctgtttcctccttgtgttatccgct 
cacaattagtggttgaattatttgctcaggatgtggcatcgtcaagggcTAAT 
ACGACTCACTATAGGGCTCG (SEQ ID NO:114)

i) Target vector construction

[0787] The attTn7 site was selected for integration. Regions of homology upstream (attTn7 

up) (primers MCM78 and MCM79) and downstream (attTn7 down) (primers MCM88 and 

MCM89) were amplified by PCR from MG1655 cells. A 50 pL reaction with lpL ΙΟρΜ 

primers, 3pL ddlLO, 45pL Invitrogen Platinum PCR Supermix High Fidelity, and a scraped 

colony of MG1655 was denatured for 2:00 at 94 °C, cycled 25 times (2:00 at 94 °C, 0:30 at 50 

°C, and 1:00 at 68 °C), extended for 7:00 at 72 °C, and cooled to 4 °C. This resulting DNA was 

cloned into pCR2.1 (Invitrogen) according to the manufacturer’s instructions, resulting in 

plasmids MCM278 (attTn7 up) and MCM252 (attTn7 down). The 832bp Apal-PviA fragment 

digested and gel purified from MCM252 was cloned into Apal-PviA digested and gel purified 

plasmid pR6K, creating plasmid MCM276. The 825bp Pstl-Notl fragment digested and gel 

purified from MCM278 was cloned into Pstl-Notl digested and gel purified MCM276, creating 

plasmid MCM281.

ii) Cloning of lower pathway and promoter

[0788] MVK-PMK-MVD-IDI genes were amplified from pTrcKKDylkIS with primers 

MCM 104 and MCM 105 using Roche Expand Long PCR System according to the 

manufacturer’s instructions. This product was digested with ΛΑ/I and Apal and cloned into 

MCM281 which had been digested with Notl and Apal and gel purified. Primers MCM 120 and 

MCM127 were used to amplify CMR cassette from the GeneBridges FRT-gb2-Cm-FRT 

template DNA using Stratagene Pfu Ultra II. A PCR program of denaturing at 95 °C for 4:00, 5 

cycles of 95 °C for 0:20, 55 °C for 0:20, 72 °C for 2:00, 25 cycles of 95 °C for 0:20, 58 °C for 

0:20, 72 °C for 2:00, 72 °C for 10:00, and then cooling to 4 °C was used with four 50pL PCR 

reactions containing lpL ~1 Ong/ pL template, lpL each primer, 1.25 pL lOmM dNTPs, 5pL lOx 

buffer, lpL enzyme, and 39.75pL dcffifiO. Reactions were pooled, purified on a Qiagen PCR 

cleanup column, and used to electroporate water-washed Pirl cells containing plasmid 

MCM296. Electroporation was carried out in 2mM cuvettes at 2.5V and 200 ohms.
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Electroporation reactions were recovered in LB for 3hr at 30 °C. Transformant MCM330 was 

selected on LA with CMP5, Kan50 (Figures 107 and 108A-108C; SEQ ID NO:25).

iii) Integration into E. coli chromosome

[0789] Miniprepped DNA (Qiaquick Spin kit) from MCM330 was digested with SwBI and 

used to electroporate BL21(DE3) (Novagen) or MG1655 containing GeneBridges plasmid 

pRedET Carb. Cells were grown at 30 °C to ~OD1 then induced with 0.4% L-arabinose at 37 °C 

for 1.5 hours. These cells were washed three times in 4 °C ddH2O before electroporation with 

2pL of DNA. Integrants were selected on L agar with containing chloramphenicol (5 pg/ml) and 

subsequently confirmed to not grow on L agar + Kanamycin (50 pg/ml). BL21 integrant 

MCM331 and MG1655 integrant MCM333 were frozen.

iv) Construction of pET24D-Kudzu encoding Kudzu isoprene synthase

[0790] The kudzu isoprene synthase gene was subcloned into the pET24d vector (Novagen) 

from the pCR2.1 vector (Invitrogen). In particular, the kudzu isoprene synthase gene was 

amplified from the pTrcKudzu template DNA using primers MCM50 5’-GATCATGCAT 

TCGCCCTTAG GAGGTAAAAA AACATGTGTG CGACCTCTTC TCAATTTACT (SEQ ID 

NO:52) and MCM53 5’-CGGTCGACGG ATCCCTGCAG TTAGACATAC ATCAGCTG 

(SEQ ID NO:50). PCR reactions were carried out using Taq DNA Polymerase (Invitrogen), and 

the resulting PCR product was cloned into pCR2.1-TOPO TA cloning vector (Invitrogen), and 

transformed into E. coli ToplO chemically competent cells (Invitrogen). Transformants were 

plated on L agar containing carbenicillin (50 pg/ml) and incubated overnight at 37°C. Five ml 

Luria Broth cultures containing carbenicillin 50 pg/ml were inoculated with single transformants 

and grown overnight at 37°C. Five colonies were screened for the correct insert by sequencing of 

plasmid DNA isolated from 1 ml of liquid culture (Luria Broth) and purified using the QIAprep 

Spin Mini-prep Kit (Qiagen). The resulting plasmid, designated MCM93, contains the kudzu 

isoprene synthase coding sequence in a pCR2.1 backbone.

[0791] The kudzu coding sequence was removed by restriction endonuclease digestion with 

Pcil and 5azwHl (Roche) and gel purified using the QIAquick Gel Extraction kit (Qiagen). The 

pET24d vector DNA was digested with Ncol and ΒαηϊΆI (Roche), treated with shrimp alkaline 

phosphatase (Roche), and purified using the QIAprep Spin Mini-prep Kit (Qiagen). The kudzu 

isoprene synthase fragment was ligated to the NcoMBamlW digested pET24d using the Rapid

DN A Ligation Kit (Roche) at a 5:1 fragment to vector ratio in a total volume of 20 μΐ. A portion 
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of the ligation mixture (5 μΐ) was transformed into E. coli Top 10 chemically competent cells 

and plated on L agar containing kanamycin (50 pg/ml). The correct transformant was confirmed 

by sequencing and transformed into chemically competent BL21(XDE3)pLysS cells (Novagen). 

A single colony was selected after overnight growth at 37°C on L agar containing kanamycin (50 

pg/ml). A map of the resulting plasmid designated as pET24D-Kudzu is shown in Figure 109. 

The sequence of pET24D-Kudzu (SEQ ID NO:26) is shown in Figures 110A and 110B.

Isoprene synthase activity was confirmed using a headspace assay.

v) Production strains

[0792] Strains MCM331 and MCM333 were cotransformed with plasmids

pCLPtrcupperpathway and either pTrcKudzu or pETKudzu, resulting in the strains shown in 

Table 5.

Table 5. Production Strains

Background Integrated
Lower

Upper MVA 
plasmid

Isoprene
synthase
plasmid

Production
Stain

BL21(DE3) MCM331 pCLPtrcUpper
Pathway

pTrcKudzu MCM343

BL21(DE3) MCM331 pCLPtrcUpper
Pathway

pET24D-
Kudzu

MCM335

MG1655 MCM333 pCLPtrcUpper
Pathway

pTrcKudzu MCM345

vi) Isoprene fermentation from E. coli expressing genes from the mevalonic acid pathway and 

grown in fed-batch culture at the 15-L scale.

Medium Recipe (per liter fermentation medium):

[0793] The medium was generated using the following components per liter fermentation 

medium: K2HPO4 7.5 g, MgSO4 * 7H2O 2 g, citric acid monohydrate 2 g, ferric ammonium 

citrate 0.3 g, yeast extract 0.5 g, and 1000X modified trace metal solution 1 ml. All of the 

components were added together and dissolved in diH2O. This solution was autoclaved. The pH 

was adjusted to 7.0 with ammonium hydroxide (30%) and q.s. to volume. Glucose 10 g, 

thiamine * HC1 0.1 g, and antibiotics were added after sterilization and pH adjustment.
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1000X Modified Trace Metal Solution:

[0794] The 1000X modified trace metal solution was generated using the following

components: citric acids * H2O 40 g, MnSCfi * H2O 30 g, NaCl 10 g, FeSCfi * 7H2O 1 g, CoCl2

* 6H2O 1 g, ZnSO * 7H2O 1 g, CuSO4 * 5H2O 100 mg, H3BO3 100 mg, and NaMoO4 * 2H2O

100 mg. Each component is dissolved one at a time in Di H2O, pH to 3.0 with HCl/NaOH, then

q.s. to volume and filter sterilized with a 0.22 micron filter.

[0795] Fermentation was performed in a 15-L bioreactor with BL21 (DE3) E. coli cells 

containing the gil .2 integrated lower MVA pathway described above and the pCL 

PtrcUpperMVA and pTrcKudzu plasmids. This experiment was carried out to monitor isoprene 

formation from glucose at the desired fermentation pH 7.0 and temperature 30°C. An inoculum 

of E. coli strain taken from a frozen vial was streaked onto an LB broth agar plate (with 

antibiotics) and incubated at 37°C. A single colony was inoculated into tryptone-yeast extract 

medium. After the inoculum grew to OD 1.0, measured at 550 nm, 500 mL was used to 

inoculate a 5-L bioreactor.

[0796] Glucose was fed at an exponential rate until cells reached the stationary phase. After 

this time, the glucose feed was decreased to meet metabolic demands. The total amount of 

glucose delivered to the bioreactor during the 57 hour fermentation was 3.9 kg. Induction was 

achieved by adding IPTG. The IPTG concentration was brought to 100 μΜ when the carbon 

dioxide evolution rate reached 100 mmol/L/hr. The OD550 profile within the bioreactor over time 

is shown in Figure 111A. The isoprene level in the off gas from the bioreactor was determined as 

described herein. The isoprene titer increased over the course of the fermentation to a final value 

of 1.6 g/L (Figure 11 IB). The specific productivity of isoprene over the course of the 

fermentation is shown in Figure 111C and peaked at 1.2 mg/OD/hr. The total amount of isoprene 

produced during the 57 hour fermentation was 16.2 g. The molar yield of utilized carbon that 

went into producing isoprene during fermentation was 0.9%. The weight percent yield of 

isoprene from glucose was 0.4%.

XIV. Production of isoprene from E. coli BL21 containing the kudzu isoprene synthase using 

glycerol as a carbon source

[0797] A 15-L scale fermentation of E. coli expressing Kudzu isoprene synthase was used to 

produce isoprene from cells fed glycerol in fed-batch culture. This experiment demonstrates that

231



WO 2010/148256 PCT/US2010/039088

growing cells in the presence of glycerol (without glucose) resulted in the production of 2.2 

mg/L of isoprene.

Medium Recipe (per liter fermentation medium):

[0798] The medium was generated using the following components per liter fermentation 

medium: KHPCfi 7.5 g, MgSO4 * 7H2O 2 g, citric acid monohydrate 2 g, ferric ammonium 

citrate 0.3 g, and 1000X modified trace metal solution 1 ml. All of the components were added 

together and dissolved in diH2O. This solution was autoclaved. The pH was adjusted to 7.0 with 

ammonium hydroxide (30%) and q.s. to volume. Glycerol 5.1 g, thiamine * HC1 0.1 g, and 

antibiotics were added after sterilization and pH adjustment.

1000X Modified Trace Metal Solution:

[0799] The medium was generated using the following components per liter fermentation 

medium: citric acids * H2O 40 g, MnSO4 * H2O 30 g, NaCl 10 g, FeSO4 * 7H2O 1 g, CoCl2 * 

6H2O 1 g, ZnSO * 7H2O 1 g, CuSO4 * 5H2O 100 mg, H3BO3 100 mg, andNaMoO4 * 2H2O 100 

mg. Each component was dissolved one at a time in diH2O, pH to 3.0 with HCl/NaOH, then q.s. 

to volume and filter sterilized with a 0.22 micron filter.

[0800] Fermentation was performed in a 15-L bioreactor with BL21 (DE3) E. coli cells 

containing the pTrcKudzu plasmid. This experiment was carried out to monitor isoprene 

formation from glycerol at the desired fermentation pH 7.0 and temperature 35°C. An inoculum 

of E. coli strain taken from a frozen vial was streaked onto an LA broth agar plate (with 

antibiotics) and incubated at 37°C. A single colony was inoculated into soytone-yeast extract- 

glucose medium and grown at 35°C. After the inoculum grew to OD 1.0, measured at 550 nm, 

600 mL was used to inoculate a 7.5-L bioreactor.

[0801] Glycerol was fed at an exponential rate until cells reached an optical density at 550 nm 

(OD550) of 153. The total amount of glycerol delivered to the bioreactor during the 36 hour 

fermentation was 1.7 kg. Other than the glucose in the inoculum, no glucose was added to the 

bioreactor. Induction was achieved by adding IPTG. The IPTG concentration was brought to 20 

μΜ when the OD550 reached a value of 50. The OD550 profile within the bioreactor over time is 

shown in Tigure 57. The isoprene level in the off gas from the bioreactor was determined as 

described herein. The isoprene titer increased over the course of the fermentation to a final value
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of 2.2 mg/L (Figure 58). The total amount of isoprene produced during the 54 hour fermentation 

was 20.9 mg, and the time course of production is shown in Figure 59.

XV. Isoprene fermentation from E. coli expressing genes from the mevalonic acid pathway 

and grown in fed-batch culture at the 15-L scale using invert sugar as a carbon source

[0802] A 15-L scale fermentation of E. coli expressing mevalonic acid pathway polypeptides 

and Kudzu isoprene synthase was used to produce isoprene from cells fed invert sugar in fed- 

batch culture. This experiment demonstrates that growing cells in the presence of invert sugar 

resulted in the production of 2.4 g/L of isoprene.

Medium Recipe (per liter fermentation medium):

[0803] The medium was generated using the following components per liter fermentation 

medium: K2HPO4 7.5 g, MgSO4 * 7H2O 2 g, citric acid monohydrate 2 g, ferric ammonium 

citrate 0.3 g, yeast extract 0.5 g, and 1000X Modified Trace Metal Solution 1 ml. All of the 

components were added together and dissolved in diH2O. This solution was autoclaved. The pH 

was adjusted to 7.0 with ammonium hydroxide (30%) and q.s. to volume. Invert sugar 10 g, 

thiamine * HCl 0.1 g, and antibiotics were added after sterilization and pH adjustment.

1000X Modified Trace Metal Solution:

[0804] The 1000X modified trace metal solution was generated using the following 

components: citric acids * H2O 40 g, MnSO4 * H2O 30 g, NaCI 10 g, FeSO4 * 7H2O 1 g, C0CI2 

* 6H2O 1 g, ZnSO * 7H2O 1 g, CuSO4 * 5H2O 100 mg, H3BO3 100 mg, and NaMoO4 * 2H2O 

100 mg. Each component is dissolved one at a time in Di H2O, pH to 3.0 with HCl/NaOH, then 

q.s. to volume and filter sterilized with 0.22 micron filter.

[0805] Fermentation was performed in a 15-L bioreactor with BL21 (DE3) E. coli cells 

containing the pCL PtrcUpperMVA and pTrc KKDylkIS plasmids. This experiment was carried 

out to monitor isoprene formation from invert sugar at the desired fermentation pH 7.0 and 

temperature 30°C. An inoculum of E. coli strain taken from a frozen vial was streaked onto an 

LB broth agar plate (with antibiotics) and incubated at 37°C. A single colony was inoculated 

into tryptone-yeast extract medium. After the inoculum grew to OD 1.0, measured at 550 nm, 

500 mL was used to inoculate a 5-L bioreactor.
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[0806] Invert sugar was fed at an exponential rate until cells reached the stationary phase.

After this time the invert sugar feed was decreased to meet metabolic demands. The total amount 

of invert sugar delivered to the bioreactor during the 44 hour fermentation was 2.4 kg. Induction 

was achieved by adding IPTG. The IPTG concentration was brought to 25 μΜ when the optical 

density at 550 nm (OD550) reached a value of 9. The IPTG concentration was raised to 50 μΜ 

when OD550 reached 200. The OD550 profile within the bioreactor over time is shown in Figure 

96. The isoprene level in the off gas from the bioreactor was determined as described herein. The 

isoprene titer increased over the course of the fermentation to a final value of 2.4 g/L (Figure 

97). The total amount of isoprene produced during the 44 hour fermentation was 18.4 g and the 

time course of production is shown in Figure 98. The molar yield of utilized carbon that went 

into producing isoprene during fermentation was 1.7%. The weight percent yield of isoprene 

from glucose was 0.8%.

Example 9. Construction of the upper and lower MVA pathway for integration into Bacillus

subtilis

I. Construction of the Upper MVA pathway in Bacillus subtilis

[0807] The upper pathway from Enterococcus faecalis is integrated into B. subtilis under 

control of the aprE promoter. The upper pathway consists of two genes; mvaE, which encodes 

for AACT and HMGR, and mvaS, which encodes for HMGS. The two genes are fused together 

with a stop codon in between, an RBS site in front of mvaS, and are under the control of the 

aprE promoter. A terminator is situated after the mvaE gene. The chloramphenicol resistance 

marker is cloned after the mvaE gene and the construct is integrated at the aprE locus by double 

cross over using flanking regions of homology.

[0808] Four DNA fragments are amplified by PCR such that they contain overhangs that will 

allowed them to be fused together by a PCR reaction. PCR amplifications are carried out using 

Herculase polymerase according to manufacturer’s instructions.

1. PaprE

CF 07-134 (+) Start of aprE promoter Pstl

5’- GACATCTGCAGCTCCATTTTCTTCTGC (SEQ ID NO:115)

CF 07-94 (-) Fuse PaprE to mvaE

5’- CAATAATAACTACTGTTTTCACTCTTTACCCTCTCCTTTTAA  (SEQ ID NO:116)
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Template: Bacillus subtilis chromosomal DNA

2. mvaE

CF 07-93 (+) fuse mvaE to the aprE promoter (GTG start codon)

5’ - TTAAAAGGAGAGGGTAAAGAGTGAAAACAGTAGTTATTATTG  (SEQ ID NO: 117)

CF 07-62 (-) Fuse mvaE to mvaS with RBS in between

5 ’ - TTTATCAATCCCAATTGTCATGTTTTTTTACCTCCTTTATTGTTTTCTTAAATC  

(SEQ ID NO:94)

Template: Enterococcus faecalis chromosomal DNA (from ATCC)

3. mvaS

CF 07-61 (+) Fuse mvaE to mvaS with RBS in between

5’-

GATTTAAGAAAACAATAAAGGAGGTAAAAAAACATGACAATTGGGATTGATAAA  

(SEQ ID NO:95)

CF 07-124 (-) Fuse the end of mvaS to the terminator

5’- CGGGGCCAAGGCCGGTTTTTTTTAGTTTCGATAAGAACGAACGGT (SEQ ID 

NO:118)

Template: Enterococcus faecalis chromosomal DNA

4. B. amyliquefaciens alkaline serine protease terminator

CF 07-123 (+) Fuse the end of mvaS to the terminator

5’- ACCGTTCGTTCTTATCGAAACTAAAAAAAACCGGCCTTGGCCCCG  (SEQ ID

NO:119)

CF 07-46 (-) End of B. amyliquefaciens terminator BamHI

5’- GACATGACGGATCCGATTACGAATGCCGTCTC (SEQ ID NO:58)

Template: Bacillus amyliquefaciens chromosomal DNA
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PCR Fusion Reactions

5. Fuse mvaE to mvaS

CF 07-93 (+) fuse mvaE to the aprE promoter (GTG start codon)

5’ - TTAAAAGGAGAGGGTAAAGAGTGAAAACAGTAGTTATTATTG  (SEQ ID NO: 117)

CF 07-124 (-) Fuse the end of mvaS to the terminator

5’- CGGGGCCAAGGCCGGTTTTTTTTAGTTTCGATAAGAACGAACGGT (SEQ ID

NO:118)

Template: #2 and 3 from above

6. Fuse mvaE-mvaS to aprE promoter

CF 07-134 (+) Start of aprE promoter Pstl

5’- GACATCTGCAGCTCCATTTTCTTCTGC (SEQ ID NO:115)

CF 07-124 (-) Fuse the end of mvaS to the terminator

5’- CGGGGCCAAGGCCGGTTTTTTTTAGTTTCGATAAGAACGAACGGT (SEQ ID 

NO: 118)

Template #1 and #4 from above

7. Fuse PaprE-mvaE-mvaS to terminator

CF 07-134 (+) Start of aprE promoter Pstl

5’- GACATCTGCAGCTCCATTTTCTTCTGC (SEQ ID NO: 115)

CF 07-46 (-) End of B. amyliquefaciens terminator BamHI

5’- GACATGACGGATCCGATTACGAATGCCGTCTC (SEQ ID NO:58)

Template: #4 and #6
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[0809] The product is digested with restriction endonucleases Pstl!BamHI and ligated to 

pJM102 (Perego, M. 1993. Integrational vectors for genetic manipulation in Bacillus subtilis, p. 

615-624. In A. L. Sonenshein, J. A. Hoch, and R. Losick (ed.), Bacillus subtilis and other gram­

positive bacteria: biochemistry, physiology, and molecular genetics. American Society for 

Microbiology, Washington,D.C.) which is digested with Λ/Ε^αζτζΗΙ. The ligation is 

transformed into E.coli TOP 10 chemically competent cells and transformants are selected on 

LA containing carbenicillin (50 pg/ml). The correct plasmid is identified by sequencing and is 

designated pJMUpperpathway2 (Figures 50 and 51). Purified plasmid DNA is transformed into 

Bacillus subtilis aprEnprE Pxyl-comK and transformants are selected on L agar containing 

chloramphenicol (5 pg/ml). A correct colony is selected and is plated sequentially on L agar 

containing chloramphenicol 10, 15 and 25 pg/ml to amplify the number of copies of the cassette 

containing the upper pathway.

[0810] The resulting strain is tested for mevalonic acid production by growing in LB 

containing 1 % glucose and 1 %. Cultures are analyzed by GC for the production of mevalonic 

acid.

[0811] This strain is used subsequently as a host for the integration of the lower mevalonic 

acid pathway.

[0812] The following primers are used to sequence the various constructs above.

Sequencing primers:

CF 07-134 (+) Start of aprE promoter Pstl

5’- GACATCTGCAGCTCCATTTTCTTCTGC (SEQ ID NO: 115)

CF 07-58 (+) Start of mvaE gene

5’- ATGAAAACAGTAGTTATTATTGATGC (SEQ ID NO:97)

CF 07-59 (-) End of mvaE gene

5’- ATGTTATTGTTTTCTTAAATCATTTAAAATAGC (SEQ ID NO:98)

CF 07-82 (+) Start of mvaS gene

5’- ATGACAATTGGGATTGATAAAATTAG (SEQ ID NO:99)

CF 07-83 (-) End of mvaS gene

5’- TTAGTTTCGATAAGAACGAACGGT (SEQ ID ΝΟΠ00)
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CF 07-86 (+) Sequence in mvaE

5’- GAAATAGCCCCATTAGAAGTATC (SEQ ID NO: 101)

CF 07-87 (+) Sequence in mvaE

5’ - TTGCCAATCATATGATTGAAAATC (SEQ ID NO: 102)

CF 07-88 (+) Sequence in mvaE

5’- GCTATGCTTCATTAGATCCTTATCG (SEQ ID NO: 103)

CF 07-89 (+) Sequence mvaS

5’- GAAACCTACATCCAATCTTTTGCCC (SEQ ID NO: 104)

[0813] Transformants are selected on LA containing chloramphenicol at a concentration of 5 

pg/ml. One colony is confirmed to have the correct integration by sequencing and is plated on 

LA containing increasing concentrations of chloramphenicol over several days, to a final level of 

25 pg/ml. This results in amplification of the cassette containing the genes of interest. The 

resulting strain is designated CF 455: p.TMupperpathway#l X Bacillus subtilis aprEnprE Pxyl 

comK (amplified to grow on LA containing chloramphenicol 25 pg/ml).

II. Construction of the Lower MVA pathway in Bacillus subtilis

[0814] The lower MVA pathway, consisting of the genes mvkl, pmk, mpd and idi are 

combined in a cassette consisting of flanking DNA regions from the nprE region of the B. 

subtilis chromosome (site of integration), the aprE promoter, and the spectinomycin resistance 

marker (see Figures 28 and 29; SEQ ID NO:13). This cassette is synthesized by DNA2.0 and is 

integrated into the chromosome of B. subtilis containing the upper MVA pathway integrated at 

the aprE locus. The kudzu isoprene synthase gene is expressed from the replicating plasmid 

described in Example 4 and is transformed into the strain with both upper and lower pathways 

integrated.

Example 10: Exemplary isoprene compositions and methods of making them

I. Compositional analysis of fermentation off-gas containing isoprene
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[0815] AML scale fermentation was performed with a recombinant E. coli BL21 (DE3) 

strain containing two plasmids (pCL upperMev; pTrcKKDyIkIS encoding the full mevalonate 

pathway for isoprenoid precursor biosynthesis, an isoprenyl pyrophosphate isomerase from 

yeast, and an isoprene synthase from Kudzu. Fermentation off-gas from the 14 L tank was 

collected into 20 mL headspace vials at around the time of peak isoprene productivity (27.9 

hours elapsed fermentation time, “EFT”) and analyzed by headspace GC/MS for volatile 

components.

[0816] Headspace analysis was performed with an Agilent 6890 GC/MS system fitted with an 

Agilent HP-5MS GC/MS column (30 m x 250 pm; 0.25 pm film thickness). A combiPAL 

autoinjector was used for sampling 500 pL aliquots from 20 mL headspace vials. The GC/MS 

method utilized helium as the carrier gas at a flow of 1 mL/min. The injection port was held at 

250 °C with a split ratio of 50:1. The oven temperature was held at 37 °C for an initial 2 minute 

period, followed an increase to 237 °C at a rate of 25 °C/min for a total method time of 10 

minutes. The Agilent 5793N mass selective detector scanned from m/z 29 to m/z 300. The limit 

of detection of this system is approximately 0.1 pg/Lgas or approximately 0.1 ppm. If desired, 

more sensitive equipment with a lower limit of detection may be used.

[0817] The off-gas consisted of 99.925 % (v/v) permanent gases (N2, CO2 and O2), 

approximately 0.075% isoprene (2-methyl-l ,3-butadiene) (-750 ppmv, 2100 pg/L) and minor 

amounts (<50 ppmv) of ethanol, acetone, and two C5 prenyl alcohols. The amount of water 

vapor was not determined but was estimated to be equal to the equilibrium vapor pressure at 0 

°C. The composition of the volatile organic fraction was determined by integration of the area 

under the peaks in the GC/MS chromatogram (Figs. 86A and 86B) and is listed in Table 6. 

Calibration curves for ethanol and acetone standards enabled the conversion of GC area to gas 

phase concentration in units of pg/L using standard methods.
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Table 6. Composition of volatile organic components in fermentation off-gas. The off-gas

was analyzed at the 27.9 hour time point of a fermentation using an E. coli BL21 (DE3) strain

expressing a heterologous mevalonate pathway, an isoprenyl pyrophosphate isomerase from

yeast, and an isoprene synthase from Kudzu.

Compound RT (min) GC area Area % Cone. (qg/L)
Ethanol 1.669 239005 0.84 62 +/- 6
Acetone 1.703 288352 1.02 42 +/- 4
Isoprene (2-methyl-l,3- 
butadiene)

1.829 27764544 97.81 2000 +/- 200

3 -methyl -3 -buten-1 -ol 3.493 35060 0.12 <10
3 -methyl-2-buten-1 -ol 4.116 58153 0.20 <10

II. Measurement of trace volatile organic compounds (VOCs) co-produced with isoprene 

during fermentation of a recombinant E. coli strain

[0818] A 14 L scale fermentation was performed with a recombinant E. coli BL21 (DE3) 

strain containing two plasmids (pCL upperMev; pTrcKKDylkIS) encoding the full mevalonate 

pathway for isoprenoid precursor biosynthesis, an isoprenyl pyrophosphate isomerase from 

yeast, and an isoprene synthase from Kudzu.

[0819] Fermentation off-gas was passed through cooled headspace vials in order to 

concentrate and identify trace volatile organic components. The off-gas from this fermentation 

was sampled at a rate of 1 L/min for 10 minutes through a 20 mL headspace vial packed with 

quartz wool (2g) and cooled to -78 °C with dry ice. The vial was recapped with a fresh vial cap 

and analyzed by headspace GC/MS for trapped VOCs using the conditions described in Example 

10, part I. The ratios of compounds observed in Figs. 87A-87D are a combination of overall 

level in the fermentation off-gas, the relative vapor pressure at -78 °C, and the detector response 

of the mass spectrometer. For example, the low level of isoprene relative to oxygenated volatiles 

(e.g., acetone and ethanol) is a function of the high volatility of this material such that it does not 

accumulate in the headspace vial at -78 °C.

[0820] The presence of many of these compounds is unique to isoprene compositions derived 

from biological sources. The results are depicted in Figs. 87A-87D and summarized in Tables 

7 A and 7B.
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Table 7A: Trace volatiles present in off-gas produced by E. coli BL21 (DE3) (pCL 

upperMev; pTrcKKDylkIS) following cryo-trapping at -78oC.

Compound RT
(min)

GC
Areal Area%2 Ratio % 3

Acetaldehyde 1.542 4019861 4.841 40.14
Ethanol 1.634 10553620 12.708 105.39
Acetone 1.727 7236323 8.714 72.26

2-methyl-1,3-butadiene 1.777 10013714 12.058 100.00
1-propanol 1.987 163574 0.197 1.63
Diacetyl 2.156 221078 0.266 2.21

2-methyl-3 -buten-2-ol 2.316 902735 1.087 9.01
2-methyl-l -propanol 2.451 446387 0.538 4.46
3 -methyl-1 -butanal 2.7 165162 0.199 1.65

1 -butanol 2.791 231738 0.279 2.31
3-methyl-3 -buten-1 -ol 3.514 14851860 17.884 148.32

3 -methyl-1 -butanol 3.557 8458483 10.185 84.47
3-methyl-2-buten-1 -ol 4.042 18201341 21.917 181.76

3 -methyl-2-butenal 4.153 1837273 2.212 18.35
3-methylbutyl acetate 5.197 196136 0.236 1.96
3-methyl-3 -buten-1 -yl 

acetate 5.284 652132 0.785 6.51

2-heptanone 5.348 67224 0.081 0.67
2,5-dimethylpyrazine 5.591 58029 0.070 0.58
3-methyl-2-buten-1 -yl 

acetate 5.676 1686507 2.031 16.84

6-methyl-5-hepten-2-one 6.307 101797 0.123 1.02
2,4,5 -tri m ethy lpyri di ne 6.39 68477 0.082 0.68
2,3,5 -trimethylpyrazine 6.485 30420 0.037 0.30
(E)-3,7-dimethyl-l,3,6-

octatriene 6.766 848928 1.022 8.48

(Z)-3,7-dimethyl-l,3,6-
octatriene 6.864 448810 0.540 4.48

3-methyl-2-buten-1 -yl 
butyrate

7.294 105356 0.127 1.05

Citronellal 7.756 208092 0.251 2.08
2,3-cycloheptenolpyridine 8.98 1119947 1.349 11.18

1 GC area is the uncorrected area under the peak corresponding to the listed compound.
2 Area % is the peak area expressed as a % relative to the total peak area of all compounds.
3 Ratio % is the peak area expressed as a % relative to the peak area of 2-methyl-l,3-butadiene.

Table 7B, Trace volatiles present in off-gas produced by E, coli BL21 (DE3) (pCL 

upperMev; pTrcKKDylkIS) following cryo-trapping at -196oC.

Compound RT
(min) GC Areal Area%2 Ratio%3
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Compound RT
(min) GC Areal Area%2 Ratio%3

Acetaldehyde 1.54 1655710 0.276 0.33
Methanethiol 1.584 173620 0.029 0.03

Ethanol 1.631 10259680 1.707 2.03
Acetone 1.722 73089100 12.164 14.43

2-methyl-1,3 -butadiene 1.771 506349429 84.269 100.00
methyl acetate 1.852 320112 0.053 0.06

1-propanol 1.983 156752 0.026 0.03
Diacetyl 2.148 67635 0.011 0.01

2-butanone 2.216 254364 0.042 0.05
2-m ethyl-3 -buten-2-ol 2.312 684708 0.114 0.14

ethyl acetate 2.345 2226391 0.371 0.44
2-methyl-l -propanol 2.451 187719 0.031 0.04
3-methyl-1 -butanal 2.696 115723 0.019 0.02

3-methyl-2-butanone 2.751 116861 0.019 0.02
1 -butanol 2.792 54555 0.009 0.01

2-pentanone 3.034 66520 0.011 0.01
3-methyl-3-buten-1 -ol 3.516 1123520 0.187 0.22

3-methyl-1 -butanol 3.561 572836 0.095 0.11
ethyl isobutyrate 3.861 142056 0.024 0.03

3-methyl-2-buten-1 -ol 4.048 302558 0.050 0.06
3 -methyl-2 -butenal 4.152 585690 0.097 0.12

butyl acetate 4.502 29665 0.005 0.01
3-methylbutyl acetate 5.194 271797 0.045 0.05

3 -methyl-3 -buten-1 -yl acetate 5.281 705366 0.117 0.14
3-methyl-2-buten-l-yl acetate 5.675 815186 0.136 0.16

(E)-3,7-dimethyl-1,3,6- 
octatriene 6.766 207061 0.034 0.04

(Z)-3,7 -dimethyl-1,3,6- 
octatriene 6.863 94294 0.016 0.02

2,3-cycloheptenolpyridine 8.983 135104 0.022 0.03
1 GC area is the uncorrected area under the peak corresponding to the listed compound.
2 Area % is the peak area expressed as a % relative to the total peak area of all compounds.
3 Ratio % is the peak area expressed as a % relative to the peak area of 2-methyl-1,3-butadiene.

III. Absence of C5 hydrocarbon isomers in isoprene derived from fermentation.

[0821] Cryo-trapping of isoprene present in fermentation off-gas was performed using a 2 mL 

headspace vial cooled in liquid nitrogen. The off-gas (1 L/min) was first passed through a 20 mL 

vial containing sodium hydroxide pellets in order to minimize the accumulation of ice and solid 

CO2 in the 2 mL vial (-196 °C). Approximately 10L of off-gas was passed through the vial, after 

which it was allowed to warm to -78 °C with venting, followed by resealing with a fresh vial cap 

and analysis by GC/MS.
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[0822] GC/MS headspace analysis was performed with an Agilent 6890 GC/MS system using 

a 100pL gas tight syringe in headspace mode. A Zebron ZB-624 GC/MS column (30 m x 250 

pm; 1.40 pm film thickness) was used for separation of analytes. The GC autoinjector was fitted 

with a gas-tight 100 pL syringe, and the needle height was adjusted to allow the injection of a 50 

pL headspace sample from a 2 mL GC vial. The GC/MS method utilized helium as the carrier 

gas at a flow of 1 mL/min. The injection port was held at 200 °C with a split ratio of 20:1. The 

oven temperature was held at 37 °C for the 5 minute duration of the analysis. The Agilent 5793N 

mass selective detector was run in single ion monitoring (SIM) mode on m/z 55, 66, 67 and 70. 

Under these conditions, isoprene was observed to elute at 2.966 minutes (Figure 88B). A 

standard of petroleum derived isoprene (Sigma-Aldrich) was also analyzed using this method 

and was found to contain additional C5 hydrocarbon isomers, which eluted shortly before or 

after the main peak and were quantified based on corrected GC area (Figure 88A).

Table 8A: GC/MS analysis of petroleum-derived isoprene

Compound RT
(min) GC area

Area % of total 
C5
hydrocarbons

2-methyl-1 -butene 2.689 18.2 x 103 0.017%
(Z)-2-pentene 2.835 10.6x 104 0.101%
Isoprene 2.966 10.4x 107 99.869%
1,3-
cyclopentadiene
(CPD)

3.297 12.8 x 103 0.012%

Table 8B: GC/MS analysis of fermentation-derived isoprene (% total C5 hydrocarbons)

Compound RT (min) Corrected GC 
Area

% of total C5 
hydrocarbons

Isoprene 2.966 8.1 x 107 100%

[0823] In a separate experiment, a standard mixture of C5 hydrocarbons was analyzed to 

determine if the detector response was the same for each of the compounds. The compounds 

were 2-methyl-l-butene, 2-methyl-1,3-butadiene, (E)-2-pentene, (Z)-2-pentene and (E)-l ,3- 

pentadiene. In this case, the analysis was performed on an Agilent DB-Petro column (100 m x 

0.25 mm, 0.50 pm film thickness) held at 50 °C for 15 minutes. The GC/MS method utilized 

helium as the carrier gas at a flow of 1 mL/min. The injection port was held at 200 °C with a

split ratio of 50:1. The Agilent 5793N mass selective detector was run in full scan mode from 
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m/z 19 to m/z 250. Under these conditions, a 100 qg/L concentration of each standard produced 

the same detector response within experimental error.

IV. Compositions comprising isoprene adsorbed to a solid phase.

[0824] Biologically-produced isoprene was adsorbed to activated carbon resulting in a solid 

phase containing 50 to 99.9% carbon, 0.1% to 50% isoprene, 0.01% to 5% water, and minor 

amounts (<0.1%) of other volatile organic components.

[0825] Fermentation off-gas was run through a copper condensation coil held at 0 °C, 

followed by a granulated silica desiccant filter in order to remove water vapor. The dehumidified 

off-gas was then run through carbon containing filters (Koby Jr, Koby Filters, MA) to the point 

at which breakthrough of isoprene was detected in the filter exhaust by GC/MS. The amount of 

isoprene adsorbed to the cartridge can be determined indirectly by calculating the concentration 

in the off-gas, the overall flow rate and the percent breakthrough over the collection period. 

Alternately the adsorbed isoprene can be recovered from the filters by thermal, vacuum, or 

solvent-mediated desorption.

V. Collection and analysis of condensed isoprene.

[0826] Fermentation off-gas is dehumidified, and the CO? removed by filtration through a 

suitable adsorbent (e.g., ascarite). The resulting off-gas stream is then run through a liquid 

nitrogen-cooled condenser in order to condense the VOCs in the stream. The collection vessel 

contains t-butyl catechol to inhibit the resulting isoprene condensate. The condensate is analyzed 

by GC/MS and NMR in order to determine purity using standard methods, such as those 

described herein.

VI. Production of prenyl alcohols by fermentation

[0827] Analysis of off-gas from an E. coli BL21 (DE3) strain expressing a Kudzu isoprene 

synthase revealed the presence of both isoprene and 3-methyl-3-buten-l-ol (isoprenol). The 

levels of the two compounds in the fermentation off-gas over the fermentation are shown in 

Figure 89 as determined by headspace GC/MS. Levels of isoprenol (3-methyl-3-buten-l-ol, 3- 

MBA) attained was nearly 10 pg/Loffgas in this experiment. Additional experiments produced 

levels of approximately 20 qg/Loffgas in the fermentation off-gas.

Example 11: The de-coupling of growth and production of isoprene in E. coli expressing genes

from the mevalonic acid pathway and fermented in a fed-batch culture
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[0828] Example 11 illustrates the de-coupling of cell growth from mevalonic acid and 

isoprene production.

I. Fermentation Conditions

Medium Recipe (per liter fermentation medium):

[0829] The medium was generated using the following components per liter fermentation 

medium: K2HPO4 7.5 g, MgSO4 * 7H2O 2 g, citric acid monohydrate 2 g, ferric ammonium 

citrate 0.3 g, yeast extract 0.5 g, and 1000X modified trace metal solution 1 ml. All of the 

components were added together and dissolved in diH2O. This solution was autoclaved. The pH 

was adjusted to 7.0 with ammonium hydroxide (30%) and q.s. to volume. Glucose 10 g, 

thiamine * HC1 0.1 g, and antibiotics were added after sterilization and pH adjustment.

1000X Modified Trace Metal Solution:

[0830] The 1000X modified trace metal solution was generated using the following 

components: citric acids * H2O 40 g, MnSO4 * H2O 30 g, NaCI 10 g, FeSO4 * 7H2O 1 g, CoC12 

* 6H2O 1 g, ZnSO * 7H2O 1 g, CuSO4 * 5H2O 100 mg, H3BO3 100 mg, and NaMoO4 * 2H2O 

100 mg. Each component was dissolved one at a time in Di H2O, pH to 3.0 with HCl/NaOH, 

then q.s. to volume, and filter sterilized with a 0.22 micron filter.

[0831] Fermentation was performed with E. coli cells containing the

pTrcHis2AUpperPathway (also called pTrcUpperMVA, Figures 91 and 92A-92C: SEQ ID 

NO:23) (50 pg/ml carbenicillin) or the pCL PtrcUpperMVA (also called pCL PtrcUpperPathway 

(Figure 26)) (50 pg/ml spectinomycin) plasmids. For experiments in which isoprene was 

produced, the E. coli cells also contained the pTrc KKDylkIS (50 pg/ml kanamycin) plasmid. 

These experiments were carried out to monitor mevalonic acid or isoprene formation from 

glucose at the desired fermentation pH 7.0 and temperature 30°C. An inoculum of an E. coli 

strain taken from a frozen vial was streaked onto an LA broth agar plate (with antibiotics) and 

incubated at 37°C. A single colony was inoculated into tryptone-yeast extract medium. After the 

inoculum grew to optical density 1.0 when measured at 550 nm, it was used to inoculate the 

bioreactor.

[0832] Glucose was fed at an exponential rate until cells reached the stationary phase. After 

this time the glucose feed was decreased to meet metabolic demands. Induction was achieved by 

adding IPTG. The mevalonic acid concentration in fermentation broth was determined by
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applying perchloric acid (Sigma-Aldrich # 244252) treated samples (0.3 M incubated at 4°C for 

5 minutes) to an organic acids HPLC column (BioRad # 125-0140). The concentration was 

determined by comparing the broth mevalonic acid peak size to a calibration curve generated 

from mevalonolacetone (Sigma-Aldrich # M4667) treated with perchloric acid to form D,L- 

mevalonate. The isoprene level in the off gas from the bioreactor was determined as described 

herein. The isoprene titer is defined as the amount of isoprene produced per liter of fermentation 

broth.

II. Mevalonic acid production from E. coli BL21 (DE3) cells expressing the

pTrcUpperMVA plasmid at a 150-L scale

[0833] BL21 (DE3) cells that were grown on a plate as explained above in Example 11, part I 

were inoculated into a flask containing 45 mL of tryptone-yeast extract medium and incubated at 

30°C with shaking at 170 rpm for 5 hours. This solution was transferred to a 5-L bioreactor of 

tryptone-yeast extract medium, and the cells were grown at 30 °C and 27.5 rpm until the culture 

reached an OD550 of 1.0. The 5 L of inoculum was seeded into a 150-L bioreactor containing 45­

kg of medium. The IPTG concentration was brought to 1.1 mM when the OD550 reached a value 

of 10. The OD550 profile within the bioreactor over time is shown in Figure 60A. The mevalonic 

acid titer increased over the course of the fermentation to a final value of 61.3 g/L (Figure 60B). 

The specific productivity profile throughout the fermentation is shown in Figure 60C and a 

comparison to Figure 60A illustrates the de-coupling of growth and mevalonic acid production. 

The total amount of mevalonic acid produced during the 52.5 hour fermentation was 4.0 kg from

14.1 kg of utilized glucose. The molar yield of utilized carbon that went into producing 

mevalonic acid during fermentation was 34.2%.

III. Mevalonic acid production from E. coli BL21 (DE3) cells expressing the

pTrcUpperMVA plasmid at a 15-L scale

[0834] BL21 (DE3) cells that were grown on a plate as explained above in Example 11, part 1 

were inoculated into a flask containing 500 mL of tryptone-yeast extract medium and grown at 

30 °C at 160 rpm to OD550 1.0. This material was seeded into a 15-L bioreactor containing 4.5­

kg of medium. The IPTG concentration was brought to 1.0 mM when the OD550 reached a value 

of 10. The OD550 profile within the bioreactor over time is shown in Figure 61A. The mevalonic 

acid titer increased over the course of the fermentation to a final value of 53.9 g/L (Figure 6IB). 

The specific productivity profile throughout the fermentation is shown in Figure 61C and a
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comparison to Figure 61A illustrates the de-coupling of growth and mevalonic acid production. 

The total amount of mevalonic acid produced during the 46.6 hour fermentation was 491 g from

2.1 kg of utilized glucose. The molar yield of utilized carbon that went into producing mevalonic 

acid during fermentation was 28.8%.

IV. Mevalonic acid production from E. coli FM5 cells expressing the pTrcUpperMVA 

plasmid at a 15-L scale

[0835] FM5 cells that were grown on a plate as explained above in Example 11, part I were 

inoculated into a flask containing 500 mL of tryptone-yeast extract medium and grown at 30 °C 

at 160 rpm to OD550 1.0. This material was seeded into a 15-L bioreactor containing 4.5-kg of 

medium. The IPTG concentration was brought to 1.0 mM when the OD550 reached a value of 30. 

The OD550 profile within the bioreactor over time is shown in Figure 62A. The mevalonic acid 

titer increased over the course of the fermentation to a final value of 23.7 g/L (Figure 62B). The 

specific productivity profile throughout the fermentation is shown in Figure 62C and a 

comparison to Figure 62A illustrates the de-coupling of growth and mevalonic acid production. 

The total amount of mevalonic acid produced during the 51.2 hour fermentation was 140 g from

1.1 kg of utilized glucose. The molar yield of utilized carbon that went into producing mevalonic 

acid during fermentation was 15.2%.

V. Isoprene production from E. coli BL21 (DE3) cells expressing the pCL PtrcUpperMVA 

and pTrc KKDylkIS plasmids at a 15-L scale

[0836] BL21 (DE3) cells expressing the pCL PtrcUpperMVA and pTrc KKDylkIS plasmids 

that were grown on a plate as explained above in Example 11, part I were inoculated into a flask 

containing 500 mL of tryptone-yeast extract medium and grown at 30 °C at 160 rpm to OD550 

1.0. This material was seeded into a 15-L bioreactor containing 4.5-kg of medium. The IPTG 

concentration was brought to 25 μΜ when the OD550 reached a value of 10. The IPTG 

concentration was raised to 50 μΜ when OD550 reached 190. The IPTG concentration was raised 

to 100 μΜ at 38 hours of fermentation. The OD550 profile within the bioreactor over time is 

shown in Figure 63 A. The isoprene titer increased over the course of the fermentation to a final 

value of 2.2 g/L broth (Figure 63B). The specific productivity profile throughout the 

fermentation is shown in Figure 63C and a comparison to Figure 63A illustrates the de-coupling 

of growth and isoprene production. The total amount of isoprene produced during the 54.4 hour
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fermentation was 15.9 g from 2.3 kg of utilized glucose. The molar yield of utilized carbon that 

went into producing isoprene during fermentation was 1.53%.

VI. Isoprene production from E. coli BL21 (DE3) tuner cells expressing the pCL 

PtrcUpperMVA and pTrc KKDylkIS plasmids at a 15-L scale

[0837] BL21 (DE3) tuner cells expressing the pCL PtrcUpperMVA and pTrc KKDylkIS 

plasmids that were grown on a plate as explained above in Example 11, part I were inoculated 

into a flask containing 500 mL of tryptone-yeast extract medium and grown at 30 °C at 160 rpm 

to OD550 1.0. This material was seeded into a 15-L bioreactor containing 4.5-kg of medium. The 

IPTG concentration was brought to 26 μΜ when the OD550 reached a value of 10. The IPTG 

concentration was raised to 50 μΜ when OD550 reached 175. The OD550 profde within the 

bioreactor over time is shown in Figure 64A. The isoprene titer increased over the course of the 

fermentation to a final value of 1.3 g/L broth (Figure 64B). The specific productivity profile 

throughout the fermentation is shown in Figure 64C and a comparison to Figure 64A illustrates 

the de-coupling of growth and isoprene production. The total amount of isoprene produced 

during the 48.6 hour fermentation was 9.9 g from 1.6 kg of utilized glucose. The molar yield of 

utilized carbon that went into producing isoprene during fermentation was 1.34%.

VII. Isoprene production from E. coli MG 1655 cells expressing the pCL PtrcUpperMVA and 

pTrc KKDylkIS plasmids at a 15-L scale

[0838] MG1655 cells expressing the pCL PtrcUpperMVA and pTrc KKDylkIS plasmids that

were grown on a plate as explained above in Example 11, part I were inoculated into a flask 

containing 500 mL of tryptone-yeast extract medium and grown at 30 °C at 160 rpm to OD550

1.0. This material was seeded into a 15-L bioreactor containing 4.5-kg of medium. The IPTG 

concentration was brought to 24 μΜ when the OD550 reached a value of 45. The OD550 profile 

within the bioreactor over time is shown in Figure 65A. The isoprene titer increased over the 

course of the fermentation to a final value of 393 mg/L broth (Figure 65B). The specific 

productivity profile throughout the fermentation is shown in Figure 65C and a comparison to 

Figure 65 A illustrates the de-coupling of growth and isoprene production. The total amount of 

isoprene produced during the 67.4 hour fermentation was 2.2 g from 520 g of utilized glucose. 

The molar yield of utilized carbon that went into producing isoprene during fermentation was 

0.92%.
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VIII. Isoprene production from E. coli MG1655ack-pta cells expressing the pCL

PtrcUpperMVA and pTrc KKDylkIS plasmids at a 15-L scale

[0839] MG1655ack-pta cells expressing the pCL PtrcUpperMVA and pTrc KKDylkIS 

plasmids that were grown on a plate as explained above in Example 11, part I were inoculated 

into a flask containing 500 mL of tryptone-yeast extract medium and grown at 30 °C at 160 rpm 

to OD550 1.0. This material was seeded into a 15-L bioreactor containing 4.5-kg of medium. The 

IPTG concentration was brought to 30 μΜ when the OD550 reached a value of 10. The OD550 

profile within the bioreactor over time is shown in Figure 66A. The isoprene titer increased over 

the course of the fermentation to a final value of 368 mg/L broth (Figure 66B). The specific 

productivity profile throughout the fermentation is shown in Figure 66C and a comparison to 

Figure 66A illustrates the de-coupliug of growth and isoprene production. The total amount of 

isoprene produced during the 56.7 hour fermentation was 1.8 g from 531 g of utilized glucose. 

The molar yield of utilized carbon that went into producing isoprene during fermentation was 

0.73%.

IX. Isoprene production from E. coli FM5 cells expressing the pCL PtrcUpperMVA and 

pTrc KKDylkIS plasmids at a 15-L scale

[0840] FM5 cells expressing the pCL PtrcUpperMVA and pTrc KKDylkIS plasmids that were 

grown on a plate as explained above in Example 11, part I were inoculated into a flask 

containing 500 mL of tryptone-yeast extract medium and grown at 30 °C at 160 rpm to OD550 

1.0. This material was seeded into a 15-L bioreactor containing 4.5-kg of medium. The IPTG 

concentration was brought to 27 μΜ when the OD550 reached a value of 15. The OD550 profile 

within the bioreactor over time is shown in Figure 67A. The isoprene titer increased over the 

course of the fermentation to a final value of 235 mg/L broth (Figure 67B). The specific 

productivity profile throughout the fermentation is shown in Figure 67C and a comparison to 

Figure 67A illustrates the de-coupling of growth and isoprene production. The total amount of 

isoprene produced during the 52.3 hour fermentation was 1.4 g from 948 g of utilized glucose. 

The molar yield of utilized carbon that went into producing isoprene during fermentation was 

0.32%.

Example 12: Production of isoprene during the exponential growth phase of L. co// expressing

genes from the mevalonic acid pathway and fermented in a fed-batch culture
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[0841] Example 12 illustrates the production of isoprene during the exponential growth phase 

of cells.

Medium Recipe (per liter fermentation medium):

[0842] The medium was generated using the following components per liter fermentation 

medium: IGHPCfi 7.5 g, MgSCfi * 7H2O 2 g, citric acid monohydrate 2 g, ferric ammonium 

citrate 0.3 g, yeast extract 0.5 g, and 1000X modified trace metal solution 1 ml. All of the 

components were added together and dissolved in diH2O. This solution was autoclaved. The pH 

was adjusted to 7.0 with ammonium hydroxide (30%) and q.s. to volume. Glucose 10 g, 

thiamine * HCl 0.1 g, and antibiotics were added after sterilization and pH adjustment.

1000X Modified Trace Metal Solution:

[0843] The 1000X modified trace metal solution was generated using the following 

components: citric acids * H2O 40 g, MnSCfi * H2O 30 g, NaCl 10 g, FeSCfi * 7H2O 1 g, CoCl2 

* 6H2O 1 g, ZnSO * 7H2O 1 g, CuSO4 * 5H2O 100 mg, H3BO3 100 mg, and NaMoO4 * 2H2O 

100 mg. Each component is dissolved one at a time in Di H2O, pH to 3.0 with HCl/NaOH, then 

q.s. to volume and filter sterilized with 0.22 micron filter.

[0844] Fermentation was performed in a 15-L bioreactor with ATCC11303 E. coli cells 

containing the pCL PtrcUpperMVA and pTrc KKDylkIS plasmids. This experiment was carried 

out to monitor isoprene formation from glucose at the desired fermentation pH 7.0 and 

temperature 30°C. An inoculum of E. coli strain taken from a frozen vial was streaked onto an 

LB broth agar plate (with antibiotics) and incubated at 37°C. A single colony was inoculated 

into tryptone-yeast extract medium. After the inoculum grew to OD 1.0, measured at 550 nm,

500 mL was used to inoculate a 5-L bioreactor.

[0845] Glucose was fed at an exponential rate until cells reached the stationary phase. After 

this time the glucose feed was decreased to meet metabolic demands. The total amount of 

glucose delivered to the bioreactor during the 50 hour fermentation was 2.0 kg. Induction was 

achieved by adding IPTG. The IPTG concentration was brought to 25 μΜ when the optical 

density at 550 nm (OD550) reached a value of 10. The IPTG concentration was raised to 50 μΜ 

when OD550 reached 190. The OD550 profile within the bioreactor over time is shown in Figure 

99. The isoprene level in the off gas from the bioreactor was determined as described herein. The 

isoprene titer increased over the course of the fermentation to a final value of 1.4 g/L (Figure
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100). The total amount of isoprene produced during the 50 hour fermentation was 10.0 g. The 

profile of the isoprene specific productivity over time within the bioreactor is shown in Figure 

101. The molar yield of utilized carbon that contributed to producing isoprene during 

fermentation was 1.1%. The weight percent yield of isoprene from glucose was 0.5%.

Example 13: Flammability modeling and testing of isoprene

I. Summary of flammability modeling and testing of isoprene

[0846] Flammability modeling and experiments were performed for various

hydrocarbon/oxygen/nitrogen/water/carbon dioxide mixtures. This modeling and experimental 

tested was aimed at defining isoprene and oxygen/nitrogen flammability curves under specified 

steam and carbon monoxide concentrations at a fixed pressure and temperature. A matrix of the 

model conditions is shown in Table 9, and a matrix of the experiments performed is shown in 

Table 5.

Table 9. Summary of Modeled Isoprene Flammability

Series
Temperature

(°C)
Pressure

(psig)

Steam
Concentration

(wt%)

Carbon 
Dioxide 

Concentration 
(wt. %)

Isoprene 
Concentration 

(vol. %)

Oxygen 
Concentration 

(vol. %)

A 40 0 0 0 Varying Varying
B 40 0 4 0 Varying Varying
C 40 0 0 5 Varying Varying
D 40 0 0 10 Varying Varying
E 40 0 0 15 Varying Varying
F 40 0 0 20 Varying Varying
G 40 0 0 30 Varying Varying

Table 10. Summary of Isoprene Flammability Tests

Series Number
Temperature

(°C)
Pressure

(psig)

Steam
Concentration 

(vol. %)

Isoprene 
Concentration 

(vol. %)

Oxygen 
Concentration 

(vol. %)

1 40 0 0 Varying Varying
2 40 0 4 Varying Varying
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II. Description of calculated adiabatic flame temperature (CAFT) model

[0847] Calculated adiabatic flame temperatures (CAFT) along with a selected limit flame 

temperature for combustion propagation were used to determine the flammability envelope for 

isoprene. The computer program used in this study to calculate the flame temperatures is the 

NASA Glenn Research Center CEA (Chemical Equilibrium with Applications) software.

[0848] There are five steps involved in determining the flammability envelope using an 

adiabatic flame temperature model for a homogeneous combustion mechanism (where both the 

fuel and oxidant are in the gaseous state): selection of the desired reactants, selection of the test 

condition, selection of the limit flame temperature, modification of the reactants, and 

construction of a flammability envelope from calculations.

[0849] In this first step, selection of desired reactants, a decision must be made as to the 

reactant species that will be present in the system and the quantities of each. In many cases the 

computer programs used for the calculations have a list of reactant and product species. If any of 

the data for the species to be studied are not found in the program, they may be obtained from 

other sources such as the JANAF tables or from the internet. In this current model data for water, 

nitrogen, oxygen and carbon dioxide were present in the program database. The program 

database did not have isoprene as a species; therefore the thermodynamic properties were 

incorporated manually.

[0850] The next step is to decide whether the initial pressure and temperature conditions that 

the combustion process is taking place in. In this model the pressure was 1 atmosphere 

(absolute) and the temperature was 40°C, the boiling point of isoprene.

[0851] The limit flame temperature for combustion can be either selected based on theoretical 

principles or determined experimentally. Each method has its own limitations.

[0852] Based on prior studies, the limit flame temperatures of hydrocarbons fall in the range 

of 1000 K to 1500 K. For this model, the value of 1500 K was selected. This is the temperature 

at which the reaction of carbon monoxide to carbon dioxide (a highly exothermic reaction and 

constitutes a significant proportion of the flame energy) becomes self sustaining.

[0853] Once the limit flame temperature has been decided upon, model calculations are 

performed on the given reactant mixture (species concentrations) and the adiabatic flame 

temperature is determined. Flame propagation is considered to have occurred only if the 

temperature is greater than the limit flame temperature. The reactant mixture composition is then 

modified to create data sets for propagation and non-propagation mixtures.
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[0854] This type of model shows good agreement with the experimentally determined 

flammability limits. Regions outside the derived envelope are nonflammable and regions within 

it are flammable. The shape of the envelope forms a nose. The nose of the envelope is related to 

the limiting oxygen concentration (LOC) for gaseous fuels.

III. Results from calculated adiabatic flame temperature (CAFT) model

[0855] Plotted in Figs. 68 through 74 are the CAFT model results for Series A to G, 

respectively. The figures plot the calculated adiabatic flame temperature (using the NASA CEA 

program) as a function of fuel concentration (by weight) for several oxygen/nitrogen ratios (by 

weight). The parts of the curve that are above 1500 K, the selected limit flame temperature, 

contain fuel levels sufficient for flame propagation. The results may be difficult to interpret in 

the form presented in Figs. 68 through 74. Additionally, the current form is not conducive to 

comparison with experimental data which is generally presented in terms of volume percent. 

[0856] Using Series A as an example the data in Figure 68 can be plotted in the form of a 

traditional flammability envelope. Using Figure 68 and reading across the 1500 K temperature 

line on the ordinate one can determine the fuel concentration for this limit flame temperature by 

dropping a tangent to the abscissa for each curve (oxygen to nitrogen ratio) that it intersects. 

These values can then be tabulated as weight percent of fuel for a given weight percent of 

oxidizer (Figure 75A). Then knowing the composition of the fuel (100 wt.% isoprene) and the 

composition of the oxidizer (relative content of water, oxygen and nitrogen) molar quantities can 

be established.

[0857] From these molar quantities percentage volume concentrations can be calculated. The 

concentrations in terms of volume percent can then be plotted to generate a flammability 

envelope (Figure 75B). The area bounded by the envelope is the explosible range and the area 

excluded is the non-explosible range. The “nose” of the envelope is the limiting oxygen 

concentration. Figs. 76A and 76B contain the calculated volume concentrations for the 

flammability envelope for Series B generated from data presented in Figure 69. A similar 

approach can be used on data presented in Figs. 70-74.

IV. Flammability testing experimental equipment and procedure

[0858] Flammability testing was conducted in a 4 liter high pressure vessel. The vessel was 

cylindrical in shape with an inner diameter of 6” and an internal height of 8.625”. The 

temperature of the vessel (and the gases inside) was maintained using external heaters that were
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controlled by a PID controller. To prevent heat losses, ceramic wool and reflective insulation 

were wrapped around the pressure vessel. Type K thermocouples were used the measure the 

temperature of the gas space as well as the temperature of the vessel itself. Figure 77 illustrates 

the test vessel.

[0859] Before a test was ran, the vessel was evacuated and purged with nitrogen to ensure that 

any gases from previous tests were removed. A vacuum was then pulled on the vessel. The 

pressure after this had been done was typically around 0.06 bar(a). Due to the nitrogen purging, 

the gas responsible for this initial pressure was assumed to be nitrogen. Using partial pressures, 

water, isoprene, nitrogen, and oxygen were then added in the appropriate amounts to achieve the 

test conditions in question. A magnetically driven mixing fan within the vessel ensured mixing 

of the gaseous contents. The gases were allowed to mix for about 2 minutes with the fan being 

turned off approximately 1 minute prior to ignition.

[0860] The igniter was comprised of a 1.5 ohm nicrome coil and an AC voltage source on a 

timer circuit. Using an oscilloscope, it was determined that 34.4 VAC were delivered to the 

igniter for 3.2 seconds. A maximum current of 3.8 amps occurred approximately halfway into 

the ignition cycle. Thus, the maximum power was 131 W and the total energy provided over the 

ignition cycle was approximately 210 J.

[0861] Deflagrati on data was acquired using a variable reluctance Validyne DP215 pressure 

transducer connected to a data acquisition system. A gas mixture was considered to have 

deflagrated if the pressure rise was greater than or equal to 5%.

V. Results of flammability testing

[0862] The first experimental series (Series 1) was run at 40°C and 0 psig with no steam. 

Running tests at varying concentrations of isoprene and oxygen produced the flammability curve 

shown in Figure 78A. The data points shown in this curve are only those that border the curve. A 

detailed list of all the data points taken for this series is shown in Figs. 80A and 80B.

[0863] Figure 78B summarizes the explosibility data points shown in Figure 78A. Figure 78C 

is a comparison of the experimental data with the CAFT model predicted flammability envelope. 

The model agrees very well with the experimental data. Discrepancies may be due to the non­

adiabatic nature of the test chamber and limitations of the model. The model looks at an infinite 

time horizon for the oxidation reaction and does not take into consideration any reaction kinetic 

limitation.
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[0864] Additionally, the model is limited by the number of equilibrium chemical species that 

are in its database and thus may not properly predict pyrolytic species. Also, the flammability 

envelope developed by the model uses one value for a limit flame temperature (1500K). The 

limit flame temperature can be a range of values from 1,000K to 1,500K depending on the 

reacting chemical species. The complex nature of pyrolytic chemical species formed at fuel 

concentrations above the stoichiometric fuel/oxidizer level is one reason why the model may not 

accurately predict the upper flammable limit for this system.

[0865] The second experimental series (Series 2) was run at 40°C and 0 psig with a fixed 

steam concentration of 4%. Running tests at varying concentrations of isoprene and oxygen 

produced the flammability curve shown in Figure 79A. The data points shown in this curve arc 

only those that border the curve. A detailed list of all the data points taken for this series is 

shown in Figure 81. Due to the similarity between the data in Series 1 only the key points of 

lower flammable limit, limiting oxygen concentration, and upper flammable limits were tested. 

The addition of 4% steam to the test mixture did not significantly change the key limits of the 

flammability envelope. It should be noted that higher concentrations of steam/water and or other 

inertants may influence the flammability envelope.

[0866] Figure 79B summarizes the explosibility data points shown in Figure 79A. Figure 79C 

is a comparison of the experimental data with the CAFT model predicted flammability envelope. 

The model agrees very well with the experimental data. Discrepancies may be due to the same 

factors described in Series 1

VT. Calculation of Flammability Limits of Isoprene in Air at 3 Atmospheres of Pressure

[0867] The methods described in Example 13, parts I to IV were also used to calculate the 

flammability limits of isoprene at an absolute system pressure of 3 atmospheres and 40°C. These 

results were compared to those of Example 13, parts I to IV at an absolute system pressure of 1 

atmosphere and 40°C. This higher pressure was tested because the flammability envelope 

expands or grows larger as the initial system pressure is increased. The upper flammability limit 

is affected the most, followed by the limiting oxygen composition. The lower flammability limit 

is the least affected (see, for example, “Bulletin 627 - Flammability Characteristics of 

Combustible Gases and Vapors” written by Michael G. Zabetakis and published by the former 

US Bureau of Mines (1965), which is hereby incorporated by reference in its entirety, particular 

with respect to the calculation of flammability limits).
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[0868] In Figure 82, the calculated adiabatic flame temperature is plotted as a function of 

isoprene (fuel) concentration, expressed in weight percent of the total fuel/nitrogen/oxygen, 

where the system pressure was initially 3 atmospheres. The calculated flame temperatures are 

very similar to those determined initially in the 1 atmosphere system (Figure 83). As a result, 

when flammability envelopes are generated using the calculated adiabatic flammability data, the 

curves are very similar (see Figs. 84 and 85). Therefore, based on these theoretical calculations, 

a system pressure increase from 1 atmosphere to 3 atmosphere does not result in a significant 

increase/broadening of the flammability envelope. If desired, these model results may be 

validated using experimental testing (such as the experimental testing described herein at a 

pressure of 1 atmosphere).

VII. Summary of flammability studies

[0869] A calculated adiabatic temperature model was developed for the flammability 

envelope of the isoprenc/oxygen'nitrogcn/watcr/ carbon dioxide system at 40°C and 0 psig. The 

CAFT model that was developed agreed well with the experimental data generated by the tests 

conducted in this work. The experimental results from Series 1 and 2 validated the model 

results from Series A and B.

Example 14: Expression Constructs and Strains

I. Construction of plasmids encoding mevalonate kinase.

[0870] A construct encoding the Methanosarcina mazei lower MVA pathway (Accession 

numbers NC_003901.1, NC_003901.1, NC 003901.1, and NC_003901.1, which are each 

hereby incorporated by reference in their entireties) was synthesized with codon optimization for 

expression in E. coli. This construct is named M. mazei archeal Lower Pathway operon (Figures 

112A-112C; SEQ ID NO:27) and encodes M. mazei MVK, a putative decarboxylase, IPK, and 

IDI enzymes. The gene encoding MVK (Accession number NC 003901.1) was PCR amplified 

using primers MCM165 and MCM177 (Table 11) using the Strategene Herculase Π Fusion kit 

according to the manufacturer’s protocol using 30 cycles with an annealing temperature of 55 °C 

and extension time of 60 seconds. This amplicon was purified using a Qiagen PCR column and 

then digested at 37 °C in a 10 μΕ reaction with Pmel (in the presence of NEB buffer 4 and 

BSA). After one hour, Nsil and Roche buffer H were added for an additional hour at 37 °C. The 

digested DNA was purified over a Qiagen PCR column and ligated to a similarly digested and
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purified plasmid MCM29 (MCM29 is E. coli TOP 10 (Invitrogen) transformed with pTrcKudzu 

encoding Kudzu isoprene synthase) in an 11 pL reaction 5pL Roche Quick Ligase buffer 1, 1 pL 

buffer 2, 1 pL plasmid, 3 pL amplicon, and 1 pL ligase (1 hour at room temperature). MCM 29 

is pTrcKudzuKan. The ligation reaction was introduced into Invitrogen TOP 10 cells and 

transformants selected on LA/kan50 plates incubated at 37 °C overnight. The MVK insert in the 

resulting plasmid MCM382 was sequenced (Figures 113A-113C; SEQ ID NO: 28).

Table 11. Oligonucleotides.

MCM161 M.mazei MVK for CACCATGGTATCCTGTTCTGCG (SEQ ID NO: 120)

MCM 162 M.mazei MVK rev TTAATCTACTTTCAGACCTTGC (SEQ ID NO: 121)

MCM 165

M.mazei MVK for w/

RBS

gcgaacgATGC AT aaaggaggtaaaaaaacATGGT  ATCCT GTT CTG

CGCCGGGTAAGATTTACCTG (SEQ ID NO: 122)

MCM 177 M.mazei MVK rev Pst

gggcccgtttaaactttaactagactTTAATCTACTTTCAGACCTTGC

(SEQ ID NO: 123)

II. Creation of strains overexpressing mevalonate kinase and isoprene synthase.

[0871] Plasmid MCM382 was transformed into MCM331 cells (which contains chromosomal 

construct gil.2KKDyl encoding S. cerevisiae mevalonate kinase, mevalonate phosphate kinase, 

mevalonate pyrophosphate decarboxylase, and IPP isomerase) that had been grown to midlog in 

LB medium and washed three times in iced, sterile water. One pL of DNA was added to 50 pL 

of cell suspension, and this mixture was electroporated in a 2 mm cuvette at 2.5 volts, 25 uFd 

followed immediately by recovery in 500 pL LB medium for one hour at 37 °C. Transformant 

was selected on LA/kan50 and named MCM391. Plasmid MCM82 was introduced into this 

strain by the same electroporation protocol followed by selection on LA/kan50/spec50. The 

resulting strain MCM401 contains a cmp-marked chromosomal construct gil.2KKDyI, kan- 

marked plasmid MCM382, and spec-marked plasmid MCM82 (which is pCL PtrcUpperPathway 

encoding E. faecalis mvaE and mvaS). See Table 12.

Table 12. Strains overexpressing mevalonate kinase and isoprene synthase.

MCM382 E. coli BL21 (lambdaDE3) pTrcKudzuMVK(M. mazei)GI1,2KKDyI
MCM391 MCM331 pTrcKudzuMVK(M. mazei)
MCM401 MCM331pTrcKudzuMVK(M.mazei)pCLPtrcUpperpathway
MCM396 MCM333pTrcKudzuMVK(M. mazei)
MCM406 MCM333pTrcKudzuMVK(M.mazei)pCLPtrcUpperpathway
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ΙΠ. Construction of plasmid MCM376 - MVK from M. mazei archeal Lower in pET200D. 

[0872] The MVK ORF from the M. mazei archeal Lower Pathway operon (Figures 112A- 

112C; SEQ ID NO:27) was PCR amplified using primers MCM161 and MCM162 (Table 11) 

using the Invitrogen Platinum HiFi PCR mix. 45 pL of PCR mix was combined with 1 pL 

template, 1 pL of each primer at 10 pM, and 2 pL water. The reaction was cycled as follows: 94 

°C for 2:00; 30 cycles of 94 °C for 0:30, 55 °C for 0:30, and 68 °C for 1:15; and then 72 °C for 

7:00, and 4 °C until cool. 3 pL of this PCR reaction was ligated to Invitrogen pET200D plasmid 

according to the manufacturer’s protocol. 3 pL of this ligation was introduced into Invitrogen 

TOPIO cells, and transformants were selected on LA/kan50. A plasmid from a transformant was 

isolated and the insert sequenced, resulting in MCM376 (Figures 114A-114C; SEQ ID NO:29).

IV. Creation of expression strain MCM378.

[0873] Plasmid MCM376 was transformed into Invitrogen BL21(DE3) pLysS cells according 

to the manufacturer’s protocol. Transformant MCM378 was selected on LA/kan50.

Example 15: Production of isoprene by E. coli expressing the upper mevalonic acid (MVA)

pathway, the integrated lower MVA pathway fgil,2KKDyI), mevalonate kinase from M. mazei.

and isoprene synthase from Kudzu and grown in fed-batch culture at the 20 mL batch scale

Medium Recipe (per liter fermentation medium):

[0874] Each liter of fermentation medium contained K2HPO4 13.6 g, KH2PO4 13.6 g, MgSO4 

* 7H2O 2 g, citric acid monohydrate 2 g, ferric ammonium citrate 0.3 g, (NH4)2SO4 3.2 g, yeast 

extract 1 g, and 1000X Trace Metal Solution 1 ml. All of the components were added together 

and dissolved in diH2O. The pH was adjusted to 6.8 with ammonium hydroxide (30%) and 

brought to volume. Media was filter sterilized with a 0.22 micron filter. Glucose (2.5 g) and 

antibiotics were added after sterilization and pH adjustment.

1000X Trace Metal Solution:

[0875] 1000X Trace Metal Solution contained citric Acids * H?O 40 g, MnSO4 * H2O 30 g,

NaCI 10 g, FeSO4 * 7H2O 1 g, CoCl2 * 6H2O 1 g, ZnSO4 * 7H2O 1 g, CuSO4 * 5H2O 100 mg, 

H3BO3 100 mg, andNaMoO4 * 2H2O 100 mg. Each component was dissolved one at a time in di
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H2O, pH to 3.0 with HCl/NaOH, then brought to volume and filter sterilized with a 0.22 micron 

filter.

Strains:

[0876] MCM343 cells are BL21 (DE3) E. coli cells containing the upper mevalonic acid 

(MVA) pathway (pCL Upper), the integrated lower MVA pathway (gil ,2KKDyI), and isoprene 

synthase from Kudzu (pTrcKudzu).

[0877] MCM401 cells are BL21 (DE3) E. coli cells containing the upper mevalonic acid 

(MVA) pathway (pCL PtrcUpperPathway), the integrated lower MVA pathway (gil.2KKDyI), 

and high expression of mevalonate kinase from M. mazei and isoprene synthase from Kudzu 

(pTrcKudzuMVK(M.mazei)).

[0878] Isoprene production was analyzed by growing the strains in 100 mL bioreactors with a 

20 mL working volume at a temperature of 30°C. An inoculum of E. coli strain taken from a 

frozen vial was streaked onto an LB broth agar plate (with antibiotics) and incubated at 30°C. A 

single colony was inoculated into media and grown overnight. The bacteria were diluted into 20 

mL of media to reach an optical density of 0.05 measured at 550 nm. The 100 mL bioreactors 

were sealed, and air was pumped through at a rate of 8 mL/min. Adequate agitation of the media 

was obtained by stirring at 600 rpm using magnetic stir bars. The off-gas from the bioreactors 

was analyzed using an on-line Hiden HPR-20 mass spectrometer. Masses corresponding to 

isoprene, CO2, and other gasses naturally occurring in air were monitored. Accumulated 

isoprene and CO2 production were calculated by summing the concentration (in percent) of the 

respective gasses over time. Atmospheric CO2 was subtracted from the total in order to estimate 

the CO2 released due to metabolic activity.

[0879] Isoprene production from a strain expressing the full mevalonic acid pathway and 

Kudzu isoprene synthase (MCM343) was compared to a strain that in addition over-expressed 

MVK from M. mazei and Kudzu isoprene synthase (MCM401) in 100 mL bioreactors. The 

bacteria were grown under identical conditions in defined media with glucose as carbon source. 

Induction of isoprene production was achieved by adding isopropyl-beta-D-1-

thiogalactopyranoside (IPTG) to a final concentration of either 100 μΜ or 200 μΜ. Off-gas 

measurements revealed that the strain over-expressing both MVK and isoprene synthase 

(MCM401) produced significantly more isoprene compared to the strain expressing only the 

mevalonic acid pathway and Kudzu isoprene synthase (MCM343) as shown in Figures 115A- 

115D. At 100 μΜ induction, the MCM401 strain produced 2-fold more isoprene compared to
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the MCM343 strain. At 200 μΜ IPTG induction, the MCM401 strain produced 3.4-fold more 

isoprene when compared to the MCM343 strain. Analysis of CO? in the off-gas from the 

bioreactors, which is a measure of metabolic activity, indicates that metabolic activity was 

independent from IPTG induction and isoprene production.

Example 16: Production of isoprene by E, coli expressing the upper mevalonic acid (MVA)

pathway, the integrated lower MVA pathway (gil.2KKDyI), mevalonate kinase from M, mazei,

and isoprene synthase from Kudzu and grown in fed-batch culture at the 15-L scale

Medium Recipe (per liter fermentation medium):

[0880] Each liter of fermentation medium contained K2HPO4 7.5 g, MgSO4 * 7H2O 2 g, citric 

acid monohydrate 2 g, ferric ammonium citrate 0.3 g, yeast extract 0.5 g, and 1000X Modified 

Trace Metal Solution 1 ml. All of the components were added together and dissolved in DI H2O. 

This solution was autoclaved. The pH was adjusted to 7.0 with ammonium hydroxide (30%) and 

q.s. to volume. Glucose 10 g, thiamine * HC1 0.1 g, and antibiotics were added after sterilization 

and pH adjustment.

1000X Modified Trace Metal Solution:

[0881] 1000X Modified Trace Metal Solution contained citric Acids * H2O 40 g, MnSCfi *

H2O 30 g, NaCl 10 g, FeSO4 * 7H2O 1 g, CoCl2 * 6H2O 1 g, ZnSO4 * 7H2O 1 g, CuSO4 * 5H2O 

100 mg, H3BO3 100 mg, and NaMoO4 * 2H?O 100 mg. Each component was dissolved one at a 

time in DI H2O, pH to 3.0 with HCl/NaOH, then q.s. to volume and filter sterilized with a 0.22 

micron filter.

[0882] Fermentation was performed in a 15-L bioreactor with BL21 (DE3) E. coli cells 

containing the upper mevalonic acid (MVA) pathway (pCL PtrcUpperPathway encoding E. 

faecalis mvaE and mvaS), the integrated lower MVA pathway (gil.2KKDyI encoding S. 

cerevisiae mevalonate kinase, mevalonate phosphate kinase, mevalonate pyrophosphate 

decarboxylase, and IPP isomerase), and high expression of mevalonate kinase from M. mazei 

and isoprene synthase from Kudzu (pTrcKudzuMVK(M.mazei)). This experiment was carried 

out to monitor isoprene formation from glucose at the desired fermentation pH 7.0 and 

temperature 30°C. An inoculum of E. coli strain taken from a frozen vial was streaked onto an 

LB broth agar plate (with antibiotics) and incubated at 37°C. A single colony was inoculated
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into tryptone-yeast extract medium. After the inoculum grew to OD 1.0, measured at 550 nm, 

500 mL was used to inoculate 5-L of medium in a 15-L bioreactor.

[0883] Glucose was fed at an exponential rate until cells reached the stationary phase. After 

this time the glucose feed was decreased to meet metabolic demands. The total amount of 

glucose delivered to the bioreactor during the 68 hour fermentation was 3.8 kg. Induction was 

achieved by adding isopropyl-beta-D-l-thiogalactopyranoside (IPTG). The IPTG concentration 

was brought to 51 μΜ when the optical density at 550 nm (OD550) reached a value of 9. The 

IPTG concentration was raised to 88 μΜ when OD55o reached 149. Additional IPTG additions 

raised the concentration to 119 μΜ at OD550 = 195 and 152 μΜ at OD550 = 210. The OD550 

profile within the bioreactor over time is shown in Figure 116. The isoprene level in the off gas 

from the bioreactor was determined using a Hiden mass spectrometer. The isoprene titer 

increased over the course of the fermentation to a final value of 23.8 g/L (Figure 117). The total 

amount of isoprene produced during the 68 hour fermentation was 227.2 g and the time course 

of production is shown in Figure 118. The metabolic activity profile, as measured by TCER, is 

shown in Figure 119. The total viable count (total colony forming units) decreased by two orders 

of magnitude between 10 and 39 hours of fermentation (Figure 120). The molar yield of utilized 

carbon that went into producing isoprene during fermentation was 13.0%. The weight percent 

yield of isoprene from glucose was 6.3%.

Example 17: Production of isoprene by E. coli expressing the upper mevalonic acid (MVA)

pathway, the integrated lower MVA pathway (gil.2KKDyI), mevalonate kinase from M. mazei.

and isoprene synthase from Kudzu and grown in fed-batch culture at the 15-L scale (2x lOOiaM

IPTG induction)

Medium Recipe (per liter fermentation medium):

[0884] Each liter of fermentation medium contained K2HPO4 7.5 g, MgSO4 * 7H2O 2 g, citric 

acid monohydrate 2 g, ferric ammonium citrate 0.3 g, yeast extract 0.5 g, and 1000X Modified 

Trace Metal Solution 1 ml. All of the components were added together and dissolved in DI H2O. 

This solution was autoclaved. The pH was adjusted to 7.0 with ammonium hydroxide (30%) and 

q.s. to volume. Glucose 10 g, thiamine * HCl 0.1 g, and antibiotics were added after sterilization 

and pH adjustment.

1000X Modified Trace Metal Solution:
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[0885] 1000X Modified Trace Metal Solution contained citric Acids * H2O 40 g, MnSO4 *

H2O 30 g, NaCI 10 g, FeSO4 * 7H2O 1 g, CoCl2 * 6H2O 1 g, ZnSO4 * 7H2O 1 g, CuSO4 * 5H2O 

100 mg, H3BO3 100 mg, and NaMoO4 * 2H2O 100 mg. Each component was dissolved one at a 

time in DI H2O, pH to 3.0 with HCl/NaOH, then q.s. to volume and filter sterilized with a 0.22 

micron filter.

[0886] Fermentation was performed in a 15-L bioreactor with BL21 (DE3) E. coli cells 

containing the upper mevalonic acid (MVA) pathway (pCL PtrcUpperPathway encoding E. 

faecalis mvaE and mvaS), the integrated lower MVA pathway (gil.2KKDyI encoding S. 

cerevisiae mevalonate kinase, mevalonate phosphate kinase, mevalonate pyrophosphate 

decarboxylase, and IPP isomerase), and high expression of mevalonate kinase from M. mazei 

and isoprene synthase from Kudzu (pTrcKudzuMVK(M.mazei)). This experiment was carried 

out to monitor isoprene formation from glucose at the desired fermentation pH 7.0 and 

temperature 30°C. An inoculum of E. coli strain taken from a frozen vial was streaked onto an 

LB broth agar plate (with antibiotics) and incubated at 37°C. A single colony was inoculated 

into tryptone-yeast extract medium. After the inoculum grew to OD 1.0, measured at 550 nm, 

500 mL was used to inoculate 5-L medium in a 15-L bioreactor.

[0887] Glucose was fed at an exponential rate until cells reached the stationary phase. After 

this time the glucose feed was decreased to meet metabolic demands. The total amount of 

glucose delivered to the bioreactor during the 55 hour fermentation was 1.9 kg. Induction was 

achieved by adding isopropyl-beta-D-l-thiogalactopyranoside (IPTG). The IPTG concentration 

was brought to 111 μΜ when the optical density at 550 nm (OD550) reached a value of 9. The 

IPTG concentration was raised to 193 μΜ when OD550 reached 155. The OD550 profile within 

the bioreactor over time is shown in Figure 121. The isoprene level in the off gas from the 

bioreactor was determined using a Hiden mass spectrometer. The isoprene titer increased over 

the course of the fermentation to a final value of 19.5 g/L (Figure 122). The total amount of 

isoprene produced during the 55 hour fermentation was 133.8 g and the time course of 

production is shown in Figure 123. Instantaneous volumetric productivity levels reached values 

as high as 1.5 g isoprene/L broth/hr (Figure 124). Instantaneous yield levels reached as high as 

17.7% w/w (Figure 125). The metabolic activity profile, as measured by TCER, is shown in 

Figure 126. The total viable count (total colony forming units) decreased by two orders of 

magnitude between 8 and 36 hours of fermentation (Figure 127). The molar yield of utilized 

carbon that went into producing isoprene during fermentation was 15.8%. The weight percent 

yield of isoprene from glucose over the entire fermentation was 7.4%.
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[0888] In addition, as a control, fermentation was performed in a 15-L bioreactor with BL21 

(DE3) E. coli cells containing the upper mevalonic acid (MVA) pathway (pCL 

PtrcUpperPathway encoding E. faecalis mvaE and mvaS), the integrated lower MVA pathway 

(gil.2KKDyI encoding 5. cerevisiae mevalonate kinase, mevalonate phosphate kinase, 

mevalonate pyrophosphate decarboxylase, and IPP isomerase), and high expression of 

mevalonate kinase from M. mazei and isoprene synthase from Kudzu 

(pTrcKudzuMVK(Mzzzazez')). This experiment was carried out to monitor uninduccd cell 

metabolic activity as measured by CER from glucose at the desired fermentation pEl 7.0 and 

temperature 30°C. An inoculum of E. coli strain (MCM401 described above) taken from a 

frozen vial was streaked onto an LB broth agar plate (with antibiotics) and incubated at 37°C. A 

single colony was inoculated into tryptone-yeast extract medium. After the inoculum grew to 

OD 1.0, measured at 550 nm, 500 mL was used to inoculate 5-L medium in a 15-L bioreactor. 

Glucose was fed at an exponential rate until cells reached the stationary phase. After this time 

the glucose feed was decreased to meet metabolic demands.

[0889] Figure 148 compares the CER profiles for the uninduced cells described above and the 

cells induced by adding isopropyl-beta-D-l-thiogalactopyranoside (IPTG) in Examples 16 and 

17.

Example 18: Production of isoprene by E. coli expressing the upper mevalonic acid (MVA)

pathway, the integrated lower MVA pathway (gi 1,2KKDyI), mevalonate kinase from M. mazei.

and isoprene synthase from Kudzu and grown in fed-batch culture at the 15-L scale (lx 50u.M

IPTG + 150u-M IPTG fed induction)

Medium Recipe (per liter fermentation medium):

[0890] Each liter of fermentation medium contained K2HPO4 7.5 g, MgSCft * 7H2O 2 g, citric 

acid monohydrate 2 g, ferric ammonium citrate 0.3 g, yeast extract 0.5 g, and 1000X Modified 

Trace Metal Solution 1 ml. All of the components were added together and dissolved in diffiO. 

This solution was autoclaved. The pH was adjusted to 7.0 with ammonium hydroxide (30%) and 

q.s. to volume. Glucose 10 g, thiamine * HC1 0.1 g, and antibiotics were added after sterilization 

and pH adjustment.

1000X Modified Trace Metal Solution:

263



WO 2010/148256 PCT/US2010/039088

[0891] 1000X Modified Trace Metal Solution contained citric Acids * H2O 40 g, MnSO4 *

H2O 30 g, NaCI 10 g, FeSO4 * 7H2O 1 g, CoCl2 * 6H2O 1 g, ZnSO4 * 7H2O 1 g, CuSO4 * 5H2O 

100 mg, H3BO3 100 mg, and NaMoO4 * 2H2O 100 mg. Each component was dissolved one at a 

time in DI H2O, pH to 3.0 with HCl/NaOH, then q.s. to volume and filter sterilized with a 0.22 

micron filter.

[0892] Fermentation was performed in a 15-L bioreactor with BL21 (DE3) E. coli cells 

containing the upper mevalonic acid (MVA) pathway (pCL PtrcUpperPathway encoding E. 

faecalis mvaE and mvaS), the integrated lower MVA pathway (gil.2KKDyI encoding S. 

cerevisiae mevalonate kinase, mevalonate phosphate kinase, mevalonate pyrophosphate 

decarboxylase, and IPP isomerase), and high expression of mevalonate kinase from M. mazei 

and isoprene synthase from Kudzu (pTrcKudzuMVK(M.mazei)). This experiment was carried 

out to monitor isoprene formation from glucose at the desired fermentation pH 7.0 and 

temperature 30°C. An inoculum of E. coli strain taken from a frozen vial was streaked onto an 

LB broth agar plate (with antibiotics) and incubated at 37°C. A single colony was inoculated 

into tryptone-yeast extract medium. After the inoculum grew to OD 1.0, measured at 550 nm,

500 mL was used to inoculate 5-L medium in a 15-L bioreactor.

[0893] Glucose was fed at an exponential rate until cells reached the stationary phase. After 

this time the glucose feed was decreased to meet metabolic demands. The total amount of 

glucose delivered to the bioreactor during the 55 hour fermentation was 2.2 kg. Induction was 

achieved by adding isopropyl-beta-D-l-thiogalactopyranoside (IPTG). The IPTG concentration 

was brought to 51 μΜ when the optical density at 550 nm (OD550) reached a value of 10. In 

addition to the IPTG spike, at OD550 = 10 a constant feed began and delivered 164 mg of IPTG 

over 18 hours. The OD550 profile within the bioreactor over time is shown in Figure 128. The 

isoprene level in the off gas from the bioreactor was determined using a Hiden mass 

spectrometer. The isoprene titer increased over the course of the fermentation to a final value of 

22.0 g/L (Figure 129). The total amount of isoprene produced during the 55 hour fermentation 

was 170.5 g and the time course of production is shown in Figure 130. The metabolic activity 

profile, as measured by TCER, is shown in Figure 131. When the airflow to the bioreactor was 

decreased from 8 slpm to 4 slpm for a period of about 1.7 hours, the concentration of isoprene in 

the offgas increased from 0.51 to 0.92 w/w % (Figure 132). These elevated levels of isoprene did 

not appear to have any negative impact on cell metabolic activity as measured by the total 

carbon dioxide evolution rate (TCER), since TCER declined only 7% between 37.2 and 39.3 

hours (Figure 132). The total viable count (total colony forming units) decreased by two orders
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of magnitude between 7 and 36 hours of fermentation (Figure 133). The molar yield of utilized 

carbon that went into producing isoprene during fermentation was 16.6%. The weight percent 

yield of isoprene from glucose over the entire fermentation was 7.7%.

Example 19: The effect of externally applied isoprene on a wild-type E. coli grown in fed-batch

culture at the 1 -L scale

Medium Recipe (per liter fermentation medium):

[0894] Each liter of fermentation medium contained K2HPO4 7.5 g, MgSO4 * 7H2O 2 g, citric 

acid monohydrate 2 g, ferric ammonium citrate 0.3 g, yeast extract 0.5 g, and 1000X Modified 

Trace Metal Solution 1 ml. All of the components were added together and dissolved in diH2O. 

This solution was autoclaved. The pH was adjusted to 7.0 with ammonium hydroxide (30%) and 

q.s. to volume. Glucose 10 g, thiamine * HC1 0.1 g, and antibiotics were added after sterilization 

and pH adjustment.

1000X Modified Trace Metal Solution:

[0895] 1000X Modified Trace Metal Solution contained citric Acids * H2O 40 g, MnSO4 *

H2O 30 g, NaCI 10 g, FeSO4 * 7H2O 1 g, CoCl2 * 6H2O 1 g, ZnSO4 * 7H2O 1 g, CuSO4 * 5H2O 

100 mg, H3BO3 100 mg, and NaMoO4 * 2H2O 100 mg. Each component was dissolved one at a 

time in DI H2O, pH to 3.0 with HCl/NaOH, then q.s. to volume and filter sterilized with a 0.22 

micron filter.

[0896] Fermentation was performed in a 1-L bioreactor with BL21 (DE3) E. coli cells. This 

experiment was carried out to monitor the effects of isoprene on cell viability and metabolic 

activity in a glucose fed-batch bioreactor at the desired fermentation pH 7.0 and temperature 

30°C. An inoculum of E. coli strain from a frozen vial was inoculated into tryptone-yeast extract 

medium. After the inoculum grew to OD 1.0, measured at 550 nm, 50 mL was used to inoculate 

0.5-L medium in a 1-L bioreactor.

[0897] Glucose was fed at an exponential rate until cells reached the stationary phase. After 

this time the glucose feed was fed to meet metabolic demands. Isoprene was fed into the 

bioreactor using nitrogen gas as a carrier. The rate of isoprene feeding was 1 g/L/hr during mid­

growth phase (OD550 = 31-44) and lasted for a total of 75 minutes (13.2 to 14.4 hours). The 

OD550 profile within the bioreactor over time is shown in Figure 134. The metabolic activity 

profile, as measured by TCER, is shown in Figure 135. The total viable count (total colony
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forming units) increased by 14-fold during the period when isoprene was introduced into the 

bioreactor (Figure 136).

Example 20: Production of isoprene and expression of isoprene synthase by Saccharomyces

cerevisiae

[0898] The Kudzu isoprene synthase enzyme was optimized for expression according to a 

hybrid Saccharomyces cerevisiae/Pichiapastoris codon usage table, synthesized, and cloned 

into pDONR221:19430 (by DNA 2.0, Figure 140 for map and Figure 141 for sequence (SEQ ID 

NO:38)). A Gateway® Cloning (Invitrogen) reaction was performed according to the 

manufacturer’s protocol: Since pDONR221:19430 was an “entry” vector, the LR Clonase II 

enzyme (the LR Reaction) was used to introduce the codon-optimized isoprene synthase into the 

“destination” vector pYES-DEST52 (Invitrogen).

[0899] The LR Reaction was then transformed into Top 10 chemically competent cells 

(Invitrogen) according to the manufacturer’s protocol, and bacteria harboring pYES-DEST52 

plasmids with the isoprene synthase ORF were selected for on LA plates containing 50 μg/ml 

carbenicillin. Individual positive transformants were tested by colony PCR (see below for primer 

concentrations and thermocycling parameters) using illustra PuReTaq Ready-To-Go™ PCR 

Beads (GE Healthcare) with the T7 forward primer and the Yeast isoprene synthase -Rev2 

primer (See Table 13).

Table 13. Primer sequences for amplifying isoprene synthase.

Primer Name Sequence (5' to 3') Purpose
Yeast HGS - 
For2

CACCAAAGACTTCATAGACT 
(SEQ ID NO: 124)

Forward primer for yeast 
optimized isoprene synthase

Yeast HGS - 
Rev2

AGAGATATCTTCCTGCTGCT 
(SEQ ID NO: 125)

Reverse primer for yeast 
optimized isoprene synthase

T7 Forward TAATACGACTCACTATAGGG 
(SEQ ID NO: 126)

PCR and sequencing primer

[0900] Plasmids that yielded a PCR fragment of the correct size (1354 bp) were purified by 

miniprep (Qiagen) and sent for sequencing (Quintara Biosciences, Berkeley, CA) with the T7 

Forward and Yeast isoprene synthase-For2 primers (See Table 13). Results from sequencing 

runs were compared to the known sequence of pDONR221:19430 (using Vector NTI software, 

Invitrogen), and a single plasmid, pDW 14, was selected for further study (Figure 142A for map 

and Figures 142B and C for the complete sequence (SEQ ID NO:39)). The sequence of pDW14
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diverged from that of pDONR221:19430 by a single nucleotide (marked in bold in Figure 

142B). The single nucleotide change (G to A) did not result in a change in the ORF, since it was 

in the third position of a lysine-encoding codon.

[0901] Purified pDW14 was transformed into Saccharomyces cerevisiae strain INVSc-1 using 

the protocol described in the S. c. EasyComp Transformation kit (Invitrogen). INVSc-1 strains 

harboring pDW14 or pYES-DEST52 (which contains an intact URA3 gene) were selected for 

and maintained on SC Minimal Medium with 2% glucose without uracil, as described in the 

pYES-DEST52 Gateway Vector manual (Invitrogen). Two independent isolates of INVSc-1 

containing pDW14 and a single control strain with pYES-DEST52 were chosen for further 

analysis.

[0902] To induce isoprene synthase expression, cultures were grown overnight in liquid SC 

Minimal Medium. The cultures were then diluted to an OD,l0o of approximately 0.2 and grown 

for 2-3 hours. Cultures were spun by centrifugation, washed once, resuspended in an equal 

volume (10 ml) of SC minimal medium with 1% raffinose, 2% galactose without uracil, and 

grown overnight to induce the expression of isoprene synthase. The Οϋβοο of the strains was 

determined (Figure 144A), and strains were harvested by centrifugation and resuspended in 2 ml 

of lysis buffer (a 1:1 mix of 50% glycerol and PEB pH 7.4: Tris Base 2.423 g/L, MgCE 

(Anhydrous) 1.904 g/L, KC114.910 g/L, DTT 0.154 g/L,Glycerol 50 mL/L).

[0903] The lysis mixtures were passed through a french press three times, and lysates were 

analyzed by SDS-PAGE. For Coomassie gel analysis (Figure 143 A), samples were diluted 1:1 

with 2X SDS loading buffer with reducing agent, loaded (20 μΐ total volume) onto a 4-12% bis- 

tris gel, run in MES buffer, and stained using SimplyBlue SafeStain according to the 

manufacturer’s protocol (the Invitrogen Novex system).

[0904] The WestemBreeze kit (Invitrogen) was used for transfer and chromogenic detection of 

isoprene synthase on a nitrocellulose membrane. The primary antibody was 1799A 10 week 

diluted 1:1000 in Invitrogen antibody diluent. Primary antibody binding was followed by 

development with a secondary antibody labeled with Alexa Fluor 488 (Invitrogen Catalog No. 

A-11008) to permit quantitative signal determination. The western blot procedure was carried 

out as described by Invitrogen. The fluorescence signal was recorded with a Molecular 

Dynamics Storm instrument using the blue filter setting and quantitatively analyzed with the 

Molecular Dynamics ImageQuant image analysis software package. Specific activity of the 

library members was calculated from the ratio of the amount of isoprene produced divided by 

either the A600 of the induction cultures or the isoprene synthase protein concentration
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determined by western blot. Figure 143B shows that isoprene synthase was present in the

induced INVSc-1 strains harboring pDW14 (lanes 2 and 3) in comparison to the control

harboring pYES-DEST52 (lane 1).

[0905] The DMAPP assay for isoprene synthase headspace was performed on 25 pL of the 

lysate from each strain for which 5 pL 1 M MgC12, 5 pL 100 mM DMAPP, and 65 pL 50 mM 

Tris pH 8 were added. The reaction was performed at 30°C for 15 minutes in a gas tight 1.8 mL 

GC tube. Reactions were terminated by addition of 100 pL 250 mM EDTA pH 8. Figure 144B 

showed the specific activity values (in pg HG/L/OD) of the induced strains harboring pDW14 in 

comparison to the control. Induced strains harboring pDW14 displayed approximately 20X 

higher activity than the control lacking isoprene synthase.

PCR Cycling Parameters

[0906] Illustra PuReTaq Ready-To-Go™ PCR Beads (GE Healthcare) were used with 

oligonucleotide primer pairs at a concentration of 0.4 μΜ each in 25 pi total volume/reaction.

For analysis of plasmids resulting from the LR Clonase reaction (Invitrogen), a small amount of 

bacteria from individual colonies on a selective plate was added to each tube containing the PCR 

mix described above. The reaction cycle was as follows: 1) 95°C for 4 minutes; 2) 95°C for 20 

seconds; 3) 52°C for 20 seconds; 4) 72°C for 30 seconds; 5 cycles of steps 2 through 4; 5) 95°C 

for 20 seconds; 6) 55°C for 20 seconds; 7) 72°C for 30 seconds; 25 cycles of steps 5 through 7, 

72°C for 10 minutes, and 4°C until cool.

Example 21: Production of isoprene in Pseudomonas and other Gram negative bacteria

Construction of pBBR5HGSOpt2_2, conjugation in Pseudomonas and measurement of isoprene

synthase activity

[0907] A gene encoding isoprene synthase from Pueraria lobata (Kudzu plant) was codon- 

optimized for different microbial species of interest (Table 14; fluo-opt2v2 was the sequence 

chosen) and was synthesized by DNA2.0, Menlo Park, CA. The map and sequence of fluo- 

opt2v2 can be found in Figures 145A and 145B (SEQ ID NO:40). Hindlll and BamHI restriction 

sites were added to the synthesized sequence for easier cloning, and a RBS was added in front of 

the ATG to enhance transcription.
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[0908] Number of rare codons, as a function of the microbial species, in different versions of 

codon-optimized isoprene synthase from Pueraria lobata. Several rounds of optimization led to 

a gene with no rare codons in the all the species of interest.

Table 14. Number of rare codons.
Organism fluo-optl

(quote)
fluo-opt2 fluo-opt3 E. coli opt fluo-opt2v2

Pseudomonas fluorescens Pf-5 19 X X 57 0
Phodopseudomonas palustris 
CGA009

37 13 3 74 0

Pseudomonas putida FI 0 0 0 29 0
Corynebacterium glutamicum 
(ATCC)

4 (Ser) 0 0 0 0

Pseudomonas fluorescens Ρ1Ό-1 1 (Val) 0 0 57 0

[0909] The gene was provided by DNA2.0 in a cloning vector. The vector was digested with 

Hindlll/BamHI, the band corresponding to the insert of interest was gel-purified, and relegated 

with Hindlll/BamHI-digcstcd pBBRlMCS5 (Kovach et al, Gene 166:175-176, 1995, which is 

incorporated by reference in its entirety, particularly with respect to pBBRlMCS5), Figure 146A 

for map and Figures 146B and C for sequence (SEQ ID NO:41). This resulted in plasmid 

pBBR5HGSOpt2_2 (Figure 147A for map and Figures 147B and C for sequence (SEQ ID 

NO:42)) in which isoprene synthase was expressed from the lac promoter presented in 

pBBRlMCS5.

[0910] The vector was transformed in E. coli SI 7-1 and mated with Pseudomonas putida FI 

ATCC700007 and Pseudomonas fluorescens ATCC 13525. After conjugation on LB, selection 

for plasmid-harboring Pseudomonas strains was on M9 + 16 mM sodium citrate +Gentamicin 50 

pg/ml. Presence of the plasmid in the strains thus generated was checked by plasmid preparation 

using the Qiagen kit (Valencia, CA).

[0911] Isoprene synthase activities of the recombinant strains P. putida, pBBR5HGSOpt2_2 

and P. fluorescens, pBBR5HGSOpt2_2 were assayed by growing the strains in TM3 medium (as 

described in Example 1 Part 11)+ 10 g/L glucose, harvesting the biomass in mid-log phase, 

breaking the cells by French Press and proceeding with the DMAPP assay. Results of the assay 

were presented in Table 15. The presence of activity measured by the DMAPP assay confirmed 

that isoprene synthase was expressed in Pseudomonas.

[0912] Isoprene synthase activity was examined in Pseudomonas putida and Pseudomonas 

fluorescens expressing isoprene synthase from the lac promoter, using plasmid 

pBBR5HGSOpt2_2
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Table 15. Isoprene synthase activity in Pseudomonas putida and Pseudomonas fluorescens.

Strain OD Isoprene synthase activity 
mg isoprene/(L.h.OD)

P. fluorescens, pBBR5HGSOpt2_2 1.46 0.96

P. putida, pBBR5HGSOpt2_2 3.44 0.65

Control (P. putida w/o plasmid) 8.32 To be determined

Example 22: Growth of E. coli and Pseudomonas strains on sugar cane compared to glucose,

and expression of isoprene synthase using both substrates

I. Preparation of liquid sugar cane

[0913] Crystallized raw cane sugar was dissolved in water in the following way: 750 g H2O 

was added to 250 g sugar. The solution was stirred and gently heated until dissolution. Some 

material was not soluble. The weight of the solution was adjusted to 1 kg after dissolution to 

repl enish the evaporated water. The volume of the solution was measured to be 940 mL. Hence 

the concentration of the solution was 265 g/L. The product label claimed 14 g of carbohydrate 

for 15 g of raw sugar cane. Hence the carbohydrate concentration of the solution was 248 g/L. 

Dry solids were measured to be 24.03 %, close enough of the expected 250 g/kg. pH of the 

solution was 5.49. Glucose concentration was measured using an enzymatic/spectrophotometric 

assay, with glucose oxidase. The glucose concentration was 17.4 g/L.

[0914] As a majority of microorganisms do not use sucrose, but can use glucose and fructose, 

the solution was split in two. One half was autoclaved once for 30 minutes (sugar cane as is). 

Some inversion resulted, as the glucose content increased to 29.75 g/L (See Figure 149). The 

other half of the solution was adjusted to pH 4.0 using phosphoric acid, then the solution was 

inverted by autoclaving (inverted sugar cane). Three cycles of 30 min were sufficient to obtain 

complete inversion, as shown on Figure 149. Both solutions were used for the growth curves 

described below.

II. Growth curves of different strains of E. coli and Pseudomonas on sugar cane compared to 

glucose

[0915] One colony of each of the strains presented in Table 16 was inoculated in 25 ml TM3 + 

10 g/L glucose, and was grown overnight at 30°C and 200 rpm. TM3 is described in Example 7, 

Section II. The morning after, 1 ml of each culture was used to inoculate flasks containing 25
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mL TM3 and 10 g/L glucose, 10 g/L sugar cane as is, or 10 g/L inverted sugar cane (sugar cane 

solutions described above). The flasks were incubated at 30°C and 200 rpm and samples were 

taken regularly to measure OD600. Figures 150 and 151 show that growth rate and biomass 

yield were comparable for glucose and inverted sugar cane, both for Pseudomonas and E. coli 

strains. P.fluorescens showed some signs of being able to use sugar cane which has not been 

inverted too.

Table 16. Strains used in this study.

Strain
Escherichia coli BL21

MG1655
ATCC 11303
B REL 606

Pseudomonas putida FI (ATCC700007)
Fluorescens (ATCC 13525)

1Π. Comparison of isoprene production from E. coli expressing isoprene synthase when grown 

on glucose or sugar cane

[0916] E. coli MCM401 (BL21(DE3)) containing the full MVA pathway, mevalonate kinase 

from M. mazei and isoprene synthase from Pueraria lobata, as described in Example 14, Section 

II was grown in TM3 + either 10 g/L glucose or 10 g/L inverted sugar cane (based on 

carbohydrate concentration of the syrup). Flasks were inoculated from an overnight culture on 

TM3 + 10 g/L glucose at an OD600 = 0.2. Antibiotics were added where needed. After two 

hours, the E. coli cultures were induced with 400 μΜ IPTG. After 6 hours of growth, isoprene 

production and isoprene synthase activities, using the DMAPP assay as described in Example 

2B, were measured. Results are presented in Table 17 and illustrate clearly that inverted sugar 

cane is equivalent to glucose in terms of isoprene and isoprene synthase production on a per cell 

basis.

Table 17.

Strain Carbon Source OD Isoprene synthase activity 
mg isoprene/(L.h.OD)

Isoprene production 
mg isoprene/(L.h.OD)

MCM401 Glucose 2.20 21.06 8.98
MCM401 Sugar cane 

inverted
2.32 20.20 9.23
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Example 23: Construction ofE. coli strains expressing the S. cerevisiae gil,2KKDyI operon, P.

alba isoprene synthase, M. mazei mevalonate kinase, pCL Upper MVA (E. faecalis mvaE and

mvaS) and ybhE (pgl)

(i) Construction of strain EWL201 (BL21, Cm-GI1.2-KKDyI)

[0917] E. coli BL21 (Novagen brand, EMD Biosciences, Inc.) was a recipient strain, 

transduced with MCM331 Pl lysate (lysate prepared according to the method described in 

Ausubel, et al., Current Protocols in Molecular Biology. John Wiley and Sons, Inc.). MCM331 

cells contain chromosomal construct gil.2KKDyI encoding X. cerevisiae mevalonate kinase, 

mevalonate phosphate kinase, mevalonate pyrophosphate decarboxylase, and IPP isomerase (i.e., 

the gil.2-KKDyI operon from X. cerevisiae). Transductants were selected for by spreading cells 

onto L Agar and 20 pg/pl chloramphenicol. The plates were incubated overnight at 30°C. 

Analysis of transductants showed no colonies on control plates (water + cells control plate for 

reversion and water and Pl lysate control plate for lysate contamination.

[0918] Four transductants were picked and used to inoculate 5 mL L Broth and 20 pg/μΙ 

chloramphenicol. The cultures were grown overnight at 30°C with shaking at 200 rpm. To 

make genomic DNA preps of each transductant for PCR analysis, 1.5mL of overnight cell 

culture were centrifuged. The cell pellet was resuspended with 400μ1 Resuspension Buffer 

(20mM Tris, ImM EDTA, 50mM NaCI, pH 7.5) and 4μ1 RNase, DNase-free (Roche) was 

added. The tubes were incubated at 37°C for 30 minutes followed by the addition of 4μ110% 

SDS and 4μ1 of 1 Omg/ml Proteinase K stock solution (Sigma-Aldrich). The tubes were 

incubated at 37°C for 1 hour. The cell lysate was transferred into 2 ml Phase Lock Light Gel 

tubes (Eppendorf) and 200μ1 each of saturated phenol pH7.9 (Ambion Inc.) and chloroform were 

added. The tubes were mixed well and microcentrifuged for 5 minutes. A second extraction 

was done with 400μ1 chloroform and the aqueous layer was transferred to a new eppendorf tube. 

The genomic DNA was precipitated by the addition of 1ml of 100% ethanol and centrifugation 

for 5 minutes. The genomic DNA pellet was washed with 1ml 70% ethanol. The ethanol was 

removed and the genomic DNA pellet was allowed to air dry briefly. The genomic DNA pellet 

was resuspended with 200μ1 TE.

[0919] Using Pfu Ultra II DNA polymerase (Stratagene) and 200ng/pl of genomic DNA as 

template, 2 different sets of PCR reaction tubes were prepared according to manufacturer’s 

protocol. For set 1, primers MCM130 and GB Cm-Rev (Table 18) were used to ensure
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transductants were successfully integrated into the attTn7 locus. PCR parameters for set 1 were 

95°C for 2 minutes (first cycle only), 95°C for 25 seconds, 55°C for 25 seconds, 72°C for 25 

seconds (repeat steps 2-4 for 28 cycles), 72°C for 1 minute. For set 2, primers MVD For and 

MVD Rev (Table 18) were used to ensure that the gil.2-KKDyI operon integrated properly.

PCR parameters for set 2 were 95°C for 2 minutes (first cycle only), 95°C for 25 seconds, 55°C 

for 25 seconds, 72°C for 10 seconds (repeat steps 2-4 for 28 cycles), 72°C for 1 minute.

Analysis of PCR amplicons on a 1.2% E-gel (Invitrogen Corp.) showed that all 4 transductant 

clones were correct. One was picked and designated as strain EWL201.

(ii) Construction of Strain EWL204 (BL21, loopout-GI1.2-KKDyI)

[0920] The chloramphenicol marker was looped out of strain EWL201 using plasmid pCP20 

as described by Datsenko and Wanner (2000) (Datsenko et al., Proc Natl. Acad. Sci USA 

97:6640-6645, 2000). One-step inactivation of chromosomal genes in Escherichia coli K-12 

using PCR products. (Datsenko et al., PNAS, 97: 6640-6645, 2000). EWL201 cells were grown 

in L Broth to midlog phase and then washed three times in ice-cold, sterile water. An aliquot of 

50μ1 of cell suspension was mixed with 1 μΐ of pCP20 and the cell suspension mixture was 

electroporated in a 2mm cuvette (Invitrogen Corp.) at 2.5 Volts and 25uFd using a Gene Pulser 

Electroporator (Bio-Rad Inc.). 1ml of LB was immediately added to the cells, then transferred to 

a 14ml polypropylene tube (Sarstedt) with a metal cap. Cells were allowed to recover by 

growing for 1 hour at 30°C. Transformants were selected on L Agar and 20pg/pl 

chloramphenicol and 5f^g/pl carbenicillin and incubated at 30°C overnight. The next day, a 

single clone was grown in 10ml L Broth and 50μg/μl carbenicillin at 30°C until early log phase. 

The temperature of the growing culture was then shifted to 42°C for 2 hours. Serial dilutions 

were made, the cells were then spread onto LA plates (no antibiotic selection), and incubated 

overnight at 30°C. The next day, 20 colonies were picked and patched onto L Agar (no 

antibiotics) and LA and 20μμ/μΙ chloramphenicol plates. Plates were then incubated overnight 

at 30°C. Cells able to grow on LA plates, but not LA and 20pg/pl chloramphenicol plates, were 

deemed to have the chloramphenicol marker looped out (picked one and designated as strain 

EWL204).

(iii) Construction of plasmid pEWL230 (pTrc P. alba)
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[0921] Generation of a synthetic gene encoding Populus alba isoprene synthase (P. alba HGS) 

was outsourced to DNA2.0 Inc. (Menlo Park, CA) based on their codon optimization method for 

E. coli expression. The synthetic gene was custom cloned into plasmid pET24a (Novagen 

brand, EMD Biosciences, Inc.) and delivered lyophilized (Figures 152, 153A-B; SEQ ID 

NO:43).

[0922] A PCR reaction was performed to amplify the P. alba isoprene synthase (P. alba HGS) 

gene using pET24 P. alba HGS as the template, primers MCM 182 and MCM 192, and Herculase 

II Fusion DNA polymerase (Stratagene) according to manufacturer’s protocol. PCR conditions 

were as follows: 95°C for 2 minutes (first cycle only), 95°C for 25 seconds, 55°C for 20 

seconds, 72°C for 1 minute, repeat for 25 cycles, with final extension at 72°C for 3 minutes.

The P. alba isoprene synthase PCR product was purified using QIAquick PCR Purification Kit 

(Qiagen Inc.).

[0923] P. alba isoprene synthase PCR product was then digested in a 20μ1 reaction containing 

1 μΐ Z?.s/?H I endonuclease (New England Biolabs) with 2μ1 10X NEB Buffer 4. The reaction was 

incubated for 2 hours at 37°C. The digested PCR fragment was then purified using the 

QIAquick PCR Purification Kit. A secondary restriction digest was performed in a 20μ1 reaction 

containing 1 μΐ Pstl endonuclease (Roche) with 2μ1 10X Buffer H. The reaction was incubated 

for 2 hours at 37°C. The digested PCR fragment was then purified using the QIAquick PCR 

Purification Kit. Plasmid pTrcHis2B (Invitrogen Corp.) was digested in a 20μ1 reaction 

containing 1 μΐ Ncol endonuclease (Roche), 1 μΐ Pstl endonuclease, and 2μ1 1 OX Buffer H. The 

reaction was incubated for 2 hours at 37°C. The digested pTrcHis2B vector was gel purified 

using a 1.2% E-gel (Invitrogen Corp.) and extracted using the QIAquick Gel Extraction Kit 

(Qiagen) (Figure 154). Using the compatible cohesive ends of RspHI and Ncol sites, a 20μ1 

ligation reaction was prepared containing 5μΐ P. alba isoprene synthase insert, 2μ1 pTrc vector,

1 μΐ T4 DNA ligase (New England Biolabs), 2μ1 10X ligase buffer, and 10μ1 ddH2O. The 

ligation mixture was incubated at room temperature for 40 minutes. The ligation mixture was 

desalted by floating a 0.025pm nitrocellulose membrane filter (Millipore) in a petri dish of 

ddH2O and applying the ligation mixture gently on top of the nitrocellulose membrane filter for 

30 minutes at room temperature. MCM446 cells (see Section II) were grown in LB to midlog 

phase and then washed three times in ice-cold, sterile water. An aliquot of 50μ1 of cell 

suspension was mixed with 5μ1 of desalted pTrc P.alba HGS ligation mix. The cell suspension 

mixture was electroporated in a 2mm cuvette at 2.5 Volts and 25uFd using a Gene Pulser
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Electroporator. 1ml of LB is immediately added to the cells, then transferred to a 14ml 

polypropylene tube (Sarstedt) with a metal cap. Cells were allowed to recover by growing for 2 

hour at 30°C. Transformants were selected on L Agar and 50pg/pl carbenicillin and lOmM 

mevalonic acid and incubated at 30°C. The next day, 6 transformants were picked and grown in 

5ml L Broth and 50pg/pl carbenicillin tubes overnight at 30°C. Plasmid preps were performed 

on the overnight cultures using QIAquick Spin Miniprep Kit (Qiagen). Due to the use of BL21 

cells for propagating plasmids, a modification of washing the spin columns with PB Buffer 5X 

and PE Buffer 3X was incorporated to the standard manufacturer’s protocol for achieving high 

quality plasmid DNA. Plasmids were digested with Pstl in a 20μ1 reaction to ensure the correct 

sized linear fragment. All 6 plasmids were the correct size and shipped to Quintara Biosciences 

(Berkeley, CA) for sequencing with primers MCM65, MCM66, EL1000 (Table 18). DNA 

sequencing results showed all 6 plasmids were correct. One plasmid was picked designated as 

plasmid EWL230 (Figures 155, 156A-B; SEQ ID NO:44).

iv) Construction of plasmid pEWL244 (pTrc P. alba-mMVK)

[0924] A PCR reaction was performed to amplify the Methanosarcina mazei (M. mazei) MVK 

gene using MCM376 as the template (see section (v) below), primers MCM165 and MCM177 

(see Table 18), and Pfu Ultra II Fusion DNA polymerase (Stratagene) according to 

manufacturer’s protocol. PCR conditions were as follows: 95°C for 2 minutes (first cycle only), 

95°C for 25 seconds, 55°C for 25 seconds, 72°C for 18 seconds, repeat for 28 cycles, with final 

extension at 72°C for 1 minute. The M. mazei MVK PCR product was purified using QIAquick 

PCR Purification Kit (Qiagen Inc.).

[0925] The M. mazei MVK PCR product was then digested in a 40μ1 reaction containing 8μ1 

PCR product, 2μ1 Pmel endonuclease (New England Biolabs), 4μ1 10X NEB Buffer 4, 4μ1 10X 

NEB BSA, and 22μ1 of ddFFO. The reaction was incubated for 3 hours at 37°C. The digested 

PCR fragment was then purified using the QIAquick PCR Purification Kit. A secondary 

restriction digest was performed in a 47μ1 reaction containing 2μ1 Nsil endonuclease (Roche), 

4.7μ1 10X Buffer H, and 40μ1 of Pmel digested M. mazei MVK fragment. The reaction was 

incubated for 3 hours at 37°C. The digested PCR fragment was then gel purified using a 1.2% 

E-gel and extracted using the QIAquick Gel Extraction Kit. Plasmid EWL230 was digested in a 

40μ1 reaction containing 10μ1 plasmid, 2μ1 Pmel endonuclease, 4μ1 10X NEB Buffer 4, 4μ1 

10X NEB BSA, and 20μ1 of ddTEO. The reaction was incubated for 3 hours at 37°C. The
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digested PCR fragment was then purified using the QIAquick PCR Purification Kit. A 

secondary restriction digest was performed in a 47pl reaction containing 2μ1 Pstl endonuclease, 

4.7μ1 10X Buffer H, and 40μ1 of Pmel digested EWL230 linear fragment. The reaction was 

incubated for 3 hours at 37°C. The digested PCR fragment was then gel purified using a 1.2% 

E-gel and extracted using the QIAquick Gel Extraction Kit (Figure 157). Using the compatible 

cohesive ends of Nsil and Pstl sites, a 20pl ligation reaction was prepared containing 8pl M. 

mazei MVK insert, 3pl EWL230 plasmid, 1 μΐ T4 DNA ligase, 2pl 10X ligase buffer, and 6μ1 

ddH2O. The ligation mixture was incubated overnight at 16°C. The next day, the ligation 

mixture was desalted by floating a 0.025pm nitrocellulose membrane filter in a petri dish of 

ddH2O and applying the ligation mixture gently on top of the nitrocellulose membrane filter for 

30 minutes at room temperature. MCM446 cells were grown in LB to midlog phase and then 

washed three times in ice-cold, sterile water. An aliquot of 50pl of cell suspension was mixed 

with 5 pi of desalted pTrc P.alba-mMVK ligation mix. The cell suspension mixture was 

electroporated in a 2mm cuvette at 2.5 Volts and 25uFd using a Gene Pulser Electroporator. 1ml 

of LB is immediately added to the cells, then the cells are transferred to a 14ml polypropylene 

tube with a metal cap. Cells were allowed to recover by growing for 2 hour at 30°C. 

Transformants were selected on LA and 50pg/pl carbenicillin and 5mM mevalonic acid plates 

and incubated at 30°C. The next day, 6 transformants were picked and grown in 5ml LB and 

50pg/pl carbenicillin tubes overnight at 30°C. Plasmid preps were performed on the overnight 

cultures using QIAquick Spin Miniprep Kit. Due to the use of BL21 cells for propagating 

plasmids, a modification of washing the spin columns with PB Buffer 5X and PE Buffer 3X was 

incorporated to the standard manufacturer’s protocol for achieving high quality plasmid DNA. 

Plasmids were digested with Pstl in a 20pl reaction to ensure the correct sized linear fragment. 

Three of the 6 plasmids were the correct size and shipped to Quintara Biosciences for 

sequencing with primers MCM65, MCM66, EL1000, EL1003, and EL1006 (Table 18). DNA 

sequencing results showed all 3 plasmids were correct. One was picked and designated as 

plasmid EWL244 (Figures 158 and 159A-B; SEQ ID NO:45).

v) Construction of plasmid MCM376 - MVK from M. mazei archaeal Lower in pET200D.

[0926] The MVK ORF from the M. mazei archaeal Lower Pathway operon (Figures 160A-C; 

SEQ ID NO:46) was PCR amplified using primers MCM161 and MCM162 (Table 18) using the 

Invitrogen Platinum HiFi PCR mix. 45 pL of PCR mix was combined with 1 pL template, 1 pL
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of each primer at 10 μΜ, and 2 pL water. The reaction was cycled as follows: 94 °C for 2:00 

minutes; 30 cycles of 94 °C for 0:30 minutes, 55 °C for 0:30 minutes and 68 °C for 1:15 

minutes; and then 72 °C for 7:00 minutes, and 4 °C until cool. 3 μΕ of this PCR reaction was 

ligated to Invitrogen pET200D plasmid according to the manufacturer’s protocol. 3 pL of this 

ligation was introduced into Invitrogen TOP10 cells, and transformants were selected on 

LA/kan50. A plasmid from a transformant was isolated and the insert sequenced, resulting in 

MCM376 (Figures 161A-C).

vi) Construction of strain EWL251 (BL21(DE3), Cm-GI1.2-KKDyI, pTrc P.alba-mMVK)

[0927] MCM331 cells (which contain chromosomal construct gil.2KKDyI encoding S. 

cerevisiae mevalonate kinase, mevalonate phosphate kinase, mevalonate pyrophosphate 

decarboxylase, and IPP isomerase) were grown in LB to midlog phase and then washed three 

times in ice-cold, sterile water. Mixed 50μ1 of cell suspension with 1 μΐ of plasmid EWL244.

The cell suspension mixture was electroporated in a 2mm cuvette at 2.5 Volts and 25uFd using a 

Gene Pulser Electroporator. 1ml of LB is immediately added to the cells, and then the cells were 

transferred to a 14ml polypropylene tube with a metal cap. Cells were allowed to recover by 

growing for 2 hours at 30°C. Transformants were selected on LA and 50pg/pl carbenicillin and 

5mM mevalonic acid plates and incubated at 37°C. One colony was selected and designated as 

strain E WL251.

vii) Construction of strain EWL256 (BL21(DE3), Cm-GI1.2-KKDyI, pTrc P.alba-mMVK, pCL 

Upper MVA)

[0928] EWL251 cells were grown in LB to midlog phase and then washed three times in ice- 

cold, sterile water. Mixed 50μ1 of cell suspension with 1 μΐ of plasmid MCM82 (comprising 

pCL PtrcUpperPathway (also known as “pCL Upper MVA”), encoding E. faecalis mvaE and 

mvaS). Plasmid pCL Ptrc Upper Pathway was constructed as described in Example 8 above.

The cell suspension mixture was electroporated in a 2mm cuvette at 2.5 Volts and 25 pFd using 

a Gene Pulser Electroporator. 1ml of LB was immediately added to the cells. Cells were then 

transferred to a 14ml polypropylene tube with a metal cap. Cells were allowed to recover by 

growing for 2 hours at 30°C. Transformants were selected on LA and 50μμ/μ1 carbenicillin and 

50pg/pl spectinomycin plates and incubated at 37°C. One colony was picked and designated as 

strain EWL256.
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Table 18: Primer Sequences

Primer
name

Primer sequence

MCM130 ACCAATTGCACCCGGCAGA (SEQ ID NO: 127)

GB Cm 
Rev

GCTAAAGCGCATGCTCCAGAC (SEQ ID NO: 128)

MVD
For

GACTGGCCTCAGATGAAAGC (SEQ ID NO: 129)

MVD
Rev

CAAACATGTGGCATGGAAAG (SEQ ID NO: 130)

MCM182 GGGCCCGTTTAAACTTTAACTAGACTCTGCAGTTAGCGTTCAAACGGCAGAA  
(SEQ ID NO: 131)

MCM192 CGCATGCATGTCATGAGATGTAGCGTGTCCACCGAAAA (SEQ ID NO: 132)

MCM65 ACAATTTCACACAGGAAACAGC (SEQ ID NO: 133)

MCM66 CCAGGCAAATTCTGTTTTATCAG (SEQ ID NO: 106)

EL 1000 GCACTGTCTTTCCGTCTGCTGC (SEQ ID NO: 134)

MCM165 GCGAACGATGCATAAAGGAGGTAAAAAAACATGGTATCCTGTTCTGCGCCGGG  
TAAGATTTACCTG (SEQ ID NO: 122)

MCM177 GGGCCCGTTTAAACTTTAACTAGACTTTAATCTACTTTCAGACCTTGC (SEQ ID 
NO: 123)

EL 1003 GATAGTAACGGCTGCGCTGCTACC (SEQ ID NO: 137)

EL1006 GACAGCTTATCATCGACTGCACG (SEQ ID NO: 138)

MCM161 CACCATGGTATCCTGTTCTGCG (SEQ ID NO: 120)

MCM162 TTAATCTACTTTCAGACCTTGC (SEQ ID NO: 121)

viii) Construction of strain RM111608-2 (Cm-GI1.2-KKDyI, pTrc P.alba-mMVK, pCL Upper 

MVA, pBBRCMPGI1.5-pgl)

[0929] The BL21 strain of E. coli producing isoprene (EWL256) was constructed with 

constitutive expression of the ybhE gene (encoding E. coli 6-phosphogluconolactonase) on a 

replicating plasmid pBBRlMCS5(Gentamycin) (obtained from Dr. K. Peterson, Louisiana State 

University).

[0930] FRT-based recombination cassettes, and plasmids for Red/ET-mediated integration and 

antibiotic marker loopout were obtained from Gene Bridges GmbH (Germany). Procedures 

using these materials were carried out according to Gene Bridges protocols. Primers Pgl-F (SEQ 

ID NO: 139) and PglGI1.5-R (SEQ ID NO: 140) were used to amplify the resistance cassette
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from the FRT-gb2-Cm-FRT template using Stratagene Herculase II Fusion kit according to the 

manufacturer’s protocol. The PCR reaction (50 pL final volume) contained: 5 pL buffer, 1 pL 

template DNA (FRT-gb2-Cm-F from Gene Bridges), 10 pmols of each primer, and 1.5 pL 

25mM dNTP mix, made to 50 pL with dH2O. The reaction was cycled as follows: 1x2 

minutes, 95°C then 30 cycles of (30 seconds at 95°C; 30 seconds at 63°C; 3 minutes at 72°C). 

[0931] The resulting PCR product was purified using the QiaQick PCR purification kit 

(Qiagen) and electroporated into electrocompetent MG1655 cells harboring the pRed-ET 

recombinase-containing plasmid as follows. Cells were prepared by growing in 5 mLs of L 

broth to and OD600-0.6 at 30°C. The cells were induced for recombinase expression by the 

addition of 4% arabinose and allowed to grow for 30 minutes at 30°C followed by 30 minutes of 

growth at 37°C. An aliquot of 1.5 mLs of the cells was washed 3-4 times in ice cold dFFO. The 

final cell pellet was resuspended in 40 pL of ice cold dH2O and 2-5 pL of the PCR product was 

added. The electroporation was carried out in 1-mm gap cuvettes, at 1.3 kV in a Gene Pulser 

Electroporator (Bio-Rad Inc.). Cells were recovered for 1-2 hours at 30°C and plated on L agar 

containing chloramphenicol (5 pg/mL). Five transformants were analyzed by PCR and 

sequencing using primers flanking the integration site (2 primer sets: pgl and 49 rev and 3' 

EcoRV-pglstop; Bottom Pgb2 and Top GB’s CMP (946)). A correct transformant was selected 

and this strain was designated MG1655 Gil ,5-pgl::CMP.

[0932] The chromosomal DNA of MG1655 GT1,5-pgl::CMP was used as template to generate 

a PCR fragment containing the FRT-CMP-FRT-GI1.5 - ybhE construct. This construct was 

cloned into pBBRlMCS5(Gentamycin) as follows. The fragment, here on referred to as CMP- 

GI1.5-pgl, was amplified using the 5’ primer Pglconfirm-F (SEQ ID NO:141) and 3’ primer 3' 

EcoRV-pglstop (SEQ ID NO: 142). The resulting fragment was cloned using the Invitrogen 

TOPO-Blunt cloning kit into the plasmid vector pCR-Blunt II-TOPO as suggested from the 

manufacturer. The Nsil fragment harboring the CMP-GI1.5-pgl fragment was cloned into the 

Pstl site of pBBRlMCS5 (Gentamycin). A 20pl ligation reaction was prepared containing 5pl 

CMP-GI1.5-pgl insert, 2pl pBBRlMCS5 (Gentamycin) vector, lpl T4 DNA ligase (New 

England Biolabs), 2pl 10X ligase buffer, and 1 Opl ddH2O. The ligation mixture was incubated 

at room temperature for 40 minutes then 2-4 pL were electroporated into electrocompetent 

Top 10 cells (Invitrogen) using the parameters disclosed above. Transformants were selected on 

L agar containing 10 pg/ml chloramphenicol and 5 pg/ml Gentamycin. The sequence ofthe 

selected clone was determined using a number of the primers described above as well as with the
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in-house T3 and Reverse primers provided by Sequetech, CA. This plasmid was designated 

pBBRCMPGI1.5-pgl (Figures 162, 163A-B and SEQ ID NO:48).

[0933] Plasmid pBBRCMPGI1.5-pgl was electroporated into EWL256, as described herein 

and transformants were plated on L agar containing Chloramphenicol (10 pg/mL), Gentamycin 

(5 qg/mL), spectinomycin (50 pg/mL), and carbenicillin (50 pg/mL). One transformant was 

selected and designated strain RM111608-2.

Primers:

Pgl-F

5’-
ACCGCCAAAAGCGACTAATTTTAGCTGTTACAGTCAGTTGAATTAACCCTCACTAAA  
GGGCGGCCGC-3’ (SEQ ID NO: 139)

PglGI1.5-R
5’-
GCTGGCGATATAAACTGTTTGCTTCATGAATGCTCCTTTGGGTTACCTCCGGGAAAC 
GCGGTTGATTTGTTTAGTGGTTGAATTATTTGCTCAGGATGTGGCATAGTCAAGGGC 
GTGACGGCTCGCTAATACGACTCACTATAGGGCTCGAG-3’ (SEQ ID NO:140)

3' EcoRV-pglstop:

5’-CTT GAT ATC TTA GTG TGC GTT AAC CAC CAC (SEQ ID NO: 142)

pgl +49 rev: CGTGAATTTGCTGGCTCTCAG (SEQ ID NO: 136)

Bottom Pgb2: GGTTTAGTTCCTCACCTTGTC (SEQ ID NO:135)

Top GB’s CMP (946): ACTGAAACGTTTTCATCGCTC (SEQ ID NO:92)

Pglconfirm-F

5’-ACCGCCAAAAGCGACTAATTTTAGCT-3’ (SEQ ID NO:141)

Example 24: Improvement of isoprene production by constitutive expression oiybhE (pgl) in E.

coli.

[0934] This example shows production of isoprene in a strain constitutively expressing E. coli 

ybhE (pgl) compared to a control strain expressingybhE at wild-type levels (i.e., EWL256). The 

gene ybhE (pgl) encodes E. coli 6-phosphogluconolactonase that suppresses posttranslational 

gluconylation of heterologously expressed proteins and improves product solubility and yield
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while also improving biomass yield and flux through the pentose phosphate pathway (Aon et al.. 

Applied and Environmental Microbiology, 74(4): 950-958, 2008).

i) Small scale analysis

[0935] Media Recipe (per liter fermentation media): K2HPO4 13.6 g, KH2PO413.6 g, MgSO4 

* 7H2O 2 g, citric acid monohydrate 2 g, ferric ammonium citrate 0.3 g, (NH4)2SO4 3.2 g, yeast 

extract 1 g, 1000X Trace Metals Solution 1 ml. All of the components were added together and 

dissolved in diH2O. The pH was adjusted to 6.8 with ammonium hydroxide (30%) and brought 

to volume. Media was filter-sterilized with a 0.22 micron filter. Glucose 5.0 g and antibiotics 

were added after sterilization and pH adjustment.

[0936] 1000X Trace Metal Solution (per liter fermentation media): Citric Acid * H2O 40g,

MnSO4 * H2O 30g, NaCI lOg, FeSO4 * 7H2O lg, CoCl2 * 6H2O lg, ZnSO4 * 7H2O lg, CuSO4 * 

5H2O lOOmg, H3BO3 lOOmg, NaMoO4 * 2H2O lOOmg. Each component is dissolved one at a 

time in diH?O. The pH is adjusted to 3.0 with HCl/NaOH, and then the solution is brought to 

volume and fdter-sterilized with a 0.22 micron fdter.

(a) Experimental procedure

[0937] Isoprene production was analyzed by growing the strains in a Cellerator1M from 

MicroReactor Technologies, Inc. The working volume in each of the 24 wells was 4.5 mL. The 

temperature was maintained at 30°C, the pH setpoint was 7.0, the oxygen flow setpoint was 20 

seem and the agitation rate was 800 rpm. An inoculum of E. coli strain taken from a frozen vial 

was streaked onto an LB broth agar plate (with antibiotics) and incubated at 30°C. A single 

colony was inoculated into media with antibiotics and grown overnight. The bacteria were 

diluted into 4.5 mL of media with antibiotics to reach an optical density of 0.05 measured at 550 

nm.

[0938] Off-gas analysis of isoprene was performed using a gas chromatograph-mass 

spectrometer (GC-MS) (Agilent) headspace assay. Sample preparation was as follows: 100 pL 

of whole broth was placed in a sealed GC vial and incubated at 30°C for a fixed time of 30 

minutes. Following a heat kill step, consisting of incubation at 70°C for 5 minutes, the sample 

was loaded on the GC.
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[0939] Optical density (OD) at a wavelength of 550 nm was obtained using a microplate

reader (Spectramax) during the course of the run. Specific productivity was obtained by

dividing the isoprene concentration (pg/L) by the OD reading and the time (hour).

[0940] The two strains EWL256 and RM11608-2 were assessed at 200 and 400 pM IPTG 

induction levels. Samples were analyzed for isoprene production and cell growth (OD550) at 1, 

2.5, 4.75, and 8 hours post-induction. Samples were done in duplicate.

(b) Results

[0941] The experiment demonstrated that at 2 different concentrations of IPTG the strain 

expressing the ybhE (pgl) had a dramatic 2-3 fold increase in specific productivity of isoprene 

compared to the control strain.

ii) Isoprene fermentation from A. coli expressing Cm-GI1.2-KKDyI, M. mazei mevalonate 

kinase, P. alba isoprene synthase, and ybhE (pgl) (RM111608-2) and grown in fed-batch culture 

at the 15-L scale

[0942] Medium Recipe (per liter fermentation medium): K2HPO4 7.5 g, MgSO4 * 7H2O 2 g, 

citric acid monohydrate 2 g, ferric ammonium citrate 0.3 g, yeast extract 0.5 g, 1000X 

Modified Trace Metal Solution 1 ml. All of the components were added together and dissolved 

in diH2O. This solution was autoclaved. The pH was adjusted to 7.0 with ammonium hydroxide 

(30%) and q.s. to volume. Glucose 10 g, thiamine * HC1 0.1 g, and antibiotics were added after 

sterilization and pH adjustment.

[0943] 1000X Modified trace Metal Solution: Citric Acids * H2O 40 g, MnSO4 * H2O 30 g,

NaCl 10 g, FeSO4 * 7H2O 1 g, CoCl2 * 6H2O 1 g, ZnSO4* 7H2O 1 g, CuSO4 * 5H2O 100 mg, 

H3BO3 100 mg, NaMoO4 * 2H2O 100 mg. Each component is dissolved one at a time in Di 

H2O, pH to 3.0 with HCI/NaOH, then q.s. to volume and filter sterilized with a 0.22 micron filter 

[0944] Fermentation was performed in a 15-L bioreactor with BL21 (DE3) E. coli cells 

containing the upper mevalonic acid (MVA) pathway (pCL Upper), the integrated lower MVA 

pathway (gil.2KKDyI), high expression of mevalonate kinase from M. mazei and isoprene 

synthase from P. alba (pTrcAlba-mM VK), and high expression of E. coli pgl (pBBR-pgl). This 

experiment was carried out to monitor isoprene formation from glucose at the desired 

femientation pH 7.0 and temperature 34°C. A frozen vial of the E. coli strain was thawed and
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inoculated into tryptone-yeast extract medium. After the inoculum grew to OD 1.0, measured at 

550 nm, 500 mL was used to inoculate a 15-L bioreactor bringing the initial volume to 5-L. 

[0945] Glucose was fed at an exponential rate until cells reached the stationary phase. After 

this time the glucose feed was decreased to meet metabolic demands. The total amount of 

glucose delivered to the bioreactor during the 40 hour (59 hour) fermentation was 3.1 kg (4.2 kg 

at 59 hour). Induction was achieved by adding IPTG. The IPTG concentration was brought to 

110 μΜ when the optical density at 550 nm (OD550) reached a value of 4. The IPTG 

concentration was raised to 192 μΜ when OD550 reached 150. The OD55o profile within the 

bioreactor over time is shown in Figure 164A. The isoprene level in the off gas from the 

bioreactor was determined using a Hiden mass spectrometer. The isoprene titer increased over 

the course of the fermentation to a maximum value of 33.2 g/L at 40 hours (48.6 g/L at 59 hours) 

(Figure 164B). The isoprene titer increased over the course of the fermentation to a maximum 

value of 40.0 g/L at 40 hours (60.5 g/L at 59 hours) (Figure 164C). The total amount of isoprene 

produced during the 40-hour (59-hour) fermentation was 281.3 g (451.0 g at 59 hours) and the 

time course of production is shown in Figure 164D. The time course of volumetric productivity 

is shown in Figure 164E and shows that an average rate of 1.0 g/L/hr was maintained between 0 

and 40 hours (1.4 g/L/hour between 19 and 59 hour). The metabolic activity profile, as 

measured by CER, is shown in Figure 164F. The molar yield of utilized carbon that went into 

producing isoprene during fermentation was 19.6% at 40 hours (23.6% at 59 hours). The weight 

percent yield of isoprene from glucose was 8.9% at 40 hours (10.7% at 59 hours).

Example 25: Co-production of isoprene and hydrogen in E. coli strains expressing M. mazei

mevalonate kinase, P. alba isoprene synthase, pCL Upper MVA (E. faecalis mvaE and mvaS)

and ybhE (pgl)

Collection and analysis of fermentation off-gas for hydrogen and isoprene levels

[0946] Fermentations were performed using strains RM111608-2 (E. coli BL21 (DE3), pCL 

Upper MVA, cmR-gi 1,2-yKKDyI, pTrcAlba-mMVK, pBBR cmR-gi 1.5-pgl) and EWL 256 (E. 

coli BL21 (DE3), pCL Upper MVA, cmR-gi 1.2-yKKDyI, pTrcAlba-mMVK). Construction of 

bacterial strains is described in Example 23 above.

[0947] Large scale production of isoprene from E. coli was determined from a fed-batch 

culture/of E. coli strains EWL256 and RM111608-2 expressing M. mazei mevalonate kinase, P. 

alba isoprene synthase, pCL Upper MVA (E. faecalis mvaE and mvaS) and either constitutively 

expressing ybhE (pgl) (RM111608-2) or normally expressing ybhE (pgl) (EWL256). This
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experiment demonstrates that growing cells in the presence of glucose resulted in the co­

production of isoprene and hydrogen.

[0948] The recipe for the fermentation medium (TM2) per liter of TM2 fermentation medium 

was as follows: K2HPO4 13.6 g, KH2PO4 13.6 g, MgSO4 * 7H2O 2 g, citric acid monohydrate 2 

g, ferric ammonium citrate 0.3 g, (NH4)2SO4 3.2 g, yeast extract 5 g, 1000X Modified Trace 

Metal Solution 1 ml. 1000X Modified Trace Metal Solution: Citric Acids * H2O 40 g, MnSO4 

* H2O 30 g, NaCI 10 g, FeSO4 * 7H2O 1 g, CoCl2 * 6H2O 1 g, ZnSO4 * 7H2O 1 g, CuSO4 * 

5H2O 100 mg, H3BO3 100 mg, NaMoO4 * 2H2O 100 mg. For the 1000X Modified Trace Metal 

Solution, each component is dissolved one at a time in Di H2O, pH to 3.0 with HCl/NaOH, then 

brought to final volume in distilled water and filter sterilized with a 0.22 micron (qm) filter (this 

solution is not autoclaved). For the TM2 fermentation medium, all of the components were 

added together, dissolved in diH2O, the pH was adjusted to 6.8 with potassium hydroxide 

(KOH), q.s. to volume, and the medium was filter sterilized with a 0.22 micron (pm) filter. 

Glucose was sourced from Cargill as 99DE (dextrose equivalent), 71% DS (dry solids) syrup. 

[0949] Fermentations were performed in 15-L bioreactors with E. coli strains EWL256 or 

RM111608-2, containing the upper mevalonic acid (MVA) pathway (pCL Upper MVA), the 

integrated lower MVA pathway (cmR-gil.2-yKKDyI), mevalonate kinase from M. mazei and 

isoprene synthase from P. alba (pTrcAlba-mMVK), and constitutively expressing ybhE (pgl) 

(RM111608-2) or normally expressing ybhE (pgl) (EWL256). This experiment was carried out 

to monitor isoprene formation from glucose at the desired fermentation conditions (pH 7.0 and 

temperature 34°C).

[0950] An inoculum of the appropriate E. coli strain taken from a frozen vial was prepared in 

peptone-yeast extract medium. After the inoculum grew to OD550 = 0.6, 600 mL was used to 

inoculate a 15-L bioreactor containing TM2 medium. Glucose was fed at an exponential rate 

until cells reached the stationary phase. After this time the glucose feed was decreased to meet 

metabolic demands. The total amount of glucose delivered to the bioreactor during the 67 hour 

fermentation was 3.9 kg. Induction was achieved by adding isopropyl-beta-D-1- 

thiogalactopyranoside (IPTG). The IPTG concentration was brought to 102 μΜ when the 

optical density at 550 nm (OD550) reached a value of 9. The IPTG concentration was raised to 

192 μΜ when OD550 reached 140. At various times after inoculation, samples were removed 

and the amount of isoprene produced was determined as described below. Levels of hydrogen, 

nitrogen, oxygen, carbon dioxide, and isoprene in the off gas from the bioreactor were 

determined using a Hiden HPR-20 mass spectrometer as discussed below.
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[0951] Samples of fermentation off-gas from 15-L bioreactors were collected into 20 mL glass 

headspace vials by sparging the vials at 1 LOffgas/min for 10 seconds and sealed with metal screw 

caps fitted with teflon-coated septa (Agilent, CA). The vials were analyzed within 30 minutes of 

collection.

[0952] Analysis of the two samples was performed by infusion into a Hiden HPR-20 mass 

spectrometer (Hiden Analytics, U.K.) at a rate of 4 scc/min (4 mL/min) by placing the inlet tube 

of the mass spectrometer into the uncapped headspace vials for 1-2 minutes. The HPR-20 

instrument was configured to scan masses corresponding to hydrogen (m/z 2), nitrogen (m/z 28), 

oxygen (m/z 32), carbon dioxide (m/z 44) and isoprene (m/z 67). The Faraday detector was used 

for masses 28, 32, 44 and 67. The SEM detector was used for hydrogen (m/z 2). Detector 

response was measured in arbitrary units of pressure (Torr). Absolute hydrogen levels were 

estimated by comparison to an authentic hydrogen gas standard. Results were recorded using 

MASsoft V 6.21.0.51 software (Hiden Analytics, United Kingdom).

Results

[0953] Off-gas samples were taken from two fermentation runs and analyzed as described 

above:

[0954] A) Strain RM111608-2 (E. coli BL21 (DE3), pCL upper, cmR-gil ,2-yKKDyl, 

pTrcAlba-mMVK, pBBR cmR-gil.5-pgl). Sample was taken at 64.8 hours into the run during 

which time the fermentation was being run anaerobically with a nitrogen sparge at 1 vvm.

[0955] B) Strain EWL256 (E. coli BL21 (DE3), pCL upper, cmR-gil ,2-yKKDyl, pTrcAlba- 

mMVK). Sample was taken at 34.5 hours into the run during which time the fermentation was 

being mn aerobically with an air sparge at 1 vvm.

[0956] The results are depicted in Figures 165A-B. In both cases low levels of hydrogen were 

detected, in addition to isoprene, oxygen and carbon dioxide. The baseline reading for hydrogen 

was 0.95 x 10"8 Torr. Both Sample A and B gave reading of around 1.3 x 10"8 Torr. Based on a 

comparison to a hydrogen standard, the amount of hydrogen present in the off-gas for samples A 

and B was estimated to be less than 10 pprnv (parts per million volume) but above the baseline. 

As shown in Figures 165A-B, both samples A and B also contained significant amounts of 

isoprene and carbon dioxide.

Example 26: Co-production of isoprene and hydrogen in E. coli strains expressing M. mazei

mevalonate kinase, P. alba isoprene synthase, pCL Upper MVA (E. faecalis mvaE and mvaS)

and ybhE (pgl)

285



WO 2010/148256 PCT/US2010/039088

Collection and analysis of fermentation off-gas for hydrogen and isoprene levels

[0957] The objective of this experiment is co-produce hydrogen and isoprene in an engineered 

strain of E. coli. For this purpose, a portion of the hyc operon encoding E. coli hydrogenase-3 

will be expressed in strain EWL256 [BL21 (DE3), pCL upper, cmR-gil.2-yKKDyI, pTrcAlba- 

mMVK], prepared as described herein, although any of the bacterial strains described herein, 

such as RM111608-2, can be similarly modified. An expression construct comprising hyc 

operon genes hycB (gi| 16130631), hycC (gi| 16130630), hycD (gi| 16130629), hycE 

(gi| 16130628), hycF (gy\ 16130627), and hycG (gi| 16130626) is prepared by standard cloning 

methods known in the art based upon publicly available gene sequences, and introduced into 

strain EWL256 to produce new strain EWL256+Hyd-3.

[0958] The impact of additional mutations on co-production of hydrogen and isoprene is 

assessed alone or in combination in EWL256+Hyd-3, by introducing genes involved in the 

maturation or regulation of hydrogenase-3 (e.g., hycEl (gi| 16130625) and hycl (gi| 16130624)), 

by inactivating or deleting genes involved in hydrogen uptake or transport (e.g., E. coli 

hydrogenase-1 (hya operon) and hydrogcnase-2 (hyb operon)) or related proteins (e.g., formate 

dehydrogenase (fdhF (gi\ 16130624)), repressor of formate lyase (hycA (gi| 16130632)), formate 

dehydrogenase N, alpha subunit (fdnG (gi| 16129433)), formate dehydrogenase O, large subunit 

fdoG (gi| 16131734)), nitrate reductase (narG (gi| 16129187)), fumarate reductase regulator (fnr 

(gi| 16129295)), and acetyl-coenzyme A synthetase (acs (gi| 16131895))), by activating genes 

involved in upregulation of hydrogenases (e.g., activator of formate hydrogen lyase (fhlA 

(gi| 16130638)), by inactivating or deleting genes involved in the production of fermentation side 

products (e.g., lactate dehydrogenase (IdhA (gi| 16129341)), fumarate reductase membrane 

protein (frdC (gi| 16131977)), alcohol dehydrogenase (adhE (gi| 16129202)), pyruvate oxidase 

(poxB (gi| 16128839)), pyruvate dehydrogenase El component ackA/pta (aceE (gi| 16128107)), 

formate dehydrogenase regulatory protein (hycA (gi| 16130632 )), and formate transporters A and 

B (FocA (gi| 16128871) and FocB (gi| 16130417)), or by expression of heterologous genes 

involved in hydrogen metabolism (e.g., glyceraldehyde-3-phosphate dehydrogenase from 

Clostridium acetobutylicum (gapC, (gi| 15893997)).

[0959] Fermentations are performed using engineered variants of strain EWL 256+Hyd-3 

(BL21 (DE3), pCL upper, cmR-gil.2-yKKDyI, pTrcAlba-mMVK and hycB-F), modified to 

comprise one or more additional mutations as described herein, either alone or in combination, 

essentially as described in Example 25 above. Co-production of hydrogen and isoprene is
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assessed by analysis of off-gas samples essentially as described above. Strains are selected for 

further analysis based upon the rate of isoprene and hydrogen co-production.

[0960] Unless defined otherwise, the meanings of all technical and scientific terms used herein 

are those commonly understood by one of skill in the art to which this invention belongs. 

Singleton, et al., Dictionary of Microbiology and Molecular Biology, 2nd ed., John Wiley and 

Sons, New York (1994), and Hale & Marham, The Harper Collins Dictionary of Biology,

Harper Perennial, N.Y. (1991) provide one of skill with a general dictionary of many of the 

terms used in this invention. It is to be understood that this invention is not limited to the 

particular methodology, protocols, and reagents described, as these may vary. One of skill in the 

art will also appreciate that any methods and materials similar or equivalent to those described 

herein can also be used to practice or test the invention.

Example 27: Production of isoprene or mevalonate from fatty acid or palm oil in E. colifadR

atoC LS5218 containing the upper or upper and lower Mevalonic Acid pathway plus kudzu

isoprene synthase.

[0961] Escherichia coli fadR atoC strain LS5218 (#6966) was obtained from the Coli Genetic 

Stock Center. FadR encodes a transcription repressor that negatively regulates expression of the 

genes encoding fatty acid degradation enzymes (Campbell et al., J. Bacteriol. 183: 5982-5990, 

2001). AtoC is a response regulator in a two-component regulatory system wherein AtoS 

regulates acetolactatc metabolism. The fadR atoC strain allows constitutive expression of the 

fatty acid degradation genes and incorporates long chain fatty acids into long-chain-length 

polyhydroxyalkanoates. When palm oil is used as a carbon source for either mevalonate or 

isoprene production, the palm oil was converted to glycerol plus fatty acid. Methods for this are 

well known in the art, and it can be done either enzymatically by incubation with a lipase (for 

example Porcine pancreatic lipase, Candida rugosa lipase, or other similar lipases) or chemically 

by saponification with abase such as sodium hydroxide.

i) E. coli fadR atoC strain expressing the upper Mevalonic Acid pathway

[0962] Strain WW4 was created by electroporating pCLPtrcUpperPathway into LS5218 using 

standard methods (Sambrooke et al., Molecular Cloning: A Laboratory Manual, 2nd ed., Cold 

Spring Harbor, 1989). Incorporation of the plasmid was demonstrated by the production of 

mevalonic acid (MVA) when cells were cultured in TM3 medium supplemented with either C12

fatty acid (FA) or palm oil as the carbon source. To demonstrate production of MVA by W W4 
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from fatty acid, cells from an overnight culture were diluted 1 to 100 into 5 mL of modified 

TM3 medium (TM3 without yeast extract) supplemented with 0.25% C12 FA (Sigma cat # 

L9755). The first sign of MVA production (24 mg/L) was apparent after overnight incubation at 

30°C of the IPTG induced culture. Production increased over three days with the final level of 

194 mg/L of MVA produced. To demonstrate production of MVA by WW4 from oil, cells from 

an overnight culture were diluted 1 to 100 into modified TM3 medium supplemented with 200 

mg of digested palm oil per 5 mL of TM3 medium. The first sign of MVA production (50 

mg/L) was apparent after overnight incubation of the IPTG induced culture at 30°C. Production 

increased over three days with a final level of 500 mg/L of MVA produced.

ii) E. coli fadR atoC strain expressing the upper and lower MVA pathway plus kudzu isoprene 

synthase

[0963] Escherichia coli strain WW4 (LS5218 fadR atoC pCLPtrcUpperPathway) was 

transformed with pMCMl 18 [pTrcKKDylkIS] to yield WW10. The incorporation of the 

plasmid was demonstrated by evidence of production of isoprene when the strain was cultured in 

TM3 and glucose and induced with IPTG (100, 300, or 900 μΜ). The strain was relatively 

sensitive to IPTG and showed a significant growth defect even at 100 μΜ IPTG. These results 

are shown in Figure 70A.

[0964] To test isoprene production from dodecanoic acid, WW10 was cultured overnight in L 

broth containing spectinomycin (50 pg/ml), and kanamycin (50 pg/ml) at 37C with shaking at 

200 rpm. The cells were washed with modified TM3 medium by centrifugation and 

resuspension in their original culture volume with this medium. The washed and resuspended 

cells from this starter culture were diluted 1 to 100 and 1 to 10 into 5 mL of modified TM3 

medium containing 0.125% C12 Fatty Acid (Sigma cat # L9755).

[0965] To demonstrate production of mevalonate from palm oil, the oil was predigested with 

lipase at 37°C and 250 rpm for several days to release the fatty acids (evidence of hydrolysis was 

judged by the foam formed when tubes were shaken).

[0966] In addition, a culture was set up by diluting the washed cells at 1 to 10 into modified 

TM3 medium contained in test tubes with palm oil. A further tube was set up by the addition of 

0.125% C12FA to the remainder (2.5 mL) of the washed cells without further dilution 

(bioconversion). After 3.75 hours of growth at 30°C with shaking at 250 rpm all of the cultures 

were induced by the addition of 50 μΜ IPTG. Incubation was continued for 4 hours after which 

time 200 pL of each of the cultures was assayed for isoprene accumulation with a modified head
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space assay (1 hour accumulation at 30°C with shaking at 500 rpm). An additional isoprene 

assay was conducted by a 12 hour incubation of the assay glass block prior to GCMS analysis. 

Incubation of the induced cultures was continued overnight and 200 pL aliquots were again 

assayed for isoprene production (1 hour, 30 deg, 500 rpm Shel-Lab shaker) the following 

morning. Analysis of these cultures showed the production of significant levels of isoprene.

The highest levels of isoprene were observed in the culture which was seeded at 1/10 dilution 

from the overnight starter culture after it had been incubated and induced overnight. This result 

suggests that this culture continued to grow and increase in cell density. These results are shown 

in Figure 70B. Cell density could not be measured directly because the fatty acid suspension 

had a turbid appearance. Cell density of this culture was therefore determined by plating an 

aliquot of the culture and showed 8x10' colony forming units. This corresponds approximately 

to an ODfioo of 0.1. Nevertheless, this culture provided significant isoprene production; no 

isoprene is observed for similar strains without the pathway described in this example.

Example 28: Expression of isoprene-synthase from plant in Streptomyces sp.

[0967] The gene for isoprene synthase Kudzu was obtained from plasmid pJ201:19813. 

Plasmid pJ201:19813 encodes isoprene synthase from Pueraia lobata (Kudzu plant) and was 

codon-optimized for Pseudomonas fluorescens, Pseudomonas putida, Rhodopseudomonas 

palustris and Corynebacterium (Figures 79A-79C (SEQ ID NO: 123)). Digestion of plasmid 

pJ201:19813 with restriction enzymes Ndel and BamHI liberated gene iso 19813 that was ligated 

into the Streptomyces-E.coli shuttle vector pUWL201PW (Doumith et al., Mol. Gen. Genet. 264: 

477-485, 2000; Figure 71) to generate pUWL201_iso. Successful cloning was verified by 

restriction analysis of pUWL201_iso. Expression of isoprene synthase isol 9813 was under 

control of the ez-zn-promoter which allows for constitutive expression in Streptomycetes species, 

but not for expression in E. coli.

[0968] PUWL201PW (no insert) andpUWL201_iso were introduced in Streptomyces albus 

.11074 (Sanchez et al., Chem. Biol. 9:519-531,2002) by transformation of protoplasts as 

described by Hopwood et al., The John innes foundation, Norwich, 1985.

[0969] A 200 μΐ aliquot of protoplast suspensions was transformed with 1.9 pg pUWL201PW 

or 2.9 pg pUWL201_iso. After incubation overnight at 28°C on non-selective R5-agarplates, 

positive transformants were selected by further incubation for 4 days in R3-overlay agar 

containing thiostrepton (250 pg/ml). Thiostrepton resistant transformants were examined for 

presence of the pUWL-plasmids by plasmid preparation using Plasmid Mini Kit (Qiagen).
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Prepared plasmid DNA was reintroduced in E. coli DH5a to generate sufficient amounts of 

plasmid DNA to be analyzed by restriction analysis. Positive transformants were selected on 

ampicillin-containing L-agar plates and insert analysis was done by digestion of plasmid DNA 

with Ndel and BamHI endonucleases. Isoprene synthase was identified as a 1.7 kb fragment in 

positive pUWL201 iso clones while in the control strains (pUWL201PW) no such fragment was 

observed.

[0970] Wild type strain and transformants of S. albus containing control plasmid

pUWL201PW or isoprene synthase encoding pUWL201_iso were analyzed for isoprene 

formation. Strains were cultivated in duplicate on solid media (tryptic soy broth agar, TSB; 2.5 

ml) in presence or absence of thiostrepton (200 pg/ml) and incubated for 4 days at 28°C in 

sealed head-space vials (total volume 20 ml). 500 μΐ head-space samples (end point 

measurements) were analyzed by GC-MS in SIM-mode and isoprene was identified according to 

reference retention times and molecular masses (67 m/z). Isoprene present in head-space 

samples was quantified by previously generated calibration curves. While wild-type S. albus 

and control strains harboring pUWL201PW produced isoprene in concentrations slightly higher 

than the detection limit (0.04 - 0.07 ppm), S', albus harboring pUWL201_iso produced isoprene 

in at least tenfold excess compared to controls (0.75 ppm; Figure 72). The results demonstrate 

successful expression of plant-derived isoprene synthase in a prokaryotic organism of the 

Actinomycetes group.

Example 29: Recovery of Bioisoprene™

[0971] Bioisoprene™ was recovered from a set of four 14-L scale fermentations in a two-step 

operation involving stripping of isoprene from the fermentation off-gas stream by adsorption to 

activated carbon, followed by off-line steam desorption and condensation to give liquid 

Bioisoprene™ (Figures 166A and 166B). The total amount of Bioisoprene™ produced by the 

four fermentors was 1150 g (16.9 mol), of which 953 g (14 mol, 83%) was adsorbed by the 

carbon filters. Following the steam desorption/condensation step, the amount of liquid 

Bioisoprene™ recovered was 810 g, corresponding to an overall recovery yield of 70%. The 

recovered Bioisoprene™ was analyzed for the presence of impurities.

Analysis and impurity profile of Bioisoprene™ liquid
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[0972] Recovered Bioisoprene™ liquid was analyzed by GC/MS and gas

chromatography/flame ionization detection (GC/FID) to determine the nature and levels of 

impurities. The product was determined to be >99.5% pure and contained several dominant 

impurities in addition to many minor components. The GC/FID chromatogram is depicted in 

Figure 167, and the typical levels of impurities are shown in Table 19. The impurity profde was 

similar to other Bioisoprene™ batches produced on this scale.
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Table 19. Summary of the nature and levels of impurities seen in several batches of 

Bioisoprene™.

Compound
Retention Time (min)

Cone. Range
GC/MS GC/FID

Ethanol 1.59 11.89 <50 ppm

Acetone 1.624 12.673 <100 ppm

Methacrolein 1.851 15.369 <200 ppm

Methyl vinyl ketone 1.923 16.333 <20 ppm

Ethyl acetate 2.037 17.145 100 to 800 ppm

3-Methyl-l,3-
pentadiene 2.27 18.875 50 to 500 ppm

Methyl vinyl oxirane 2.548 19.931 <100 ppm

Isoprenol 2.962 21.583 <500 ppm

3 -methyl-1 -butanol 2.99 21.783 <50 ppm

3-hexen-l-ol 4.019 24.819 <100 ppm

Isopentenyl acetate 4.466 25.733 200 to 1000 ppm

3-hexen-l-yl acetate 5.339 27.223 <400 ppm

limonene 5.715 27.971 <500 ppm

Other cyclics 5.50-6.50 27.5-28.0 <200 ppm

Purification of Bioisoprene™ by treatment with adsorbents

[0973] Adsorbents are widely used by industry for the removal of trace impurities from 

hydrocarbon feedstocks. Suitable adsorbents include zeolite, alumina and silica-based materials. 

Bioisoprene™ can be substantially purified by passage over silica gel, and to a lesser extent with 

alumina. Figure 168 shows the GC/FID chromatograms of a Bioisoprene™ sample before (A) 

and after treatment with alumina (B) or silica (C). The Selexsorb™ adsorbent products from

292



WO 2010/148256 PCT/US2010/039088

BASF is one of the adsorbents of choice for the removal of polar impurities from Bioisoprene™. 

Specifically, the Selexsorb CD and CDX products are preferred given their proven utility for 

removal of polar impurities from isoprene and butadiene feedstocks.

Example 30: Chemical transformations of Bioisoprene™

[0974] Chemicals and solvents were used as received from Sigma Aldrich Corp (WI, USA). 

Bioisoprene M was produced by fermentation of E. coli BL21 strains expressing Isoprene 

synthase and a heterologous mevalonic acid (MVA) isoprene precursor biosynthetic pathway. 

Bioisoprene was recovered from fermentation off-gas by adsorption to activated carbon, 

followed by steam desorption and condensation to obtain crude, liquid Bioisoprene. Bioisoprene 

was purified by fractional distillation immediately before use.

fl NMR analysis

[0975] Proton (1 H ) nuclear magnetic resonance (NMR) spectra were recorded on a Varian 

VNMRS 500 MHz NMR system. All NMR spectra are referenced to tetramethylsilane (TMS, 0 

ppm) or chloroform (CHCfi, 7,26 ppm)and peak frequencies are recorded in ppm unless 

otherwise specified. Samples were run in either deuterated chloroform (CDCI3) or methanol 

(CD3OD).

GC/MS analysis

[0976] The analysis was performed using an Agilent 6890 GC/MS system interfaced with a 

CTC Analytics (Switzerland) CombiPAL autosampler operating in headspace mode. An Agilent 

HP-5MS GC/MS column (30 m x 0.25 mm; 0.25 pm film thickness) was used for separation of 

analytes. The autosampler was set up to inject 1 pL of a liquid sample from a 10 pL liquids 

syringe. The GC/MS method utilized helium as the carrier gas at a flow of 1 mL/minute. The 

injection port was held at 250° C with a split ratio of 100:1. The oven program began at 50° C 

for 2 minutes, increasing to 225°C at a rate of 25°C/min. followed by a 1 minute hold for a total 

run time of 10 minutes. The Agilent 5793N mass selective detector was run in scan mode from 

m/z 29 to 500. A solvent delay of 1.5 minutes was employed. Under these conditions isoprene 

(2-methyl-l,3-butadiene) was observed to elute at 0.675 minutes.

GC/FID analysis
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[0977] The analysis was performed using an Agilent 6890 GC/FID system interfaced with a 

CTC Analytics (Switzerland) CombiPAL autosampler operating in liquids mode. An Agilent 

DB-Petro GC column (100 m x 0.25 mm; 0.50 pm film thickness) was used for separation of 

analytes. The autosampler was set up to inject 1 pL of a liquid sample from a 10 pL liquids 

syringe. The GC/FID method utilized helium as the carrier gas at a flow of 1 mL/minute. The 

injection port was held at 200° C with a split ratio of 50:1. The oven program began at 50° C for 

15 minutes, increasing to 250°C at a rate of 25°C/min. followed by a 10 minute hold for a total 

run time of 33 minutes. The FID detector was held at 280°C in Constant makeup mode with a 

hydrogen flow of 35 mL/min and air flow of 250 mL/min. Under these conditions isoprene (2- 

methyl-1,3-butadiene) was observed to elute at 13.54 minutes.

T_____ Preparation of cyclic dimers of isoprene through thermal Diels-Alder cycloaddition

[0978] Isoprene (1.02 g, 0.015 mole) was heated at 150°C for 24 hours in the presence of 2,6- 

di-tert-butyl-4-methylphenol (0.165 g, 0.05 mole) acting as an inhibitor of thermal 

polymerization. The reaction was carried out in a sealed thick-walled glass reaction vessel that 

was dried in the vacuum oven for 24 hours prior to the reaction. The reaction mixture was stirred 

with a magnetic stirrer. The progress of the reaction was monitored by gas chromatography with 

mass-spectrometer detector (GC-MS). After the reaction was finished, the resulting mixture of 

isomers was purified using silica gel chromatography with hexane as the eluent. Following 

concentration on a rotary vacuum evaporator the product was characterized by GC-MS and Ή- 

NMR. GC-MS: product A: 5.17, 5.19 min; product B: 5.72, 5.74 min; product C: 6.11 min.

NMR (CDC13) d: 5.8 (m); 5.4 (m); 4.95 (m); 2.4-1.2 (m).

II. Preparation of isoprene oligomers through Pd-catalyzcd oligomerization

[0979] Isoprene (2.03 g, 0.03 mole) was mixed with isopropanol (1.79 g ,0.03 mole) in a 

sealed thick-walled glass reaction vessel. Prior to the reaction the glass chamber was dried in a 

vacuum oven for 24 hours. Transfer of all reagents was done under inert nitrogen atmosphere. 

Palladium acetylacetonate (0.55 mg, 0.06 mmole) and triphenylphosphine (1.49 mg, 0.19 mmol) 

were added to the reaction mixture. The reaction chamber was then heated to 100°C for 24 hours 

with mixing provided via magnetic stirrer. The course of the reaction was analyzed by GC-MS. 

Once the reaction was finished the products were isolated by silica gel column chromatography 

using hexane as the eluent. The final products were characterized by GC-MS and ^-NMR

spectroscopy. GC-MS: product A: 5.54 min; product B: 6.6 min; product C: 6.85 min.
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III. Hydrogenation of unsaturated compounds

[0980] The mixture of isomers obtained in Example 2 (1.36 g, 0.01 mole) is put in a glass 

chamber equipped with magnetic stirrer and containing a hydrogenation catalyst (Pd/C, 5 wt%) 

(0.21 g, 0.1 mmol). All glassware is vacuum dried prior to carrying out the experiments. 

Hydrogen gas is introduced into the system and the pressure is kept at 3 atm. After several hours 

the reaction mixture Pd/C is filtered from the reaction mixture and the products are separated 

using silica gel chromatography. Final analysis is done using GC-MS and NMR.

IV. Preparation of ethoxylated derivatives of isoprene

[0981] Isoprene (0.982 g, 0.014 mole) was mixed with absolute ethanol (0.665 g, 0.014 mol) 

in a thick glass wall chamber equipped with magnetic stirrer. A catalytic amount of concentrated 

sulfuric acid was added to the reaction mixture, followed by stirring overnight at 85°C. The 

progress of the reaction was monitored by GC-MS. After 16 hours of heating the GC-MS trace 

revealed the presence of a mixture of isomers with following retention times: product A: 2.66 

min m/z+ = 99; product B: 3.88 m/z+ = 99, 114; product C: 5.41min, m/z+ = 87, 99, 114.

V. Conversion of isoprene to CIO cyclic dimers using a ruthenium catalyst

+ isomers

[0982] The conversion of isoprene into CIO cyclic dimers has been achieved in excellent yield 

using a ruthenium catalyst to a mixture of dimethyl-cyclooctadienes (Itoh, Kenji; Masuda, 

Katsuyuki; Fukahori, Takahiko; Nakano, Katsumasa; Aoki, Katsuyuki; Nagashima, Hideo, 

Organometallics (1994), 13(3), 1020-9.) Conversions higher than 95% are reported at very 

moderate temperatures (as low as 60°C). The catalyst, a pentamethylcyclopentadienyl-based 

ruthenium organometallic compound, can be prepared in two easy steps using ruthenium 

chloride (RuCfi) and pentamethylcyclopentadiene (CsMcsH ) as starting materials. For the
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dimerization reaction the catalyst is activated with silver triflate (AgOTf) to produce the active 

species, but other activators could be used as well.

VI. Conversion of isoprene to C15 trimers using a chromium catalyst

3:1 mixture (linear:cyclic)

[0983] Conversion of isoprene into the C15 trimers can be carried out using a chromium 

catalyst with a P-N-P ligand, X,/V-bis(diarylphosphino)amine. The catalyst is prepared in situ 

and it is activated using MAO, as described in Bowen, L.; Charemsuk, M.; Wass, D.F. Chem. 

Commun. (2007) 2835-2837. The reported conversion of isoprene into the C15 trimers, 

consisting in a mixture (3:1) of linear and cyclic products, is as high as 95% at moderate 

temperatures (70°C). Tetramers are identified as the major other product in every case.

VII. Hydrogenation of isoprene

[0984] Isoprene (10 mL of a 10% solution in absolute ethanol (v/v)) was hydrogenated to 2- 

methylbutane (isopentane) in a continuous manner using an H-cube hydrogenation instrument 

(ThalesNano, Princeton, NJ, U.S.A.). The isoprene solution was pumped at 0.5 mL/min through 

a 10% Pd/C catalyst cartridge held at 70°C. Hydrogen gas was introduced using “full mode” at 

1 atm pressure. The product was collected and analyzed by 'Η NMR and GC/FID which 

confirmed the conversion of isoprene to 2-methylbutane in over 90% yield, in addition to minor 

amounts of partially hydrogenated mono-olefins. 1H NMR (500 MHz, CDC13): δ 0.8 (m, 9H, 

C//,·); 1.12 (m, 2H, C/G); 1.37 (m, 1H, CH). GC/FID: 2-methylbutane; retention time = 12.69 

minutes.

VIII. Partial hydrogenation of isoprene

296



WO 2010/148256 PCT/US2010/039088

[0985] Bioisoprene™ product (50 mL, 0.5 mol) was mixed with toluene (200 mL) and 

partially hydrogenated over a 5% Pd/C catalyst on an Midi-Cube hydrogenation instrument 

(ThalesNano, Budapest, Hungary) at 40°C and 5 bar hydrogen pressure. Substrate flow rate was 

10 mL/min and hydrogen was delivered at 125 mL/min (5 mmol/min). The product stream was 

recycled through the instrument for a period of 2 hours after which time an aliquot of the product 

was analyzed by GC/MS and GC/FID which showed that the majority of the starting material 

had been converted to a mixture of isoamylencs (2-methyl-1-butene, 2-methyl-2-butenc and 3- 

methyl-1 -butene), in addition to isopentane and some unreacted isoprene (Figure 170).

IX, Selective hydrogenation of Bioisoprene™ product

[0986] Bioisoprene™ product is selectively hydrogenated under the conditions cited in the 

above example using an eggshell Pd/d-ALCT catalyst giving a mixture of isoamylenes where 2- 

methyl-2-butene is the dominant product accounting for >50% of the total isoamylenes and 3- 

methyl-1 -butene is the minor product accounting for <25% of the total isoamylene products as 

determined by GC/MS analysis. The amount of isopentane and residual isoprene account for 

<10% of the total product stream. A similar result is obtained when a sulfided palladium on 

carbon catalyst is used to perform the reaction.

X, Partial hydrogenation of Bioisoprene™ product in the gas phase

[0987] A dry gas stream containing Bioisoprene™ product is mixed with a slight excess of 

hydrogen gas (mol/mol) and the gaseous mixture passed over a heterogenous hydrogenation 

catalyst, such as a Group IB-promoted palladium catalyst with high pore volume as described in 

US Pat. Appl. 20090203520, to produce a mixture of isoamylenes and one or more impurities 

derived from the fermentation process from which the Bioisoprene™ product was originally 

derived. The conversion is carried out at pressures ranging from 0.5 to 200 bar, and 

temperatures from 0°C to 200°C.

XI, Dimerization of Isoamylenes with a solid acid catalyst

[0988] 2-Methyl-2-butene (1.5 mL) and toluene (4 mL) were stirred at room temperature with 

Amberlyst 15 acid resin (186 mg) for 12 h at room temperature. An aliquot (500 uL) was 

removed from the reaction mixture and transferred to a GC vial. Analysis of the mixture was
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Biotsoprene™ monomer

performed by GC/MS (Figure 171) and revealed the partial conversion to CIO dimers 

(diisoamlylenes) suitable as Bioisofuel™ components.

[0989] The products of the dimerization reaction (diisoamylenes, CIO dimate) are optionally 

fully hydrogenated under conditions described in Example 30, part VII, or through conditions 

known in the art for the hydrogenation of olefins to isoparaffins [for example, see Marichonna 

(2001)].

XII. Oligomerization of Bioisoprene™ product with a solid acid catalyst

Amberlyst 15 acid resin _ . ,. , ..,.______ _____________ Linear, cyclic and aromatic dimers,
, trimers and higher oligomersToluene, 20 C,

Sealed vessel, 12 hr

[0990] A mixture of Bioisoprene™ monomer, 2-methyl-2-butene (1.5 mL) and toluene (4 mL) 

was stirred at room temperature with Amberlyst 15 acid resin (186 mg) for 12 h at room 

temperature. An aliquot (500 uL) was removed from the reaction mixture and transferred to a 

GC vial. Analysis of the mixture was performed by GC/MS (Figure 172) and revealed a 

complex mixture of products consisting of isoprene, linear, cyclic and aromatic CIO, C15 and 

higher oligomers.

XIII. Continuous oligomerization of Bioisoprene™ product with a solid acid catalyst

[0991] Bioisoprene™ monomer is continuously converted into CIO dimers and C15 trimers in 

a dimerization reactor containing Amberlyst 15 ion exchange resin or an equivalent catalyst.

The Bioisoprene™ feed stream comprises Bioisoprene™ monomer and optionally C5 

derivatives of Bioisoprene™ and a co-solvent. The process is conducted at temperatures 

ranging from 20 to 200°C and pressures from 0.5 to 200 bar. The products of the dimerization 

step are fractionated in a first fractionation column to separate unreacted isoprene from higher 

(>C5) oligomers. The C5 fraction is returned to the dimerization reactor and the heavy >C5 

fraction is introduced into a second fractionation column in which the desired C10/C15 fraction 

is collected from the overhead stream. The bottom fraction consisting of >C15 oligomers is fed 

into a heavy recycle reactor containing a metathesis catalyst such as the Grubbs 2nd generation 

catalyst. The metathesis catalyst converts a portion of the higher oligomer fraction into lighter

298



WO 2010/148256 PCT/US2010/039088

components by olefin cross-metathesis reactions that are subsequently fed into fractionation 

column #1 as depicted in Figure 173.

[0992] Overall, the process results in conversion of Bioisoprene monomer into CIO dimer and 

Cl5 trimer Biolsofuel™ precursors which are then subjected to partial or complete 

hydrogenation under conditions described in example 30, section VII. The resulting partially or 

fully saturated compounds are suitable as Biolsofuel™ compositions and as Biolsofuel™ 

blendstocks.

Example 31 13C/12C isotope analysis

[0993] 1 3C analysis can be done by loading 0.5 to 1.0 mg samples into tin cups for carbon

isotopic analysis using a Costech ECS4010 Elemental Analyzer as an inlet for a 

ThermoFinnigan Delta Plus XP isotope ratio mass spectrometer. Samples are dropped into a 

cobaltous/cobaltic oxide combustion reactor at 1020°C with combustion gases being passed in a 

helium stream at 85mL/min through a copper reactor (650°C) to convert NOX to N2. CO? and N2 

are separated using a 3-m 5A molecular sieve column. Then, 13C/12C ratios are calibrated to the 

VPDB scale using two laboratory standards (Acetanilide B, -29.52 ± 0.02%otn and cornstarch A, 

-11.01 ±0.02%o) which have been carefully calibrated to the VPDB scale by off-line combustion 

and dual-inlet analysis using the 2-standard approach of T. B. Coplen et al, New Guidelines for 

d13C Measurements, Anal. Chem., 78, 2439-2441 (2006). The teachings of Coplen are 

incorporated herein by reference for the purpose of teaching the technique for determining d13C 

values.

[0994] U.S. Provisional Patent Application No. 61/133,521 filed on June 30, 2008 and WO 

2010/05525 Al list δ l 3C values for feedstock and polymers of isoprene derived from various 

sources, including ones listed in Table 20.
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Table 20

Sample S13C

Palm oil -30.00

Yeast extract -25.70

Commercial polyisoprene from extractive distillation -23.83

Sugar from softwood pulp -23.00

Polyisoprene from Isoprene Sample B (emulsion polymerization) -19.67

Invert Sugar -15.37

Polyisoprene from Isoprene Sample A (Neodymium catalyst) -14.85

Glucose from bagasse -13.00

Glucose from com stover -11.20

Cornstarch -11.10

Glucose -10.73

Example 32 - Exemplary Fuel Properties

[0995] Table 21 lists fuel properties of certain compounds that can be made from isoprene 

using methods described herein.
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[0996] The headings provided herein are not limitations of the various aspects or embodiments 

of the invention which can be had by reference to the specification as a whole.

[0997] All publications, patent applications, and patents cited in this specification are herein 

incorporated by reference as if each individual publication, patent application, or patent were 

specifically and individually indicated to be incorporated by reference. In particular, all 

publications cited herein are expressly incorporated herein by reference for the purpose of 

describing and disclosing compositions and methodologies which might be used in connection 

with the invention. Although the foregoing invention has been described in some detail by way 

of illustration and example for purposes of clarity of understanding, it will be readily apparent to 

those of ordinary skill in the art in light of the teachings of this invention that certain changes 

and modifications may be made thereto without departing from the spirit or scope of the 

appended claims.

[0998] Where the terms “comprise”, “comprises”, “comprised” or “comprising” are used in this 

specification, they are to be interpreted as specifying the presence of the stated features, integers, 

steps or components referred to, but not to preclude the presence or addition of one or more 

other feature, integer, step, component or group thereof.

[0999] Further, any prior art citation or statement provided in the specification is not to be taken 

as an admission that such art constitutes, or is to be understood as constituting, part of the 

common general knowledge in Australia.

Appendix 1

Exemplary l-deoxy-D-xylulose-5-phosphate synthase nucleic acids and polypeptides
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ATH: AT3G21500(DXPSl) AT4G1556O(CLA1) PMU: PM0532(dxs)
AT5G11380(DXPS3) MSU: MS1059(dxs)
OSA: 4338768 4340090 4342614 APL: APL 0207(dxs)
CME: CMF089C XFA: XF2249
PFA: MAL13P1.186 XFT: PD1293(dxs)
TAN: TA20470 XCC: XCC2434(dxs)
TPV: TP01 0516 XCB: XC 1678
ECO: b0420(dxs) XCV: XCV2764(dxs)
ECJ: JW0410(dxs) XAC: XAC2565(dxs)
ECE: Z0523(dxs) XOO: XOO2017(dxs)
ECS: ECsO474 XOM: XOO 1900(X001900)
ECC: c0531(dxs) VCH: VC0889
ECI: UT189_C0443(dxs) VVU: Wl_0315
ECP: ECP 0479 VVY: W0868
ECV:APECO1 1590(dxs) VPA: VP0686
EC.W: EcE24377A 0451(dxs) VFI: VF0711
ECX: EcHS A0491 PPR: PBPRA0805
STY: STY0461(dxs) PAE: PA4044(dxs)
STT: t2441(dxs) PAU: PA14 11550(dxs)
SPT: SPA2301(dxs) PAP: PSPA7_1057(dxs)
SEC: SC0463(dxs) PPU: PP 0527(dxs)
STM: STM0422(dxs) PST: PSPTO 0698(dxs)
YPE: YPO3177(dxs) PSB: Psyr 0604
YPK: yl008(dxs) PSP: PSPPH 0599(dxs)
YPM: YP_0754(dxs) PFF: PFF 5510(dxs)
YPA: YPA 2671 PFO: ΙΊ1 5007
YPN: YPN 0911 PEN: PSEEN0600(dxs)
YPP: YPDSF 2812 PMY: Pmen_3844
YPS: YPTB0939(dxs) PAR: Psyc 0221 (dxs)
YPI: YpsTP31758 3112(dxs) PCR: Pcryo 0245
SFL: SF0357(dxs) ACI: ACIAD3247(dxs)
SFX: S0365(dxs) SON: SO 1525(dxs)
SFV: SFV 0385(dxs) SDN: Sden 2571
SSN: SSON 0397(dxs) SFR: Sfri 2790
SBO: SBO 0314(dxs) SAZ: Sama 2436
SDY: SDY 0310(dxs) SBL: Sbal 1357
ECA: ECA1131(dxs) SFO: Shew 2771
PLU: plu3887(dxs) SHE: Shewmr4_2731
BUC: BU464(dxs) SHM: Sbewmr7 2804
BAS: BUsg448(dxs) SHN: Shewana3 2901
WBR: WGLpl44(dxs) SHW: Sputw3181_2831
SGL: SG0656 ILO: IL2138(dxs)
KPN: KPN 00372(dxs) CPS: CPS 1088(dxs)
BFL: Bfl238(dxs) PHA: PSITAa2366(dxs)
BPN: BPEN 244(dxs) PAT:Patl 1319
HIN: HI1439(dxs) SDE: Scle 338l
HIT: NTHI1691 (dxs) PIN: Ping_2240
HIP: CGSHiEE 04795 MAQ: Maqu 2438
HIQ: CGSHiGG 01080 MCA: MCA0817(dxs)
HDU: HD0441(dxs) FTU: FTT1018c(dxs)
HSO: HS 0905(dxs) FTF: FTF1018c(dxs)

303



WO 2010/148256 PCT/US2010/039088

FTW: FTW_0925(dxs)
FTL: FTL1072 
FTH: FTH_1047(dxs)
FTA: FTA_1131(dxs)
FTN: FTN_0896(dxs)
NOC: Nocl743 
AEH: Mlg_J381 
HCH: HCH_05866(dxs)
CSA: Csal_0099 
ABO: ABO_2166(dxs)
AIIA: AIIA_3321(dxs)
BCI: BCI_0275(dxs)
RMA: RmagO3X6 
VOK: COSY_0360(dxs)
NME: NMB1867 
NMA: NMA0589(dxs)
NMC: NMC0352(dxs)
NGO: NG00036 
CVI: CV_2692(dxs)
RSO: RSc2221(dxs)
REU: Reut_A0882 
REH: H16_A2732(dxs)
RME: Rmet_2615 
BMA: BMAA0330(dxs)
BMV: BMASAVPl_1512(dxs) 
BML: BMAK)299 l706(dxs) 
BMN: BMA10247_A0364(dxs) 
BXE: Bxe_B2827 
BUR: Bcepl8194_B2211 
BCN: Bcen_4486 
BCH: Bcen2424_3879 
BAM: Bamb_3250 
BPS: BPSS1762(dxs)
BPM: BURPS 1710b_A0842(dxs) 
BPL: BURPS 1106A_A2392(dxs) 
BPD: BURPS668_A2534(dxs) 
BTE: BTH_II0614(dxs)
BPE: BP2798(dxs)
BPA: BPP2464(dxs)
BBR: BB1912(dxs)
RFR: Rfer_2875 
POL: Bpro_1747 
PNA: Pnap_l 501 
AJS: Ajs_1038 
MPT: Mpc_A2631 
HAR: HEAR0279(dxs)
MMS: mma_0331 
NEU: NE1161(dxs)
NET: Neut_1501 
NMU: Nmul_A0236 
EBA: ebA4439(dxs)

AZO: azoll98(dxs)
DAR: Daro_3061
TBD: Tbd_0879
MFA: Mfla_2133
HPY: HP0354(dxs)
HPJ: jhp0328(dxs)
HPA: HPAG1 0349
HHE: HH0608(dxs)
HAC: Hac_0968(dxs)
WSU: WS1996
TDN: Tmden_0475
CJE: Cj0321(dxs)
OR: CJE0366(dxs)
CJJ: CJJ81176_0343(dxs)
CJU: C8J_0298(dxs)
CJD: JJD26997_1642(dxs)
CFF: CFF8240_0264(dxs)
CCV: CCV52592_1671(dxs) CCV52592_1722 
CHA: CHAB381_1297(dxs)
CCO: CCC13826_1594(dxs)
ABU: Abu_2139(dxs)
NIS: NIS_0391(dxs)
SUN: SUN_2055(dxs)
GSU: GSU0686(dxs-l) GSU1764(dxs-2)
GME: Gmet_1934 Gmet_2822 
PCA: Pear J 667 
PPD: Ppro_1191 Ppro_2403 
DVU: DVU1350(dxs)
DVL: Dvul_1718 
DDE: Dde_2200 
LIP: LI0408(dsx)
DPS: DP2700
ADE: Adch l097
MXA: MXAN_4643(dxs)
SAT: SYN_02456
SFU: Sfum_1418
PUB: SARIl_0611 (dxs)
MLO: mlr7474
MBS: Meso 0735
SME: SMc00972(dxs)
ATU: Atu0745(dxs)
ATC: AGR_C_1351
RET: RHE_CH00913(dxs)
RLE: RL0973(dxs)
BME: BMEI1498
BMF: BABl_0462(dxs)
BMS: BR0436(dxs)
BMB: BruAbl_0458(dxs)
BOV: BOV_0443(dxs)
BJA: bll2651(dxs)
BRA: BRADO2161(dxs)

304



WO 2010/148256 PCT/US2010/039088

BBT: BBta_2479(dxs)
RPA: RPA0952(dxs)
RPB: RPB 4460
RPC: RPC_1149
RPD: RPD4305
RPE: RPR1067
NWI: Nwi_0633
NHA: Nham_0778
BHE: BH04350(dxs)
BQU: BQ03540(dxs)
BBK: BARBAKC583_0400(dxs)
CCR: CC_2068
SIL: SPO0247(dxs)
SIT: TM1040_2920
RSP: RSP_0254(dxsA) RSP_1134(dxs)
JAN: Jann_0088 Jann_0170
RDE: RDlOJOl(dxs) RDl_0548(dxs)
MMR: Mmarl0_0849 
HNE: HNE_1838(dxs)
ZMO: ZMO1234(dxs) ZMO1598(dxs)
NAR: Saro_0161 
SAL: Sala_2354 
ELI: ELI_12520 
GOX: GOX0252
GBE: GbCGDNIHl_0221 GbCGDNIHl_2404 
RRU: RruA0()54 RruA2619 
MAG: amb2904
MGM: Mmcl_1048
SUS: Acid_1783
BSU: BG11715(dxs)
BHA: BH2779
BAN: BA4400(dxs)
BAR: GBAA4400(dxs)
BAA: BA_4853
BAT: BAS4081
BCE: BC4176(dxs)
BCA: BCE_4249(dxs)
BCZ: BCZK3930(dxs)
BTK: B I 9727 3919(dxs)
BTL: BALII 3785(d.xs)
BLI: BL01523(dxs)
BLD: BLiO2598(dxs)
BCL: ABC2462(dxs)
BAY: RBAM 022600
BPU: BPUM 2159
GKA: GK2392
GTN: GTNG 2322
LMO: lmol365(tktB)
LMF: LMOE2365_1382(dxs)
LIN: linl402(tktB)
LWE: lwe!380(tktB)

LLA: L10891 l(dxsA) L123365(dxsB)
LLC: LACR 1572 LACR1843 
LLM: Umg_0749(dxsB)
SAK: SAK_0263
LPL: lp_2610(dxs)
LJO: LJ0406
LAC: LBA0356
LSL: LSL_0209(dxs)
LGA: LGAS_0350
STH: STH1842
CAC: CAC2077 CA_P0106(dxs)
CPE: CPE1819
CPF: CPF_2073(dxs)
CPR: CPR_1787(dxs)
CTC: CTC01575
CNO: NT01CX1983
CTH: Cthe_0828
CDF: CD1207(dxs)
CBO: CBO1881(dxs)
CBA: CLB_1818(dxs)
CBH: CLC_1825(dxs)
CBF: CLI_1945(dxs)
CKL: CKL_1231(dxs)
CITY: CHY_1985(dxs)
DSY: DSY2348
DRM: Dred_1078
PTH: PTH_1196(dxs)
SWO: Swol_0582
CSC: C,sac_1853
TTE: TTE1298(dxs)
MTA: Moth_1511
MPE: MYPE730
MGA: MGA_1268(dxs)
MTU: Rv2682c(dxsl) Rv3379c(dxs2)
MTC: MT2756(dxs)
MBO: Mb2701c(dxsl) Mb3413c(dxs2)
MLE: ML1038(dxs)
MPA: MAP2803c(dxs)
MAV: MAV_3577(dxs)
MSM: MSMEG_2776(dxs)
MMC: Mmcs_2208 
CGL: NCgll827(cgll902)
CGB: cg2083(dxs)
CEF: CE1796 
CDI: DIP1397(dxs)
CJK: jkl078(dxs)
NFA: nfa37410(dxs)
RHA: RHAl_ro06843
SCO: SC06013(SC1C3.01) SCO6768(SC6A5.17) 
SMA: SAV1646(dxsl) SAV2244(dxs2)
TWH: TWT484
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TWS: TW280(Dxs)
LXX: Lxxl0450(dxs)
CMI: CMM_1660(dxsA)
AAU: AAur_1790(dxs)
PAC: PPA1062 
TFU: Tfu_1917 
FRA: Francci3 1326 
FAL: FRAAL2088(dxs)
ACE: Acel_1393
SEN: SACE_1815(dxs) SACE_4351 
BLO: BL1132(dxs)
BAD: BAD_0513(dxs)
FNU: FN1208 FN1464 
RBA: RB2143(dxs)
CTR: CT331(dxs)
CTA: C.TA_0359(dxs)
CMU: TC0608 
CPN: CPnl060(tktB_2)
CPA: CP0790
CP J: CPjl060(tktB 2)
CPT: CpB1102 
CCA: CCA00304(dxs)
CAB: CAB301(dxs)
CFE: CF0699(dxs)
PCU: pc0619(dxs)
ΤΡΑ: TP0824 
TDE: TDE1910(dxs)
LIL: LA3285(dxs)
LIC: LIC10863(dxs)
LBJ: LBJ_0917(dxs)
LBL: LBL_0932(dxs)
SYN: sill945(dxs)
SYW: SYNW1292(Dxs)
SYC: sycl087_c(dxs)
SYF: Synpcc7942_0430 
SYD: Syncc9605_l430 
SYE: Syncc9902_1069 
SYG: sync_1410(dxs)
SYR: SynRCC307_1390(dxs)
SYX: SynWH7803J223(dxs)
CYA: CYA_1701(dxs)
CYB: CYB_1983(dxs)
TEL: t!10623 
GVI: gll0194 
ANA: alr0599 
AVA: Ava_4532 
PMA: Pro0928(dxs)
PMM: PMM0907(Dxs)
PMT: PMT0685(dxs)
PMN: PMN2A_0300
PMI: PMT9312 0893

PMB: A9601_09541(dxs) 
PMC: P9515_09901(dxs) 
PMF: P9303_l5371 (dxs) 
PMG: P9301_09521(dxs) 
PMH: P9215 09851 
PMJ: P9211 08521 
PME: NATLl_09721(dxs) 
TER: Tery_3042 
BTH: BT 1403 BT 4099 
BFR: BF0873 BF4306 
BFS: BF0796(dxs) BF4114 
PGI: PG2217(dxs)
CHU: CIIU 5643(dxs) 
GFO: GFO_3470(dxs)
FPS: FP0279(dxs)
CTE: CT0337(dxs)
CPH: Cpha266_0671 
PVI: Cvib_0498 
PLT: Plut_0450 
DET: DET0745(dxs)
DEH: cbdb_A720(dxs) 
DRA: DR1475 
DGE: Dgeo_0994 
TTH: TTC1614 
TTJ: TTHA0006 
AAE: aq_881 
TMA: TM1770 
PMO: Pmob 1001
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Exemplary acetyl-CoA-acetyltransfcrase nucleic acids and polypeptides
HSA: 38(ACAT1) 39(ACAT2)
PTR: 451528(ACAT1)
MCC: 7O7653(ACAT1) 708750(ACAT2)
MMU: 110446(Acatl) 110460(Acat2)
RNO: 25014(Acatl)
CFA: 484063(ACAT2) 489421(ACAT1)
GGA: 418968(ACAT1) 421587(RCJMB04_34i5) 
XLA: 379569(MGC69098) 414622(MGC81403) 
414639(MGC81256)
444457(MGC83664)

XTR: 394562(acat2)
DRE: 30643(acat2)
SPU: 759502(LOC759502)
DME: Dmel_CG10932 Dmel_CG9149 
CEL: T02G5.4 T02G5.7 T02G5.8(kat-l)
ATH: AT5G48230(ACAT2/EMB1276)
OSA: 4326136 4346520
CME: CMA042C CME087C
SCE: YPL028W(ERG10)
AGO: AGOS ADR165C
PIC: PIC ST_31707 (ERG 10)
CAL: CaO19.1591(ergl0)
CGR: CAGL0L12364g
SPO: SPBC215.09c
MGR: MGG 01755 MGG I3499
ANI: AN1409.2
AFM: AFUA_6G14200 AFUA_8G04000 
AOR: A0090103000012 AO090103000406 
CNE: CNC05280
UMA: UM03571.1
DDI: DDB 0231621
PFA: PF140484
TET: TTHERM 00091590 TTHERM 00277470 
TTHERM 00926980 
TCR: 511003.60 
ECO: b2224(atoB)
ECJ: JW2218(atoB) JW5453(yqeF)
ECE: Z4164(yqeF)
ECS: ECs3701
ECC: c2767(atoB) c3441(yqeF)
ECI: UTI89_C2506(atoB) UTI89_C3247(yqeF) 
ECP: ECP 2268 ECP 2857 
ECV: APEC01_3662(yqeF) APECOl_4335(atoB) 
APECOl_43352(atoB)
ECX: EcHS_A2365 
STY: STY3164(yqeF)
STT: t2929(yqeF)
SPT: SPA2886(yqeF)
SEC: SC2958(yqeF)

STM: STM3019(yqeF)
SFL: SF2854(yqeF)
SEX: S3052(yqeF)
SFV: SFV_2922(yqeF)
SSN: SSON_2283(atoB) SSON_3004(yqeF)
SBO: SBO_2736(yqeF)
ECA: ECA1282(atoB)
ENT: Ent638_3299 
SPE: Spro_0592 
HIT: NTIII0932(atoB)
XCC: XCC1297(atoB)
XCB: XC 2943 
XCV: XCV1401(thlA)
XAC: XAC1348(atoB)
XOO: XOO1881(atoB)
XOM: XOO_1778(XOO1778)
VCIT: VCA0690
VCO: VC0395 0630
VVU: W2 0494 W2 0741
VVY: VVA1043 WA1210
VPA: VPA0620 VPA1123 VPA1204
PPR: PBPRB1112 PBPRB1840
PAE: PA2001(atoB) PA2553 PA3454 PA3589
PA3925
PAU: PA14_38630(atoB)
PPU: PP_2051(atoB) PP_2215(fadAx) PP 3754 
PP4636
PPF: Pput_2009 Pput_2403 Pput_3523 Pput_4498 
PST: PSPTO_0957(phbA-l) PSPTO_3164(phbA-2) 
PSB: Psyr_0824 Psyr_3031
PSP: PSPPH_0850(phbAl) PSPPH_2209(phbA2) 
PFL: PFL 1478(atoB-2) PFL 2321 PFL 3066 
PFL_4330(atoB-2) PFL 5283
PFO: Pfl 1269 PA 1739 PA 2074 Pfl_2868 
PEN: PSEEN3197 PSEEN3547(fadAx) 
PSEEN4635(phbA)
PMY: Pmen_1138 Pmen_2036 Pmen_3597 
Pmen_3662 Pmen_3820 
PAR: Psyc_0252 Psyc_1169 
PCR: Pcryo_0278 Pcryo_1236 Pcryo_1260 
PRW: PsycPRwf_2011
AC.I: ACIAD0694 ACIAD1612 ACIAD2516(atoB) 
SON: SO_1677(atoB)
SDN: Sden_1943 
SFR: Sfri 1338 Sfri_2063 
SAZ: Sama_1375 
SBL: Sbal_1495 
SBM: Shewl85_1489 
SBN: Sball95 1525
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SLO: Shew_1667 Shew_2858
SPC: Sputcn32_1397
SSE: Ssed_1473 Ssed_3533
SPL: Spea_2783
SHE: Shewmr4_2597
SHM: Slicwmr7 2664
SHN: Shcwana3 277l
SHW: Sputw3181_2704
ILO: IL0872
CPS: CPS1605 CPS_2626
PIIA: PSIIAa0908 PSIIAal454(atoB)
PSHAal586(atoB)
PAT: Patl_2923
SDE: Sde_3149
PIN: Ping_0659 Ping_2401
MAQ: Maqu_2117 Maqu_2489 Maqu_2696 
Maqu_3162 
CBU: CBU_0974 
LPN: lpgl825(atoB)
LPF: lpll789 
LPP: lppl788 
NOC:Noc_1891 
AEH: Mlg_0688 Mlg_2706 
HIIA: IIhal_1685 
HCH: HCH 05299 
CSA: Csal_0301 Csal_3068 
ABO: ABO_0648(fadAx)
MMW: Mmwyll_0073 Mmwyll_3021 Mmwyll_3053 
Mmwyll_3097 Mmwyll_4182 
AHA: AHA_2143(atoB)
CVI: CV_2088(atoB) CV_2790(phaA)
RSO: RSc0276(atoB) RScl632(phbA) RScl637(bktB) 
RScl761(RS02948)
REU: Reut_A0138 Reut_A1348 Reut_A1353 
Reut_B4561 Reut_B4738 
Reut_B5587 Reut_C5943 Reut_C6062 

REIT: H16 A0170 H16 A0867 H16 A0868 
H16_A0872 H16_A1297
H16_A1438(phaA) 1116 Λ l445(bktB) H16_A1528 
III6 AI7I3 H16 AI720
H16_A1887 H16_A2148 H16_B0380 H16_B0381 
H16_B0406 H16_B0662
H16B0668 H16 B0759 H16 B1369 H16 B1771 
RME: Rmet_0106 Rmet_1357 Rmet_1362 Rmet_5156 
BMA: BMA1316 BMA1321(phbA) BMA1436 
BMV: BMASAVPl_A1805(bktB)
BMASAVPl_A1810(phbA)
BML: BMA10299_A0086(phbA) BMA10299_A0091 
BMN: BMA10247_1076(bktB) 
BMA10247_1081(phbA)

BXE: Bxe_A2273 Bxe_A2335 Bxe_A2342 
Bxe_A4255 Bxe_B0377 Bxe_B0739 
Bxe_C0332 Bxe_C0574 Bxe_C0915 
BVI: Bcepl808_0519 Bcepl808_1717 
Bcepl808_2877 Bcepl808_3594 
Bcepl808_4015 BccpIS08 55()7 Bcepl808 5644 
BUR: Bcepl8194 A3629 Bcepl8194 A5080 
Bcepl8194_A5091
Bcepl8194_A6102 Bcepl8194_B0263
Bcepl 8194_B 1439
Bcepl8194_C6652 Bcepl8194_C6802
Bcepl8194_C6874
Beep 18194_C7118 Bcepl 8194_C7151
Bcepl8194_C7332
BCN: Bcen_1553 Bcen_1599 Bcen_2158 Bcen_2563
Bcen_2998 Bcen_6289
BCH: Bcen2424_0542 Bcen2424_l 790
Bcen2424_2772 Bcen2424_5368
Bcen2424_6232 Bcen2424_6276

BAM: Bamb 0447 Bambl728 Bamb 2S24
Bamb_4717 Bamb_5771 Bamb_5969
BPS: BPSL1426 BPSL1535(phbA) BPSL1540
BPM: BURPS1710b_2325(bktB)
BURPS 1710b_2330(phbA)
BURPS 1710b_2453(atoB-2)

BPL: BURPS 1106A_2197(bktB)
BURPS 1106A_2202(phbA)
BPD: BURPS668_2160(bktB) BURPS668_2165(phbA) 
BTE: BTHI2144 ΒΊΉ Ι2256 BTH I2261 
PNU: Pnuc_0927
ΒΡΕ: BP0447 BP0668 BP2059
ΒΡΑ: BPP0608 BPP1744 BPP3805 BPP4216 
BPP4361
BBR: BB0614 BB3364 BB4250 BB4804 BB4947 
RFR: Rfer_0272 RferlOOO Rfer_1871 Rfer_2273 
Rfer_2561 Rfer_2594
Rfer_3839

POL: Bpro_1577 Bpro_2140 Bpro_3113 Bpro_4187 
PNA: Pnap 0060 Pnap0458 Pnap0867 Pnap_1159 
Pnap2l36 Pnap2804
AAV: Aave_0031 Aave_2478 Aave_3944 Aave_4368 
AJS: Ajs 0014 Ajs 0124 Ajs 1931 Ajs 2073 
Ajs_2317 Ajs_3548
Ajs_3738 Ajs_3776
VEI: Veis_1331 Veis_3818 Veis_4193
DAC: Daci 0025 Daci_0192 Daci 360l Daci 5988 
MPT: Mpe_A1536 Mpe_A1776 Mpe_A1869 
Mpe_A3367
HAR: HEAR0577(phbA)
MMS: mma_0555
NEU: NE2262(bktB)
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NET: Neut_0610
EBA: ebA5202 p2A409(tioL)
AZO: azo0464(fadAl) azo0469(fadA2) azo2172(thlA) 
DAR: Daro_0098 Daro_3022 
HPA: HPAG1 0675 
HAC: llac 0958(atoB)
GME: Gmet 1719 Gmet 2074 Gmet22l3
Gmet_2268 Gmet_3302
GUR: Gura_3043
BBA: Bd0404(atoB) Bd2095
DOL: Dole_0671 Dole_1778 Dole_2160 Dole_2187
ADE: Adeh_0062 Adeh_2365
AFW: Anacl09 0064 Anael09_1504
MXA: MXAN_3791
SAT: SYN_02642
SFU: Sfum_2280 Sfum_3582
RPR: RP737
RCO: RCI 134 RCI 135
RFE: RF_0163(paaJ)
RBE: RBE_0139(paaJ)
RAK: A1C05820
RBO: A1I 07215
RCM: A1E_O476O
PUB: SARll_0428(thlA)
MLO: mlr3847
MES: Meso_3374
PLA: Plav_1573 Plav_2783
SME: SMal450 SMcO3879(phbA)
SMD: Smed_0499 Smed_3117 Smed_5094 
Smed_5096
ATU: Atu2769(atoB) Atu3475
ATC: AGR_C_5022(phbA) AGR_L_2713 
RET: R11U CI10401S(phbAch) 
RHE_PC00068(ypc00040) RHE PF00014(phbAf) 
RLE: RL4621(phaA) pRL100301 pRL120369 
BME: BMEI0274 ΒΜΕΠ0817 
BMF: BABl_1783(phbA-l) BAB2_0790(phbA-2) 
BMS: BR1772(phbA-l) BRA0448(phbA-2)
BMB: BruAbl_1756(phbA-l) BruAb2_0774(phbA-2) 
BOV: BOV_1707(phbA-l)
OAN: Oant_1130 Oant_3107 Oant_3718 Oant_4020 
BJA: bll0226(atoB) bll3949 bll7400 bll7819 
blr3724(phbA)
BRA: BRADO0562(phbA) BRADO0983(pimB) 
BRADO3110 BRADO3134(atoB)
BBT: BBta_3558 BBta 3575(atoB) BBta S 147(pimB) 
BBta_7072(pimB)
BBta_7614(phbA)
RPA: RPA0513(pcaF) RPA0531 RPA3715(pimB) 
RPB: RPB 0509 RPB 0525 RPB1748

RPC: RPC 0504 RPC 0636 RPC 0641 RPC 0832
RPC1050 RPC2005
RPC 2194 RPC.2228

RPD: RPD 0306 RPD 0320 RPD 3105 RPD 3306 
RPE: RPE 0168 RPE 0248 RPE 3827 
NW1: Nwi_3060
XAU: XautTIOS Xaut_4665
CCR: CC0510 CC 0894 CC 3462
SIL: SPO0142(bktB) SPO0326(phbA) SPO0773 
SPO3408
SIT: TM1040_0067 TM1040_2790 TM1040_3026 
TM1040_3735
RSP: RSP_0745 RSP I354 RSP 3184
RSH: Rsphl7029_0022 Rsphl7029_2401
Rsphl7029_3179 Rsphl7029_3921
RSQ: Rsphl7025_0012 Rsphl7025_2466
Rsphl7025_2833
JAN: Jann_0262 Jann_0493 Jann_4050
RDE: RD1 0025 RDl_0201(bktB) RDl_3394(phbA) 
PDE: Pdcn 2026 Pden 2663 Pdcn 2870 Pdcn_ 2907 
Pden_4811 Pden_5022
DSH: Dshi_0074 Dshi_3066 Dshi_3331
MMR: Mmarl0_0697
IINE: HNE 2706 HNE_3065 HNE3133
NAR: Saro_0809 Saro_1069 Saro_1222 Saro_2306 
Saro 2349
SAL: Sala_0781 Sala_1244 Sala_2896 Sala_3158 
SWI: Swit_0632 Swit_0752 Swit_2893 Swit_3602 
Swit_4887 Swit_5019
Swit_5309
ELI: ELI_01475 ELI_06705 ELI_12035
GBE: GbCGDNIHl_0447
ACR: Aery_1847 Acry_2256
RRU: Rru_A0274 Rru_A1380 Rru_A1469 Rru_A1946
Rru_A3387
MAG: amb0842
MGM: Mmcl_1165
ABA: Acid345_3239
BSU: BG11319(mmgA) BG13063(yhfS)
BHA: BH1997 BH2029 BH3801(mmgA)
BAN: BA3687 BA4240 BA5589 
BAR: GBAA3687 GBAA4240 GBAA5589 
BAA: BA_0445 BA_4172 BA_4700 
BAT: BAS3418 BAS3932 BAS5193 
BCE: BC3627 BC4023 BC5344 
BCA: BCT 3646 BCE_4076 BCB 5475 
BCZ: BCZK3329(mmgA) BCZK3780(thl) 
BCZK5044(atoB)
BCY: Bcer98_2722 Beer98_3865
BTK: BT9727_3379(mmgA) BT9727_3765(thl)
BT9727_5028(atoB)
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BTL: BALH_3262(mmgA) BALH_3642(fadA) 
BALH_4843(atoB)
BLI: BL03925(mmgA)
BLD: BLiO3968(mmgA)
BCL: ABC0345 ABC2989 ABC3617 
ABC3891(mmgA)
BAY: RBAM 022450
BPU: BPUM_2374(yhfS) BPUM 2941 BPUM 3373 
OIH: OB0676 OB0689 OB2632 OB3013 
GKA: GK1658 GK3397
SAU: SA0342 SA0534(vraB)
SAV: SAV0354 SAV0576(vraB)
SAM: MW0330 MW0531(vraB)
SAR: SAR0351 (thl) SAR0581
SAS: SAS0330 SAS0534
SAC: SACOL0426 SACOL0622(atoB)
SAB: SAB0304(thl) SAB0526
SAA: SAUSA300_0355 SAUSA300_0560(vraB) 
SAO: SAOUHSC 00336 SAOUHSC_00558 
SAJ: SaurJI19 0402
SAH: SaurJHl_0412
SEP: SE0346 SE2384
SER: SERP0032 SERP0220
SIIA: SII0510(mvaC) SII2417
SSP: SSP0325 SSP2145
LMO: lmol414
LMF: LMOf2365_1433
LIN: linl453
LWE: lwel431
LLA: LI 1745(thiL) L25946(fadA)
LLC: LACR 1665 LACR_1956
LLM: llmg_0930(thiL)
SPY: SPyOI4O SPy_1637(atoB)
SPZ: M5005_Spy_0119 M5005_Spy_0432 
M5005_Spy_l 344(atoB)
SPM: spyM18_0136 spyM181645(atoB)
SPG: SpyM3_0108 SpyM3_1378(atoB)
SPS: SPsOl 10 SPsO484
SPH: MGAS10270_Spy0121 MGASI0270 Spy0433 
MGAS10270_Spy 1461 (atoB)
SPI: MGAS10750_Spy0124 MGAS10750_Spy0452 
MGAS10750_Spyl453(atoB)
SPJ: MGAS2096_Spy0l23 MGAS2096_Spy0451 
MGAS2096_Spy 1365(atoB)
SPK: MGAS9429_SpyO121 MGAS9429_Spy0431 
MG AS9429_Spy 1339(atoB)
SPF: SpyM50447(atoB2)
SPA: M6_SpyO166 M6_SpyO466 M6_Spyl390 
SPB: M28_Spy0117 M28_Spy0420 
M28_Spyl385(atoB)
SAK: SAK_0568

LJO: LJ1609
LAC: LBA0626(thiL)
LSA: LSA1486
LDB: Ldb0879
LBU: LBUL 0804
LBR: LVIS 2218
LCA: LSEIJ787
LGA: LGAS1374
LRE: Lreu_0052
EFA: EF1364
OOE: OEOE 0529
STH: STH2913 STH725 STH804
CAC: CAC2873 CA_P0078(thiL)
CPE: CPE2195(atoB)
CPF: CPF 2460
CPR: C.PR 2170
CTC: CTC00312
CNO: NT01CX_0538 NT01CX_0603
CDF: CD1059(thlAl) CD2676(thlA2)
CBO: CB03200(thl)
CBE: Cbei_0411 Cbei_3630
CKL: CKL_3696(thlAl) CKL_3697(thlA2) 
CKL_3698(thlA3)
AMT: Amet_4630
AOE: Clos_0084 Clos_0258
CHY: CHY1288 CHY_1355(atoB) CI I Y l 604
CHY_1738
DSY: DSY0632 DSY0639 DSY1567 DSY1710 
DSY2402 DSY3302
DRM: Dred_0400 Dred_1491 Dred_1784 DredJ 892 
SWO: Swol_0308 Swol_0675 Swol_0789 Swol_1486 
Swol_1934 Swol_2051
TTE: TTE0549(paaJ)
MTA: Moth 1260
MTU: Rvll35A Rvl323(fadA4) Rv3546(fadA5) 
MTC: MT1365(phbA)
MBO: Mbll67 Mbl358(fadA4) Mb3576(fadA5) 
Mb3586c(fadA6)
MBB: BCG_1197 BCG_1385(fadA4)
BCG_3610(fadA5) BCG_3620c(fadA6)
MLE: ML1158(fadA4)
MPA: MAP2407c(fadA3) MAP2436c(fadA4)
MAV: MAV_1544 MAVJ573 MAVJ863 
MAV_5081
MSM: MSMEG_2224 MSMEG_4920
MUL: MUL 0357
MVA: Mvan_1976 Mvan_1988 Mvan_4305 
Mvan_4677 Mvan_4891
MGI: MflvJ347 MflvJ 484 Mflv_2040 Mflv_2340 
Mflv_4356 Mflv_4368
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MMC: Mmcs_1758 Mmcs_1769 Mmcs_3796 
Mmcs_3864
MKM: Mkms_0251 Mkms_1540 Mkms_1805 
Mkms_1816 Mkms_2836 Mkms_3159 
Mkms_3286 Mkms_3869 Mkms_3938 Mkms_4227 
Mkms_4411 Mkms_4580 
Mkms 4724 Mkms 4764 Mkms _4776 

MJL: Mjls_0231 Mjls_1739 Mjls_1750 Mjls_2819 
Mjls_3119 Mjls_3235
Mjls_3800 Mjls_3850 Mjls_4110 Mjls_4383 
Mjls_4705 Mjls_4876 
Mjls_5018 Mjls_5063 Mjls_5075 
CGL: NCgl2309(cgl2392)
CGB: cg2625(pcaF)
CEF: CE0731 CE2295 
CJK: jkl543(fadA3)
NFA: nfal 0750(fadA4)
RHA: RHAl_ro01455 RHAl_ro01623 
RHAl_ro01876 RHAl_ro02517(catF)
RHA1 ro03022 RIIA I ro03024 Rl ΙΑ I ro03391 
RHAl_ro03892
RHAl_ro04599 RHAl_ro05257 RHAl_ro08871 
SCO: SCO5399(SC8F4.03)
SMA: SAV1384(fadA5) SAV2856(fadAl)
ART: Arthl 160 Arth_2986 Arth_3268 Arth_4073 
NCA: Noca_1371 Noca_1797 Nocal 828 Noca 2764 
Noca_4142
TFU: Tfu_1520 Tfu_2394
FRA: Francci3_3687
FRE: Franean1_1044 Franeanl_2711 Franeanl_2726 
Francanl_3929
Franeanl_4037 Franeanl_4577
FAL: FRAAL2514 FRAAL2618 FRAAL5910(atoB)
ACE: Acel_0626 Acel_0672
SEN: SACE_1192(mmgA) SACE_2736(fadA6)
SACE_4011(catF)
SACE_6236(fadA4)
STP: Strop_3610
SAQ: Sarc l316 Sarc 399l
RXY: Rxyl 1582 Rxyl 1842 Rxyl_2389 Rxyl 2530 
FNU: FN0495 
BGA: BGOllO(fadA)
BAF: ΒΑΡΚΌ 0110(fadA)
LIL: LA0457(thiLl) LA0828(thiL2) LA4139(fadA) 
LIC: LIC10396(phbA)
FBJ: LBJ _2862(paaJ-4)
EBE: LBL_0209(paaJ-4)
SYN: slrl993(phaA)
SRU: SRU_1211(atoB) SRUJ547 
CHU: CHU_1910(atoB)
GFO: GFO_1507(atoB)

FJO: Fjoh_4612
FPS: FP0770 FP1586 FP1725
RRS: RoseRS_3911 RoseRS_4348
RCA: Rcas_0702 Rcas_3206
HAU: Haur_0522
DRA: DR1072 DR 1428 DR_1960 DR 2480 
DRA0053
DGE: Dgeo_0755 Dgeo_1305 Dgeo_1441 Dgeo_1883
TTH: TTC0191 TTC0330
TTJ: TTHA0559
TME: Tmel_1134
FNO: Fnod_0314
PMO: Pmob 0515
HMA: rrnAC0896(acaB3) rrnAC2815(aca2) 
rrnAC3497(yqeF)
rrnB0240(acal) rrnB0242(acaB2) rrnB0309(acaBl)

TAC: Ta0582
TVO: TVN0649
PTO: PTO1505
APE: APE 2108
SSO: SSO2377(acaB-4)
STO: ST0514
SAI: Saci_0963 Saci_l36l(acaB1)
MSE: Msed_0656
PAI: PAE1220
PIS: Pisl ()029 Pisl_1301
PCL: Pcal_0781
PAS: Pars_0309 Pars_1071
CMA: Cmaq_1941
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Exemplary HMG-CoA synthase nucleic acids and polypeptides
HSA: 3157(HMGCS1) 3158(HMGCS2)

PTR: 457169(HMGCS2) 461892(HMGCS1)
MCC: 7O2553(HMGCS1) 713541(HMGCS2) 
MMU: 15360(Hmgcs2) 208715(Hmgcsl)
RNO: 24450(Hmgcs2) 29637(Hmgcsl)
CFA: 479344(HMGCS1) 607923(HMGCS2)
BTA: 4O7767(IIMGCS1)
SSC: 397673(CH242-38B5.1)
GGA: 396379(HMGCS1)
XLA: 380091(hmgcsl) 447204(MGC80816)
DRE: 394060(hmgcsl)
SPU: 578259(LOC578259)
DME: Dmel_CG4311(Hmgs)
CEL: F25B4.6
ATH: AT4G11820(BAPl)
OSA: 4331418 4347614 
CME: CMM189C 
SC.E: YML126C(ERG13)
AGO: AGOS ADL356C
PIC: PICST_83020
CAL: CaO19_7312(CaO19.7312)
CGR: CAGL0H04081g 
SPO: SPAC4F8.14c(hcs)
MGR: MGG 01026 
ANI: AN4923.2
AFM: AFUA 3G10660 AFUA 8G07210 
AOR: A0090003000611 A0090010000487 
CNF: CNC05080 CNG02670
UMA: UM05362.1
ECU: ECU10_0510
DDI: DDBDRAFT 0217522 DDB_0219924(hgsA)
TET: TTHERM 00691190
TBR: Tb927.8.6110
YPE: YPO1457
YPK: y2712(pksG)
YPM: YP_1349(pksG)
YPA: YPA 0750 
YPN: YPN_2521 
YPP: YPDSF1517 
YPS: YPTB1475 
CBD: COXBU7L9121931 
TCX: Tcr_1719 
DNO: DNO 0799 
BMA: BMAA1212 
BPS: BPSS1002 
BPM: BURPS1710b_A2613 
BPL: BURPS1106AA1384 
BPD: BURPS668 A1470 
BTE: BTH II1670

MXA: MXAN_3948(tac) MXAN_4267(mvaS) 
BSU: BG10926(pksG)
OIH: OB2248 
SAU: SA2334(mvaS)
SAV: SAV2546(mvaS)
SAM: MW2467(mvaS)
SAR: SAR2626(mvaS)
SAS: SAS2432 
SAC: SACOL2561 
SAB: SAB2420(mvaS)
SAA: SAUSA300_2484 
SAO: SAOUIISC 02860 
SAJ: SaurJI19 2569 
SAH: SaurJHl_2622 
SEP: SE2110 
SER: SERP2122 
SIIA: SH0508(mvaS)
SSP:SSP0324 
LMO: lmol415
LMF: LMOf2365_1434(mvaS)
LIN: linl454
LWE: lwel432(mvaS)
LLA: L13187(hmcM)
LLC: LACR1666
LLM: llmg_0929(hmcM)
SPY: SPy_0881(mvaS.2)
SPZ: M5005_Spy_0687(mvaS.l)
SPM: spyM18_0942(mvaS2)
SPG: SpyM3_0600(mvaS.2)
SPS: SPsl253
SPH: MGAS10270_Spy0745(mvaSl)
SPI: MGAS10750_Spy0779(mvaSl)
SPJ: MGAS2096_Spy0759(mvaSl)
SPK: MGAS9429_Spy0743(mvaSl)
SPF: SpyM51121 (mvaS)
SPA: M6_Spy0704
SPB: M28_SpyO667(mvaS.l)
SPN: SPJ 727
SPR: sprl571 (mvaS)
SPD: SPD_1537(mvaS)
SAG: SAG1316
SAN: gbsl386
SAK: SAK_1347
SMU: SMU.943c
STC: strO577(mvaS)
STL: stuO577(mvaS)
STE: STER 0621
SSA: SSA_0338(mvaS)
SSU: SSU05 1641
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SSV: SSU98 1652 OOE: OEOE 0968
SGO: SGO 0244 LME: LEUM 1184
LPL: lp 2067(mvaS) NFA: nfa22120
LJO: LJ1607 SEN: SACE 4570(pksG)
LAC: LBA0628(hmcS) BBU: BB0683
LSA: LSA1484(mvaS) BGA: BG0706
LSL: LSL 0526 BAF:BAPKO 0727
LDB: Ldb0881(mvaS) FJO: Fjoh 0678
LBU: LBUL 0806 HAL: VNG1615G(mvaB)
LBR: LVTS 1363 HMA: rrnAC1740(mvaS)
LCA: LSEI 1785 HWA: IIQ2868A(mvaB)
LGA: LGAS_1372 NPH: NP2608A(mvaB_l) NP4836A(mvaB_2)
LRE: Lreu_0676
PPE: PEPE 0868
EFA: EF1363

Exemplary hydroxymethylglutaryl-CoA reductase nucleic acids and polypeptides
HSA: 3156(HMGCR)
PTR: 471516(HMGCR)
MCC: 705479(HMGCR)
MMU: 15357(Hmgcr)
RNO: 25675(Hmgcr)
CFA: 479182(HMGCR)
BTA: 407159(HMGCR)
GGA: 395145(RCJMB04_14m24)
SPU: 373355(LOC373355)
DME: Dmcl_CG10367(Hmgcr)
CEL: F08F8.2
OSA: 4347443
SCE: YLR450W(HMG2) YMLO75C(HMG1)
AGO: AGOS AER152W 
CGR: CAGL0L11506g 
SPO: SPCC162.09c(hmgl)
AN1: AN3817.2
AFM: AFUA1G11230 AFUA 2G03700 
AOR: A0090103000311 AO090120000217 
CNE: CNF04830
UMA: UM030I4.1
ECU: ECU101720
DDI: DDB_0191125(hmgA) DDB_0215357(hmgB)
TBR: Tb927.6.4540
TCR: 506831.40 509167.20
LMA: LmjF30.3190
VC.H: VCA0723
VCO: VC0395_0662
VVU: W2_0117
VVY: VVA0625
VPA: VPA0968
VFI: VFA0841

PAT: Patl_0427
CBU: CBU 0030 CBU_0610 
CBD: COXBU7E9120151 
GOXBU7E912_0622(hmgA) 
TCX: Tcr_1717 
DNO: DNO 0797 
CVI: CV1806 
SUS: Acid_5728 Acid_6132 
SAU: SA2333(mvaA)
SAV: SAV2545(mvaA) 
SAM: MW2466/mvaA)
SAB: SAB2419c(mvaA)
SEP: SE2109
LWE: lwe0819(mvaA)
LLA: L10433(mvaA)
LLC: LACR_1664 
LLM: llmg_0931(mvaA) 
SPY: SPy_0880(mvaS.l) 
SPM: spyM18_0941(mvaSl) 
SPG: SpyM3_0599(mvaS.l) 
SPS: SPsl254
SPII: MGAS10270_Spy0744 
SPI: MGAS10750_Spy0778 
SPJ: MGAS2096 Spy0758 
SPK: MGAS9429 Spy0742 
SPA: M6_Spy0703 
SPN: SPJ 726 
SAG: SAG1317 
SAN: gbsl387 
STC: strO576(mvaA)
STL: stuO576(mvaA)
STE: STER 0620
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SSA: SSA_0337(mvaA) HAL: VNG1875G(mvaA)
LPL: lp 0447(mvaA) HMA: rrnAC3412(mvaA)
LJO: LJ1608 HWA: HQ3215A(hmgR)
LSL: LSL 0224 NPH: NP0368A(mvaA 2) NP2422A(mvaA :
LBR: LVIS 0450 TAC: Ta0406m
LGA: LGAS1373 TVO: TVN1168
EFA: EF1364 PTO: PTO 1143
NFA: nfa22110 PAB: PAB2106(mvaA)
BGA: BG0708(mvaA) PFU: PF1848
SRU: SRU 2422 TKO: TK0914
FPS:FP2341 RCI: RCIX1027(hmgA) RCIX376(hmgA)
MMP: MMP0087(hmgA) APE: APE1869
MMQ: MmarC5 1589 IHO: lgni_0476
MAC: MA3073(hmgA) HBU: Hbut 1531
MBA: Mbar A1972 SSO: SSO0531
MMA: MM 0335 STO: ST1352
MBU: Mbur 1098 SAI: Saci 1359
MHU: Mhun_3004 PAI: PAE2182
MEM: Mcmar 2365 PIS: Pisl 0814
MBN: Mboo 0137 PCL: Peal 1085
MTH: MTH562 PAS: Pars 0796
MST: Msp 0584(hmgA)
MSI: Msm 0227
MKA: MKO355(IIMG1)
AFU: AF1736(mvaA)

Exemplary mevalonate kinase nucleic acids and polypeptides
HSA: 4598(MVK)
MCC: 707645(MVK)
MMU: 17855(Mvk)
RNO: 81727(Mvk)
CFA: 486309(MVK)
BTA: 505792(MVK)
GGA: 768555(MVK)
DRE: 492477(zgc: 103473) 
SPU: 585785(LOC585785) 
DME: Dmel_CG33671 
OSA: 4348331 
SCE: YMR208W(ERG12) 
AGO: AGOS AER335W 
PIC: PICST_40742(ERG12) 
CGR: CAGL0F03861g 
SPO: SPAC13G6.11c 
MGR: MGG 06946 
ANI: AN3869.2 
AFM: AFUA_4G07780 
AOR: A0090023000793 
CNE: CNK01740 
ECU: ECU09_1780 
DDE DDBDRAFT 0168621

TET: TTHERM 00637680
TBR: Tb927.4.4070
TCR: 436521.9 509237.10
LMA: LmjF31.0560
CBU: CBU_0608 CBU_0609
CBD: COXBU7E912 0620(mvk)
LPN: lpg2039
LPF: lpl2017
LPP: lpp2022
BBA: BdlO27(lmbP) Bdl630(mvk) 
MXA: MXAN_5019(mvk)
OIH: OB0225 
SAU: SA0547(mvaKl)
SAV: SAV0590(mvaKl)
SAM: MW0545(mvaKl)
SAR: SAR0596(mvaKl)
SAS: SAS0549 
SAC: SACOL0636(mvk)
SAB: SAB0540(mvaKl)
SAA: SAUSA300_0572(mvk)
SAO: SAOUHSC_00577
SEP: SE0361
SER: SERP0238(mvk)
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SHA: SH2402(mvaKl)
SSP:SSP2122
LMO: ImoOOlO
LMF: LMOf2365_0011
LIN: linOOlO
LWE: lweOOll(mvk)
LLA: L7866(yeaG)
LLC: LACR_0454
LLM: Umg_0425(mvk)
SPY: SPy_0876(mvaKl)
SPZ: M5005_Spy_0682(mvaKl) 
SPM: spyM18_0937(mvaKl)
SPG: SpyM3_0595(mvaKl)
SPS: SPsl258
SPH: MGAS10270_Spy0740(mvaKl) 
SPI: MGAS10750_Spy0774(mvaKl) 
SPJ: MGAS2096_Spy0753(mvaKl) 
SPK: MGAS9429_Spy0737(mvaKl) 
SPF: SpyM51126(mvaKl)
SPA: M6_SpyO699
SPB: M28_SpyO662(mvaKl)
SPN: SP_0381 
SPR: sprO338(mvk)
SPD: SPD_0346(mvk)
SAG: SAG1326 
SAN: gbsl396 
SAK: SAK_1357(mvk)
SMU: SMU.181 
STC: strO559(mvaKl)
STL: stuO559(mvaK1)
STE: STER 0598 
SSA: SSA_0333(mvaKl)
SSU: SSU05 0289 
SSV: SSU98_0285 
SGO: SGO_0239(mvk)
LPL: lp_1735(mvaKl)
LJO: LJ1205
LAC: LBA1167(mvaK)
LSA: LSA0908(mvaKl)
LSL: LSL 0685(eRG)
LDB: Ldb0999(mvk)
LBU: LBUL 0906 
LBR: LVIS 0858

LCA: LSEI1491 
LGA: LGAS1033 
LRE: Lreu_0915 
PPE: PEPE 0927 
EFA: EF0904(mvk) 
OOE: OEOEJIOO 
LME: LEUM 1385 
NFA: nfa22070 
BGA: BG0711 
BAF: ΒΑΡΚΘ 0732 
FPS:FP0313 
MMP: MMP1335 
MAE: Maeo_0775 
MAC: MA0602(mvk) 
MBA: Mbar_A1421 
MMA: MM J 762 
MBU: Mbur_2395 
MHU: Mhun_2890 
MEM: Mcmar_1812 
MBN: Mboo 22l3 
MST: Msp_0858(mvk) 
MSI: Msm_1439 
MKA: MK0993(ERG12) 
HAL: VNG1145G(mvk) 
HMA: rrnAC0077(mvk) 
HWA: HQ2925A(mvk) 
NPH: NP2850A(mvk) 
PTO: PTO1352 
PHO: PHI625 
PAB: PAB0372(mvk) 
PFU: PF1637(mvk)
TKO: TK1474 
RCI: LRC399(mvk) 
APE: APE 2439 
HBU: Hbut_0877 
SSO: SSO0383 
STO: ST2185 
SAI: Saci_2365(mvk) 
MSE: Msed 1602 
PAI: PAE3108 
PIS: Pisl_0467 
PCL: Peal 1835

Exemplary phosphomevalonate kinase nucleic acids and polypeptides
HSA: 10654(PMVK) 
PTR: 457350(PMVK) 
MCC: 717014(PMVK) 
MMU: 68603 (Pmvk)

CFA: 612251(PMVK) 
BTA: 513533(PMVK) 
DME: Dmel_CG10268 
ATH: AT1G31910
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OSA: 4332275
SCE: YMR220W(ERG8)
AGO: AGOS AER354W 
PIC: PICST_52257(ERG8)
CGR: CAGL0F03993g 
SPO: SPAC343.01c 
MGR: MGG 05812 
ANI: AN2311.2 
AFM: AFUA 5G10680 
AOR: A0090010000471 
CNE: CNM00100 
UMA: UM00760.1 
DDE DDBDRAFT 0184512 
TBR: Tb09.160.3690 
TCR: 507913.20 508277.140 
LMA: LmjF15.1460 
MXA: MXAN_5017 
OIH: ΘΒ0227 
SAU: SA0549(mvaK2)
SAV: SAV0592(mvaK2)
SAM: MW0547(mvaK2)
SAR: SAR0598(mvaK2)
SAS: SAS0551 
SAC: SACOL0638 
SAB: SAB0542(mvaK2)
SAA: SAUSA300_0574 
SAO: SAOUHSC 00579 
SAJ: SaurJH9_0615 
SEP: SE0363 
SER: SERP0240 
SHA: SH2400(mvaK2)
SSP:SSP2120 
LMO: lmo0012 
LMF: LMOf2365_0013 
LIN: lin0012 
LWE: lwe0013 
LLA: L10014(yebA)
LLC: LACR_0456 
LLM: Hmg O427 
SPY: SPy_0878(mvaK2)
SPZ: M5005_Spy_0684(mvaK2)
SPM: spyM18_0939
SPG: SpyM3_0597(mvaK2)

SPS: SPsl256
SPH: MGAS10270_Spy0742(mvaK2) 
SPE MGAS10750_Spy0776(mvaK2) 
SPJ: MGAS2096_Spy0755(mvaK2) 
SPK: MGAS9429_Spy0739(mvaK2) 
SPE: SpyM51124(mvaK2)
SPA: M6_Spy0701
SPB: M28_Spy0664(mvaK2)
SPN: SP_0383 
SPR: spr0340(mvaK2)
SPD: SPD_0348(mvaK2)
SAG: SAG1324 
SAN: gbsl394 
SAK: SAK_1355 
SMU: SMU.938 
STC: strO561(mvaK2)
STL: stuO561(mvaK2)
STE: STER 0600 
SSA: SSA_0335(mvaK2)
SSU: SSU05 0291 
SSV: SSU98_0287 
SGO: SGO 0241 
LPL: lp_l 733(mvaK2)
LJO: LJ1207
LAC:LBA1169
LSA: LSA0906(mvaK2)
LSL: LSL 0683 
LDB: LdbO997(mvaK)
LBU: LBUL 0904 
LBR: LVTS 0860 
LCA: LSEI_1092 
LGA: LGAS1035 
LRE: Lreu_0913 
PPE: PEPE 0925 
EFA: EF0902 
NF A: nfa22090 
BGA: BG0710 
BAF: BAPKO 0731 
NPH: NP2852A 
SSO: SSO2988 
STO: ST0978 
SAE Saci 1244

Exemplary diphosphomevalonate decarboxylase nucleic acids and polypeptides
HSA: 4597(MVD) 
PTR: 468069(MVD) 
MCC: 696865(MVD) 
MMU: 192156(Mvd) 
RNO: 81726(Mvd)

CFA: 489663(MVD) 
GGA: 425359(MVD) 
DME: Dmel_CG8239 
SCE: YNRO43W(MVD1) 
AGO: AGOSAGL232C
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PIC: PICST 90752
CGR: CAGL0C03630g
SPO: SPAC24C.9.03
MGR: MGG_09750
ANI: AN4414.2
AFM: AFUA_4G07130
AOR: A0090023000862
CNE: CNL04950
UMA: UM05179.1
DDI: DDBDRAFT 0218058
TET: TTHERM 00849200
TBR: Tbl0.05.0010 TblO.61.2745
TCR: 507993.330 511281.40
LMA: LmjF18.0020
CBU: CBU_0607(mvaD)
CBD: COXBU7E912_0619(mvaD)
LPN: lpg2040
LPF: lpl2018
LPP: lpp2023
TCX: Tcr_1734
DNO: DNO_0504(mvaD)
BBA: Bdl629
MXA: MXAN_5018(mvaD)
OIII: OB0226 
SAU: SA0548(mvaD)
SAV: SAV0591(mvaD)
SAM: MW0546(mvaD)
SAR: SAR0597(mvaD)
SAS: SAS0550
SAC: SACOL0637(mvaD)
SAB: SAB0541(mvaD)
SAA: SAUSA300_0573(mvaD)
SAO: SAOUIISC 00578
SAJ: SaurJH9_0614
SAH: SaurJHl_0629
SEP: SE0362
SER: SERP0239(mvaD)
SHA: SH2401(mvaD)
SSP:SSP2121 
LMO: ImoOOll
LMF: LMOf2365_0012(mvaD)
LIN: linOOl 1
LWE: lwe0012(mvaD)
LLA: L9089(yeaH)
LLC: LACR_0455 
LLM: Hmg O426(mvaD)
SPY: SPy_0877(mvaD)
SPZ: M5005_Spy_0683(mvaD) 
SPM: spyMl 8_0938(mvd)
SPG: SpyM3_0596(mvaD)
SPS: SPsl257

SPH: MGAS10270_Spy0741(mvaD) 
SPI: MGAS10750_Spy0775(mvaD) 
SPJ: MGAS2096_Spy0754(mvaD) 
SPK: MGAS9429_Spy0738(mvaD) 
SPF: SpyM51125(mvaD)
SPA: M6_Spy0700
SPB: M28_SpyO663(mvaD)
SPN: SP_0382 
SPR: spr0339(mvdl)
SPD: SPD_0347(mvaD)
SAG: SAG1325(mvaD)
SAN:gbsl395
SAK: SAK_1356(mvaD)
SMU: SMU.937 
STC: str0560(mvaD)
STL: stu0560(mvaD)
STE: STER 0599 
SSA: SSA_0334(mvaD)
SSU: SSU05_0290 
SSV: SSU98 0286 
SGO: SGO_0240(mvaD)
LPL: lp_1734(mvaD)
LJO: LJ1206
LAC: LBA1168(mvaD)
LSA: LSA0907(mvaD)
LSL: LSL_0684 
LDB: Ldb0998(mvaD)
LBU: LBUL 0905 
LBR: LVIS0859 
LCA: LSEI_1492 
LGA: LGAS1034 
LRE: Lreu_0914 
PPE: PEPE 0926 
EFA: EF0903(mvaD)
LME: LEUM_1386 
NFA: nfa22080 
BBU: BB0686 
BGA: BG0709 
BAL: BAPK0 0730 
GFO: GFO 3632 
FPS:FP0310(mvaD)
HAU: Haur_1612 
HAL: VNG0593G(dmd)
FIMA: rrnAC1489(dmd)
HWA: HQ1525A(mvaD)
NPH: NP1580A(mvaD)
PTO: PTO0478 PTO1356 
SSO: SSO2989 
STO: ST0977 
SAI: Saci_1245(mvd)
MSE: Msed 1576
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Exemplary isopentenyl phosphate kinases (IPK) nucleic acids and polypeptides
Methanobacterium thermoautotrophicum 
gi|2621082
Methanococcusyawwavc/izz DSM 2661 gi| 1590842 ; 
Methanocaldococcus jannaschii gi| 1590842 
Methanothermobacter thermautotrophicus 
gi|2621082

Picrophilus torridus DSM9790 (IG-57) gi|48477569 
Pyrococcus ahyssi gi 14520758 
Pyrococcus horikoshii OT3 gi|3258052 
Archaeoglobus fulgidus DSM4304 gi|2648231

Exemplary isopentenyl-diphosphate Delta-isomerase (IDI) nucleic acids and polypeptides
HSA: 3422(IDI1) 91734(IDI2)
PTR: 450262(IDI2) 45O263(IDI1)
MCC: 710052(LOC710052) 721730(LOC721730) 
MMU: 319554(ldil)
RNO: 89784(Idil)
GGA: 42045 9(IDI1)
XLA: 494671(LOC494671)
XTR: 496783 (idi2)
SPU: 586184(LOC586184)
CEL: K06H7.9(idi-l)
ATH: AT3G02780(IPP2)
OSA: 4338791 4343523 
CME: CMB062C 
SCE: YPL117C(IDI1)
AGO: AGOS ADL268C 
PIC: PICST_6899O(IDI1)
CGR: CAGL0J06952g 
SPO: SPBC106.15(idil)
ANI: AN0579.2 
AFM: AFUA6G11160 
AOR: A0090023000500 
CNE: CNA02550 
UMA: UM04838.1 
ECU: ECU02_0230 
DDI: DDB_0191342(ipi)
TET: TTHERM_00237280 TTHERM_00438860
TBR: Tb09.211.0700
TCR: 408799.19 510431.10
LMA: LmjF35.5330
EHI: 46.100025
ECO: b2889(idi)
ECJ: JW2857(idi)
ECE: Z4227
ECS: ECs3761
ECC: c3467
ECI: UTI89 C3274
ECP: ECP_2882
ECV: APECO1 3638
ECW: EcE24377A_3215(idi)
ECX: EcHS_A3048

STY: STY3195
STT: t2957
SPT: SPA2907(idi)
SEC: SC2979(idi)
STM: STM3039(idi)
SFL: SF2875(idi)
SEX: S3074
SFV: SFV_2937
SSN: SSON_3042 SSON_3489(yhfK)
SBO: SBO 3103
SDY: SDY3193
ECA: ECA2789
PLU: plu3987
ENT: Ent63S 3507
SPE: Spro_2201
VPA: VPA0278
VFl: VF0403
PPR: PBPRA0469(mvaD)
PEN: PSEEN4850 
CBU: CBU_0607(mvaD)
CBD: COXBU7E912_0619(mvaD)
LPN: lpg2051
LPF: lpl2029
LPP: lpp2034
TCX: Tcr_1718
HHA: Hhal_1623
DNO: DNO 0798
EBA: ebA5678 p2A143
DVU: DVU1679(idi)
DDE: Dde_1991 
LIP: LI1134 
BBA: Bdl626 
AFW: Anael09_4082 
MXA: MXAN 5021 (liiiJ 
RPR: RP452 
RTY: RT0439(idi)
RCO: RC0744 
RFE: RF_0785(fni)
RBE: RBE_0731(fni)
RAK: A1C 04190
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RBO: A1I 04755
RCM: A1E_O2555
RRI: A1G 04195
MLO: mlr6371
RET: RHE_PD00245(ypd00046) 
XAU: Xaut_4134 
SIL: SPO0131 
SIT: TM1040_3442 
RSP: RSP 0276 
RSH: Rsphl7029_1919 
RSQ: Rsphl7025_1019 
JAN: Jann_0168 
RDE: RD1 _0147(idi)
DSH: Dshi_3527 
BSU: BG11440(ypgA)
BAN: BAI 520 
BAR: GBAA1520 
BAA: BA_2041 
BAT: BAS 1409 
BCE: BC1499 
BCA: BCE1626 
BCZ: BCZK1380(fni)
BCY: Bcer98_1222 
BTK: BT9727_138 l(fni)
BTL: BALH_1354 
BLI: BL02217(fni)
BLD: BLiO2426
BAY: RBAM_021020(fni)
BPU: BPUM_2020(fni)
OIH: OB0537 
SAU: SA2136(fni)
SAV: SAV2346(fni)
SAM: MW2267(fni)
SAR: SAR2431(fni)
SAS: SAS2237 
SAC: SACOL2341(fni)
SAB: SAB2225c(fni)
SAA: SAUSA300_2292(fni) 
SAO: SAOUHSC_02623 
SEP: SE1925 
SER: SERP1937(fni-2)
SHA: SH0712(fni)
SSP: SSP0556
LMO: lmol383
LMF: LMOI2365_1402(fni)
LIN: linl420 
LWE: lwel399(fni)
LLA: L11083(yebB)
LLC: LACR_0457 
LLM: llmg_0428(fni)
SPY: SPy_0879

SPZ: M5005_Spy_0685
SPM: spyM18_0940
SPG: SpyM3_0598
SPS: SPsl255
SPH: MGAS10270_Spy0743
SPI: MGAS10750_Spy0777
SPJ: MGA$2096 Spy0756
SPK: MGAS9429_Spy0740
SPF: SpyM51123(fhi)
SPA: M6_Spy0702
SPB: M28_SpyO665
SPN: SP_0384
SPR: spr0341 (fini)
SPD: SPD_0349(fni)
SAG: SAG1323
SAN: gbsl393
SAK: SAK_1354(fni)
SMU: SMU.939
STC: str0562(idi)
STL: stu0562(idi)
STE: STER 0601
SSA: SSA_0336
SGO: SGO 0242
LPL: lp_1732(idil)
LJO: LJ1208
LAC: LBA1171
LSA: LSA0905(idi)
LSL: LSL 0682
LDB: Ldb0996(fni)
LBU: LBUL 0903
LBR: LVIS_0861
LCA: LSEI_1493
LGA: LGAS1036
LRE: Lreu_0912
EFA: EF0901
OOE: OEOEJ 103
STII: STII1674
CBE: Cbci_3081
DRM: Dred_0474
SWO: Swol_1341
MTA: Moth_1328
MTU: Rvl745c(idi)
MTC: MT1787(idi)
MBO: Mbl774c(idi)
MBB: BCG_1784c(idi)
MPA: MAP3079c
MAV: MAV_3894(fni)
MSM: MSMEG_1057(fni) MSMEG_2337(fni) 
MUL: MUL_0380(idi2)
MVA: Mvan_1582 Mvan_2176 
MGI: Mflv_1842 Mflv_4187
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MMC: Mmcs_1954
MKM: Mkms_2000
MJL: Mjls_1934
CGL: NCgl2223(cgl2305)
CGB: cg253 l(idi)
CEF: CE2207
CDI: DIP1730(idi)
NFA: nfal9790 nfa22100
RHA: RHAl_ro00239
SCO: SCO6750(SC5F2A.33c)
SMA: SAV1663 (idi)
LXX: Lxx23810(idi)
CMI: CMM_2889(idiA)
AAU: AAur_0321 (idi)
PAC: PPA2115
FRA: Francci3_4188
FRE: Franean1_5570
FAL: FRAAL6504(idi)
KRA: Krad_3991
SEN: SACE_2627(idiB_2) SACE__5210(idi)
STP: Strop_4438
SAQ: Sare_4564 Sare_4928
RXY: Rxyl_0400
BBU: BB0684
BGA: BG0707
SYN: S111556
SYC: syc2161_c
SYF: Synpcc7942_1933
CYA: CYA_2395(fhi)
CYB: CYB_2691(fni)
TEL: til 1403 
ANA: all4591
AVA: Ava_2461 Ava B0346
TER: Tery_1589
SRU: SRU_1900(idi)
CHU: CHU_0674(idi)
GFO: GFO_2363(idi)
FJO: Fjoh_0269
FPS: FP 1792( idi)
CTE: CT0257
CCH: Cag_1445
CPH: Cpha266_0385
PVI: Cvib_1545
PLT: Plut_1764
RRS: RoscRS_2437
RCA: Rcas 22l5
HAU: Haur_4687
DRA: DR1087
DGE: Dgeo_1381
TTH: TT_P0067

TTJ: TTHB110
MJA: MJ0862
MMP: MMP0043
MMQ: MmarC5_1637
MMX: MmarC6_0906
MMZ: MmarC7l 040
MAE: Maeo_1184
MVN: Mevan_1058
MAC: MA0604(idi)
MBA: Mbar_A1419
MMA: MM_1764
MBU: Mbur_2397
MTP: Mthc ()474
MHU: Mhun_2888
MLA: Mlab_1665
MEM: Memar_1814
MBN: Mboo_2211
MTH: MTH48
MST: Msp_0856(fni)
MSI: Msm_1441
MKA: MK0776(lldD)
AFU: AF2287
HAL: VNG1818G(idi) VNG608lG(crt_l) 
VNG6445G(crt_2) VNG7060 VNG7149 
HMA: rrnAC3484(idi)
HWA: HQ2772A(idiA) HQ2847A(idiB) 
NPH: NP0360A(idiB_l) NP4826A(idiA) 
NP5124A(idiB_2)
TAC: Ta0102
TVO: TVN0179
PTO: PTO0496
PHO: PHI202
PAB: PAB1662
PFU: PF0856
TKO: TK1470
RCI: LRC397(fni)
APE: APE_1765.1
SMR: Smar_0822
IHO: Igni 0804
HBU: Hbut_0539
SSO: SS00063
STO: ST2059
SAI: Saci_0091
MSE: Msed_2136
PAI: PAE0801
PIS: Pisl 1093
PCL: Pcal_0017
PAS: Pars_0051
TPE: Tpen_0272
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Exemplary isoprene synthase nucleic acids and polypeptides
Genbank Accession Nos.
AY341431
AY316691
AY279379
AJ457070
AY 182241
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The Claims defining the invention are as follows:

1. A method for producing a fuel constituent from a bioisoprene composition comprising 

chemically transforming a substantial portion of the isoprene in the bioisoprene composition to 

non-isoprene compounds by:

(a) subjecting the bioisoprene composition to heat or catalytic conditions suitable for isoprene 

dimerization to produce an isoprene dimer and then catalytically hydrogenating the isoprene 

dimer to form a saturated CIO fuel constituent; or

(b) (i) partially hydrogenating the bioisoprene composition to produce an isoamylene, (ii) 

dimerizing the isoamylene with a mono-olefin selected from the group consisting of isoamylene, 

propylene and isobutene to form a dimate and (iii) completely hydrogenating the dimate to 

produce a fuel constituent.

2. The method of claim 1, wherein at least about 95% of isoprene in the bioisoprene 

composition is converted to non-isoprene compounds.

3. The method of claim 1 or claim 2, wherein the bioisoprene composition is heated from 

about 150 °C to 250 °C to produce an unsaturated cyclic isoprene dimer and the unsaturated 

cyclic isoprene dimer is hydrogenated catalytically to produce a saturated cyclic isoprene dimer 

fuel constituent.

4. The method of any one of claims 1 to 3, wherein the method comprises: (i) contacting the 

bioisoprene composition with a catalyst for catalyzing cyclo-dimerization of isoprene to produce 

an unsaturated cyclic isoprene dimer and the unsaturated cyclic isoprene dimer is hydrogenated 

catalytically to produce a saturated cyclic isoprene dimer fuel constituent.

5. The method of claim 4, wherein the catalyst for catalyzing cyclo-dimerization of 

isoprene comprising a catalyst selected from the group consisting of a nickel catalyst, iron 

catalysts and chromium catalysts.

6. The method of any one of claims 1 to 5, wherein the step of partially hydrogenating the 

bioisoprene composition comprises contacting the bioisoprene composition with hydrogen gas 

and a catalyst for catalyzing partial hydrogenation of isoprene.
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7. The method of claim 6, wherein the catalyst for catalyzing partial hydrogenation of 

isoprene comprises a palladium catalyst.

8. The method of any one of claims 1 to 7, wherein the step of dimerizing the isoamylene 

with a mono-olefin comprises contacting the isoamylene with the mono-olefin in the presence of 

a catalyst for catalyzing dimerization of mono-olefin.

9. The method of claim 8, wherein the catalyst for catalyzing dimerization of mono-olefin 

comprises an acid catalyst.

10. The method of any one of claims 1 to 9, further comprising purifying the isoprene from 

the bioisoprene composition prior to chemically transforming the bioisoprene composition to a 

fuel constituent.

11. A system for producing a fuel constituent from a bioisoprene composition, wherein a 

substantial portion of the isoprene in the bioisoprene composition is chemically converted to 

non-isoprene compounds, the system comprising a bioisoprene composition and :

(a) (i) one or more chemicals capable of dimerizing isoprene in the bioisoprene composition or a 

source of heat capable of dimerizing isoprene in the bioisoprene composition; and (ii) a catalyst 

capable of hydrogenating the isoprene dimer to form a saturated CIO fuel constituent; or

(b) (i) a chemical capable of partially hydrogenating isoprene in the bioisoprene composition to 

produce an isoamylene, (ii) a chemical capable of dimerizing the isoamylene with mono-olefins 

selected from the group consisting of isoamylene, propylene and isobutene to form a dimate and 

(iii) a chemical capable of completely hydrogenating the dimate to produce a fuel constituent.

12. The system of claim 11, wherein the bioisoprene composition comprising greater than 

about 2 mg of isoprene and comprising greater than or about 99.94% isoprene by weight 

compared to the total weight of all C5 hydrocarbons in the composition.

13. The system of claim 11 or claim 12, wherein the one or more chemicals capable of 

dimerizing isoprene comprises catalyst for catalyzing cyclo-dimerization of isoprene comprising 

a catalyst selected from the group consisting of ruthenium catalysts, nickel catalysts, iron 

catalysts and chromium catalysts.
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14. The system of any one of claims 11 to 13, wherein the catalyst for hydrogenating the 

unsaturated isoprene dimers comprises a catalyst selected from the group consisting of 

palladium catalysts, nickel catalysts, ruthenium catalysts and rhodium catalysts.

15. The system of any one of claims 11 to 14, wherein the chemical capable of partially 

hydrogenating isoprene comprises a palladium catalyst.

16. The system of any one of claims 11 to 15, wherein the chemical capable of dimerizing 

the isoamylene with mono-olefins comprises an acid catalyst.

17. A fuel composition comprising a fuel constituent produced by the method of any one of 

claims 1 to 10.

18. The fuel composition of claim 17, wherein the fuel composition is substantially free of 

isoprene.

1319. The fuel composition of claim 17 or claim 18, wherein the fuel composition has δ C 

value which is greater than -22% or within the range of from -32% to -24%.

20. The method of any one of claims 1 to 10, wherein at least about 80% of isoprene in the 

bioisoprene composition is converted to non-isoprene compounds.

21. The method of any one of claims 1 to 10 or claim 20, wherein the bioisoprene 

composition comprises one or more compounds selected from the group consisting of ethanol, 

acetone, C5 prenyl alcohols, and isoprenoid compounds with 10 or more carbon atoms.

22. The method of any one of claims 1 to 10 or claims 20 or 21, wherein the bioisoprene 

composition comprises one or more compounds selected from the group consisting of ethanol, 

acetone, methanol, acetaldehyde, methacrolein, methyl vinyl ketone, 2-methyl-2-vinyloxirane, 

cis- and trans-3-methyl-1,3-pentadiene, and C5 prenyl alcohols.

23. The method of any one of claims 1 to 10 or claims 20 to 22, wherein the bioisoprene 

composition comprises one or more compounds selected from the group consisting of 2- 

heptanone, 6-methyl-5-hepten-2-one, 2,4,5-trimethylpyridine, 2,3,5-trimethylpyrazine, 

citronellal, acetaldehyde, methanethiol, methyl acetate, 1-propanol, diacetyl, 2-butanone, 2- 

methyl-3-buten-2-ol, ethyl acetate, 2-methyl-l-propanol, 3-methyl-1-butanal, 3-methyl-2-
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butanone, 1-butanol, 2-pentanone, 3-methyl-1-butanol, ethyl isobutyrate, 3-methyl-2-butenal,

butyl acetate, 3-methylbutyl acetate, 3-methyl-3-buten-l-yl acetate, 3-methyl-2-buten-l-yl

acetate, 3-hexen-l-ol, 3-hexen-l-yl acetate, limonene, geraniol (trans-3,7-dimethyl-2,6-octadien-

l-ol), citronellol (3,7-dimethyl-6-octen-l-ol), (E)-3,7-dimethyl-l,3,6-octatriene, (Z)-3,7-

dimethyl-l,3,6-octatriene, and 2,3-cycloheptenolpyridine.

24. The method of any one of claims 1 to 10 or claims 20 to 23, wherein the isoprene in the 

bioisoprene composition is continuously chemically transformed to the non-isoprene compounds.

25. The system of any one of claims 11 to 16, wherein at least 80% of the isoprene in the 

bioisoprene composition is chemically converted to non-isoprene compounds.

26. The system of any one of claims 11 to 16 or claim 25, wherein the bioisoprene 

composition comprises one or more compounds selected from the group consisting of ethanol, 

acetone, C5 prenyl alcohols, and isoprenoid compounds with 10 or more carbon atoms.

27. The system of any one of claims 11 to 16 or claims 25 or 26, wherein the bioisoprene 

composition comprises one or more compounds selected from the group consisting of ethanol, 

acetone, methanol, acetaldehyde, methacrolein, methyl vinyl ketone, 2-methyl-2-vinyloxirane, 

cis- and trans-3-methyl-l,3-pentadiene, and C5 prenyl alcohols.

28. The system of any one of claims 11 to 16 or claims 25 to 27, wherein the bioisoprene 

composition comprises one or more compounds selected from the group consisting of 2- 

heptanone, 6-methyl-5-hepten-2-one, 2,4,5-trimethylpyridine, 2,3,5-trimethylpyrazine, 

citronellal, acetaldehyde, methanethiol, methyl acetate, 1-propanol, diacetyl, 2-butanone, 2- 

methyl-3-buten-2-ol, ethyl acetate, 2-methyl-l-propanol, 3-methyl-1-butanal, 3-methyl-2- 

butanone, 1-butanol, 2-pentanone, 3-methyl-1-butanol, ethyl isobutyrate, 3-methyl-2-butenal, 

butyl acetate, 3-methylbutyl acetate, 3-methyl-3-buten-l-yl acetate, 3-methyl-2-buten-l-yl 

acetate, 3-hexen-l-ol, 3-hexen-l-yl acetate, limonene, geraniol (trans-3,7-dimethyl-2,6-octadien- 

l-ol), citronellol (3,7-dimethyl-6-octen-l-ol), (E)-3,7-dimethyl-l,3,6-octatriene, (Z)-3,7- 

dimethyl-l,3,6-octatriene, and 2,3-cycloheptenolpyridine.
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Figure 1

I*·
atgtgtgcgaectettctcaatttactcagatfcaccgagc&taatteecgtcgtfcecgcaaact
AtieAgeeaaseetig tggaatit t eg asfct cctigcaatcccfcggagaacgaccfcgaaagtiggaaaa
getggaggagaaagcgaccaaacfcggaggaagaagttegetgeatgafccaa©egfc gfcagaeacc
cagccgcfcgfccccfcgcfcggagcfcgatcgacgatgtgcagcgcctgggtctgacCtacaaatttg
aaaaagaGatcafctaaageccfcggaaaacafccgtactgctggacgaaaacaaaaagaacaaatc
fcgaccfcgcacgcaaccgctctgfccfcfctccgfccfcgcfcgcgtcagcacggttfcCgaggfettcfccag
gafcgtfcfctfcgagcgfctfccaaggataaagaaggtggttteagcggfcgaactgaaaggtgacgtcc·
aaggcctgcfcgagccfcgtatgaagcgfcctfcacetggg'ttfccgagggtgagaacctgcfcggagga
ggcgcgtacctttfc ccatcacccacefcgaagaacaaccfcgaaagaaggcattaataccaaggtt
gcagaacaagtgagceacgccctgg&actgccatatcaccagc^tctgcaccgtcfcggaggcac
gttggtfccctggafcaaatacgaaccgaaagaaccgcatcaccagcfcgcfcgctggagctggcgaa
gctggafctttaaratggtacag&ccctgeaccagaaagagctgeaagafcctgt-eeegetggtgg
accgagatgggcctggctagcaaactggafctfctgfcacgcgaccgcctgatggaagtttatfctcfc
gggcactgggfcafcggcgccagacccgcagfct'tggfcgaafcgfccgeaaagcfcgfctactaaaatgtfc
tggtctggfcgacgateategatigaegfegtiafcgacgfcttatiggeaetctggacgaactgcaactg
ttcaccgafcgctgtagagcg©t.gggacgttaa<sg<5tattaaeaiccctig©cggae5tatatgaaae
tgtgfctfcccfcggeactgtacaaeaccgfctaacgacaegtcctafctctafctctgaaagagaaagg
t«afcaacaacctgfccctafccfcgacgaaaagcfc.ggegfcgaacfcgfcgcaaagcctfcfccfcgcaagag
gGgAaatggfcccaacaacaaaatfcatcccggctttctccaagfcacctggaaaacgccagcgttfc
ccticcfcccggtgfcagcgcffegctiggcgccgticfctacttitfcccgfeatgccagcagcaggaagacat
etcegaccacgcgcfcgegfcfcccctgaccgacfctccatggfcctggfcgcgttcfcagcfcgcgfctiatic
fctcegcctgtgcaaogaticfcggccacfttctgcggcggagctggaaegfcggcgagactaccaa.fct
etatcafctagctacatgcacgaaaacgafcggtaecagcgaggaacaggccegcgaagaactgcg
t aaactgati ©gaegeegaa t.g gaaaaag at ga atcgfcgaa c g cgt tagcgactccaccctgcfcg
ccfcaaagcgttcatggaaatcgcagttaacafcggcaagfcgfcttcccacfcgcaccfcaccagfcatg
gegatggtctgggfccgceeagactaegegactgaaaaccgcat ea aactgcfcgctgafc fcgaccc
•fctfccccgatti aaccagetgatgtatgtc
•tiaactgeag
'(SEQIDNOU)
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Figure 3A

gtttgacagcttate&tc^&ctgcacggtgeacGaatgcttetggcgtcaggcagcea'tcggaa
gc fcgtggt .atggct-gfc gcaggtcg-fca.aa fc escfc gca taafc tcgtg t cget ea a gg cgca at ccc
g tt at gga fcaatgtfc tt.ttgcgecgaeat e&fcaacggt fcetggcaaa t at tot ga eat gaget g
fcfcgacaafctaatcatGGgg.cfcegtafeaatgfcgfcggaattgtgagcggataaeaatfctGaGacag
gaaacagcgccgcfcgagaaaaagcgaagcggcaacrfcgcfccfcfctaacaattfcafccagaeaafcctgfc
gtgggeacfcegaceggaattafccgafcfcaaefcfcfcafcfcatefcaaaaafctaaagaggtafcatattaafc
g t at cgatfcaaafcaaggaggaataaac€3CTgfcgfcgcgaccfccfct cfccaa 1fc fcaefccagat fcacc
gagcafcaafcfcccegfcegfcfcccgeaaactatcagccaaaecfcgfcggaafcfcfccgaafctccfcgcaafc
eccfcggagaacgacetgaaagfcggaaaagetggagg&gaaagcgaccaaacfcggaggaagaagfc
fccgcfcgaatgafccaaeegfcgfc&gacaeccagccgctgtcecfcgctggagctgafccgacgatgfcg
cag<^cctgggfcc£gacctacaaatt£gaa&aagacatcattaaagcccfcggaa&aeatcg£ac
fcgcfcggacgaaaa«aaaaagaacaaatctgacctgcacgcaaccgcfcetgtcfct.t.ecgfc©tgcfc
g cgtca gcacggt t fc cgaggtt tc t caggatgfc tt tfcgagcgfc tt ©aa.g gafcaaag aagg fcgg fc
fct ©a gcggfcgaaetgas aggtgac.gfcccaaggecfcgefcgagect g t atgaagcg t ct ta ecfegg
gt tt cgagggfcgaga acctgetggagga ggcgcgfcacct tt fc ceafc caeecaectgaagaaca a
ec£gaa.aga&ggeafctaataecaaggttgeagaacaagtgagceacgc«©fcgga.acfcgQGafcat
caccag cgfcctgcaccgtetgga ggcacgtt ggt t cetgga fcaaat acgaaccgaa agaacc gc
ateaccagctgctgetggagctggcgaagctggattfctaacatggtaeagaeeetgcaccagaa
agagatgaaagatcfcgtcccgctggtggaccgagatgggacfcggct&gcaaaatggattfctgta
eg eg accg cet g a t g ga agttt a ttt ctgggca et g tjgt at ggcgeca g acccgeag t tfcggt g
aa t gtegcaaa gefcgttacfcaa aafcgt fctggtctggtgacgafcca tegatgaegtgt a t ga cgt.
tfcatggcactctggacgaacfcgcaactgfcfccaccgafcgcfcgtagagcgctgggacgtfcaaegct
afcfcaacaceefcgccggaetafcafcgaaactgtgttfcecfcggcaefcgfcacaac&ccgttaaegaca
cgfccctafcfccfcattcfcgaaagagaaaggfccataacaacctgfcccfcatctgacgaaaagefcggcg
tgaactgtgc'aaagccfc.ttcfcgoaagaggcgaaafcggfcecaacaacaaaattafccccggctfctc
tccaagtacefcggaaaacgccagcgtfcfccctccfcccggtgfc.agcgctgctggcgccgfcctfcacfc
tfctocgfcatgccagcageaggaagaeafceteegaceacgegetgegttecetgacegactfccca
fcggfcctggfcgcgttcfcagcfcgegfcfcatefcfccegcetgtgeaacgatctggecacetetgeggcg
gagcfcggaacgtggcgagactaccaafctctafccafcfcagotacatgcacgaaaacgafcggfcacca
g cgaggaacaggcccgcga agaactgcgta&actg&t ogaegeeg «at gga aaaagat gaa t eg
fcgaacgcgfctagcgactccacccfc.gctgccfcaaagegfctcatggaaatcgcagfctaacatggca
©gtgtt fccceacfcgeaccfcaccagtatggcgatggtetgggfccgcecagacfca.cgcgacfcgaaa
aecgcatcaaacfcg«tgcfcgattgacecfctfceccgafcfcaaeaagetgatgta.tgte®»»<2tgea
gcfcggtaccafcatgggaattcgaagcfctfcctagaaeaaaaacfceatetcagaagaggatctgaa
tagcgecgfccgaccafccEafccatcgfc«atcafctgagttfcaaacggfcctceagcttggcfcgfctt.fcg'
g eggafc gagagaagat ttfccegcctgatacaga fcfcaaatcag aaegea ga ag egg t e-1 ga t aa a
acagaatfcfcgccfcggcggcagfcagcgcggtggteccaccfcsaececatgccgaac'fccagaagfcg
aaacgeegfcagcgccgafcggtagtgfcggggfcctccccatgagagagfcagggaactgccaggcafc
caaataaaaegaaaggc7tcagtagaaagactgggccthtagtt£ta£ctgttgtt.fcgtcggtga
acgcfccfccctgagfcaggaeaaatccgccgggageggatfctgaacgtt.gcgaagcaaeggceegg
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Figure 3B

agggfcggcgggcaggacgccegeeataaactgccaggcateaaatfcaagcagaaggccatcctg
aeggatggcct t tfc.fcgcgt.fc fee taeaaact c fct t ttgt fc t a fc fcfcfctefca&ataeafct©aaa fc a fc.
gtatcwgetcetgagacaafcaacectgataaafcgcfctcaafcaatafctgaaaaaggaagagtafcg
ag'fcafctcaacafcttcegtgfccg©oettafctc©©fcttfcfctgcgg©afc.tttg©cttectgtttttg
cteac^cagaaacgcfcggtgaaagtaaaagatgcfcgaagatcagttgggfcgcacgagtgggtfca
eafccgaacfcggatctcaacagcggtaagatccfcfcgagagttfctcgccccgaagaacgtttfccca
afcgafcgagcacfctfcfcaaagttctgGfcafcgfcggcgcggfcafctafccccgtgtfcgacgccgggcaag
ageaactcggtcgccgcataeaefcafctcfccagaatgactfcggfcfcgagtactcaccagfceacaga
aaag©atctta©ggatggcatgacagtaagagaafctatgcagtgatgccataaeeat.gagtgat
aacactgcggccaacfcfcaetfccfcgacaacgateggaggaccgaaggagcfcaaccgcfctfcfcttgc
acaacatgggggatcafcgtaaefcegccttgatcgttgggaaceggagctg&atga&gceatacc
aaacgacgagcgtgacaccacgafcgccfcgtagcaatggcaacaacgfctgcgcaaaetatfcaact
ggegaactacttacfcetagctfceccggcaacaafcfcaafcagactggatggaggeggataaagfcfcg
caggaceacfctetgcg©teggc:cefctccggetggctggt£tattgctgataaatctggagec.g'g
tgagcgt gggtetcgcg gfcafc.cattg&agcactgggg ©cage fcggfca agcc© tccegt at cgt a
gtfcatcfcacacgacggggagtcaggcaactatggatgaacgaaafcagacagafccgctgagatag
gt gee fc ©a© tga tfcaagea t t ggt aactgfc ea gaeca agfctfc act ca tat at act t fcagafc fc gg
tfctaaaa ett ca tfc tt t aafct t aaaagga tetagg fc gaagat ©ct ttt tg at aa fccfcca tgaec
s a aafcccofct aacgfcgagt tt fcegfcteeaefc gagegteagaeceegt agaa a aga t eaaaggat
ct tc tfc gagafc ©cfcfcfc t tt fcetgegcgta atctgefcgct fcgea aacaaaaa aaega ecgefcac©
agcggfcggtfcfcgfcfctgeeggafceaagagcfcaeeaaetefcfcttfcecgaaggfcaactggetfceagc
agagegeagat&ceaaafcactgfccctfcefcagtgtagecgtagfcfcaggceaceaet'fccaagaaafc.
cfcgtagcaqcgeetaGafcacctcgctctgctaatcctgtfcaccagfcggctgcfcgeeagtggega
taagtcgfcgtcfctacegggttggactcaagacgatagfctaccggataaggcgcagoggtcggg©
tgaaeggggggtfccgtg©a©a©ag©©eagefctggagqgaaegae©taeaeegaactgag$tacc
fcacagcgtgagcfcatgagaaagcg'ccacgcfctcccgaagggagaaaggcggacaggfcatceggfc
a agcggcaggg tcgga&caggagagcg ea ©gagggaget fceea gggg gaaacgcetggtafccfc fc
fcafcagtecfcgtegggtfcfccgccacetcfcgae'fctgagcgfcegafcfcttfcgtgafcgcfcegtcagggg
ggeggagcctatggaaaaaegccagcaacgcggccttfcttaeggtfrcctggeetttfcgefcggcc
tttfcgcfccacatgfctcfcttcctgegtfcafcccscctgattctgtggafcaaecgfcattacegcctfcfc
gagtgagctgatacegetegcegeagcegaaegaecgagcgcagcgagteagtgag'egaggaag
cggaagagcgccfcgatgcggtatttfcctcctfcacge&tctgfcgcggfcatttcacacogcatafcg
g fc gcactct cagtaca atefcgcfc cfcga tgcqgea tagtfcaagecagt afca ©act ccgeta t eg q
fcac^tgactgggtcatggctgegeqcegacaceegccaacacccgcfcgacgcgccctgacgggc
fctgtcfcgcfccccggcatccgcttacagacaagcfcgtgaccgfccfcccgggagcfcgcatgfcgtcag
aggfctttcaccgfccatcaccgaaacgcgcgaggcagcagatcaattcgegegcgaaggcgaagc
ggcat goat fcfc aegtt gacaeeafc ©ga atgg fcgca a aaccfc tt©ge ggfcatggcat ga fca gege
c©ggaagaga.gfccaafctcagggtggt-gaatgtgaaac©agtaacgttafcacgafcgteg©agagt
atgecggfcgfcctcttateagaccgfcfctccegcgfcggfcgaacoaggecagccacgtttctgcgaa
aacgcggg&aaaagtggaageggegafcggcggagctgs&tta©a£teeeaaecgcgtggc&caa
©aacfcggcgggcaaacagtcgttgcfcgafctggcgtfcgccacetccagfcctggccctgcaegcgc
©gfc egea aat t gt egeggegat fcaaatet egegc«gatcaa ctgggtgeea gcgtgg fcggfcgt .©
ga fcgg fcagaa egaageggeg fc cgaagccfcgfc aaagcggcggtgcacaa test fccfcegegcaacg©
■g ft ©agtgggefc gatea tfcaac fcafceegefcgga fc gaceagga tgccafcfcgcfc gt ggaa get gcct
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Figure 3C

Gcactaatgttccggcgttat.'ttcfetgatgtctetgaeseagacacccatcaaca.gtattatttt
©tcccatgaagacggtacgcgactgggogtggagcatotggtogGat&gggtcaccagcaaate
g©g©tgttagcggg©©©att.aagttctgtctcggcgcgt©tgcgt«tggetggotggcataaat
atc&caatcgcaataaaattcagcagatagcggaacg^aaggcgactiggagtgccatgtccgg
ttttcaa©aaac©atg©aaatgctgaatgaggg©atcgttoccactgcgatgatggttgcaaa&
gatc&g&tggcgetgggcgc&atgcgcgeciattaeeg&gtccgggctgegcgttggtgcggata
tatcggtagtgggataegacgataacgaagacag«?taatgt.tatatcccg6cgt©aacea©eat
caaacaggat.tt't©ga©tg©'bggggcaaao©ag©gtgg'a©og©ttgctgcaactctctcaggge
cagg<sggtgaagggcaat©agctgttgeccgtcteactggtgaaaagaaaaac©a©cctggc!gc
ccaatacgcaaacogeot.etcqccgcgcg'ttggccgattcattaatgcagetggeacgaoaggfc
t^ccegaetggaaag©gggcagtgag©g©aacgeaattaatgtgagttagcg©gaattgat©tg
(SEQiDNO-2)
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Figure 4
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Figure 5A

F ~
tteteatgtfctgacagefctafceafccgataagefcttaatgeggtagfcttateacagttaaattgc
taacgc'agtcaggcaccgtgtafcgaaatctaacaafcgcgefccafccgtcafcccfccggcaccgtca
©cctggatgetgtaggeataggefctggttatgccggtactgecgggcctcttgcgggatatccg
ga tafcsg tt.ccfc©ettteagcaaaaaaeeectcaagacecgfcfctagaggccceaaggggttatg
ct&g£tattgcte&gcggtggcagea$eeaac£cagctteetttcggge£tt.gttagcagccgg
atecofcgeagttagacafcaeateagctggttaafcogggaaagggfeeaatcagcagcagtfctgafc
gcggttttcagtcgcgtagfcctgggcgacccagaecatcgccataetggtaggtgcagtgggaa
a©a.cgfcg©©efcg£fcaactgcgafcfcfcecatgaaegcfcttaggeagc!agggtggagfc©gcfcaa©g©
gtfc.caegafctoatcfctttfc©c5afctcggcgtcgafceagttta©gcagttctfccg©ggg©©tgttc
©tcgctggtaccatcgtttfccgtgcatgtagcfcaatgatagaafcfcggtagtctcgccacgtfccc
agefccegccgcag&ggtggcca gategtt gca eaggcggaagataaegeagefcagaacgeacea
gaccat gga agt©ggtcagggaaegcagcgcgt ggteggagafcgtettcctgctgctggcat-a©
ggaaeagtaagaeggcgccageagegefcacaccggaggaggaaaegctggcgfcttteeaggtac
ttggagaaagccgggataatfctfcgfctgfcfcggaccafctfcegcetefctgeagaaaggettfcgcaea
gtfccacgecagctfcttcgtcagataggacaggtfcgttafcgacctfctcfcctfcfccagaatagaata
gg acgt gtcgttaacggtgttgtacsgtgecaggaaacaeagfc tteatatagtccggcagggtg
ttaatagcgfcta.a©gt©©eagegctctaeagcatcggtgaacagttg©agfctcgtccagagtge
cafcaaacgfccafcaeacgtcat cgafcgafcegtcaecagaccaaacattfctagtaacagetttgeg
acafcfccaecaaacfcgcgggtetggegccatacccagtgcccagaaataaaefctceatcaggcgg
tcgegfcacaaaafcccagfcfctgctagccaggcccatctcggtecaeeagcgggacagatcfcfcgea
g ct ct. fc t efcggtgcagggt ctg t aeca t g 11 aaa at ceagct fc©gccagct cca gcageag e tg
gtgatgcggtfcafcfctcggttcgtatttateeaggaaecaacgtgectec&gacggtgcagaege
fcggtgafcafcggcagttecagggcgtggctcacttgttet gcasecttggtatfcaatgcetfcett
teaggfctgfctcfcfccaggfcgggfcgatggaaaaggfcacgcgcefcecfceeageaggtfceteaceete
gaaaeeeaggtaagacgctteafcacaggcfecageaggeefcfcggacgfcoaecfctfccagtfccaceg
efcga&acca©ctfcefctfcat©cfctgaaacge.fccaaaaa«a£eefcgagaaac©tcgaaae©gfcgct
g&©g©agcagacggaaagac&gagcgg£tgegtgcaggteagaf,ttgfctetfctfctg£t£tcgtG
cagcagfcaegatgfcfcttccagggcttfcaafcgatgfccfcfcfctteaaafcfctgfcaggtcagacceagg
cgcfcgcaeatcgtcgatcagcfcccagcagggacagcggctgggfcgtctaeacggttgafceatgc
ag©gaacttcttcctceagfcttggtcgctfctet©cteeagetttfcceaefct teaggtegtt etc
cagggattgcaggaaf kegaaatt©camggtttggctgatagtttgcggaaega©gggaatta
fcgctcggfcaafcetgagfcaaafctgagaagaggfccgcacacafcafcgacgacettcgatatggccgc
tg©tgtgafcgatgatgafcgatgatgstgatgatggc©©atggtatatc!tcet.fcettaaagfcfcaa
acaaaatfeatttctagaggggaa1tgfctatccgetcacaattcccctafcagfcgagfceg tat taa
fcttcgcgggafccgagatctcgatectcfcacgccggacgcatcgtggccggcafccaccggcgcca
eaggfcgcggttgctggcgeetatafccgccgacatcaeegafcggggaag&tegggctcgeeaett
©gggcfceafcgegcgettgttteggegtgggfcatggtggcaggeeecgfcggeegggggacfcgfctg
ggcgceatefcectfcgcatgcaccattcctfcgcggcsggoggtgctcaacggcefccaacctacta©
tggg cfcgcfcfcccfcaatgcaggagtcgcata&gggagagegtegagafccceggacaeeategaafc
ggogeaaaaccfcfctcgcggfcatggcatgafcagcgcccggaagagagfccaafctcagggfcggfcgaa 
tgtga aaccagfc.aacgfc tatacgatgfccgcagagtatgeeggtgtcfcefcfcat©agaccgfcttc© 
©gcgtggtgaaccaggccagecacgtttctgcgaaaacgegggaaaaagtggaagcggcgatgg 
eggagcfcgaatfcacattcceaacegcgtggcacaaeaacfcggcgggcaaacagfccgfcfcgetgat 
.tggcgtfcgccacefcccagfcctggcccfcgcasgcgecgfccgcaaattgfcegcggegatt&satet
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Figure 5B

cgcgccgateaacfcgggfcgccagcgtggtggfcgtcgatggfcagaacgaagt^gcgfecgaagcct 
gfcaaagcggcggtgcacaatcttctcgcgcaaegcgfccagtgggetgatcatfcaacfcatccgct: 
■ggatgacca^gatgccattge'tgtggaagctcfcctgcaefcaatqttcciggqgfctattfccfct.gsfc 
■gfcctctgaiicaiga.cs.CGcatGsaQagtiitfcattfcfcct.cccat.gaagQcggtacgcgactg'ggcg 
t ggagcat cfcggfc e gees t tggg t caccag'caaatcgcgcfegt tagcgggceca 1fc aagt fcc fc gt 
cfccggegcgtctgcgt.ctggctgg«fc'ggeataaafcafccfccactcgcaafccaaafctcagccgafca 
gcggaacgggaaggcgacfcggagtgccafcgtccggfctfctcaacaaaccatgcaaatgcfcgaafcg 
agggca fc egtfccccact gegat getggttgccaacgat cagat ggeget gggcgcaatg egege 
cattaccgagfccegggctgcgcgtfcggtgogg&fcatctcggtagtgggafcacgacgafcaeegaa 
ga eagefc catgfcfc a fc at cecgecgt fc a a ccaccatcaa&c&gga fc fc fcfc cgcctgctggg gcaaa 
ccagcgtggaccgctfcgctgcaactctctcagggccaggcggtgaagggcaatcagctgfc'tgcc 
cgtcfccacfcggtgaaaagaaaaaccacectggcgcccaafcacgcaaaccgccfcctccccgcgcg 
fcfc ggeegat t cat fcaafc gcagc fcggeaegacaggifcfcccegactggaaa gcgggcagfcg agege 
aacgcaattaatgtaagtfcagcfccacfccatfcaggcglccgggafcctcgaccgatgcccfctgagag 
ccttcaacccagteagctcctteeggtgggcgcggggcatg&ctatcgtcgccgcaett&tgac 
t g fc ettcfcfctat catgcaacfccgfcaggacaggtgccgg eagegefc ctgggtca ttt teg gegag 
gaccgcttfccgctggagcgcgacgafcgatcggcetgtcgcfctgcggtattcggaatctfcgcacg ■ 
ccctcgcfccaagccttcgfccactggfcccc^ceaccaaacgfctfccggcgagaagcaggecattat 
egeegge at gg cggccgacgcgcfcgggctaggt cfcfcgetggcgfc fc cgcgacgcgagget gga fcg 
gcct fccccca fc tatga t tcttctegcttccggcggcat egggatgcccgcgttgeaggcca fcg c 
t gfcccaggcaggfcaga tgacgacca fccaggga eagefct ca agga fc ©get egegget cfcfc acc ag 
cc fc a a c fc fcega fccac fc gg accgcfcga tcgfccacggcgafc fc ta t g ceg cct eggegagea ca fcgg 
aacgggt fc ggcafc ggatfcg ta ggcgccgccctafc aect tgtctgccfc ceccgcgfc t geg fccg eg 
gfcgcatgga gccgggccac ctcgaectgaatggaagccggcggcacet egefcaaeggat tea cc 
a cticeaa gaafc fcggagcca afccaafct β ttgegga ga aetgtgaa t gcgcaaacea a cecfcfc gg c 
agaacat afccca t egegt ©eg ©cafccfc ccagcagccgcacgcgg egeat cfccggg-eagegt t g g 
gtcctggcc&egggfcgegcafcgafccgtgcfccetgtcgttgaggacccggcfcaggcfcggcggggfc 
fcgccttaefcggfctageag&afcgaafccaccgataegcgagcgaacgfcgaagcg&ctgcfcgcfcgca 
aaacgtetgcgaecfcgagea&caacatgaafcggfcefcfceggtttccgtgfcfcfccgtaaagtefcgga 
aac^eggaagfccagcgeccfcgcaeGattatgtteeggatctgcafccgcasjgafcgctgctggeta 
ccctgtggaacacctacafcctgtafcfcaacgaagcgctggcafctgaccctgagfcgafcfcttfcctct 
ggtccog eegca fccca taccgecagttgttfcacccfctsacaacgfcfcccagfcaaccgggcatgfcfcc 
atcafccagtaacccgtafccgfcgagcatccfccfccfccgfctfccatcggtatcafctacccccafcgaac 
agaaatccocctfcacacggaggcafccagfcgaccaaacaggaaaaaaecgccefctaacafcggccc 

• gGfcfcfcafceagaagocagacafcfcaaegettcfcggagaaactcaacgagctiggaegcggatgaaca 
ggcagacatcfcgfcgaafccgctfccacgaccacgcfcgatgagctttaccgcagctgccfccgcgcgfc 
fctcggtgatgacggtgaaaacctctgacaeatgeagctcccggagacggtcacagcttghetgt 
aagcgg&tg€M3gggagcaga0aag©eegtcagggcg©gtcagcgggtgfctggegggbgtcgggg
cgcagccatga cccag fc cacg tagegatagoggagtg ta tact gget t aactat gcggcafcca g 
agcagafctgt&ctgagagtgcaocatafcatgeggtgtgaaataccgc&eagafcgegtaaggaga 
aaataccgaateaggcgctcttcegcttcctcgcteactgaetcgctgcgctcggtcgtteggc 
fcgcggcgageggfcateagefccacfccaaaggcggfcaafcacggfcfcafcccacagaatcaggggataa 
egeagg aaag a acafcgt gagcaaaaggccagcaaaaggccaggaacc gfeaaaaaggecgcgtfcg 
ctggcgfctfcttccataggcfcecgcccceefcgaegageatencaaaaategacgcteaagfceaga
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Figure 5C

ggtggegaaaeccgacaggaefcataaagafcaccaggcgtfctceecefcggaagefccectegtgcg
«tetc©-t g fc t ecg accc t geegefc fc accgga fc see tgtccgccbt t etcee fcfccggga agegtg
gegetfcfccfc ©ataqct eaegctgt aggfcafccfcca gtt eg gtgtaggtegtfcegetccaagcfcg g
g©fcgtgfcgeaegaacce©c©gfcteagce©gaccg©'tgcgccttatecggtaactatcgfccttga'
gt eeaaeceggfcaagaca ega©fc fc at cgccacfcgg ea gcagcca c t ggt aacagiga fc t a gcaga
gcgaggtatgtaggcggtgcfcaea gagt tettgaagt ggt ggcetaaetacggctaeactagaa
ggaca gt afctfcggt atetgeget etgefc ga agcca gtt a cc fc fcegga aa aa gagtt ggt ag et ©
ttgatecggcaaaeaaaecaecgefcggfc&geggfcggfcfctfcfctfcgtfctgeaage&gcagafctaeg
egeagaa aaaaaggat ctsaagaa gat cct fctgafc ©ttt t c taeggggt ct gaegetcagt gga
acgaaaact©acgfctaagggattttggteafcgagatfcatcaaaaaggat.cfcfccaectagafccct
tttaaattaaa&atgaagfcfttaaate&atctaaagtatatahgagtaa&ettggtctg&eagt
taccaat-getfc aat eag tgaggeaee fca tet©agegatet gfcetafcfct cgt tea fcecatagfcfcg
cctgacfceeccgfccgtgtagataactacgafcaegggagggcfcfcaceatctggceccagfcgctgc
aatgatacegcgagacceaogeteaccggctccagafcfctatcagca&taaaccagecagcegga
agggeegagegeagaag t g g tectgeaa ct fc ta teegcetceatecagt ct att aattgtfc gee
gggaagcfcagagtaagtagtfccgecagfctaatagtfctgcgcaacgfcfcgfcfcgeca fctgetgcagg
cat ©gfc ggtg t ©aegeteg t .«gt fctggt at gg ct teat fc eaget ccggt t ©cca acgatcaagg
cgagfctaeatgateccecafcgttgfcgeaaaaaageggfctagcfcecfcfccggfcecteegatcgfcfcg
fceagaagfcaagfctggccgcagtgttatcacfccatggttafcggcagcactgcafcaafctetcfctac
fcgfccatgccafcccgtaagatgcttttctgtgactggtgagfcaefccaaccaagteattctgagaa
tagtgtatgcggcgaecgagttgctcttgeceggegtcaaeaegggataataccgcgceacata
g ca gaa ct 11 a aaa g fc gc fc ca t ca tt ggaaaacgtt ct fc cgggg©gaa aa et,.©t ©aa ggatet fc
accgctgfctgagatGcagtfcegatgfcaaccc®.efccgfcg©ae©eaaefcgatcfctcagcatefcfcfct
acfcttea©eag©gfctfccfcgggtgageaaaa»«saggaaggcaa«efcgccgcasaaaagggaafcae
gggcgaeaeggaaatgtfegaatactcat.acfcettecfctttfceaatattatfcgaagcafcttat©a
gggttafctgtcfccatgageggataeatattfcgaatgtattfcagaaaaataaacaaafcaggggtfc
ecgcgeaeatfctccccgaaaagtgec&ectgacgtefcaagaaaccafcfcafctatcatgacafcfcaa
cctataaaaafcaggcgtatcacgaggeccfcfcfccgtcfcfceaagaa.

SEQ ID NO:3
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Figure 6

aadA1
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Figure 7A

1-
ccegtct.tact gfc ©gggaafctogcgt tgg ©eg atfe catfcaa tgoaget gg©acgacagg fc fc tec
cgacfcggaaagcgggcagtgagcgoaacgcaattaafcgtgagtfcageteaetcafctaggeaoc©
caggcfctfcaeactfctafcgeifcecggcfccgtatgtfcgtgfcggaafctgtgagcggataaaaattit©
3cacaggaaacag©ta'tgace3tgatfcacgecaagcttgtatcgatt&aataagg&gga&fcaaa
©©afcgtgtgogaoctettetcaafcfctaefcaagattaocgagcataattecegtcgttccgoaaa
eta tcagccaaacctgtggaafc fct ©gaafc tccfegeaafcecstggag&acgaocfc qaaa gfcgga a
aag© tggaggagaaagcga ©caaaot ggaggaagaagfc fc ©get gcatga teaaecgfcg taga ca
ce©ag<xg«tgtccctgetggagctgatcga©gatgtgeagcgc©tgggt©tgaecfcaea&att
fcgaaaaagacatcafctaaageeetggefeaacategtaetgctggaegaaaacaaaaagaaoaaa
tcfcgaeotgcacgeaacogotctgfccfctfcecgtctgotgc^teagcaeggtfctegaggfctfccfc©
aggafcgttfcfctgagcgtfcteaagg&fcaeagaaggtggfcfctcag«ggtgaactgaaaggtgacgfc
e©aagg©ctg©tgag©ctgtatgaag©gtGtt$q©tgggtttcgagggtgagaacctgcfcggag
.gagg©gcgfcac©tttte©at©ac©cacetgaagaacaacetga.aagaaggcattaataecaagg
fctg©agaacaagfcgagc©acge©©tgg»3©fcg©e3tat<?a©fc&gfcgfeefcgca©©gfcGtggagg©
acgfctggfcteotggataaataegaacogaaagaaccgcatoaccagctgetgetggagefcggeg
a agetggatttt a acatggfc acagaccofcgc a ecagaaagag&tgea agate fcgt cocgot ggt
ggacegagatggg©ctggefcag©aaactgg«tfcfctgta©g©ga©egc©fcgafcggaagfcfcfcattfe
etgggcactgggtateggsgceagaecsgcagtfcfcggfcg&afegfcegeaaagctgfctacfcaaaatg
t ttggt c tggtgacgat cat ega fcga©gtgfca t gacg tttat ggcact© t ggaegaact gca a©
tgtfcca © egat gctgfc agagegctggg acsgfc t aacgetatfcaacacccfcgccsggacst at a t gaa
actgtgtttectggcactgtac&acaccgttaacga&acgtcctattctattctgaaagagaaa
ggfceataaeaaeefcgfccefcatefcgaegaaaagetggegfcgaaetgtgcaaagccfetfccfcgcaag
agg©gaaatggt©Gsaa©aa©aaaatfcatcccggctfctcfc©caagfca©©tggaaaacg©cagcgt
tfcccfcc&fcccggtgtagegcfcgcfcggcgcegtefcfcactfetfccegfcafcgrecageagcaggaaga©
atcteegaccacgcgcfc gcgfcfc©cctgaccgacfctcoatggfc©tggtgegtfccfcagctgcgtta
fc cfc tecgcctgtgcaa cgafcefcg g ©ca cetctgeggcggaget gys a egfcggegagactaec a a
ttot&teafcfcagetacafctpacgaaaaegatggfcaceagcgaggaaeaggeecgcg&agaacfcg
egfca a acfc gat©ga©ge©gaafcggaaaaa gatgaat. cgtgaaogcgttag©gacteea ©cct ge
tgccta aagcgtfc catggaaa fcegcagtfcaacafcggeacgfcgfcfct ©©©actg ca ©ctaccagfc a
tggogafcggfc©fcgggfcegcG©agacfcacgcgactgaaaaccgcatcaaactgetgctgafct ga ©
cctfct cocgafctaacoagctgafcgtatgfccfcaaetgcaggtegacietagaggatccccgggta
c©gagct©gaafct.cacfcggc©gtcgtfcfcfcacaacgfc©gfcga©fcgggaaaa©c©fcgg©gttaccc
a set taategeet fcgoagca ©at©ccccfctfc ©gccagctgg cgtaafc agcgaaga'ggcecgca ©
©gategoecttcocaacagfctgcgcagccfegaafcggogaafcggcgccfcga-fcgcggfcattfctotc
© tfcsc gcafcetgfcgcggtattfcca©a ecgeafcatggtgea efccteagfca ©a at ctg©fccfcgatg
©©geatagttaagocagceeegaeaeeegeeaaeaeeegefcgacgag-ctfcagtaaageoGteg©
fe eqafc fcfcfcaafcgcggafcgfcfcgegafc fcaefctcgccaaetattgegataacaagaaaaageeage c 
tttcafcgafcafcatcfcoccaafcfctgtgtagggcfctatfcatgeacgcfctaaaaafcaafcaaaagcag 
acfctgacctgafcagttfcggetgfcgagcei&tfcatgfcgfttfcagfcgcafcefc&aegettg&gfctasage: 
©geg©egcgaag©ggcgtegg©fcfcgaa©gaattgtfcagacafctattfcg©egactaee.fcfcggtga 
tctegcGfcfcfccacgtagtggacaaafctcfctccaacfcgafcGtgegcgegaggceaagegatefcte 
tt©ttgfce©aagataagcctgtctagctt©aagfcatgacggg©tgat.aotgggccgg©aggege 
tccattgceeagtcggoagcgacatcofcfcoggegcgafcfctfcgceggfctacfcgcgctgfcaccaaa 
tgcggga©aa ©gfc aagxactacattfccgctcatege©agcceagfcegggeggegagtfcccatag
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Figure 7B

gccgctggacefcaccaaggcaaegctatgttctcfctgettttgtcageaagBt&geeagateaa
tgtegategtggetggetegaagataeetgcaagaafcgteattgcgcfcgccafctetccaaatfcg
eagttcgegettagctggataaegceacggaatgatgtcigtcgtgcaeaacaafcggfcgaettet
acagcgcgg&ga&tetcgctetctccaggggaagecgaagtfctcca&aaggtegttgateaaag
cfc cgccgegfc tgfct tea tea agcctfc acggtcacegtaa eeagcaaa t caata tea ct gtg tgg
et t caggeegeeatcoas tgeggagecgtacaaatgtaeggecageaaegfccggfcfccgagatgg
csgctegafcgacgeeaaefcacctctgatagtfcgagtcgatactteggcgatcaeegettccc'tea
fcgatgtttaactttgfctttagggcgaetgccctgetgcgtaacatcgttgefcgetccataacat
eaaaeafcegaeecacggcgtaacgeg'ctfcgefcgetfcggatgeecgaggcatagaetgtaeceea
aaaaaacagfceafcaaeaagccatgaaaacMsgecactgcgeogtfcaccaecgetgegttcggtea
aggttctggaccagttgcgtgagegcafcacgctacttgcattacsgettacgaaccgaacagge
fctatgteeac'tgggtfcegfcgectteateegtttc^acggtgtgcgfccaceeggeaacefcfcgggc
ageagegaagfccgaggcatfctcfcgtcctggcfcggcgaacgagcgcaaggfcttcggtctccaegc
atcgtcaggea'ttggcggccfctgetgttettctacggcaaggtgctgfcgcaegga'tefcgeeet.g
getteaggagat eggaagaccfc eggeegt egegg egettgeegg fc ggt gefcga ecceggatga a
gtggttcgcatec.teggfcfcttefcggaaggegageafc«gtfctgfcfccgcccagcttcfcgtafcggaa
egggeatgcggateagtgagggtttgcaactgcgggtcaaggatctggatfctcgafccacggeac
gatcatcgtgegggagggcaagggefcecaaggatcgggecfctgatgttaecegagagcttggca
cccagcctgegcgageaggggaatt^attcceaegggfctttgefcgccegcaaaegggctgfcfcct
ggfcgtfcgcfcagtt.fcgttatcagaategeagatecggcfcfccagceggtttgeeggctgaaagegc
fcatfcfccfcfcccagaatfcgccatgafcfcfcfctfcccceaegqcjaggegteactggefc.ccegtgttgtcg
gcagctfctgattcgafcaageagcafcegcctgtttcaggctgtctatgtgtgacfcgttgagctgt
aaca agfctgtcfc caggfcgtfccaatttca tgt fcctagfcfcgefcttgtttfcactggfcftcacefcgtfc.
cfcafc.fcaggfcgfc'taeafcgcfcgfcfceafccfcgtfcacafctgfccgafccfcgt'teatggfcgaacagefcfcfcga
atg caccaaaaaetcgtaaaagetctgafcgfcat cfc atefcttttt acaecgttfcteatttgtgea
tatggaeagttfcfecccfcttgafcatgtaacggfcgaacagfcfcgtfcctsettttgfcfctgfctagt ct t
gatgctfccactgatagatacaagagccataagaaecfccagatcefcteegtattfcagceagfcafcg
11.cfc efeagtgfcggtfccgttgfcfct tt gegt gagccatgagaacgaaceat tga gat-cat actfca c
■fcttgcatgteaetcaaaaatfefctgecteaaaactggtgagetc^at'fctttgcagt-taaagcafcc
gtgtagtgtttttcttagtccgttatgtaggtaggaatctgatgtaatggttgttggfcattttg
tcaccattcafcfcfc'ttatcfcggfctgttcfccaagfctcggtfcacgagafcceatfctgtefcatctagfct
caacfc'fcggaaaateaacgtatcagtcgggeggecfcegcttafcsaaccaecaatttcatattgct
g-fcaagfcgtfcfcaaatcfcttactfcattggtttcaaaacccattggfctaagectttfcaaacteatgg
tagttafcttfccaagcattaacatgaacttaaatteatcaaggetaatctetatafcttgocttgt
gagtfcttettttgtgttagttcttttaataaccactcataa&tccteatagagtatttgttttc
aaaagacttaacatgttacagattatattttatgaatbtttttaacfcggaaaagata&gge.aat
a tcfc ettcaet&aaaactaatLet aatttt fccgcfcfcgagaaettggcafcagttfcgteeacfcgga
aaatetcaaagecfcttaaccaaaggatteetgattteeaeagtfcctcgfccafccagcfcetetggfc
tgcttfcagetaataeaccataageattfcfcceetacfcgatgttcateafcc'fcgagegtattggtta
taagtgaacgatacegtccgtfcctttccttgtagggttttcaatcgtggggttgagfcagtgcea
eacageafcaaaatfcagc-tfcggtttcatgcfcccgfctaagtcafcagcgactaatcgcfcagfcfccatt.
tgcfcfcfcgaaaacaactaatfceagacatacatcteaafcfcggtctaggfcgattfcfcaatcacfcatac
caafcfcgagafcgg’gcfcagtcaatgataafcfcactagtccfcfcttcctttgagttgtgggtafccfcgfc»



PCT/US2010/039088WO 2010/148256
13/328

Figure 7C

%ftttctgct&$&c©tttgatgg&&aacfctgtaa&ttctgctagacc©tetgfc&aat£ecgetag 
acctttgtgtgttttttttgtttatafcfccaagtggttataatttat&gaataaagaaagaataa 
aaaaagataaaaagaatagafccccagccctgtgtataactcactacfcttagt.cagttccgcagfc 
attacaaaaggatgfccgcaaacgctgfcfcfcgcfccctcfcacaaaacagacctfcaaaaccc'taaagg 
cfctaagtagcaccctcgcaagctcgggcaaatcgctgaatatt.cctttfcgtctcegaccatcag 
gca cct ga gtcgc tgt cfcttt tcgtgaeat t ca gt fccgcfcgcg ctca cggctetggcagrfcgaa fc 
WiHrafF » a afcggc acta caggcg cofcfc t fca t ggafe tea tgcaagg&a actaccca t aafcacaa g 
aaaagcccgtcaQgggcttctcagggcgtfcttafcggcgggtefcgct.afcgtggt.gcifcatcfcgaefc 
ttttgctgfctcagcagtfccctgccefcetgatttfcccagfcctgaccactfccggafctatcccgfega 
caggtcatfccagaofcggctaatgcacccagtaaggcagcggfcatcafccaacaggctta

SEQ ID NO;4
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Figure 8A
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Figure 8B

E. coli pCL-lac-Kudzu
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Figure 8C
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Figure 8D
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Figure 9A

A.
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Figure 9B

-E.coli-pTrcKudzu
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Figure 10A
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Figure 10B
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Figure IOC
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Figure 11
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Figure 12A

Λ»
ga a t tg cfc cca 111fccfctctg©fcafceaaaataacagacfcegfcgafctfc tccaaacgag e t fc fc ca a
aaa ageefcet g cc:cc tfcgcaa a fcegga fcgccfcgt eta taaaafctcccgatattggttaaacagc
ggcgcaatggeggeegestctyatgfcctfctgetfcggegaat  gttcatcfcfcafcfcfcsfct©ct©cct
efceaataatfctfcfctcatfcctatceetfctfcctgtaaagttfca'ttfctfccagaatacfcfcfctafccate
afcgc'fcfctgaaaaaafcatcacgataafcafcecattgtfccfccacggaagcacacgcaggtcafctfcga.
aagaafctttfctcgacaggaafcttgccgggacfccaggagcafcfctaacctaaaaaagcatgacafcfc
tcagcafcaatgaacafcttactcatgtctattfctcgtfc©tfcfctcfcgtafcgaaaafcagfcfcat.ttcg
a gfccfc ctacggaaatagcgag&gafcga fc afca cctaaatagagat aaaa .teat eteaa a aa aat g
g gfccfcacfcaaaat at t att ccafcctat tacaat a aatteacaga stag tefc titaagt aagtet
aefcefcgs.afc.fctfctttaaaaggagagggfcaaagag'fcgfcgfcgcgacctetfcefceasfcfctacfci;.aga
fcfcacegag^fcaafctecegtcgttccgcia&acfcatcagcicaaacefcgtggaatfctegaafc'fceet
gesua t ccctg gagaacgacctgaaag fc ggaaaag ct ggaggaga aagcgaccaaacfc ggagg. aa
gaagfctcgctgcafcgafccaaccgfcgfcagacacccagccgctgtocctgcfcggagctgafccgacg
atgfcgcagegcctgggtcfcgacctacaaathtgaaaaagacatcatfcasag  eccfcggaaaacafc
cgtact getggacgaaa a ca aaaagaacaaatc fc gaccfc gca egea a ceget ctgt cfc tt eegfc.
ctgctgcgtcagcacggfcfcfcegaggfct'fccfccaggatgfctttfcgagcgfctfccaaggataaagaag
gtggtfcteagcggtgaactgaaaggfcgecgtccaaggccfcgctgagcetgfcatgaagcgfcctfca
c cfcgg gt 11 ega gg g fcga ga acet gc fc gyagg aggegegta cc fc fc 11 coat caccc acctga ag
aac&acctgaaaga.aggcafctaataecaaggttgcag&a©aagfcgagccaegeectggaacfcgc
eatafccaccagcgfccfcgcaeijgfccfcggaggcaegttggfcfccefcggataaataegaacegasaga
aecgcafccaccagcfcgcfcgcfcggagctggcgaagctggatfcfct.aacatggfcacagacccfc.gcac
caga a agagc fc gcaaga t ct gteeegefc gg fc ggaccgag&tg ggeet gget ages a aefcgga tfc
fcfcgtacgcgeccgcctgafcggaagtfctafcfcfcefcgggcacfcgggfcafcggogceagaceegcagtfc
fcggfcgaatgtcgcaaagctgtfcactaaaafcgtfctggfccfcggtgacga tea tega tggcgtgfcat
g aeg11tat ggcactetggaega actges s ctgfctcaccgatyefcgtags gegcfcgg g sc gfc ta
acgefcatfcaaeaccctgccggactafcatgaaactgfcgfcfcfccefcggc&ctg'fcacaacaccgttaa
cgacacgtcctafctctattctgaaagagaaaggtcafcaacaacctgfccetafcctgacgaaaagc
fcggcgtgaactgfcgcaaagccfcttcfcgcaagsiggcgaaatggfcceaacaacaaaafcfcijtcecgg
cfct'fcctecaagtacctggaaaacgccagcgttfccctccfccc.ggtgfcagcgcfcgcfcggegcegfcc
tfcactfctfcccgfcafcgccagc«g©aggaagacatcfc©cgaceacgcgctgcgfctcc.ctgaccgac
ttccafcggfcctggtgcgtfcctagctgcgfctafcctfcccgccfcgfcgcaacgatctggccaectctg
eggcggagctggaacgtggcgagacfcaccaafcfcctafccatfcagcfcaeatgcacgaaaacgatgg
taocagegaggaacaggcci^egcagaaefcgcgfcaaa©fcga.tcga©gccg4atggaa«aagatg
aafc sgfcgaacgcg ttagcgact cca cccfcgcfcgccfcaaagcgfcfccat ggaaa fccgcag fc fc a sea
tggcacgtgtttcccactgcacefcaecagfcatggcgatggtcfegggtcgcccagactacgcgac
fcgaaaacegcatcaaactgctgefcgafcfcgacccfctfccecgatfcaaccagcfcgatgfcatgfcctaa
aaaaaaccggcctfcggccccgccggfcttfcttafctatttfctcttcctccgcafcgttcaatccgcfc
©cat» afccgaegga tggeffcccet ct gas as fc fc fct a aegagaaaeggeggg fctgacceggcfc eag
fccecgtaaeggGcaagtccfcgaa&egtctcaatcgccgcfctcccggfcfcfcceqtitcagctcaafcg 
ccgfca&cggtcggcggcgttttcctg&taccgggagacggeattcgh&atcygatcctctagag 
tcgacctgcaggcafcgcaagcfcttgectcgcgcgfcfcfecggtgafcgacggfcgaaaacGfcctgace 
catg cagefccccg g a gacg gt esc s get t gt ctgtaageggat geeggga g ca ga ca a gcccgfc 
eag ggegegt esg cgggfcg fetggegggt gfc eggggcgeageea. fc g a eeea gfc ca cgfcagcga fca
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Figure 12B

gcggagtgtatastggcttaacfcatgcggcatcagagc&gattgtaetgagagtgcaccatatg
cggtgtgaaafcaccgcacagatgcgtaaggagaaaataccgcatcaggcgctctfcccgcttcct
cgcftca^gaetcgctgcgctcggtegtteggctgcggcgagcggtatcagctc&ctcaaaggc
ggfc,a.afcaeggttafceeacagaafceaggggataac:geaggaaaga.acatgtgagca<iaaggccag
caaaegg ccag gaa eeg fc. aaaaagg eegagtt get ggcgt t 11 teca t agg ct cegc ccce e fcg
acgagcatcacaaaaatcgacgEtca.agt,cagaggtggcgsa.a.c.Gcgacagijaetataaa(jafca
Ge.aggcgtfctceccefcggaagefc.«ectcgtgc:gctetce£gfcfc<K;gaeiccfcgeogefctaccgga
tacctgtccgccfcttctccottcgggaagegfcggcgcttfcctcaatgcfceacgctgtaggtafcc
fc e ag 11 cggfcg t aggt cgt t cgetec aa ge fcg ggctgtgfegcaegaaccccccg 11 cagcccg a
ccgctgegcett3.t,ccggtaact.afcegtetfcgs.gtecaaceeggfc.aayaeaegactfcatcgcca
cfcg:gcagcagcca.efcggta.a.eaggsttageagagcgaggtat.gtaggcggtgetacagagtfcsfc
tgaagt ggtggccta ac taegget a eae fc agaagga eagfca tfcfecet a tetgeget et get gs a
gccagttaectfceggaaaaagagtt ggtagcfccttgatccgc eaa a caaaccaecgefcggt age
ggtggtttttfctgtttgcaageagcagatfcaagcgeagaaiaaaaggafcctceagaagatcctt
tga tett 11 et aoggggt et gaegetcagt ggaaegaaase teaegttaagggat t fc tggt cat
gagattatcaaaaaggatcgaagtcggtfccagaaaaagasggafcstggatctggagcfcgtaata
taaaaacefct cfctcaacta acg^ggcagg fcfcagtgacattsgaaaaecgaet gta aaaagta ca
gfceggcattatctcafcattataaaagcc&gtc&ttaggcefcafcctgacaattcctgaatagagt
teateaacaatcctgcatgataaecateaeaaacagaatgafcgtaecfcgtaaagatagcggfcaa
afcatatfcgaattaeatfcfcafctaatgaatfcttcctgcfcgfcaafcaatgggtagaaggta&ttacfca
ttattattgatatttaagttaaacccagtaaatgaagtccatggaataatagaaagagaaaaag
cattttcaggtataggtgttttgggaaaeaatttaaaagaaccat'tatatttefcetacatcaga
aaggtataaafcaataaaacfcetfctgaagtcattctfctacaggagtceaaataceagagaafcgtt
*fct agatacaceatcaaaa attgfcataaagtggctctaact tateccaataaccfc a ac t ct. ccg fc
cgctattgfc.aaceagttctaaaagetgtatttgagtfctateacccttgteactaagaaaafcaaa
fcgca gggfeaaaatt ta tatectfcct tgfctfc tatgfc fc fc eggt ataaaaca eta at a tea a fc ttefc
gtggttafcaetaaasgtcgtttgttgg'ttcaaataafcgattaaatafcctcttttctettccaat
tgtcfc&aatcaatttfcafcfcaaagfctc^fcfcfcgatatgceteetaaatfcfcttiitctaaagfcgaatfc
tagg&ggcfctacttgtefcgcfcfcfcctfcc&tt&gaateaafcectfctttfcaaagfecantafcfcactgfc
aacataaatatatatfcttaaaaatateceacttt&tccaatfcttcg'tttgttgaacfcaatgggt
gcttfcagttgaagaataaagaccaeatiaaaaaafcgtggfcetfcfctgfcgfcfctttttaaaggafctt
gagcgfcaegegaaaaatccttfctetfctctttcttatettgataataagggtaactafctgccggt
tgtccatteatggefcgaactctgettectctgttgacatgacacacatcafcctcaafcatcegaa
tagggaccatcagtct9acgaccaaga.gagceataaaeaceaatagoctta©eateatcccc8t
afcttafcccaafcattegttcfcfcfcaatttcafcgaacaatcttcattctfctctfccfcctagtcattat
fcatfcggtccattcaefcattctcattacc'fcfcfctcagataatfrfctagatttgcfc.ttfcct&aataag
aatafc ttgga gagcaccgttcttatteagctattaataa et egtett ectaa gca t eefc t east
ecttfcfcaataacaat fcatagcafectsatetteaaeaaactggcccgtfctgtfcgaacfcactcfctt
aa taaaafcaattt fctccgttcccaafctccacat tgeaat aat agaaaat ccatctteafc egg ct
fctttcgtcatcatetgtatgaateaaatcgocttcttctgtgfccatcaaggtttaattttttat 
gtatfctetfctfcaacaaaeeaceafcaggagattaaccttttacggtgtaaacettccfcccaaatc 
agacaascgfcfctcaaafctefctttetteat.catcggtcataaaatecgt&fcccttfc.acaggafcafc 
tttgcagtttcgteaafctgecgattgtatatcegattfcatatttatttttcggtegaatcattt 
ga a et t fc t a eat fc. fcg gatcatagt efca&'fcttcattg cc tttttccaaaatfcgaa tccatfcg fc tt
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Figure 12C

ttgatteacgtagfcfcfcfcafcgtfcattctaaaafcaagttggttccacacataceafcfcacatgcatg 
fc get. ga fc tat aagaattafccfcfcfcatta t fc tatfcgt ©a cat eegfcfcgoa cgcafc aa aa ccaaeaa 
gatttttatfcaatttttttatattgcatcafctcggcgaaatccttgagoeatatcfcgtcaaact 
c fcfc afcfc ta attcttcgcca fc cafcaaaeafcfetttaa ctgfctaatgtgagaaaeaa oca acgaacfc 
gfcfcgg©ttttgtfctaataa©ttcagcaacaaccttttgtgactgaatg©©atgtfc.fc©attg©t© 
fccofc ©cag fcfc gcacafctgga.caaagcetgga fcfc fcgeaaaacca ©act ©gatac&s ©tfc tcfct fc c 
g c© fc gfc fc fc ©acgatttfcgfc fc t at act© t aafca t,t fc ©agcacaa t ©fc t11 act et fc fc c a gcctt fc 
fcfcaaafcteaagaa tatgcagaegttcaaagfcaatcaacattagcgattttcttfcfcefc ©tccatg 
g fc c t cfi efc fcfc fcecaefcttttgfc ©tfcgt ©caefcaaa aceefcfcgat tfc tfc ©atct ga at aaatgcfc 
aetatfcaggaeaeataatafctaaaagaaaeceeeatctatfctagtfcatttgfcttagtcaettafc 
aacttt&a©agatggggtttttctgtgcaa©caattttaagggtttt©aatactttaaaacaca 
ba©ataceaa©aett©aaegcaecttt©ageaactaaaataea&atga©gttatttc£atafcgt 
atcaaga t aagaaagaacaagfcfc eaaaaccateaa aaa aagacacct fcfcfccsggfcgcfc fcfctfc t fc 
afctttataaacteattcccfcgatfetcgacfctcgtfccttfctfctfcacctctcggttatgagttagt 
tcaaattegtcctttttaggtfectaaatcgtgfcttttcttggaattgfegetgtfcfctatcctfcfca 

■ ccttgtctacaaaceccfcfcaaaaacgtttfctaaaggcttttaagocgtcfcgtacgfctccttaag

SEQ ID NO: 5
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Figure 13

ftCCAGCCGAACCmXiGAKCCTTGAGTTTCTCCAGTCTCTCGAAMaTGACerGAAGGTSSAMA.
GCTCGAGGAGMGGC^GCMilCTCGA.GGASSaGGTGCGATGlKTGATCAAaAGAGTrGitCACC
CASCCCCTm’CTT’TGCT/GGAGCXGATCGAeGRTG'TGCAGeiSGTTGGGl'TTGaCTTMTW^TTCG
AGAAGeACATaTt^GeC^CTGSAGAACATTGTGCTCeTCGACGAi^AACAAGAAGAACA&GWC
TCATCTTGACGCTACOGCTCTGTCTTTCCSAerT'CTTCGACAaCACGGCTTCGAGGTGTCGCAG
GACGTCTOGA^GATTrAAGGACAAGGAGGSAGGAT^TAGCGGCGA.GCtGAASGGAGAeGTTC
AGGGTCTTCTCTCC’l”rGTACGAGGCGTCCTKCCTSGGA.TTCGAGGGAGAGAACCTCCTGGAGG^
AGCTk^GTACATiTiOCn^CACrCftCm’AAGAATAACCTJ'AftGGAGGGAATTAACACCMeGTS
GCC(SASCMGGTTTCTCAOGCCCTGGAGCTCCCC.TAEXA.eCAACGGCTCCATAGACiGGASGCTC
GTTGGTTCCTGSftCaiyiTAT^GC<S&aaGSA«OCTCATCATCR6TysC»GTT®3aGTTGGCCaA
SCTGGACTTC.AAi'ATGGSFTCASACGCTGCACCAAAA.GQACJT'I’GCAGGACCTG^CTCGA^GGTGG
ACCGaSATGGGATTGSCCTCGA&GCTGGM’rTTGlX-eGWACCGaCTraTGGAGGTCTATTrTT
GGGCCCTTGGAATGGCGCCTGACCCCCAGTTCeGASAGTtJCGSGAAGGCGGTGACGi^AGATtSTT
CGSTCTT^f^CTATCATCGACGACGllCTACGATSTeTAGGiaCACACTCGACGAGTTGCASCTG
T^CT’GAeGCCGTCGAGCGA.lW^WKlAftCGCCATTAATOTC^CCCTGACTAT’A^AAGC
tGTSGTTCCTGGK?XCTGTR<^C&i^GTCa&eGATACCSrCSTa,CTCTA^CCTCftAGGAGMG®S
AC^CiWTAATCTCTCCTACTTGACCAAATCCTGGCGAGAACTGTGCAAGGCT'TTTerGCAGGAS
GCTAAJWGTCCWAACAAGM’CATSCCTGCTTT^TCrAAATACCTGGAAAATGCCTCGGTCT
CGAGCTeTGGCCTCGCCCTTerGGCGCGTTCCTAeTTCGCCGTCTGCCAGCAeCAGGAGGAaW
TTCCGftTCaTSCTCWaSATCeCTG^CC^TTTTCACGSCCTCG^CGMCTTCCTGCGTGATT
X^’TCGGTTGTG^AATGACCTTGCG^CCTC^GCTCsCi’GAGCTGGMCC^GGCGAGACTACAAATT
CGATTATTOCTTAeAl'GCACGJmACGATGGAACATCTGAAGAAeAGGC’X'AGAGAGG.AACTGCG
AAAGT5’GATmACGCCGAGTGGAAGAAi5AlXVAACAO^AGCGGGTGTCCGiACTeTACCCTGCTT
CGC^yiGGCCTTCATGGaGATCGCCGTGAfiCiATGGpTCGAGTTTCCCS.TTGTACTTACCftSTACG
GTaACGGCC'FGGG'rCG’rCCGGACTACGCTACAGAGAMXGAATCAAG'CTGCTGCTCATCGACeC
CTTCCCTATCftftCC^TTGaTSTACGTOTM
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Figure 15A

AGGSAASGAA GAACAAASAC AAAGAAAACA 
ATTTTCATXC CTTCTCTSR.T GATO’CCTM'T 
TCSTATCCGT «5O0CT» TOWTCTCT 
«mccwa» tescsewea atttctctac 
Tcceamcc tccttacssc- cceawcsa 
SCTTCTCCIC TG«3ACCSTAA CCTCCTAC-S-r 
CWffiKS ACGCCCTSTC «SiSKClM 
ctcawcatg cttccfgaas attoqssaa 
CraCTTCTlT C2CTKTC6CT TW?«2seftSW0 
cc®£?oc<m TTT8Crm»0 cgatgio^ct 
aactccgttt EAccccrccc ®r®ewa»A 
TClTFAAGCft AtlAKAft'S'tX'C ATTSTCTTGA 
e&eoecTSre Αττβοεέτττ taitctcaci 
tcctS'Ststs emcnsmk ο£αα<??γ:ατα 
fi»MXR» SC«A8SCe»8 A5WfiCC&A 
TSGSTATCRA STTGAAAAAS T0888AW¥t 
AATGACTCAA aCGh26C6»6 atgtcactge 
aeewtaw» acaccas&AG gtgaacacit- 
AAAATTCeAS· ΟΑΑβΑΜΪΕΑΑ TCCTTTCTCa. 
TGfCi«§$Gi SACS’SeSKTfc ΜΒΒΜΟΒί 
sscasracRA weecsTsa. G3wtmffl.Tca. 
trrre&TQCc smawsere saacctsctc 
tmurae ececaaatac cpatasasaa 
TrauwewsT acsacawa «warais 
«aajKFCCTiea oacctagctt tatccasgcc 
caaeercaea wsaateeas crasTsewf· 
TGsaraTecs cassscarec ctcaagctss 
©SGETGCtSiS crsaaeswc ATaarsTTca 
TSsnasaraT aassstactc emai-reea 
cacrs&ATca aaacsTcsas at&wrcace 
TSAeaea&sT AtrocmTa tasocsscat 
aceasttraaT actsctccas eimma 
AKaaCRATAT Gsreresew ctatscftta 
Tcccc-mO* ctaaatcacc chcsgshtc 
Tcaaacasce eaeosTracr. ©assmamrc 
TBRACCTSSA TGOCAACTTC AAfAATSRSG 
«wtowrc ctaaTS&ara esT&csraTa 
tcsatggtac &sccsTTS’re aM-eme^r 
«srmcsre® cs®sa&tCT'F ^«aca-mc 
•Fme&yeaa accarcrcee gsttasastg 
tt-tccmctt- caasscrn'T crmwmcc 
tctststaga awrfeasc¥ sttgcagcat 
τττΛΕκτατ rawcasm sacemeiA 
tctatagaaa TraAfraraT TSra®Hxra 
atasttaast· mamccsr «aoeosaaa 
eaaeeaaaer tassssstcg ααώα^^ατϊια 
gcssAeTAss. earc$»ea& tstttc&ttt 
aaaeKicm© eewccseee eeaswpeet 
aaGsocacca c&wsws «lessees® 
CAs&iccAiSA eagrastaaes meacasat 
■aSTscA-i^sEi csTTCTTAiiT TOsieaasiB 
«aseraaacc tecafaam© esesMcaec 
sagrarassc asnaasccAa tssaasTW® 
wcTCTraaae Geencs&&s csacacrsac 
TTTTraweoc Twcoma eeteseesra 
dAGCA-mea «mweess «Metcerc*, 
aaat^eam mErnacr wreatAisc 
MMmm ttcoHteca craacesacs

1 ASAAGASCAS cstogogsk»
61 AAAGAAASGA ATTil&AMCA AMCAAAACA 

121 cpTTrcrraf ctcsckttcb, agssactcca 
is i rrctcTMaw ecamem crcmast» 
2« tccsckhcc amscbscict scoowswwx 
301 Tcarosrrec crc®c#»TCa cseecas&ces 
3$x xmw» twaaaesr τεΈκχβκοβ 
42i TsecmscsG attatcttcf «s®e«&WiS 
•ui TSTSTCcacfc rpseeeesaa. wsmccBr 
S4i csrasKSKseee sapcceces'er caossrcw 
SOI TBSGSAGAGG TGCGATSATC C®Mf08SiMW. 
hi wffiesGftes ’■•ijsacftSG^; «aprsecm 
721 CTATCAS3A& T^CACAfftCA TTATGAAQAT 
781 tsctg£tgcc TcaccTRSTC casttsccga 
841 TOCSeNMC «MSB»» AOTASem 
soi cci-ϊάααααο AsasassaTA cacctscaas 
hi escaeeteac ee^emees cccctacwa 

1021 TAATACATGfi CCAGAiWSGC OCSTTARR2T 
1081 «wpaarcacsr atgsgcgst? tttascgtca 
nil GesqrccTST cesacroGSM awceama 
1801 A&AftACreSS GAAGCASTSC TSeCTSSST®· 
is si cwseaaAA?· csTdasaaae cwcm 
1321 ?a%S8TAAA a«TCaaS5PTC ARCRaSCJG®· 
1381 TOmKM asmCJWCC CCTTOTEWJC 
1441 OTcseecse© TGtxsftftfta&c aewrdCTsa 
isai stcsrartts tccsaawMss nasm 
1581 atocrcaacT ttgscosasa tttttcstct· 
i€8i TTsessTAAG «rceacrca® «scaasasr® 
isai awssatws atsggocgaa racc-Tts^T 
1741 ftSCTWATCA AATGO0CTTA ATCCCAACSG 
2«»i Tamacaaa «awwta wjcaHwea 
1861 6«$ΑΑ»7»Τ$ OSSTGGftCA»· «ACC»S<5tCA 
1021 asramsaa cssctjgcts -vfmaa®fsg 
1881 tmMC&CSA WKSMIOTC «Ktcacasac 
2041 Terre»»??? ARAiisraais sstscsatsa 
gio! oerwsa agsgttsttt cccjiatctst 
2161 .ASCCAASTAA ®06&&$338Α AWf^TCOl 
2221 smnrTTcr tttsttcttt RTSTCemt 
2281 wwas ««asar? smw 
8341 Acra.cs.csTT tasacowc tcToowm 
2401 GAAASAAASf CnfGTTCTST TATTTOCTTT 
2462 «oerccsesr tcatem»® gmwmi 
2S2i «amra wnwixi» aaqssagcsc 
2581 iXTTTGAAAA CGAACTAClT T¥SC&3®m 
2641 Tccmwsst TCTTTCRAftB TAGMGASCT 
£’i£si ecftsTTeeca ΛθδΑτωτι*1 cmencNt 
2761 GTOiiXSTe© TAiiSVli AAC C8TO0MCW 
2821 ATOraCTFSC 8O5fcCACW ACSAGAAATC 
£S 81 CGCAASGCTG JWatmWHS SAATTSAOGS 
g?4i em»m«a ercAsracsG esaaasrgae 
3802 wwssffiCTcr TTSTPSKrxc· TATcssresr 
3061 imK^eTes TOsmecsa «aacGaacm 
1121 cmtttcsct iiSTsiATiTfeSc Ttcsmssse® 
3181 ftGSCAA'FAAC ASKPCHHa TSBCCTTASA 
3241 GGASCCAACG RGTTSAASJSA &a£CSWS& 
33 01 ATCSTSTTAA ACTOSS'FOST GCTGSSSATA 
3361 ATTcsaiei'T scseArms caaemti» 
3421 CSFAATAAAAA AGCCATACiTT 'FAATCTATAG
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Figure 15B

GCGTASTTAA A6CWW3SAA 
fWATIGAAC TCAtTERTAT 
jmgatcsittca ceree-MiAA 
AATTAGCGSA £(?['«ΓΑΑΤΤ« 
cmtesers aaaagscitg 
sftaamtoc ataaattcct 
TCASGATGAiS 6Μ3©ΒβΤΪΤΤ 
TCGGTi’TGGft eaaascwccc 
ECAASGATSC AASCCAAAAG 
TGGATCACAT ©®Α2«Α¥©ί31 
eauasreaarTT RMCKrcear 
««SCAWfCRA GSflSaSOTATB 
srocacnsA. oeawterr 
tWCSlWTT GSSATIAAAG 
ACTTACTA’fa TiOCTWrcfi 
{,ΊΆίίΤΑΑΤ^Α CCSTO7TCGT 
CGGCTACTAS TCTWIKIGA 
eftAT¥e®AW ATGTCftCG&A 
faTFKCWGSA ,AACSA!EA£S.A
Tcsrsawa mwems 
gsgacacttt sCTerrcawr 
SSSSSTVAACT SCSIXaWftT 
ταοο«ολα otarjw®ctt 
wafCGSYses ttacyisytcc 
MftSeefcAGC &CSGCATACT 
CGG^AGTAAA GSfcTTGGAAA 
ΒΑβθΚΑ&ΪΑΑ MaftmTOW1 
crmTTioaii· gwctccatt 
CASlTTCA'fi TTTCSTGTTC 
CATAGGAA'TC ’lAATG'I'AS.GG 
AGTftTRATAC WHttSefSA 
scresecGce cscgswsstcg 
CeGGGACiTC GteSASSACe 
t&eceeserc caggagcasg 
cctsgaosag cTGf?Aseces 
OWCCSGCC ATS&SCGAG& 
cciSKiGCGGc aacssceree 
GCeCACGGGT OSCAGGCCS’C
waosn; κ»»ε»

Α££Τ56ΑΐΒΤς 
eaaeapwot tatatttgaa 
Afi.TGlfcSSCAT excew@ca 
scwetose ©cmmer 
cssmsRCCAi; ©secrosotn 
ASTTSSSCCGA TTTSSSCCTA 
I’GCTGSCCCC CiS&'FS&ASOT 
AkSSg&AASC A£3SXftS.e?T<S 
«eacaecBA ©BsaaccseA 
SGCAAAGfcAfi. ACTSGATSGC 
$C2G6TCAaS AGACASaATG 
SSCTiS'ISceS CCSSCTTSGEfi? 
mCTECTCSS S7GCCS-0CG7' 
JUtSgCQSftOS I'GTCCSGTGC 
CTBGCCfeCSA 0@S6!G©SyeC 
esesesrafsc ismsacs». 
gcgsasrsag tatccm-cat 
ACCl'GCCSAT rCGASC&CGA 
secssTcsre £es&re»Si8.& 
CfiiitCStSlA 6ΟΰΤ€2»£@ε

TOUsmccc MWMeuecr
3aaatacccta Treses»*»».
2 501 'rTTCRiicshA rc-rTTAftcyuk 
3«6X GTTGACT^GC TTESTC6KAT 
37.21 (3J5C?A«WC TMiCAKAASif 
37Si MTEGTSATT 'TTTEAATAACt 
3841 TT£AAASSSG ΤΑΞΐΈΤ^ΕΑ 
sm Aftosaw&e ascsttgcca
3 9 si TfiTTsareftA csnaowcTS? 
ten WKSuseeax ^rseaMwcr 
4001 i'AGCTTACGA CTTTACTCAA 
ΐ J -H TACTGCl’ATT GCfcC-fTGKTA 
4261 AASATSTSSA CATGeWi’FT 
«2«. axeaga&oaa cecmerat®
4 32J G«CC»6&e»* «JOSSCCJCW 
4381 SCCTSmCC TS^ftXMSS 
4441 serescwrr gccatscgcs 
4562 SAAGGGftGTG tT@»&Wr 
4s«i cj&awsra» .Rwmam 
4 ssi CGrmTTfts j&ascsrwc 
4§0.t jawsTTcaec ■nAi’ASAA.Ts 
4741 CaCTTTJWtft TWSACTTTA 
<t»i .AAesTCGGAi!· secawsae 
486». OGRTSSCtrC AARATST1"PC 
4 321 caseace©?» c^cCTeaaa 
<m waesssst'om'Awme 
son TSTcrm'JC marc&a&a 
siqi τγτϊτγττττ sausmrevrr 
sjlsx escsrrcaftrsf wcacauMssw 
sin cwuwo» aaa&xa&A&a 
32« 'rcsraiRTAGT aTATcaacs? 
S341 TTCRCCASTG CCG'iTSCSG'i1 
3401 ADCGACCSCC TOQSWCTC 
5461 GAC&ftKOn-OA CCtM'iSETCAS 
532} fcilcnaBSTST gsgtccggss 
5581 ACGPAfTTCC GGGACGCGTC 
3641 ttSG&A&rrca coewsseSft 
57Ώ1 G&CTGSCAOG TCCSACG3GG 
»761 CTiTaTCGAT AWWeS&AT

' §w fxsercraAcc β»Μββ«6
68E1 TitTASTEATG, TBO®» 
S94i easasfieesas cttcgcagta 
ssqi «yc^gsgr T©®GCSCSit 
«355. C?W3Si3««3» AGGfcAGATAA 
6121 TCGCAASSAT CCTAGSCSK® 
6181 A.WfcCA&TCC IXAGAAACKG 
«2 41 CA,\G"GAAAA CGCisAGCSGA 
sssi AscTasarare eseastTm 
6361 eroesaaes® tggcaagccc 
«422 GAt@@C@C3V$ «ΗΗΛΤιϊΑΛΒΛ. 
6461 AACKAGATSS JKreGCSSJSea. 
«541 AcsaGscACA Acaaacwre 
«6βχ aaceeecser tctttttstc 
6S61 ft@®cascei!@ «cwcasas 
6721 ~?'3?CACrGa AGCGGGf'AOG 
6781 ^ercsarafce cerncm# 
6S4 5 TGCATilOGCI TSATCCGGCT· 
6961 GSGCAGGTiWl TCGlSiTGGAS. 
¢962 aseeactcac gcswsc®»

AMSSTFA&if’AT CATGTTAAT'l 
CGTIGAATAT GaATAAKCAA 
SGATftTCTTG TGTAa'iSGBSlf 
gcttgctssa. «ase&sossm 
CaWOTCftCG ACACCGAACT 
STMTTCTCG «WSRTCrJWl 
STASAAASftft ATACGAACSZi 
WSCCT8&AS AGWGAATrS* 
SGftSAAC&AS TAATCGAAGT 
GSGSCTABAC AlSCSfeGGCTS 
s&Tfi&TCftea, ereeftea&Ga 
ssfcs&c'WTs cceoosara»». 
TCTAGASJ3C3 ^AGn^ACfT 
C’G'l'GAAAMSS TTGGGSiVm' 
KT®.fir.RGCfG eiiA'iTM-'n'r 
GCVeMASCG i^TKEflAATC 
ftGTTCTSAAG TCeCAAC.CRC 
SAGAACiiACA ATTl'TGCATC 
ccrrArmw tttataats'a 
TacecGSATA wiome 

TTACGATMiT 
S&RR&ftnxm Ma360K2 
TTAaSeTGAy eesCXSCfeC&SA 
AGATl-TTCTC SSAdCClSOG 
AAMM’Ti’Cfcc icwetKc 
ASAAAAAAGA &tCCSCC?Ca 
ilAOSTTTC'i-T TireweAftA 
SATATTEAAG ?ΤΑΜΛ&&<5δ 
TATTAGAACf TTTtfrr&GTT 
oeaeramA caattaatca 
wwuywwAC cmnssccsas 
COSSASceST CGAG'fctCTGG 
acsTCGCces tgtGGtccgg 
<reetrcccee& cjucAcccis 
jRJSSSSTCGSA ©STCSTGTCC 
i£G&oe&6SA ecessesGse 
ACSJCGttfSGe CSKSS&QCftS 
SGASA'KJt'GT CCCCCSS2TC 
?€ftlCSCCCTC CCCCCRCMC 
wsarcecTA ϊγεκγτττττ 
armfccre1? mrycretA 
GAAAftCSQ'n'' GCXWSOSS 
«TOsaascrc Tcraeeseeg 
cetaascGCA cragsactgc 
AAGS&ACCeG MCACSTAGA. 
CfiStTSCTGG eCTATtSFOeA 
issaraescrr acaseec^T 
mwc&sc? GSEscscccy 
tttcktgccc ocaftseaTcr 
MesasOGTTT
cotsasseta ttcssstatg 
©wccasecre ?cagc©cagg 
ίΧϊΐΙΑΑΈίΙΑΑ. SfcGCAQGACG 
i-iGsGCAscT swercsace 
aarsccsses cas®B®cyec 
ss0£HreBWF$ca AiscGSOGSe 
AGCGAAACAl1 GSCftPOKAGC 
WTCTCGJW GRftG&eeftSC 
ecacAtaece aftcsocaaaa
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Figure 15C

^ses»m« caTsasswi aatsgccsct 
0fsissc®3a ccgetraTcas cacrasscev 
βΟββΰ&Αΰέ GGCTGAtiOGG TtCCSOSSSC 
GOATCSCCTT cmcseere <»3Ks&CSW 
CYCAYAiRlA CrrTAGATTG AfTSWtA©? 
SftSCCSTTTT Sft.TAA3K?f C& TGHCOAAAA'i 
STCASACCCO GTASAAAASA ΦβΑΑΜ&Μτε 
CJfCCSeeW© CAASOSAAA& AACCACOGOi 
ecTAcesAW carwm «sesem 
€CrtCT»6«6 7»0CCSWi ·»»β©βΟΜΧ» 
«csroscarcsss cssasseem TKCcaeessc 
CSGS37©SAC 7CAASAOGA7 ASTTftCCS&A 
WCGT6CBC& CAGCCCASCSf TCGASCSRAC 
mscswroa GAAA-3C5CCA OiA7E"fCC£53A 
cescAessie sssAftcasGse aecocaceas 
TTATAGT«ST CSTtKOGSTSC sccacoeciS 
A6GS©®SCBG A6CCTATSGA AAAACSGCAg 
nGCTGQCCl’ WTCJCTtiAGA TSStTOTOCC 
ssmcceee TTRsas^sBe cs^saccsc 
8

7021 MCTcgrcex ssKswsee s&Kiccygc® 
Tsai Traeses®f$ aacsacrer «eece©c«ss 
71« l -jssRSfteecs yg&s&efsst GfAGAGcrrs 
7201 TmiCXAlTiSe CGOCQC&CCC i&TTOSK&S© 
72S1 tctycigaay «isMMser accragttta 
Ή?.ι TCft.TTireiA τί“?αα»α3θα ταηββτθλλ 
7381 CSCYT’iACGT £Α®ΪΤΪΐ©35? TCCACSSAGC 
7.151 r^ci^GRSAi' ccrrsmrc tgcgcgtsat 
7501 accascggts δ'ηΊ'βητα: csskscawsa 
7 5 Sl CTO3M3C»e& ©CficafiKERC «ΟΑΚΤΑβΤβΤ 
7 ¢21 OTaaac tstserseac cccgiaoatr 
7 ¢31. iecwsom g^aias-aas? cessions© 
77« tmsgcgca® cserossgcy gaacggcgs® 
7831 GACOrACAGC GAROTSASAT ACOYAGASCG 
7S61 AGSGRSfiAAG GCGOACAGCsT AOCCGG7AAS 
7S2i eia&ercccR. sseesMuux ccseem©? 
7S>ti Acmnaosr cswramer ssrocrcerc 
seal c&wscgssg TiTYT&cGsr Ycewscon· 
8101 TGCGiTRTCC CCTtiATlOEO TGSA7AACO.3 
$161 •ICSSCCGCAGC CGAACGACCG A$ceCA@SSA

SEQ ID NO :7
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Figure 16

X «MWmsMMA «ΑΜΑΜ<0Ϊ8Ο OTWXCCWJT 
si crctiACGSTc Teenacfcoc cftfioeeaaes: 

i2 i w«ae&ecr o&assts6m ftft@CTGG&GS 
1(11 CATG'TMfcAT Ο»Μ3Μ3ίΚ@ΐΤ SfiEJACOCaAC 
2« Tecauacem1 «sasHW %κεαακτ3κ» 
30X TTsrocrccs csaosaosm; MffiMtta 
3«i «©cawetwr »e«&e»»e»e eocwosae® 
m AiiAMTG.aG®3 ASSKTTWe «CCGAGCtSA 
48t JMSSBSeCGfC CftAtX^SGSS ΤΤΟ0»Ο®Ο»β 
MX cc»it3sesi<» ecrriwi.w jutcemasi· 
¢03, TTTCTCJ4C®C CCTiSSftSCtC c&3$&cacc 
sex reeseiausA k?&Ts&sec& A&ss&eccts 
"J'l rassefftes© ACCCISCMX
W GGACOSaeK,® &®6Μΐθ30έ XCiSAAGCiG-G 
e« jm-mossc kstog&fkts gcgcctgacc 
9Θ1 sssftftKftTGW ewEerwifc actxtc?iTCS 
ΟβΧ AC»0TW5& (SCSteWPORCP <53ko50SGTCS 

1S2X Tcccusam wreaaecs® wrerceree 
im aercTATccs! crj^sxasajsg seacaawa 
n« Kse^srse» ©scmifffite αββΜβα» 
isos twetAASTA «xaetgouwiy ©cetcssiw 
X3S1 ccracmrc OSlVgeOCAG iStGiSfiSSASS 
mi ccrawrcsca osgcctcskj cga's’cctcc·:· 
1381 cfiacc’pcTGc TGCTGAoqts eKfcegfteeee 
14*1 ΜϋΑΑΑΟεβΑ ΜΚίΑΜΪ&ΤΚΪ G6ASAAGAS3 
1501 eesftGTGGM eaasasoRAC Ass&aGcstss 
1S«1 1Ν»3·β6ΖΜ5ΑΤ OSOOSSeiHttt ATilGGTSSlRS 
1821 eco&eeros TCQ!»(3W3!»C SCtftC&G&SA 
1501 TCCCTATCOA «ΟΜΟΤΟΑΙ» T*C6®SW«!

<secR®m»c xs»e»m!Ga owsaenasn 
■m©e»j«ais ®eoerw<»e caeftcffcrce 
WASGCS&G CftAftCPCSAiS GAGCftS&rfiC 
«Οΐϊΐϊ GCTGli&SGTG AICGAGSATG 
AOiMVlEACAr rATCAASSCft, eiPGSSESfkftGfi
assd'GAW tcaescracc «ctcscssot 
TG7CSCAGGA. CSSOTCSfifi JtemriUlGG 
ΑβββΑβΑβοτ TOMSserasT crcfccim 
AOAAEGlGCT GSA<3G&aaei CSia£3i3fW 
AGGtWtTftaA OICOAGE576 GCCGAGCAGS 
ASCGGCTCCa WWSSWBSS SCifCStTSST 
AECftSCftSTT @C3K3OSE8S ¥XWCCM6G 
AaaASGAGir ©GfcGG&ccire ^eres&vwr 
JWWKWOCS *®CCe»JGOT .RS0GAGG1CT 
occfiettass jowaEBcces aaggcgswa 
MSKsetcta. ramsmc e&ag&cwe 
sscGsteseat ww»« «smrAcsc 
crerGram. cswwrca»e easoccsce?* 
jMK»«tocTA camcewwx Tawseceae 
K"a'>«m wamsmc attcctscvt 
eSAGCTCW» CGtcgccxitt ctsgcccctt 
Mttcosa TCZi'l'uCTCTT AGArCCCtoA 
scessArm wesrrem astsiocws 
&is&stacs»&. tsccBiTfATT tcn»«»®sc 
C%A6»&Mm SCTSSGAAftS TTSASCSOCS 
wiccsAcre Taseciem ccraassoe? 
TT’SCOCATT-S TACrgRiSeRG TACSOfGSCG 
AoesaA'rciiA Gcrsciscre jwco&ccec? 
ASTClAGAGS #fi?CC

SEQ ID N0:«



WO 2010/148256 PCT/US2010/039088
33/328

Figure 17

1
61

GAATTCAACA
TGAAGCACGT

AAAATGTGCT
AGAAGCGCCA

CTGTTTCCAC
ACTACGAACC

TGAGAACGTG
CAACTCCTGG

TCCTTTACTG
GATTATGACT

AGACTGAGAC
TTCTGCTGTC

121 TTCTGACACC GACGAGTCGA TCGAGGTTTA TAAGGATAAG GCCAAGAAAC TTGAGGCCGA
181 GGTCAGACGA GAGATTAACA ACGAGAAGGC CGAGTTCCTG ACCCTTCTTG AGCTGATCGA
241 CAACGTTCAA CGACTTGGTC TTGGTTACCG TTTCGAATCC GATATCCGAC GTGCATTGGA
301 TCGATTTGTC TCGTCCGGAG GTTTCGATGG TGTGACTAAG ACGTCGCTGC ACGCCACAGC
3 61 TCTTTCCTTC AGACTGTTGC GGCAGCATGG ATTTGAGGTT TCCCAGGAAG CCTTTTCTGG
4 21 TTTCAAGGAT CAGAACGGAA ACTTTTTGGA GAATCTCAAG GAGGACACCA AGGCCATCCT
481 GTCGTTGTAT GAGGCCTCGT TCCTGGCTCT TGAGGGCGAG AATATTCTGG ATGAGGCTCG
541 GGTTTTCGCT ATTTCGCACC TGAAGGAGTT GTCGGAGGAA AAGATCGGAA AGGAACTGGC
601 CGAGCAGGTC AACCATGCAC TTGAACTTCC CCTGCATCGA CGTACCCAGC GACTGGAGGC
661 CGTGTGGAGC ATCGAGGCGT ACAGAAAAAA GGAGGATGCT AATCAGGTTC TGCTCGAACT
721 CGCTATCCTC GACTATAACA TGATTCAGAG CGTGTACCAG CGTGACTTGC GAGAGACAAG
781 CCGGTGGTGG CGACGGGTGG GACTGGCCAC GAAGCTCCAC TTTGCTAAAG ATCGATTGAT
341 TGAGTCGTTC TACTGGGCAG TGGGTGTGGC CTTTGAGCCT CAGTACTCCG ACTGCCGAAA
301 CTCCGTTGCA AAGATGTTTT CTTTTGTCAC TATCATCGAC GACATCTACG ATGTTTACGG
361 CACTCTCGAT GAACTCGAAC TCTTCACGGA CGCTGTCGAG CGATGGGATG TGAATGCCAT

1021 TAATGATCTG CCAGATTATA TGAAGTTGTG TTTCTTGGCG CTCTACAACA CAATTAATGA
1081 AATTGCCTAC GACAACCTCA AGGACAAGGG AGAGAACATT CTGCCCTACC TTACTAAAGC
1141 CTGGGCCGAC CTGTGTAACG CCTTTTTGCA GGAAGCCAAG TGGCTCTATA ACAAATCTAC
12 01 TCCTACATTT GATGACTACT TCGGCAACGC TTGGAAGTCT TCCAGCGGCC CTCTCCAGTT
12 61 GATCTTCGCT TACTTTGCAG TGGTCCAGAA CATCAAGAAA GAGGAGATTG AGAACCTCCA
1321 GAAGTATCAC GACATCATCT CCCGACCTTC GCACATCTTT CGACTGTGCA ATGACCTTGC
1381 CTCCGCATCC GCTGAGATTG CCCGAGGAGA AACAGCCAAT TCTGTGTCGT GTTACATGCG
14 41 TACAAAGGGC ATCTCCGAGG AGCTGGCTAC CGAGTCTGTG ATGAACCTGA TCGATGAAAC
1501 CTGTAAGAAG ATGAACAAAG AGAAACTGGG CGGTTCTCTG TTCGCCAAAC CATTTGTTGA
15 61 AACCGCGATC AATCTGGCTC GTCAGTCTCA TTGTACTTAC CATAACGGTG ACGCGCACAC
1621 TTCGCCGGAC GAATTGACCC GTAAGCGTGT GCTTTCGGTG ATTACCGAGC CGATCCTGCC
1631 GTTCGAAAGA TAATAGGATC C



WO 2010/148256 PCT/US2010/039088
34/328



WO 2010/148256 PCT/US2010/039088
35/328



WO 2010/148256 PCT/US2010/039088
36/328

re
o.

sO 0 CM
CM Q. O
COrH Ό eq 23

” > ,_ |
£ ><Λ K

0 X 5: £
Q a

Sz
.p

om
be

 A
D

H 
pr

om
. H LC

OS Ό h ci H O
sO

CM

£
X! CL >> O 
I CL

>
totL §

CQ 3

Cl
0£
Q.
X a

Qh
0
0

LU

Sm
al

 (4
91

9)
 I 

\ Sadi
 (3

63
6)

ur
a3

 18SRNA
fg

m

Φ
□
□)



WO 2010/148256 PCT/US2010/039088
37/328

ur
a3



WO 2010/148256 PCT/US2010/039088
38/328



WO 2010/148256 PCT/US2010/039088
39/328

X
ba

l (
42

42
) 

B
gl

ll 
(4

09
2)



WO 2010/148256 PCT/US2010/039088
40/328



WO 2010/148256 PCT/US2010/039088
41/328

Figure 19A
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Figure 19B
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Figure 20A
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Figure 20B
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Figure 21
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Figure 22A

h
gctiggfcaecatiatgggaattegaagetitfcetagaaeaaaaacfccatctcagaagaggatctgaa
tiagcgeegtogaceafccafceate&fccatcafctigagfctitaaacggtieticeagcfctiggefcgtfcitig
geggafcgagagaagafctttcagcctgataeagatifcaaateagaaegcagaagcggtctgafcaaa
aeagaatfctgeetggcggeagtagcgeggtggtebcaectgaccccatgccgaaeteagaagtg
aaaegeegtagegecgatggtagtgtggggtcteceeatgcgagagtagggaactgceaggeat
caaataa a&cgaaa ggetcagfccgaaagaetgggccttti cgfct1tiatetgttgtfctgteggtgs
acg'etctecfcgagtaggaeaaatcegccgggagcggatittgaaegfctigcgaagcaacggccegg
a gggt .ggegggeagga egcccg cca taaa cfcgccaggca fc caaat ti a a geagaaggeca t eeti g
acggatggecfcfcttitigcgtfctiefcaeaaacfcetifcttifcgtfctiafctitifctctiaaatacafctcaaati&t
giatccgcttaaccggaattgccagctggggcgeectetggtaaggttgggaagecctgcaaag
t aa acfcgga tggc tit.fcetegeegeeaagga tetg a.tggcgeaggggat ea agetctga t ea aga
gacaggafcgaggategtfcticgcatgattgaacaagatggatt.gcaegc»ggttctceggccget
tgggtggagaggctiattcggetafcgactgggcacaacagaeaatcggctgetictigatgcegeeg
tgtt eegg©tgtcagegeaggggcgeecggfcfc ©t ttifct gfce&agaccgatctigt ceggtgcceti
gaatgaactgcaagaegaggcagcgeggctiatcgtggctggecaegacgggegfcteettgcgca
g©tgtgetcgacgttgteactgaagcgggaagggsctiggctgct.a.ttgggcg&agtg©cggggc
aggafcctectigfecatctcacctfcgctcctgcegagaaagtateeafceatggetigafcgeaatgcg
g eg g e ti gca ta eg c fc tigati cog g c tacctifceqa ti ti og aeea e ca agegaaa ca tegeatiegag
cgageacgtiacfccggatggaagceggtcfctgfccgatieaggatgatietiggacgaagagcafccagg
ggctcgcgecageegaactgttcgceaggctic&aggcgagcatgeccgacggegaggatetegt
©gt.ga©cc&tggcgatgcctgettgccga&tatcatggtggaa&atggcegcfctttctggattc
atiegactgt ggccggctgggfcgfcggeggaccgcti at cag gaca fcagegt fc ggcfca eeegti gat a
fctgetgaagagcttggeggcgaatgggetgacegcttectcgtgctfctacggtatcgccgctcc
egafcfeegea gegcatiegeetteta. fcegeettetitgaega gtitct1ctga©atgaceaaaateec
ttaaegtgagtittitcgtitceactgagcgtcagaccccgtagaaaagatcaaaggatefctcttga
gateet tt t fct tet gegegtaatctgctgc ttg esaa .ca aa&a&a eca ccgctia ccagcggtgg
ttt gtt tgeeggati caagagc ti ac caactet tit tt csga a ggtaa ctggcfcfc cag eagagegea
gataceaaatactigtieefct cfcagtigtiageegta gt tiaggecaecactfcea agaaetctgtagca
eegectaea tacet-©get ctgeta a fccetgt taccagtggcfc get gecagtggegataagteg t
gfcctfcaccgggtfcggucticaagi&cgatiagt.fcaecggataaggegeageggti.cgggefcgaaeggg
gggt ti .egtigcaeacagccca g©titgga gegaaega eetacacega actga gatacctaca g ©gfc
gagcta.tg&gaaagegccaegctticeegaagggag.aaaggegg3caggtatceggtaageggca
gggfccggaacaggagagegcacgagggagcfctccagggggaaai5g«ctggtat.ctttatagtcc
tgfccgggtttcgccacctctigacttgagegticgatttttgtgatgctcgtcaggggggcggagc
ct&tiggaaaaacgecagcaac^eggecttfcttaeggttcctiggcctittitgctggeefcfcfctgcfcc
aca t gti tet ti fccctigcgttafc.ce e efcgatt©tigtiggata a ecg tat. ti accgect ti tgagtig age
fegataccgctagccgcagecgaacgacegagegcagegagtcagtgagcgaggaagcggaagag
cgcefcgafcgcggtatfcttetecfctacgcatctgtigcggfcafctticacaecgeatatggtigeactc
fccagtacaafcctgcjtctgatgcegeatagttaagccagtafcacacfcccgctatcgetacgtgae
fegggtcatggatigegeccegaoacccgecaacaeccgetgacgcgeectgacgggefctigtcfcg©
ticccggtea t ccgetitiae&gacaa g ctgtgaecg tctccgggagct gcatgt gti ca gaggttttie
accgticatcaecgaaaegcgegaggeagcagateaattcgegcgcgaaggcgaagcggcatgca
tttiaegttgacacesatcgaatggtgcaaaaectttcgcggfcatggcatigatagegcceggaaga
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Figure 22B

gagtcaa fcfcca gggtggtga a fcg fc gaaa ccagt aaegt tatacg atgt cgca gagfcat gecggfc
gfcctctfcatcagacegtfcfcceegcgfcggtgaaGpaggecagccacgfcltctgegaaaacgcggg
aaaaagtggaa gcggc gatggcggagctgaa t fcacat tcccaac cgcgfcggca caa ca acfcggc
gggcaaacagtcgttgetgattggcagttgccacctccagtctggccctgcacgcgccgtcgcaa
at tg fc cgcggcga tfca aatet cgcgccgatcaactgggtgccag cgfc ggtggtgfcega tggtag
aacgaagcggcgfccgaagcctgtaaageggcggtgcacaatcfcfcctcgcgeaacgcgtcagtgg
gctgatcattaacfcatocgctggatgaccaggatgceatfcgctgtggaagctgcctgcactaat
gttccggcgttattfccttgatgtctctgaccagacacccatcaacagtatfcattfctcteccatg
saga eggtacgcgactgggogfcggagcatct ggt cgcatfcgggteaeeagcsaaafcegegctgfct
agcgggcccatfcaagttcfcgtcfccggcgcgfcctgcgtctggetggctggcataaafcatctcact
cgca at caaat t cage cgatagcggaa egggaaggcg actggag fcgcca t gtccggtt 1t caa c
aaaecatgc&aatgctgaatgagggeatcgttcccactgc?gatgctggttgccaacgatcagat
ggcgctgggcgca&tgcgcgGcattaccgagtccgggctgcgcgttggtgcggatatctcggta
gtgggatacgacgataccgaagacagcte&tgttatatcccgccgte&accaecataaaacagg '
attttcgcctgctggggcaaaccagogtggaecsgcttgcfcgcaactctctcagggceaggcggt
gaagggcaateagcfcgttgcccgfccfccaetggtgaaaagaaaaaccaccctggcgcccaafcaeg
caaaccgcctctccccgcgcgtfcggccgatteattaatgeagcfcggc&cgacaggtttcecgac
tggaaagcgggcagfcgagcgeaacgesaafctaatgtgagtfcagcgcgaafcfcgatctggtttgaca
gcfetatcatcgaetgcacggtgcaccaatgcttctggcgfccaggcagccat'eggaagcfcgtggt
at ggct gtgcaggtcg t aaafcea-ctgeafcaat tcgtgt cgct caaggcg cactccc g 11 c tg g a
taafcgtfcttttgegecgacatcataacggttctggcaaatattcfcgaaatgagctgtfcgacaat
taafccat ecggcfc cgfc a t aafcgtgtggaat tgtga gcggafcaacaat 1t cacacag gaaaeagc
gccgcfcgagaaaaagcgaagcggcactgctctfcfcaacaatttatcagacaafcctgfcgfcgggcac
fccgaccggsattatcgattaactfctattafetaaaaattaaagaggtatafcattaatgtategat
taaataaggaggaataaaccafcgtgtgcgacctcttctcaatttacfccagattaccgagcataa
t fc cccgfc egt fc ccgea a a ctafccagcca aa cctgtggaa fct1 eg aa t fc eetgcaat ccctggag
aacgacctgaaagfcggaaaagcfcggaggagaaagcgaccaaactggaggaagaagttcgctgca
t g a tea a eegfcgtaga ca ©ceagccgcfcgtccct g ct ggagtsfc gat eg a egatg tg ca g egcct
gggfcctgacctaciaaatttgaaaaagacatcafcfcaaagcccfcggaaaacafccgfcactgcfcggac
ga aaa ca aaaagaaca aat ctga cct ¢3 cacgcaaccgct ctgfc cfc fcfc cc gtctgctgcgfcca g c
a gggt fc t egagg fcfc tet eaggafc g fc fc fc fc tgagcgt t tea aggataaaga .aggtggt fc fccagcgg
fc gaa ct gaaaggtgacgtccaaggcctgcfcgagcc t gta tgaagcg t ct t sectgggfc fc t egag
g gfcg&g aacctgctggaggaggcgcgtaccfct fc t eca fc cacccacctga agaaca a cct ga a ag
aaggcattaataceaaggttgcagaacaagtgagccacgcsGctggaactgccatafccacoageg
fcc tgcaccgt ct ggaggcacgt tggfc fccctgga taaatacga&ccgaaa g aaccgcatca ecag 
etgcfcgetggagctgef«gaagctggiatt.fctaacafcggfcaeagaeccfcgcacca.gaaagagefcgc 
aagafcctgfccccgctggtggaecgagatgggecfcggctagcaaactggattttgtacgcgaecg 
cetgatggaagtttatttctgggcactgggtatggcgccagaoccgcagtttggtgaatgtcgc 
aaagcfcgtfcactaaaafcgfcttggtcfcggfcgaegafccafcegatgaegfcgfcafcgacgtttatggca 
cfcctggacgaactgeaactgfctcaccgafcgcfcgfcagagcgctgggacgfctaacgctattaacac 
cot geeggaefcatatga aacfcgfcgtt tccfcggcac fcgt acaaeaccg fc ta a egaeaegt ccfcat 
fcetatfcet gaa,agagaa aggtcataacaaccfcg tectatctgacgaaa agctggcgtga a et gt 
gcaaagccfcfctctgmagaggggaaatggfcccaaeaacaaaattatCGcsggcfcttctccasgta 
cctggaaaacgecagcgfcttccfccctcGggtgtagcgetgctggcgocgtcfcfcactttfcccgta
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Figure 22C

tgccageageagqa’ijaeatctGcgaccacgcgefcgegttecctgaccgaG'ttcca-tggtQtgg 
fcgcgttcta getg cgttat cfctccgccfcgtgea.a .©gafcet ggeeae et etgegg eggag et gg a 
a cgt ggegagacfc acorn 11 c fcateat fcaget «ca fc gcaegaaaaegatgg taccagcg aggaa 
eaggee©gegaagaaetgegtaaactgat©gaege©gaafcggaaaa.agatgaatcgtgaacgeg 
tt agega et .ccaceet getgccfc a sag eg fc teat ggaaa t eg©agt .fcaaeat gg ea eg t gt fcfc c 
eeaetgcace taeeagtatggegatggtetgggt egcecag acta .egega ©tgaaaa cegeat c 
aaactgctgctgattgaeeetttcocgatfcaaccagetgatgtatgtetaactgeatcgecctt 
aggaggtaaaaa aaa a fcgact gecgaca&ca at a gtatgccecat ggt gcagtatc tagttaeg 
cea aa fc tagtgeaaaacca aacacctg&agae&fc fc t tgga agagttt ccfcgaaa tta fcfc cca 1t 
aca&caa&gaeetaafcaeecgatctagfcgagaegteaaatgaegaaagcggag&aaca'fcgtfctfc 
t ctggtcatgat gaggag eaaattaagttaa tga a tga aaa fc fc gt at t gt fc fcfc gg a t tgggaeg 
ataatgctattggtgeeggtaccaagaaagtttgteatttaatggaaaatattgaaaagggttt 
actacatcgtgcattetcegtctttattttcaatgaacaaggtgaatfcaettttaeaacaaaga 
gee&etgaaaaaataactttccctgat.ctttgg&etaacacatgctgc'tcbeafcceaetatgta 
ttgatgacgaa tta ggt t tgaagg gt aaget agaegat aagafc taagggcgcfc attach gegg© 
ggtgagaaaactagatcatgaatfcaggtattoeagaagafcgaasetaagacaaggggfcaagtfct 
cacttfcttaaa©agaat©eattacatggca©caagcaatgaaeeatggggt.gaa©atgaaattg 
atfc aeatcctat tttataagafcc&aegcta aagaa aaettgactgtcaa eceaaaegtea a tea 
&gfchagagaefcfccaaatgggttfccaccaaafcgatfc.fcg&&aaofc«sfcgtt.tg©fcgac©ca&gtt.ac 
aagtttacgccttggtttaag&ttatt'tgcgagaattaGttatteaactggtgggagcaattag 
atgaecfcttefcgaagfeggaaaatgecaggeaaafcfccatagasfcgctataaeaacgegfcecfcgca 
tfc cgccet t aggaggta a aaa a a cafcga gt 11 fc gatafc fcgecaaa tac© eg aece t gg cac fc .gg 
teg actccaeccagg agt fc-aega cfcgfc fc geegaaa gagagtttaecgaa a ctctgegaega a ©t 
geg©©g©tatfctactcgaeagegtgag©cgfct©cagcgggcacttcgecte©ggg©tgggcaeg 
gtegaacfcgaccgfcggcgctgesetatgtefcacaaeacccegttfcgacea&fcfcgssfcttgggatg 
t.ggggeatcaggetbatccg©ataaaatbttga©cggacg©eg©gacaaaatcgg©a.cc&tccg 
fc cage aaggeggt et gc a eecgtt cc eg tg geg eggegaaagegaafca fcgaegt a tfc a agegfc c 
ggg eat teafcesaa cetcca tea g fcgcegga afcfc ggta fc fcgcgg t fcgct geega a aaagaaggca 
aaaatcgccgcaccgtefcgtgteattggogatggcgegattacegcaggcatggogtttgaagc 
ga tg aat craegcgggegatateegt.ee t gat at get ggt ga ttcbeaa egaea a tgaa&tgt eg 
at fcfccegaaaatgteggegegeteaacaaces,tetggeacagetgcfctteeggfcaa gcfctfcacfc 
e t tcact gegega aggeggga a aaaagt fcttct etggegtgcegccaafctaaagaget get ca a 
a cgcac egaaga acafca t ta&aggea t ggt ag fc gectggcacgfctgttfc g aagag c tg ggctfc fc. 
a act a c a teggceegg fc ggacg gt cacgatgtgcfc gg ggett a tcaeca ©get aaagaacatg©
gcgacctgaaaggceegeagfcteetgeatateatgaccaaaaaaggt&gtggtt&tgaaccggc 
agaaaa ag&eccgatca ctfctceaegecgfcgecfcaaa t ttgat ccctccagcggttg fc fc fcg cc g 
aaaagtagcggeggfcfctgccgagctattcaaaaatcfcfctggcgactggfctgfcgcgaaacggcag 
egaaagaeaaeaagctgatggegafcfcsctccggcgatgcgfcgeaggtfeeeggcatggtcgagfct 
fc fccacg ta aat tecoggatcg ct act fcegaegfcggcaatt geega gca acacgegg fcg aecfct t 
gctgcgggtetggegattggtgggtacaaacecattgtcgcgatfetaetceactfctcctgeaac 
gegeefc afcg abeaggt gcfcgca tgaegtggcgat t caaaagct tceg gt ©ctgtt cgccat eg a 
©cgagcgggcatfcgttggtgctgacggtcaaaeccatcagggfcgcfctttgafcetctcttacctg 
egefcgeataceggaaafcggtcafcfcatgacccegagcg&tgaaaacgaatgfccgccagatgetefc 
&taeeggcfcateactafcaaegatggeeegteagcggtgcg©iaeecgegfcggeaacgeggfcegg

craegcgggegatateegt.ee
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Figure 22D

cgfcggaactgacgccgctggaaaaactaccaattggcaaaggcattgtga agogtcgtggcgag 
aa&cfc ggogatcettaactttggtacgctgatgccagaagcggcgaaag'fccgaQgaatcgetga 
acgccacgctggtcgatatgGgttttgtga&acegcttgatgaagcgtta&tt.ctgga8&tgge 
cgocagccatgaagcgctggtcaccgtagaagaaaacgccattatgggcggcgcaggcagcggc 
gtgaaeg&agtgctgatggcccatcgtaaaccagtacccgtgctgaaca'ttggcctgccggaet 

■ tctttattccgeaaggaactcsaggaagaaatgcgGgecgaactcggcetGgatgGcgctggtat 
ggaagceaaaatcaaggcctggatggcataactgca

SEQ IO NO JO
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Figure 23A
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Figure 23B
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Figure 23 C

pT
rc

Ku
dz

u 
D

XS
 ka

n

((OO * aoedspeaij η )/ Bn) AjiAijonpojd oyioads 
jo (aoedseaij η / Bn ) AjiAijonpojd |E}oi

LO O LO O

ho
ur

s 
po

st
 in

du
ct

io
n

00900



WO 2010/148256 PCT/US2010/039088

((aO * ooedspeoq η )/ Bn) AiiAipnpojd oyioods
jo (ooedseoq η / Bn ) X}iAponpojd |E)oj_

LO O LO O

53/328

Figure 23D
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Figure 23E
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Figure 23F
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Figure 23 G
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Figure 23H
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Figure 24
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Figure 25A

S' “
g t.t tga eagett atc&tog act geacggfcgeaecgtakgefc tetggcgtcaggca gc-cafceggaa 
getgfcggtafcggcfcg+,gesggfccgtaaafcesctgcataattcgtgfccgeteaaggegescteee 
gttefc:ggafcaaLgfcfcfcfcttgogceg3e3fcsafcascggtfcefcggcaaafc.attefcgs&stgagcfcci 
t fcgaceafctaafccafeceggctegt3fca.afcgtgfcggaafcfcgtg&g©ggataaeaattfccacagag 
gaaacagcgccgctgagaeiaaagcgaagcggcactgctctttaacaatttafccagacastctgfc 
gtgggcacteg accgga .a tfcat ega. fc fcaactt tat, t a t ε a a a a at t aaaga ggt at a t.at t aa fc 
gtstegattaaataaggaggaataaaecatggatecgageteggatGcactagtaacggcegc© 
agtgfcgcfcggaafcfc.cgcccfctaggaggtaa&aaaaeatgfceatfcaeegttetfcaaetfcetgea<5 
cgggaaaggfctafcfcatttfctggtgaacactctgcfcgfcgtecaacaagcctgcegfccgctgctag 
tgtgtctgcgtfcgagaacetacctgctaataagagagteatctg^ccagataetattgaattg 
gact t cceggacatt agct tt aatcataag fc ggt cca t caatga tt t ca atgccat eaccgag g 
at<3aagtaaactcccaaaaattggccaaggcteaacaag«caccgatggcrt.tgtcfc©aggaact 
cgttagtcttttggatcc^fctgttagctcaactateegaatccttceactaaeatgcagcgttt 
tgtttcctgtatatgtttgtttgcctatgcccccatgccaagaatattaagttttctttaaagt 
efca©£tta.cecatcggt.get.gggtfcgggct.ca&gcgcctetafctfcc:feigt.at,cactggcGfctage 
t atggcctaettgggggggttaataggatctaatga cfc tggaaaagctgtcagaaaacgataag 
catatagtgaatcaatgggccttcataggtgaaaagtgfcattcacggtaccccttcaggaatag 
afcaacgctgtggceacfc'fcafcggtaatgeccfcgctatttgaaaaagacfccacataafcggaacaat 
a aa caeaaacaatt tt a.agt tet t aga t gatt t cccageca ttccaatgatcct-aaccta t ac fc 
agaatfcccaaggtcfcacaaaagatctfcgfc&gctogcgtfccgtgtgttggtoaccgagaaatttc 
ctgaagfctatgaagccaattctagatgccatgggtgaatgtgccctacaaggcttagagatcat 

' gae taagt fcaagfcaaa tgt aaaggcaccgatga cgaggcfcgtagaaactaataafcg a a ct g ta t 
gaacaactattggaattgataagaataaatcatggactgctfcgtctcaafccggtgtfctctcatc 
ctggattagaacttattaaaaatctgagogatgatttgagaattggctccacaaaacttaccgg 
tg ctggtggeggcggtfcgctct ttgaetttgtta eg aa gagacsfctactcaagagcaaattgac 
agcttcaaaaagaaattgcaagafcgattttagfcfcacgagacafcttgaaacagact  tgggtggqa 
ctggctgctgtttgttaagegcaaaaaafcfcfcga&t&aagafccttaaaatcaaatccctagfcatfc 
ccaattatttgaaaataaaactaccacaaagcaacaaattgacgatctattattgccaggaaac
aogaatttaccatggact tea taagctaattfcgegataggcctgcaccctta a .gga gga aseaa 
ecafcgteagagfctgagagccttcagtgccccagggaaagcgttactagctggfcggatafcfcfcagfc 
tt.fcagataeaaaatafcgaageatt'tg'fcagfccggatfcafccggcaagaatgcatgctgtagcccafc 
cettacggfcfccatfcgcaagggfccfcgataagfcfctgaagtgegtgfcgaaaagfc&a&caattfcaaesg 
at ggggagfcgg c tg fc a cc« tat a agfccefcaaa ag t g g<s fc fc ca fc t cct gtt £ eg a t agg egg at c 
ΐaagaaceettteattgaaaa agtfcategetaa egta tttagclact tfcaaaccta acat ggac 
gactactgcaatags®act tgt fcegfctattgatafc t fcfcctet gafcgat gtcta cca t tct cag g 
aggafcagcgtfcaecgaacafcegfcggeaacagaagsfctgAgfefcttcafcfcegeileagaattgasga 
agtteeeaaaaeagggc'fcgggefcccteggeaggtttagtcacagfctttaactaeagettfcggce 
fccc'fctt fcttgta teggaectggaaaat aatgt agacaaatatagaga a gtt at tcat aat t fca g 
cac® agfctgeteattgteaageteagggtaaaafctggaagcgggfcfct g a tgfcagcggcggc&gc 
afcatggatcfcat©agatafcagaagatfceccacc©gcattaatcfcctaa.tfctgecagatattgga 
agtgcfcacfctai.:ggcagtaaactggcgca,fcttggttgatgaagaagactggaatatt.ai3gsatfca 
aaagtaaceattfcaecttcgggattaactttatggatgggcgafcattaagaatggttcagaaac 
agfcaaaaetggfcc©agaaggfc.aaaa&attggtafcgaifc.cgeafcafcge©agaaagcifcfcqaaaata
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Figure 25B

fcatae&agaactegateafegeaaattctagatttatggafcggactatetaaacfcagafcegefctac
acgagacteatgacgattacagcgafccagatatttgagfcctettgagaggaafcgaetgfcacefcg
teaaaagfcatectgaaafccacagaagfctagagafcgcagfctgccacaafctagacgttcctfctaga
aaaafcaaetaaagaatefcggtgecgafcatcgaacctcecgfcaeaaaetiagcfcfcafctggafegafct
gccagagcfcfca&aaggagtitcfctactitgcti'taataceteggtgctiggti.ggttiafcgacgccati.fcgc
agtga fcfcac fcaagca agafcgtfcgat c tit agg gcteaaa ccgct aat gacaaaa ga fc ttt etiaag
gt t e a afcggct ggafe g t aa eteaggctgaet ggggt gt taggaaagaaaaagat ««gga aacfc t
afcct tgataaa fca ae ttaa ggta gctgcat geagaa ttegccct taagga gga aaaaaa a atga
©cgttfcacacagcatecgttaecgcaccegtcaaeatageaaccetfca&gtafctgggggaaaag
ggaca .ega agt tgaa fc ctg cccs ecaa fc fccgfc cea fc a t eagtga .at fc tafccgcaagatgaccti e
agaacgfcfcgaecfcctgcgg c'taetgeacctgagtt fcgaa cgcgacaefcfcfcgtggttaaafc gy ay
aaecacacagcaticgacaafcgaaagaacticaa&atifcgfcetgegegaeefcacgeeaafctaagaaa
gga&afcggaafccgaaggaegcefccatfcgcccaeattatctcaafcggaaaefcccacafctgtetcc
gafcaafcaactfctccfcaciageagctggtittagcfctctitcegcfcgctggcfctfcgctgcBttggtict·
e-fcgca a fctgcfc aag ttafc aceaa ti taceaca g tea ac fc t cagaa a fc a tet aga ata gcaa g aa a
ggggfcetggfctcagctfcgfcagategfctgtfctggeggafcacgfcggcctgggaaafcgggaaaagct
gaagatiggfccatigattiecafcggc&gtiacaaaticgyagacftgctictigactggectcagafegaaag
cfc t gitg tectiagti ti.gtcagegat a 11 aaa aagga fcgtgagtfcccactc agggt a fegca a t fcga c
cgtggeaaeetecgaacfcatifctaaagaaagaatitgaacatgtcgfcaecaaagagatttgaagte
atgcgfcaaagccatitgfctigaaaaagatttCgaeaeetttgeaaaggaaacaatgafcggatitieea
acfcottfcccafcgceacatgfctitiggacticfcfctccefcccaatiattictiacatigaatgacacttecaa
gcgfcaticaticaytfcggtgecacaccafctaatcagttittaeggagaaa.«aafccgttgca.fcaCaeg
tt t gatgeaggfc ccaaatgetg t gt tgt aetact ti agetiga aaati gag tegaa aetiefc fctigea fc
tfcatctataaattgfcttggctctgttectgyatgggacaagsaattfc&etaetyageagettga
ggctfcfccaaccafceaatfctgaaticatctaactttactgcaegtgaafctiggafcctitigagfctgeaa.
eaggafcgtifcgceagagtgattfctia.acfccaagtcggfcfceaggcccacaagaaaeaaacgaatatt
tgafcfegacgeaaagaetggtctiaccaaaggaataagatcaattcgcfcgeatcgeccttiaggagg
taaaaaaaaatgactgccgacaacaafcagfcatgeceeatiggtgeagfcafccfcagtitacgccaaafc
tagtgcaaaaccaaacaccfcgaagacattttggaayagtfctccfcgaaafctafcfcccafcfcacaaca
aagacetaataceegaticfeagtgagacgteaaafcgacgaaageggagaaacafcgtifctfcfcctggti
cafcgafcgaggageaaatfcaagfctaatgaatgaaaattgfcattgttfctggattgggacgafcaafcg
ctattggtgccggfcaccaagaaagtttgfccafcfctaatggaaaatafctgaaaagggfcfctactaca
t eg fc gca tt ctcegtiett t.atitfc t caatgaa caa ggfcga att a et ti ti tacaae a sag ag ecact
gaaa&aataaetttccctgatctttggactaacacatgatgctcfccatccactiatgtattgatg
acgaafctaggtttgaagggtaagetagacgafcaagattaagggcgctat-tacfcgcggcggtigag
aa aactagafcca fcgaa t tag gt att ccagaagat g a aaefcaaga caaggggfc a a g t fct cacttfc
tfcaaacagaatecafctiaeafcggcaccaagcaatgaaceatggggtgaacatigaaafctigatitaca
ticctattifcfcataagatieaaegctaaagaaaacfcfcgacfcgteascccaaacgticaafcgaagtifcag
agactfccaaatgggttteaceaaatgatfetgaaaactafcgtttgcfcgaeceaagfetacaagttt

, acgcctitggt t feaag a fc tat ti tgcgagaa fc .tact ti a tt caa cfcggti ggg a g caa fc t agafcgacc 
fct tict gaayti ggaaaafcgacaggc® aat tic atagsa tgc t ata a caaegcgtcctgcattogee 
ettaggaggtaaaaaaacafcgtgfcgcgaccfcctfcetcaatttactcagafctacegagciataatt 
cccgtegfctieegcaaacfcaticagc©aaaccfcgtiggaatfctcgaat.tectgcaafceGcfcggagaa 
egaec tg aa a gtig g aaaa gctggag gag aaa gega ecaaa cfcgga ggaaga ag t fc eget gca tg
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Figure 25C

atcaaccgtgLagacacec&geegctgtcectgctggagetgafccgacgatgtgcagcgcctgg
g fccfc gacctaeaa a 1fc tgaaaaagacafceatfcaaagcect ggaaa acat cgt act gctgga ©ga
aaae&aaaagaaca&&tctgaectgcaegcaaccgctctgtct£tccgfcetgctgegtcagca.e
gg ttt e g ag g fc 11 cfceaggafc gfcfctttgagcgtfcfccaaggafcaaagaaggtggfctt cagcggtg
aactgaBaggtgacgtccaaggecfcgcfcgagectgtatgaagcgtcttacctgggfctfccgaggg
'fcgagaac©fcgctggaggaggegcgtacctt.fc.fcccafccaceea©cfcgaagaa©aacetgaa&gaa
ggeafc taat aeeaaggfc t gcagaacaagtgag-cca cgccctggaaefcgccafea tcaccagcgfcc
tgcacegfcetggaggcacgtfcggfcfccefcggataaatacgaaccgaaagaacegcatcaccagcfc
gcfcgctggagctggcgaagcfcggatfcfctaaeatggtacagacccfcgcaccagaaagagctgeaa
gat ctgtcccg ctggt g gaccgaga fcgggccfcggctagcaaactgga tt fctgt acgcga ©ogee ·
fc gat g ga agfcttat fc tetg ggcactgggta t ggcgcca ga occgeagtfct gg fcgaatgtcgcaa
agefcgfcfcaefcaaaafcgtfctggtctggtgacgateatcgatgacgtgtatgacgtfcfcatggcaet
cfcggaegaacfcgcaacfcgttcaccgatgctgtagagcgefcgggacgtfcaacgctatfcaacaccc
fcgecggactafcatgaaactgfcgfcfcfccctggcactgtacaacacegtfcaaegaeacgfccctafcfcc
tattctgaaagagaaaggteataacaaectgfcccfcatctgacgaaaagcfcggcgtgaacfcgtgc .
aaagccttfcelg©aagaggcgaaatggtccaacaacaa&attat cccggctfctefcecaagtacc
tggaaaaege ca j '-gtt fccetccfc ccggfcgfcag c getg efcggcgeog fccfc fca cfc fc fctccgfcafc g
©cagcagcaggaagacatcfceegaeeacgegetgcgttccctgaccgaefcfcee&fcggtefeggtg
cgttetagctgegtbatetteegectgtgca&cgatctggccacctcfcgeggeggagetgg&ae
gfcggcgagactaccaattctatcattagcfcae&fcgcacgaaaacgafcggfcaceagcgaggaaca
ggeccgcgaagaacfcgcgfcaaacfcga-tcgacgeegaafcggaaaaagatgastegfcgaacgcgfct
agcgacfcccacccfcgctgcctaaagcgfcfceatgg&aafccgeagfctaaeafcggcaeglgfcfctecs
actgcaccfcaccagfcatggcgatggtctgggtcgcccagacfcacgcgacfcgaaaaccgcafccaa
actgctgctgattgacccttteccgatfcaaccagcfcgatgtatgfcctaactgeagctggt&cea
fcafcgggaatfccgaagctfctctagaacaaaaacfccateteagaiig&ggatefcgs&tagcgeegfcc
gaccatcatcatcafccatcattgagfefctaaacggfcctecagcfcfcggcfcgtfctfcggcggafcgaga
gaagatfcfcteageetg&fcscagafcfcaaafc.e.agaacgsagaagcggfccfcgataa&aisa.gaafcfcfcg
ecfcggeggcagfcagcgeggfcggfccccaecfcgaccceatgcegaaefceagaagfcgaaaacgcegfca
gcgccgatggtagtgfcgggg'tctcaecafcgcgag&gfcaggg&aetgccaggcafccaaafcaaaac
gaaaggctcagtcga aagacfc-gggee fct t cgt t fc fc a tet gfc fc g fc t fc.g fccggtgaacgcfcct  cct
gagfcaggacaaafcccgecgggagcggafcfcfcgaaogfctgcgaagcaacggcdcggagggtggcgg
gcaggacgecegccataaactgeeaggeatc&a&ttaagcag&aggccatccfcgacggatggcc
tfctttgcgtfcfectacaaactc^tfcttgtttafcfc'tfctcfcaaatacafctcaaatafcgtatccgcffct
aaeeggaattgeesgefcggggcgcccfccfcggfcaaggttgggaagccctgcaaagt .aaactggafc
ggcttfccfccgccgecaaggafcctgatggegcaggggafccaagctcfcgateaagagaoaggafcga
ggategtttegeatgattgaacaagatggafcfcgcacgeaggtfccfcccggccgcttgggtggaga
ggctafctcggcfcatgactgggeaeaacagacaatcggetgctctgatgcegocgtgttccggct
gtcagcgcaggggegcccggtfcctfctttgtcaag&ccgaectgfcecggtgecctgaatg&actg
ea agaegaggcagcgcggctatcgfcggcfcggcca cgacgggcgtt cct fcgcgcagctgfcgcfccg 
asgfctgtcactgaagcgggaagggactggctgctattgggegaegfcgccggggcaggatcfcccfc 
gfccat cfccaccttgetcctgccgagaaagfcatc ea teafcggcfcgafcgcaatgcggcggctgcafc 
acgctfcgatccggctacetgcocatfccgaeeaecsaagcgaaacatcgcategagcgagcacgfca 
ct egg a t g gaagcegg t ettgtcgstcaggatgatefcggacgaagagcafceaggggcfcege gee 
ageegaactgttegceaggctcaaggegagcatgcccgaeggegaggatcfcegfcegtgacceafc
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Figure 25D

ggcgatgcctgcttgccgaatateatggfcggaaaafcggecgcttttctgg&fcfecatcgaofcgtg
gceggctgggtgtggcggaecgct&tcaggacatagegtfcggetaccegtgatattgctgaaga
gcttggcggcgaatgggctgaeegettcctcgtgcttfcaaggtatcgcagctcccgatfcegcag
egeatcgcettetatcgc&ttatfcgaegagttettetgaegcatgaecaaaateecttaacgtg
agttttogttccactgagcgfccagaceecgfcagaaaagatcaaaggafccttettgagatccttt
tfcttcfcgcgcgtaatctgetgcttgeaaaeaaaaaaaeeaeegcfcaccageggtggtttgfcfetg
eeggat caagag© t a ©ca act cfcfcttteegaa ggtaaetggctteagcagagcgeaga taccaa
ataetgtectfcetagtgtageegtagfctaggccaceaefcteaagaacfcctgtagcaccgceta©
ataeefcegetefcgetaatcctgfctaceagtggctgcfcgecagtggcgataagfccgtgtetfcac©
gggttggacteaagacgatagttaccggataaggcgcageggtegggctgaacggggggttegt
gcaeaeageeeagettggagcgaaegacct&caecgaaetgagataectacagcgfegagefcatg
agaaagegccacgctfcec©gaagggagaaagg«gga«aggtafcecggtaagcggcagggt©gga
acaggagagcgcaegagggagefctccagggggaaacgcetggtatctttatagtcGtgtcgggt
tt©g©©a©ctetga©ttgag©gt©gatttfctgtgatg©tegteaggggggeggag©etatggaa
aaaege©agcaaeg©gg©efcfctt'ta©ggfcfce©t.ggccfcfctfcgefcggcctfc.fcfcgctcacafcgtte
ttt©cfcgcgttat©e©©fcgattctgfcggafcaa©«gtattac©g©ctfe.tgagfcgag©tgata©©g
ctcgcegeageegaacg&ecgagagcagcgsgtesgtgagcgaggaagcggaagagcgcetgat
g©ggtattttctccfctaegcat©fcgt.geggfcattteaca©cg©atatggtgcaetefccagta©a
atetg'cfccfcgafcgeegcatagttaageeagfcataeaetccgctafccgefcaegtgaetgggfceat
ggetgegGcccgacaeccgccaaeacecgctgacgcgecctgacgggcttgtctgctcccggea
tecgcttacagaeaagetgtgaccgtctecgggagctgcatgfcgfceagaggttttcaeegteat
ca©©gaaacg©gegagg©ag©agatcaattcg©geg©gaaggegaagcgg©atgeafet.fcacgtt
ga©aceatcgaatggtgeaaaacctttcgcg g tatggcafcgafcagegcecggaagagagt©aat
fccagggt gg tg aatgfc gaaacca gtaacgttatacg a tg tcgeagagt a tgceggtg t et et t a
t ©agaecfgtt teeegcgtgg fcga accagg eeagceacgfctt et gcgaa aacgegggaaaa agt g
gaag©gg©gatgg©ggagctgaattac®fct©c©aa©eg©gtggeacaacaeefc.gg©ggg©aaa©
agfc cgt t-gctg at fcggcgt t geeacct eeagfc etggecetgca cgcgc©gt©gcaa afctgtcgc
ggegat fcaaatst ©gcgecg at ©aa etgggtgeeagegtggtggtgfccg atggtag aacga age 
ggegtcgaageetgtaaagcggcggfcgcacaatcttctcgegeaacgcgtcagtgggctgatea 
ttaactateegctggatgaccaggatgceattgetgtggaagctgccfcgcactaatgttccggc 
gt tat fc fc ©ttgatgt ©t© fc gaccag&e&e ©ea fc ©aa cagfc atfcat ttt efceecat ga a gaeggfc 
aegegactgggcgfcggagcatctggtcgea'fctgggtcaceagcaaatcgegcfcgfctageggg©© 
cattaagtfcefcgfccfccggegegtcfegegtctggctggctggcafcaaafciatefccactegcaafcea 
aatteagccgatagcggaacgggaaggcgacfcggagtgceatgtccggttfctcaaeaaaecafcg 
caaa tgefcgaafcga gggeatcgfc fcccca ©t g©gatgctggt-fcgecaa©ga fccagatggcgctgg 
gcg ©aa fc.g cgegsca fc t a ©egagtccgggcfcgcgcgt t gg tg eg ga fc at ctcggt ag tggga fca 
egacgata©cgaagacag©t©atgttatate©cgc©gtcaac©accat©aaai©aggatttt©ge 
etget ggggcaaa ccageg tggaccgct tg ©fcgeaact© fc © fceagggceaggoggtgaag ggca 
atcagctgttgcccgtctcactggtgaaaagaaaaaccaceetggcgceeaataegcaaaeegc 
et«t©©ecgcgcgfctggeegat'fceatfcaatgcagcfcgg©acgacaggtttcecga©fcggaaag© 
gggcagfcgagcgcaacgcaattaatgtgagtfeagcgcgaettgatetg

lSK) id NO:Π



WO 2010/148256 PCT/US2010/039088
63/328

Figure 26

rrn terminator
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Figure 27A
5f-
cccgtcttactgtcgggaattcgcgttggccgatteatt.aatgcagatfcotgaaatgagctgtt 
gacaatfcaatcatecggctcgtataatgtgtggaattgtgagcggataacaattteacacagga 
aacagcgccgcfcgagaaaaagcgaagcggcactgctcfcfcfcaacaafcttatcagacaatctgfcgt 
gggcactcgaccggaattafccgattaactfctafctafctaaaaattaaagaggtatatattaatgt 
ategafctaaataaggaggaat&aaceatggatccgagctcaggaggtaaaaaaacatgaaaaea 
gtagttattattgatgcattacgaacaccaattggaaaatataaaggcagcttaagtcaagtae 
gtgccgtagacttaggaacacatgfcfcacaacacaacfctttaaaaagacattoGactatfctctga 
agaaattgafccaagtaafccfcttggaaatgfcttfcacaagctggaaafcggcceaaatceegcacga 
caaatagcaataaacagcggttfcgtctcatgaaattcccgcaatgacggttaafcgaggtctgcg 
gatesggaatgaaggccgttatttfcggcgaaacaattgatteaattaggagaagcggaagt-ttt 
aattgetggcgggattgagaatatgteccaagcaectaaattacaacgttttaattacgaaaca 
gaaagetacgatgcgcctfctttetagtatgatgtatgatggattaaeggatgeetttagtggte 
aggcaatgggcttaactgGtgaaaatgtggccgaaaagfcatcstgfeaacfcagagaagagcaaga 
tcaattttctgtacattcacaattaaaagcagctcaagcacaagcagaagggatattcgctgac 
gaaatagccccattagaagtatoaggaaegcttgtggagaaagatgaagggattcgccctastt 
cgagc.gttgagaagGtaggaacgcttaaaacagttfcttaaagaagaeggtsctgtaacagcagg 
gaatgcatcaaccattaatgatggggcfctctgctttgatfcatfcgcttcacaagaatatgccgaa 
gcacacggtcttccttatttagctattattcgagacagtgtggaagtcggtattgatceagcct 
atatgggaatttcgccgattaaagccattcaaaaactgt:t.agcgcgcaatcaacttacrfcacgga 
agaaatfcgatctgtatgaaatcaacgaagcatttgcagcaacttcaatcgtggfcceaaagagaa 
ctggctttaccagaggaaaaggtcaacatttatggtggcggtatttcattaggteatgcgattg 
gtgcescaggtgctogtfctattaacgagtttaagttatcaattaaateaaaaagaaaagaaata 
tggagtggettctttatgtatcggcggtggctfcaggaGtcgctatgctactagagagacctcag
easaaaaaaaacagccgatttfcatcaaatgagtcctgaggaacgectggcttGtcttcittaatg
aaggccagatttctgctgatacaaaaaaagaattfcgaaaatacggctttatottcgcagattgc
caatcatatgattgaaaatcaaatcagfcgaaacagaagtgccgafcgggcgttggctfcacafctfca
acagtggaegaaaGtgattatttggtaccaatggcgacagaagagccctcagfctiattgcggctt
t.gagfcaatggtgcaaaaatagcacaaggattfcaaaacagtgaatcaacaacgcttaatgegtgg
aeaaatcgttttttaagatgttgcagatcccgagt.cattgattgataaaetacaagtaagagaa
gcggaagfcttttbaacaagcagagfc.fcaagttatccatetategtfcaaacggggcggeggcttaa
gagatttgcaatatcgtactfettgatgaatcatttgtatetgtegacfcttttagtagatgttaa
ggatgeaatgggggcaaatatcgttaacgctatgttggaaggtgtggccgagttgttccgtgaa
tggfcttgcggagcaaaagattttattcagtattttaagtaattatgccacggagtcggttgtta
cgatgaaaacggctafctccagtttcaegtttaagtaaggggagcaatggccgggaaattgctga
aaaaattgfctttagct'tcacgctafcgcttcattagatcGttatGgggcagfccacgcataacaaa
ggaatcatgaatggcattgaagctgtagttttagctacaggaaatgatacacgcgctgttagcg
cttcttgtcatgatttfcgcggtgaaggaaggfccgctaccaaggcttgactagtfcggaegetgga
tggcgaaGaacfcaattggtgaaatttcagttccgcttgetttagccacggttggcggfcgccaca
aaagtcfctacct.aaatctcaagcagctgctgatfctgttagcacftgacggatgcaaaagaactaa
gtegagtagfc&gcggctgtfcggtttggeaeaaaafcttagcggcgttacgggccttagtctctga
aggaattcaaaaaggacacafcggctctacaagcacgttGtfctagcgatgacggfccggagcfcsct
ggfcaaagaagttgaggcagfccgctGaacaattaaaacgtcaaaaaacgatgaaceaagaccgag
ccatggctatttfcaaatgatttaagaaaacaataaaggaggtaaaaaaacatgaeaattgggat
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Figure 27B

tigafcaaaafcfcagtifctittitifcgtgcccccfctafcfcafc»fctigafcafcga.cggcacfcggctigaagceaga
aatgtagacostggaaaatttieatati tiggtattigggeaagaccaaatggcggtgaacccaatca
geeaagatiafctgtgacattitigcagccaatgcegcagaagegafccfcfcgaccaaagaagataaaga
ggccattgatatggtgafctgtcggga cfcgagtceagtatcgafcgagtcaaaageggccgcagtt
gfcctitiaeafccgttfcaatiggggafctGaaecfcfcfcegeticgGtcfcfcfccgaaatcaaggaagcfctgtiti
acggagcaacagcaggcttacagttagcfcaagaatcacgtagecfctacatccagatiaaaaaagti
cttggfccgt a geggcagatattgcaaaatafcggcfctaaafctcfcggcggfcgagccfcacacaagga
gcfcggggcggttgcaatgttagtti gctagtgaaccgcgcatitttggctfctaaaagaggataatg
t.gatgctgaogcaagati«tictatgacfcfcttggc?gtccaaeaggccaceegtatcctatggtcga
fcgg tcctttgtca&acgaaacct a caticcaatcti tttgcccaagtctigggafcga acat aa aaaa
cgaaccggtcfctig a tit tti g cagati t atg at get fct agcgttieca tat fc ccttaca caaaaat gg
gcaaaaaagccttattagcaaaaatctccgaccaaactgaagcagaacaggaacgaattitfcagc
ccgttatgaagaaagtaticgtctatagti^tcgcgtaggaaacttgtatacgggtitcactttat
etgggacticatttccet ti ti tagaaaatgeaaegaettta accgcaggcaatcaa a fcfcggt-t fc a t
fccagttatggttcfcggtgctgtcgcfcgaattfcttcactggtgaattagtagctggfcfcatcaaaa
ticatititiacaaaaagaaactcatfcfcageactgcfcggatiaatcggacagaactitticfcafccgctigaa
tafcgaagccafcgfctitgcagaaacfctfcagacacagacafctgafccaaacg'fcfeagaagatgaatfcaa
aafcatagtatttcfcgctattaataataccgfctcgtfc-ettaticgaaactftagagafcctigcagctg
gtaccatiatigggaatiticgaagcttgggcccgaacaaaaacfccafcctcagaagaggafcctigaatia
gcgccgfccgaecafccafccatcafccatcafctgagtttaaacggtcfcccagctfcggctgfcttifcggc
ggatigagagaagatttiticagcctigatiacagatifcaaatcagaacgcagaagcggtictigatiaaaac
agaatiti tigcctiggcggcagtiagc?gcggfeggticcca«ctgaeccGatgecgaactGagaagfc gaa
acgccgfcagcgcegatggtiagtigtggggfccticcccatgcgagagfcagggaacfcgccaggcatca
aataaaas?gaaaggctie.agticgaaagactigggccttt(»gtitfctefcctgttgtifcfcgfccggtgaac
gctcfccetgagtaggacaaaticcgccgggagcggatfctgaacgttgcgaagcaacggcccggag
ggfcggeg ggc&ggaegcccgccati aaa©fc gccaggeatcaaatti aagcagaaggccatccfegac
gga tiggecttittfcgcgtfctcfcscaaacfccfcfctfctgtifcfcatifctfctietaaafcacattieaaatia tgfc
aticcgctcatgagacaataaccctgafcaaatgcsfcteaataatctggcgtaatagcgaagaggcG
cgcaccgatcgcccti.fccccaacagtfcgcgcagcetgaatiggcgaafcggcgcctigatgcggtiatiti
■tit cti ©et fcaeg catctgtigegg tatttcacaccgcat atiggtgcaefcetcagt a caafcc t getc
tgafcgccgcafcagfctaagecagecce^iaeiacccgccaacacccgctgacgagcttagtaaagcc
ctcgctagattttiaatgcggatgtfcgcgafcfcacttcgccaactafctgcgafcaacaagaaaaage
cagcctttcatgatatafcctccc^afcttgtgtagggcttattatgcacgcttaaaaataataaa
agcagacttgacctgafcagfcttggcfcgtgagcaafctiatgfcgcfctagtigeafcetiaaegetfcgagfc
tiaagccgcgecgcgaagcggcgfccggcfcfcgaacgaatifcgtfcagacattiatititigccgac'tiacctfc 
ggfcgaticfccgccfcttcacgtiagtiggacaaattictticcaactgatctgegcgcgaggccaagcga 
'tcttcttcttgtcca&gata&gcetgtctagcttcaaghatgacgggctgatactgggccggca 
ggcgcfcccatfcgcccagtcggcagcgaeatcctifccggcgegattfctgecggtfcactgcgctgtia 
ccaaa fcgcgggaca a cgtaagca ctiaeatiti teget catcgccagcec&gt egggegg egagt fcc 
catiagcgtitaaggttfceattifcagegccfccaaatiagatcctgtifccagga-ssccggafccaaagagtfc 
cctcegccgcfcggacctaccaaggGaacgctatgtitiefcettigctttifcgticagcaa.gatagc.cag· 
atca&tgtcgatcgtggctggctcg&agatacGtgeaagaatgtcattgcgctgccattctcea 
aatitig eagti fccgcgefc tagcfcggata.aegeeacggaatgatigtiegtegtgcacaacaatggtga 
cttetiacagcgcggagaetictcgctetictccaggggaagccgaagttitccaaaaggtcgfcfcgafc
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Figure 27C

caaagetegcegcgtfcgfcfcteateaagecttacggfceacegtaaccagcaaafccaatatcaefcg
fcgfcggctfceaggeegeeateeaetgeggagccgtacaaatgtaeggceagcaaegfceggfcfcega
gafcggegetegatga cgccaactaeetetga fcagt tgagfc ega fcac fc t eggeg a fccaeogcttc
cefceafcgafcgfcfcfcaacfcfcfcgttfcfcagggegaetgeecfcgcfcgcgfcaaeategfctg&fcgcfceaat
aaeafc e ea seat egacccaeggeg fcaacgcgefcfc gc fcgc t fc g gafcg ©ecgaggca fc ag act gfc a
ccecaaaaaaaeagfceafcaaeaageeatgaaaaccgceacfcgcgeegtfcaccaeegetgcgfcfcc
gg te aaggfcfcctggaccag tfcgegfcgagcgcat s cgcfcacttgeafcfcacage t fcaeg aac egaa
eagg©fcfcatgtct3acfc.gggttcgfcgecfctcafcccgfctfcceacggtgfcgegfccacccggeaaccfc
t gggeagcagcgaagtegaggca fc fcfccfcgt ce tgg cfcggcgaacgagcgc a aggfc tfccg gfccfc c
cacg gat ogfccagge« fcfc ggcggecfctg cfcg fcfccfctcfcacggcâ  ggt get gt gcaeggafcctg
ccctggcttc&ggag&teggaagaecfccsggecgtcgcggcgcttgccggtggtgctgacccegg
afcgaagfcggfcfccgcafcccfccggfcfctfcotggaaggcgagcafccgfcfctgtfcegeccagettcfcgfca
fcgg aa egggcatgoggat cagtg&gggt-ttgcaacfcgcgggfcea a ggatet g gat fc fccgatcac
ggeaegafceafcegfcgegggagggcaaggg&fcccaaggatcgggccfctgafcgttacecgagagct
t gg cac© cageefcgcgcgagcaggggaafc fcaat fcccca egggt fc tfcgct g cccgcaaa egg get
gtt efcggtgfctgcfc ag fc tt gfctafccagaa fcegcagafc ©eggefc t eagccggfc tfcgecg get ga a
agcgcfcatttctfcccagaafcfcgceatgatfcfcttfcceceacggga^gcgtcaetggefceeegfegt
tgtcggcagcfcfcfcgafcfccgafcaagcagcafccgectgtfcfceaggetgfccfcafcgtgfcgacfcgtfcga
g©tgfcaacaagfcfcgfc-cfccaggfcgfcfccaafcfctcafc.gfctctagfcfcg©fcfcfcgtfcfcfcaefcggfcfcfc©ac
©tgfcfcefcafcfcaggtgfcfcaeatgcfcgttcafcefcgfc.fcacafctgfcegafccfcgfctcatggfcgaacage
fcfcfcgaatgcaecaaaaacfecgfcaaaagcfcefcgatgfcatcfcafccttfcfcfcfcacaccgtfcfc.tcatcfc
gt ges fc a fcgga eag fc fcfc fc cc c: tt fc gafca fc g t aa c ggtgg aca gfcfcgfctcfc s et, fc fc fc gt t. tg fc t a
gfccfctgafcgcfcfccactgafcagafcacaagagccafcaagaaccfccagatcctteegfcatfctagcca
gti$ tgfct ©tet agtgtggttegt tg ttt t fc g eg tgageca fcgagaa cgaacca fc fc gaga teat a
cfcta.etfcfcgcatgfccaefccaaaaafctttgc©teaaaa©fcggfcgag©fcgaatfct£tgcagtfcaaa
gcatcgtgfcagtgfcttttcttagfcccgttafcgfcaggfcaggaafcctgafcgfcaatggtfcgfcfcggfca
tfcfctgfccaccafcfccafctfcfctafcefcggtfcgfcfccfccaagfcfccggfctaegagafcecatfcfcgtctate.
fcagfcfccaacfcfcggaaaafceaaegtafccagfccgggcggccfccgcfctateaaecaeeaafcttcafca
fctgcfcgfcaagfcgfctfca&afccfcfcfcBCfctattggtfctcaa&aeeeattggfcfc&agcetfcfcfcaasefc
cafcggfcagfcfcatfcfcfc©a«gcatfcaacafcg&a.cfctaaafcteatcaaggcfc.aafc©fc©fcafcafcfcfcgc
©fcfcgtgagttfctetfcfctgfcgtfcagtfccttfcta8taaccaeteataaa.tccteatagagfcattfcg
fcfctfccaaaagactfcaacatgtfcccagafcfcafcafcfcfcfcafcgaatfcttfct.fcaacfcggaaaaga.fcaag
g eaafc at cfcctfceacfcaa aaa cfcaafctefc aafcttfcfcegefc.fcgagaaet.fc ggeafc agfcfc t gtcea
etggaaaafcefccaaagcctttaaacaaaggafcfccefcgafcfctccaeagfcfcctcgfccafccagcfccfc
e fc g gfcfc. g ett t&gctaatacaccat asgeatfcfc fc ccct acfcga tg t tea teat ct gag cgfc at t
ggfctataagtgaaegafcaccgfccegfctctfcfcccfcfc.gfcagggfctfcfcqaat.cgtggggfcfcgagfcag
fcgceaeaeagcafcaaaafcfcagctfcggfcfcfceafcgefcccgttaagtcafcagegaefcasfccgc^agfc
tcafcfcfcgcfcfcfcgaaaaeaacfcaatfceagaeafcacafceteaafcfcggfcctaggtgatfctfcaafceac
fc a fe accaatfcg agatggget a gt eaatgafcaafc fc ae fc a gteefcfc fc fc ec fctt ga gt tgtgggfc at
etgtaaatfccfcgefcagaeefcfcfcgefcggaaaaettgt aaa£fcctgcfcag8ccctctgt.aaat,t©c
g©taga©ctfctgtgfcgfcttfcfctfctgfcttafcatfccaagtggttataafcfcfc.afcagaataaagaaag
aafcaaaaaaagafcaaa&agaafcagateccagccetgtgfcataacfceaetaefctfcagfceagfctee
gcagtafcfcacaaaaggafcgtcgeaaacgefcgtfcfcgcfccctcfcacaaaaeagaeefcfcaaaacccfc
aaaggcttaagfcageaeccfcegeaagcfcogggeaaafcegctgaatafcfceefctfcfcgfcefccegacc
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Figure 270
Atcaggcacctgagtcgctgtcfcttttcgtgacattcagfctcgctgcgctcacggctctggcag
tgaatgggggtaaafegcfcactacaggcgccttttatggattcatgcaaggaaacfcaeecataat
acaagaaaagcccgtcacgggctfccfccagggcgttttarggGgggfcctgctatgtggtgctatc
tgaattfcfctgctgttcagcagtfccctgccctcfcgattfctccagtctgaccacfctcggafcfcatcc
cgtgacaggt.cafctcagactgg©taatgcacccagtaaggcagcggtatcatcaacaggotta

(SED ID NO:12)
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Figure 28
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Figure 29A

5f -
tgfcaacctttgctttea&.a'tgagtagaaafcaatgcacatccatgtttgtatcgtgcaaataaag
tgttfccafcccgtaggaaaaaafcgacfcttagtafcctgtfccegefcttttctgatgaaafcgtgctcc
ccg a eaaaa fc fcgaafcgaatcat ggaeat fct gctggctfctga fc acagcgaa agcagccg t fcccta
fc g fc fc a fcata t eggafc fc.taacagcaggaca aa aaacaccatg ace gccafc cgfccaeccacfct att
cacacgcaeat aaaccfcfc fc ccfcga c t tttggaaca gafcgafc aget cafcca a aa a teecgc cat t
gccaaafcaaatcgtat at g gcattactgcaccataatettttgagafcttgattgggatafcggcg
eaagcagcaag&ca&gcagtccgataat cagegt a taaaa fcaagccfcagtaa ga t cfc tat ccgfc
t cfc ecaat acsagcfcfcgaaa aaeactaca 11 caacg caa fcgggaagagfcgafcgatgaaaaa caga
aa cacgaafcgcaatcggct ccatc cca fcccgggt a fc fcccfc t cca a fc aegaaaaga aacfc aaaaa
tcafctfcgfcacgatcggcaaactgacaacagcaaggtcgaacgtataaaacttaccctttccgcc
atgafccacgcggcatcagcatatagfcgaaaagccgtcagcagcacatatccgtataacaaaaaa
tgcagcagcggeagcagttetttfcccgtcctctctfcaagtaagcgctggtgaagtttgttgatt
gca cct ggfcgaat aagt fc caaeagacacfc ceeg «a gca gcacaafc ccgcaatafcaaca c ccgc
ca.agaacat.fcgtgcgctgccggfctfcatittgggatgatgcaccaaaagafeataagc!ccgceaga
acaacaattcjaccafcfcgaatc&gc&gggtgttfctgfcctgcfctaatafcaaaataaegtfcegaaat
gcaatacataatgactg&&ta&cte£aacacgaaeaac«actceattttcttctg'etatcaaaa
t aacag actegfc gafct 1teaaaa egagett fccaaaa as gcctct g ccectfcgcaaatcggafcgc
ctgtctataaaattcccgatattggttaaacagcggcgcaatggcggccgcatctgafcgtctfcfc
gcttggcgaatgttcafcctfcafctfcetfcectcccfcctcaafcaat’fctfctteatfcctafcccetttfec
tgt&aagtttatttttcagaat&cttttatcatcatgctttga&aaaatatcacgataatafccc
attgfctctcacggaagcacacgcaggtcatttgaacgastttttfecgacaggaatttgceggga
ctcaggagcatfctaaccfcaaaaaagcafcgacat'fcfccagcataafcgaaeafcfctacfccafcgtctat
tt fccgtfc ct fct fc ct g tafcgaaa a fc agfc fca tt fc egagt ct ct aeggs a afcagega gagafcgafca fc
ac£taaatagagataaaabeatct£aaasaaatgggtct'&ctaaaatatfcat.tceatctafctac
aa fcaa a fc fc caca gaafc agfc ct fcfc taagt aagt ct acfcctga att fc fct fc t aa aaggagagggt aa
agagfcgtcafcfcacegfcfccttaaefcfcefcgeaecgggaaaggttatfcatttfcfcggtgaacactctg
'ctgtgtacaacaagccfcgcagtcgctgctagtgtgtctgcgfefcgagaacctacctgctaataag
cgagtcatctgcaccagatactattgaafctggaettcccggacattagctfcfcaatcataagtgg
tccatcaafcgatttcaafcgccatcaccgaggatcaagtaaactcccaaaa&ttggccaaggctc
aacaagccaccgatggcttgtctcaggaaetcgttagfccttttggatccgttgttagctcaact
a teega a fcccfc tccacfcacca tgcagcgttfcfcg fct tccfcgtat atg tt tgfct tg cc fc a fc gc ccc
eafcgccaagaatafcfcaagttfctefcfcfcaaagtctaetfcfcacceatcggtgcfcgggttgggefccaa
gcgeefcefcattfcefcgtafccactggectfcagctatggc.ctacttgggggggfcfcaataggat.ctaa
fc gaefct ggaaaagctgtcagaaa a eg at aagcafc atagtgaat .caat gggect tcata gg fc g aa
aagtgtattcacggtaccccttcaggaatagataacgctgtggccacttatggtaatgccefcgc
tatttgaaaaagaetcacataatggaacaataaacacaaacaattttaagttattagatgattt
cceagecattccaatgafccctaacetatactagaattccaaggfcctacaaaagatcttgttgct
egegfcfccgtgtgfctggtcaccgagaaatfcfcccfcgaagttatgaagccaatfectagafcgceatgg
gtgaatgfcgeccfc.aeaaggcfctagagatcatgacfcaagfctaagtaaafcgfcaaaggcacega.fcga
cgaggctgfcagaaacfcaataatgeacfcgtatgaaeaacfcattggaafctgafcaagaataaatcafc
ggacfcgetfcgfcctcaatcggfcgfcttctcatccfcggatfcagaaettattaaaaatotgagcg'atg
attfcgagaatfcggcfcccacaaaactfeaecggtgctggfcggcggeggfctgctctttgactttgtfc
acgaagagacatfcactcaagagcaaatfcgacagctteaaaaagaaafcfcgcaagatgattfctagt
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Figure 29B

fcaegagaeattfcgaaacagacfcfcgggfcgggaGfcggcfcgefcgfcttgttaagcgeaaaaaafcfctga
a'fcaaagafcefctaaaatcaaatecefcagfcafcfcecaafctattfcgaaaataaaactaccacaaagea
acaaattgacgatcfcatt&ttgccaggaaaeacgaatt.ta£eatggacttcataaaaggagagg
gt gfecagagfefc gagagcctfceagtgeeceagggaaagcgfcta etagetggtggatat tfcagt 11
fcagataeaaaatatgaagca'fcfcfcgfcagfccggatfcafceggcaagaafcgcatgcfcgtageeeatee
ttacggt.tcatfcgcaagggtetgataagttt.gaa.gtgcgtgtgaaaagtaaacaat£taaagat
ggggagtggctgtaccatataagtcetaaaagtggettcattcetgtttegataggcggateta
agaaceofcfctcatfcgaaaaagfcfcategetaaegfcafcfctagctaetfcfcaaacefcaaeatggaega
efcactgcaa'tagaaaefcfcgfcfccgfcfcafcfcgafcafctfcfcetetgafcgatgeetaecattcteaggag
gatagcgt taecgaacafccg t ggcsac&ga&ga tt gagfctfcfccat t cgcaeagaa tt gaa gaag
ttcccaaaaeagggctgggetecteggcaggtttagteacagttttaactacagcfcttggcctc
ctttfctfcgtafccggaectggaaaataatgtagacaaafcafeagagaagfcfcatfc.cafcaatttagca
caag£tge£eattgteaag©tcaggg£aaaattggaagcgggtttgatgtagcggcggeageat '
atggafcetateagafcafcagaagatfcece&cecgeattaatcfcetaattfcgeeagatattggaag
tgctacttaoggeagtaaactggegcatttggttgatgaagaagaetggaatattaegattaaa
agtaaeeafcttaccttcgggattaaetfctafcggafcgggeg'atattaagaafcggfc-fceagaaaeag
t aaaaetggteeagaaggtaaaaaattggtatgatfccgeatatgceagaaagettgaaaafcata
fc aea gaa efcega fccatgca aa tfcefc agafcfc fcafcggafcggaefc at «taa actagafc .eg cfcfcacac
gagactcatgacgBttacagcgatcagatatttgagtctcttgagaggaatgactgtacetgtc
aaaagtafcecfcgaaafceaeagaagfcfcagagafcgcagfcfcgceacaafcfcagaegtfccctfctagaaa
aafcaaefcaaagaafcetggfcgccgafeategaaceteeegfcaeaaaetagotfcafcbggafcgafctge
cagaccfctaaaaggagtfcetfcactfcgcfctaafcacefcggfcgcfcggtggfcfcafcgaegeeatfcgeag
tgatfcacfcaageaagatgfctgafccfcfcagggefccaaaccgetaatgacaaaagattfctefcaaggt
teaafcggetggatgtaacfceaggcfcgaefcggggtgfcfcaggaaagaaaaagafcceggaaacfcfcat
ett era taaataaaaggags gggtgaccg fctta eaeagcafcccgttacegeaecogteaaeateg
eaaeeettaagfcafcfcgggggaaaagggaeaegaagtfcgaafcctgceeaceaattegfcecafcafce
agt ga et ttat egcaagafc gacctcagaa cgfcfcgacctctgeg g ©taetgcacctgag t fcfcgaa
cgcgacacttfcgfcggttaaatggagaaecaeacagcategacaatgaaagaaqtcaaaafetgtc
t gegegaeetaeg ccaattaagaaaggaaatggaafccgaaggaegeeteafcfcgcceacattat c
t ca atggaaactccaca tt gt ct eegaa a .at aa ett fccctaeageagctg g fc t fc a get t ecfc ec 
getgctggcfcttgctgcattggfcetcfcgeaafc.tgcfcaagtt&tacaaattaccaeagfccaaetfc. 
csgaaatafcetagaatagcaagaa&ggggfccfcggtfccagettgtagatcgtfcgfcfctggcggata 
cgtggeefcgggaaatgggaaaagetgaagatggtcatgafcfcccatggcagtaeaaat 'egeagac 
agetcfcgacfcggecteagatgaaagcfctgtgtectagttgfceagcgatafctaaaaaggafcgfcga 
gt t «act cagg gfcafcgcaa ttgaeegtggcaaccfceegaa ct at tta a aga a agaa tt gaaca 
fcgfcegfcaccaa&gagafcfctgaagfceafcgcgfcaaagccattgfctgaaaaagafctfccgeeaccfctfc.  
gcaaaggaaacaatgafcggattecaactefcttecatgceacafcgttfcggaetetfetecetccaa 
tatfcetacatgaatgacacttccaagegtatcatcagttggtgec&caccat'taateagtttta 
eggagaa .acaat egfc tg ea taeaegtttga t geaggfceeaaa tgetgt gttgt aetaett agefc 
gaaaafcgagtcgaaaetefc'fctgcatfcfeafcefcafcaaefctgfctfcggctetgttccfcggatgggaea. 
agaaatfc.tactacfcgagcagcttgagg«fcttcaaceateaatfctgaateatefcaacttfcactgc 
aegtgaattggatettgagfctgcaaaaggafcgttgeeagagtgattttaaetoaagteggfctea 
ggcccacaagaaaeaaaega afc-ctttgafctgacgcaaagaetggtetaeeaaaggaataaaagg 
agagggtgactgecgacaacaatagtafcgccccafcggtgcagtatctagttaegccaaattagt
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Figure 29C

gcsaaaaecaaacaeefcgaagacafcfcttggaagagtfctcetgaaafctafcteeafctaeaacaaaga 
eetaafcaeeegatetagtgagaegfccaaafcga^aaageggagaaa<^tgfctfcttetggteatg 
at gaggagcaa afcta &gt.£aa.fcgaa t gaaaat-tg t a ttgt tt fcgga fcfcgggaega fc aa tgetat 
tggfc.go©ggtaecaagaaagttfcgfccafcfcfcaafcggaaaatafctgaaaaggg'ttfca<5taeafcegfc 
geafcfcefceegtcfcfctafcfcfcfceaafcgaacaaggtgaattactfcfctaeaaeaaagagceaetgaaa 
aaataaettfccicctgatcfcfcfcggaefcaaeaisafcgctgefcefceafcccsaefcafcgt'attgafcgaega 
att&ggtttgaagggtaa'getagaegataagatfcaagggegcfcattactgcggcggtgagaaaa 
cfcag&fccafcgaafctaggtattceagaagatgaaaetaagaeaaggggfcaagtttcacfcfcfcfcfcaa 
aeagaafcceatfcaeatggcaccaagcaatgaaceafcggggfcgaacafcgaaatfcgatfcaeatcefc 
afctfcfcataagatcaacgctaaagaaaaettgactgtca&ccaaa&cgtca&tgaagttagag&e 
fcfceaaafcgggfcfcteaeeaaafcgatfcfcgaaaaetatgfcttgefcgaixseaagtfcaeaagfcfctaege 
efcfcggfctfcaagafctatttgcgaga.att acfctafctcaaefcggfcgggageaatfcagafcgaectfcfce 
tgaagfcggaa.a&tgaeaggcaaattcatagaatg'ctataaaaaaaaeeggecttggcceegesg 
.gtfcfc.ttfcafcfcatfcttfcefcfcc«5tccg<5afcgfcfceeatc<^efcccafcaategaegg8fcggcifcecietc 
fcgaaaafcfc.fctaaegagaaacggcgggtfcgaeeeggctcagtecegfcaafeggeeaagfcectgaaa 
cgfcqfceaafccsgecgetfceccggfcfctccggfccagefceaatgccgfcaaeggtisggcggegfcfcfcfcee 
tgafcaeegggagacggcafcfccgfcaattfcgaatacafcacgaacaaafcta ataaagtgaaaaaaat 
acfcteggaaacattfcaaaaaataaccttattggtacfcfcacatgtttggatcaggagttgagagt 
ggaafcaaaaccaaatagtgafccfctgectttttagtcgtcgfcatotgaaccatfcgacagatcaaa 
gtaaagaaatactfcatacaaaaaatfcagacctatttcaaaaaaaafcaggagataaaagcaactt 
a eg afcafcat fc gaa fcfcaa©aattatfcefcfccagcaagaaafcggfca«egfcggaatcatesteccaas 
e saga atfcfcatfcfcatggagaa tggfcfcaeaaga getfc tafcgaaeaaggatacatfccet cagaagg 
aattaaatfceagafcfcfc aacca ta afcg c fct t aeeaagcaaaaeg a a a a aafc aaaaga a fc a fcacg g 
aaattafcgactfcagaggaafctaefcaecfcgafcattceatfcfcfcctgatgtgagaagageeafcfcatg' 
gatfccgfccagaggaatfcaatagataafcta fceaggatgafcgaaaccaacfcctatattaacfcfct at 
geegt at gafefc fc fcaaetafcg gaeaeg ggfc a aaafcca t&ccaaaaga tat fcgeggga aa t gcagfc 
ggcfcgaafcefcfccfcccatfcagaacatagggagagaatfcfctgtfcagcagtfccgfcagfcfcafcefcfcgga 
gagaafcafctgaafcggactaa.fcgaaaafcgta&ftfcfctaacfcataaactatfctaaata&eagatfc«a 
aaaaa£fcataafcgfcaaccfct.fcgcfctfccaaafcgagfcagaaataatgcacatceafcgtfcfcgtatcg 
fcgcaaafcaaagfcgfctfcaatccgtaggaaaaaa.fcgacttfcagfcafccfcgfcfcecgcfcttfcfccfcgatg 

' aaafcgfcgcfcccc&gacaaaafcfcgaafcgaafccafcggacatfctgctggcfcfcfcgafcaeagegaaage 
agecgttcctatgttata&atcgg&tttaacagcaggacaaaaaacaccatgacagccategtc 
acecacttattcae&cgcaeata%acettteetgaettttggaaeagatgatagctcatcaaa& 
atcccgeeattgccaaafcaaategtafcafcggcatfcactge&ceafcaatetttfcgagattfcgatt 
gggatafcggcgcaagcageaagacaageagtccgafcaafccagcgfcafcaaaafcaagcafcagtaag 
ate t tatcegfcfccfcccaatacagefcfcgaas&aca ctacafctcaa ogcaatgggaagagtgat ga 
tgaaaaacagaaacaegaafcgcaatcggctccabcccafcccgggfc attectfcecaatacgaaaa 
gaaact.aaaaafceafcttgtacgafccggcaaaetgacaacagcaaggtcgaaegfcafcaaaacfcfca 
cccttfcecg«c8t.gatcaagcggcafc.cagcatatagfcgaaaagecgfccagcageacafcafcccgfc
ataacaaaaaatgeagcageggcageagttettfctccgtcctctcttaagtaagegetggfcgaa 
gtfctgfctgattgcaecfcggtgaafcaagfcfccaacagaeacfccccgccagcagcacaatcegcaat 
ataacaecegceaagaacafctgfcgcgctgccggfcfctafcfcfcfcgggafcgatgcaccaaaagatata 
agceegeeagaaeaacaatfcgaeeattgaateagcagggfcgctfctgtctgettaafcataaaata 
aogtfccgaaatgeaafcacafcaatgactgaataacfcccaacacgaacaaeaaaagtgcgcatfctt
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Figure 29D

fttaaa&gcta a tgattcagtccaca fc aat tgatagacgaatfc ct g© tacaggtcacgtgg etat 
gfcgaaggatcgcgogtccagfctaagagcaaaaacatfcgacaaaaaaafcfctafcfctafcgctaaaafc 
tfcacfcafctaatatatttgt&fcgtataataagafcfcctectggccagggigaafccfctatfcfctttgtg 
gaggatcafcfcfccatgaggaaaaatgagtccagctfcaacgtcfcctaatttcagcfcfcttgcccgtg 
«atatcacagccgatatgacacacctcfctafcttttgatgafctttatcgcaaaagafccteattaa 
cgaa@aagagtttatcgacafccagfcaaaaatatgattcaagaaatatcgtttttcaa©aaagag 
a fc egccgaacgtefc teaa a afc gatccfcgaaa aa afca fct aaaa fcgggtfcg ©acs a at coagefcgt 
atee&acgcecctagcacgtgcttcttattgtgeaaaagtcfctgcaeaacgaattaatcetggg 
ggcaaaaca.gtatgtcattctfcggagcgggaet.ggafcactfctcfcgcfcttcggcat©cagaatta 
gaaaaaagcttacaggfctttegaggfctgatcatccggecacacageaafctgaaaaaaaataagc 
fcgaaggaegcaaatctgaeaattccgggtcatcttcatfcfctgttccta'tggatttcaccaaaac 
gfc ttt cgfcafcgafcccfccfc ct t aga t gaaggat fct a aaa acacaaaa acafct-ct teagcctt cfc c 
ggagfcgtcttafctafcgtaaeacgggaagaaaafcgcaagcfcfcgafccagcaa'tttattfcfcatcatg 
fccccgcttggaagcfccfcafcfcgfcfcfctfcgatfcatgcggacgaaacacfcfctttacagcaaaagggac 
gfccga&fcegagtfcgaac&tatggtgaagatggcfcgecgeaagcggggaaecgafcgaaafceafcgfc 
fc fc©act ta teaa gaga fcfcgaaest© fcg

SBQJDNOJ3
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Figure 30
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Figure 31A

•fcagaaaaactcatcgagcatcaaatgaaacfcgcaatfctattcatat«3aggatfcatcaataccat
atfctttgaaasagcisgtttetgtaatgaaggagaaaactcaccgaggcagttccataggatggc
aagatcctggtstcggtctgegatifcccgactogtceaacatcaatacaacctafcfcaafctfcccct
t, cgtcaaa aataaggt t a fccaagtgagaaa fc caccatga gtgacgact ga a tccggtg agaafcg
geaaaagfctfcatgcatfctctttccagacttgttcaacaggccagccatfcacgctcgtcatcaaa
atcactcgcatcaaccaaacegttattGattcgtgattgegcctgagcgaggcgaaa'fcacgcga
fccgctgfc ta a aag gacaatt&caaacaggaafc.eg agt gca accggcgcaggaacactgccagcg
cct ca a ca at atfc tt ca eetga&fce&ggafc att cttctaafcacctggaacgctgfcttfcfcccggg
ga fc cgcagtggt gagtaa ccatgcatca teaggagtaeggat aaaatgcttgatggtcggaag fc
ggeataaa fctccgtcag ccagtt tagtctgaccat ct catctgtaaca teat .fcg gca aeget a c
cttfcgccatgtttcagaaacaactcfcggcgcatcgggcfctcccatacaagcgatagafctgtcge
a©cfcgattg©<3cgacat.tatcgcgagaceafctfcatacccafcafcaaafccageatccatgfcfcggaa
tttaategcggccfc ega cg'tt fccccgt tgaatatggeteat at fc ct t cct t t fcfc ca at at tat t
ga a gcattt ateagggtta fc tg tefc ca t gagcggatacatat fcfc gaa tgtatfcfc ag a aaaataa
acaaafcaggggteagtgfctacaaccaafcfcaaccaattcfcgaacattafccgcgagcccatttata
ccfcgaatafcggcfccafcaacaccccttgtfctgcctggcggcagtagcgcggfcggtcccacctgac
ccca'fcgccgaactcag'aagtgaaacgccgtagcgeegafcggtagtgtggggacfceeceatgcga
gagfcagggaaefcgecagge&tcaaatiaaaaegaaaggcteagtcgaaagactgggcct'fctcgs©
cgggetaattagggggtgtegccefefctagfccgstgaaeatigtgctcfcgtfctctacegagaacgt
tfc{3.©ttcacfcgagacggaaacegaggcacgtcgfcagcgc:gaacfcBcgagcegaat.agetgggac
fc.a©gafcfctcefc.gctgt.efctccgafcactgacgaatcfcatfcgaggtgtacaaagacaaagcaaaga
aacfcggaggcfcgaagfcgcgccgcgaaatfcaacaaegagaaaget ga&fctccfcgaete t .g cfcgga
gctgatcgafcaacgtacagcgccfcgggtcfcgggt: fcaccgcttcgaafcctgafcafcccgtcgcgca
cfcggategfc.fctegfcaageageggcggtt'fccgafcggegfcgaccaaaaegagcetgcacgctaccg
Cgctgtcctfcccgtcfcgctgcgfcc&gcacgcfcfcfcegaagfcttctcaggaage&fctcfcceggtfcfc
c aa aga fc caaaa cggfc aa ct fc cct.gg aaa acctg aa aga a gacact aagg ega fc cc fcg a geefc g
tatgaggcaagettticfcggc©Gfcggagggtgagaacafceetggatg&ggegegcgtattcgcc&
tefccceafcetgaaagagctgfccfcgaagagaaaafccggfcaaggaactggcagagcaggtfcaafccs
cgcactggaactgccgcfcgcafccgfccgfcaccoagcgt.cfcggaggcggfcfcfcggfcccatcgaagcg
fcaccgcaaaaaggagg&tgetaaceaggttctgcfcggaacfcggccafcc  et ggactacaacatga
tccagtecgttfcaccagcgfcgatctgcgfcgaaacctcccgtfcggtggcgccgfcg ’tgggcctggc
gaccaaactgcacttcgctaaggaccgcctgattgagtcttitttactgggcagteggcgttgcg
fc fcega aect ca gtafc t ctgactgccgtaacagcgttgcgaa aat gt tea ges t fccg ttactat t a
t cgacgacat ct aegaegfcfct aeggt acfcetggaegage tgga&etgfcfc fcg cegaegetgtega
acgfctgggatgfctaacgccafceaacgatcfegectgactacatgaaactgtgcfcfccctggcBcfcg
fcataacacgatcaacgaaattgcafcacgacaacctgaaagacaaaggtgaaaacatoctgccigt 
acctgactaaagcgfcgggeggatctgfcgtaaegettttcfcgc&agaagcgaaatggctgtafcaa 
caaat ccactccga cc fcfct gaegafc fc afct tcggcaatgcctggaa at ccagotetggcecgcfcg 
caactgatctfccgcfctafctttgcggttgtccaaaacafccaaaaaggaggaaafctgaaaaecfcgc 
aa a a ata ecacgatafc cattageegtoefc t ctca tat ctt tcgccfcgtgcaa ega ©ctggcaag 
cgcgtccgcsagagatcgcacgtggcgaaaccgctaacfcctgttfccctgcfcacatgcgeaceaag 
ggcatttcogaagagctggcaaccgagagcgfcaafcgaatctgatcgaegaaacctgtaagaaaa 
fcgaacaaagaaaaactgggfcggcfccccfcgttcgctaaaccgfcfcegfcagagacfcgctattaaecfc

caaacaggaafc.eg
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Figure 3 IB

ggcacgtca geca e fcgca cefcaccacaatgg fcga cgcaeafca c:fc agcccg ga t gaa ct gacfc 
cgt aaacgt gt-acfcg t cfcgtt at©» ccgaa ecgat fc ctgccgtfccgaacg fctaae t geag ©gt c 
aafccgaaagggcgacaeaaaatttatt eta aatgea fcaa t aaafca cfc gataacat ett at agtt 
tgtatfcatatfcfctgfcattatcgttgaeatgtataattfcfcgatatcaaaaactgatfcfctcccttt 
attattfcfccgagatttatfcfcfc efctaat.fc et ett taa eaaactagaaat at tgfcatataoaaaaa 
afcca ta aat aat agatgaat agtttaatt ataggt gfctcafceaafc egaa aaagca aegt a tett 
atfctaaagfcgcgttgGttttfcfcetcatttataaggtfcaaafcaattcfccafcatatcaagcaaagfc 
gacagg cgcccfcfc aa a ta fc tefc gacaa» t gcfccfct fc ce©fc a aactccccccat aa aaaaa cccg 
ccgaagcgggttfcttacgfcfcattfcgcggattaacgafctactcgttafccagaaccgcccaggggg 
cc©gag cfc t aagac fc g geegfc eg tt 11 acaacacagaaagagt t fcgfc agaaacgcaaaaaggcc 
at cogfccag gggect t ctgcttagfc t tgafc gcctggcagt fccccfca ctctcgcct fcccgc tt cc 
t-ege tcact gactcgctgegei egg teg ttegget geggegageggt at cagefc © act caaagg 
cggtaataeggttatecacagaatcaggggataacgcaggaaagaacatgtgagcaaaaggeca 
g caa aaggeca ggaaccgt aaaaaggccgeg tfc get ggcgfc tt t fccca fc aggcfcc egccccccfc 
gaegagcateaeaaaaatcgacgctcaagfccagaggtggcgaaacccgacaggaefcataaagat 
/acceggcgtttcccectggaagctcccfcegtgcgcfcctccfcgtfeccgacccfcgccgetfcaccgg 
ataecfcgtccgccfcfcfcctccefcfccgggaagcgfcggcgefctfcctcatagcfccacgctgtaggtat 
ctcagtfccggtgtaggtcgttcgctecaagctgggctgfcgtgcacgaaccccccgttcagcccg 
a cege t geg cct fc a t <? egg fcaac t a tegt ett ga gt ecaacccggfc a aga caega ©t fca fcegee 
actggcagcagccaetggtaaeaggatfcagcagagcgaggtafegtaggcggtgctacagagtfc© 
fctgaagfcggtgggctaactacggefcacaetagaagaacagtatfcfcggfcafccfcgcgctcfcgctga 
agccagtta©cfcteggaaaaagagttggfcagetcfctgafcccggcaaacaaaccaccgatggtag 
egg fc ggtfc fc t fc fctgfct fegcaagcagcagatta egeg eagaaaaaaa gga fc e tea agaagafccet 
ttgafcotfcfctctacggggtcfcgacgctcagtggaacgacgcgcgcgtaactcacgfctaagggat 
fc tt gg fc ca fc gagefct gcgcegtccc gt ©as gtcag cgfc aa fcgctct g ©fct fc

SEQIDMM4
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Figure 32
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Figure 33A

5» -
gfcfctgacagctt«st,cstfccg8cfcgcaicgrgtgcticcaatgttttfc§gegfcca.ggcage.ea.tcggaa
gctgtggtatggotgtgcaggtcgtaaatsaetgsataattcgtgtcgctcaaggcgcactecc
gt.tetggataatgttttttgog<5cgacateataacggttcfcggcaaatattctgaaatgagctg
fcfc.gacaatt aatcat csggctegtataatg tgt gg a®ttgtgagcggafcaacaatfctcaeasag
gaaacagcgccgctgagaaaaagcgaageggcactgstctttaacaatfctatsagacaatctgt
gtgggoactcgaeeggaatt atcgattaaetttat tat fcaaaaatfcaa&gaggfcatat attaat
gtatcgatfcaaataaggaggi3ataaaccii.fegtgetctgttfcctsecgagaacgttfcccfctcact
gagsteggaaacegaggcaegtejgrtagegegaactscgagecgaatagctgggactacgattfcee
fcgetgfcefcfcceg&tacfcgacgaatcfcatfcgaggtgtacaaagaesaagcaaagaaa.©tggagge
tgaagtgcgccgcgaaattaacaacgagaaagctgaattcetgactctgetggagctgatcgai
aacgtacagcgcctgggtetgggttaccgctfecgaatcfcgafcatccgtcgcgsactggafccgtt
tcgtaagsagcggcggtttcgafcggcgtgaeGaaaacgagcsctgcasgctaccgcgctgtestt
scgtctgctgcgfccagcacggcttcgaagtttctsaggaagcattcfcccggttfccaaagatcsaa
aacggtaacttectggaaaacctgaaagaagacaetaaggsgatccfcgagcctgtafcgaggcaa
gctttctggccatggagggtgagaaeatccfcggatgaggsgcgcgtatfccgccatctoceatct
gaaagagstgtsfcgaagagaaaatcggtaaggaacfcggcagagcaggfctaatcecgcactggaa
ctgccgctgcatcgtcgtaeccagcgtctggaggcggtttggtccatcgaagcgtacasgsaaaa
aggaggafcgct a aecaggfcfcctget gg a actggcca fc cctggacfcacascatgatecagfcccgt
fcfcaccagcgfc.gstctgc3tgaaacefceaegtfcggt.ggcgccgtgtgggcetggcgaccaaac'fcg
sact1cgcfcaagga ccgccfcgafctgagtctfctfc. tactggg ca gteggcgttgegtteg aacstc
agfcattctgactgccgtaacagcgttgsgaaaatgfctcagcttcgttactatfcategacgacat
©fcaega eg fc fctacggta ct ctggac gag ctggaactgtttaccgacgctg togas egtfcgggat
gttaasgccateaacgatctge«tgaotacatgaaactgtgcttcctggcaetgtataacacga
fc caaegaaafc tg ca. ta ega caacctgaaagaeaaaggfcgaaa a eatsetgscgtaoctgact aa
agegtgggcggafcctgtgtaaegcfcfcttc.tgcaagaagcgaaatggctgfcataaeaaatccact
ccgaccttt g aegatt att tcggcaafcgcetggaaatccagcfcctggcccgctgc&aefcgafccfc
tcgcttattttgcggttgtscaaaacatcaaaaaggaggaaatfcgaaaacetgcaaaaatacca
cg&tateatfcagccgtccttetcafcafcctttegcctgtgcraacgaccfcggsaagcgcgfccegca
gagategeacgfcggcgaaaccgctaacfcefcgtfctsetgct acatgcgcaccaagggeatttecg
aagagot ggcaacegagag eg fc a a fc ga at et gat, egaegaaaect gtaagaa aat gaa caaaga
aaaactgggtggsfcecctgtfccgctaaaccgfctcgfcagagactgctattsaccfcggcaGgttiag
ageeaetgcacctaccacaafcggtgaegcacatactagcccggatgaacfcgacfccgfcaaacgtg
taetgtetgttatfcsascgaaccgattctgecgttag&acgttaactgcagetggtacsatatgg
gaattcgaagctttctagaacaaaaactc&tcte&ga&gaggatctgaatag&gccgtcgacca
tcateatcatcatsattgagtttaaaoggtctccagcttggctgttttggcggatgagagaaga
tfct-fceagcctg&taeagattaaatcagaaegeagaagcggfcefcgafcaaaaeagaafcfcfcgeefcgg
eggeagfcegcgcggtggteccaecfcgaecccafcgecgaactcagaagtgaaacgccgtagcgsc
gafcggtagfcgfcggggtctccccatgegagagtagggaacrfcgceaggcfttcaaataaasegaaag
gcfccagtcgaaagactgggccfcttcgttttatctgttgtttgtcggtgaacgctctcstgagta
gg&caaatccgccgggagcggatttgaacgttgcgaagcaaeggcccggagggtggcgggoagg
acgcccgccataaacfcgceaggcatcaaatfcaagcagasggccafcocfcgacggatggcetfc ttt 
gcgtttsfcacaaactctttfctgttfcatttttctaaafcacat'tcaaatatgtateegctcatgag 
acaataaccctgataaatgctteaataatattgaaaaaggaagagtatgagtattcaacatttc
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Figure 33B

cgtgfccgcccfctattcecttttttgcggcattttgcefctcctgtttttgctcacceagaaacgc
tggt gaaagtaaa agatgctgaa gat cagt tgggt gcacgagt.gggtt aca tcga actggatct
c&acagcggtaag&tccttgagagttttcgccccgasgaaegttfcfcccaafcga&g&gcactfctfc
aaagtbctgctafcgtggcgcggtattatcccgtgttgacgccgggcaagageaactcggtegee
g cat a cactattct cagaa tg act t gg 11 gag fc a c t caeca g fc ca cagaa a agca fc ct t a egga
tgge&tgac&gtaagagaettatgc&citgctgcc&taacGatgagtgat&acactgcggceaac
ttacttctgacaacgatcggaggaccgaaggagctasccgcttttttgcacaacatgggggatc
atgtaaetcgccttgatcgtfcgggaa&cggagctgaatgaagccataeeaaacgacgegcgtga
«aeeacgatgcctgtagcaatggcaacaacgttgcgeaaactattaactggcgaactacttact
cfcagettcccggcaacaattaatagaetggatggaggeggataaagttgcaggaecaefcfcctgc
geteggcccttccggctggctggtttattgctgataaatctggagccggtgagegtgggtctcg
cggtatcattgeagcactggggccagatggtaageectcccgtatcgtagtfcatctacacgaeg
ggg agteaggcaactatggatga aegaaataga cagat cgctga gat aggtgectca etga t t a.
agca 1t ggt aacfc gfccagaocaag tttacfcca tat ata ct ttag a t fcgat tt aaa a cfcfc cafct fc
fcfcaatttasaaggatctaggtgaagsfccctttttgataatctcatgaccaaaatcccttaacgt
gagttttcgt fceca ctgagcgtcagaeccegtaga.aaa gatcaaaggatc fctctt gaga tcct t
ttttfcetgcgcgtaatctgctgcfctgeaaacaaaaaaaccacegctaccageggtggtttgttt
gscgg&tcaagagctaccaactettttteegaaggtaactggetteagcagagcgcagatacca
aafcactgtccttctsgtgtagcegtagfctaggccaccaattcaagaaetcfcgfcagcacegeeta
cataccfccgcfcctgetaatcctgttaccagtggcfcgetgccagtggcgataagtcgtgfccttac
cgggfctggactcaagacgatagtfcaccggataaggcgcagcggtcgggctgaacggggggtfccg
t-gca cacagcccagctt ggagegaaega ec t ac accgaa ctgaga fcacc fc acag eg fcgaget at
g a gaaageg cca cgct fc ccegaaggga g a a a g g cggaca ggt at eegg t aageggea gg g fc egg
aacaggagagcgcacgagggagetfcceagggggaaacgcctggtafcctttatagfceetgtcggg
tfctegccaccfcefcgacfctg.agegfccgat.fctttgtgatgctcgtcaggggggcggagcct.atgga
aaaacgeeageaaegcggcctfctttacggtfccctggcctttfcgetggcettfct.gct.eaeatgfct
ct fc tcct gegtt a t ceccfc gat tefc g tgg® fcaaccgta ttacogccfct t ga gt gag etg sita.ee
gctcgcegeageegaacgaccgagcgsagcgagtcagtgagcgaggaagcggaagagcgcctga
tg sggfc a t fc ttctccfc fc aegcafc ctg t geggtatttcaeaccgcafcat ggt gcacfc et cagta er
aatctgctcfcgatgccgcatagttaegccagtatacactccgctatcgcfcaegfcgaetgggtca
t ggctgcgccccgacaeccgccaaca ccegct gacgcgcecfc gaeggg ct t gt c t ge t cccggc
a t ccgct t acagacaagctgtga ccg fcctccgggagetgcafcgtgtca gaggt fc t tea ocgtc a
tcacegaaacgcgcgaggcagcagateaafctcgcge^cgaaggcgaagcggcatgcatfctacgt
tgacaccatogaafcggtgcaaaaccfcfctGgcggfcatggcatgatagogcccggaagagagfccaa
ttcagggtggtgaatgtgaaaceagfcaacgttatacgatgtegcagagtatgccggtgtctctt
atcagaccgtttcccgcgtggtgaaccaggccagccacgtttctgcgaaaacgcgggaaaaagt
ggaageggega tggeggag ctg aattacatt cccaa cc gcgtggea ea a ease tggegggca a a
cagtcgttgctgattggcgfctgccaectccagtctggccctgcacgcgccgtcgcaaattgtcg
cggegattaaatctcgcgcegatcaactgggtgccagcgtggtggfcgtcgatggtagaacgaag
cggcgtcgaagcctgtaaagcggcggtgcacaatettctcgegcaaegegtcagtgggctgatc
atfcaactatccgctggatgaccaggatgccattgctgtggaagcfcgcetgcaetaafcgfctccgg
cgttattfecttgafcgtetctgaceagacacccatcaacagtattafctfctctcceatgaagacgg
tacgcgaefcgggcgtggagcatctggtcgcattgggteaccagcaaatcgcgctgfctagcgggc
ceattaagfcfcctgtctcggcgcgtctgcgfcctggetggctggcataaatatctcacfccgcaatc

sita.ee
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Figure 33C

gcaaatgctgaa'tgagggcatcgttcecaetgcgatget.ggttgceaaeg&teagatgge.getg 
ggcgcaatgcgegecattiaeeg'agtiecgggetgegegtfcggtigc^ratatatcggt.agtgggat 
aegaega.taeegaagaeagc'teatgtta.ta'tccegeegteaaccaceatcaaacaggat'ttteg 
ccfcgetggggeaaaecagcgfcggacegcfctgetgcaaetatcfccsagggccaggegg-fcgaagggc 
a atcagctgtt. gccegtctcactggtgaaaagaaaaaecacectggegcceaatacgca aaceg 
octet ecccgegtigttggccgatteattaatgeagetggcaegacaggtt'teccgactggaaag 
cggge&gtgagege&acgeaafct&atgfcgagttagcgcgaatitga'tetg

SEQ ID NO: 15
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Figure 34
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Figure 35A

S' -
fctgfcctgcfceccggcat.ccgctfcacagacaagctgtgaccgfccfcccgggagctgcatgtgtcag
aggtfcttcaccgfccatcaccgaaacgcgcgaggcagcaga'teaafctcgcgcgcg&aggcgaagc
ggcafcgcatttacgtfcgacaccafccgaatgftgcaaaacctfcfccgcggtatggcafcgafcagcgc
cc ggaagagagtcaat t ca gggtgg t gaatgtga aa ecag t aaegt ta tacgafc gfc egca gagt
a tgccggfcgt cfc ct fca fccagacegt fcfccccgcgfc ggtgaa ccaggccagecacgfc t fc ctgcga a
aacgcgggaaaaagfcggaagcggcgafcggcggagcfcgaatfcacafctcccaaccgcgtggcacaa
caadtggcg-ggeaaa cag fc eg fctgc tga fc tggcgfct gcc® cctccagt c t ggeec fc gea cgcgc
cgtcgcaaafcfcgfccgcggcgafctaaafcctcgcgccgatcaacfc.gggtgccagcgtggtggfcgfcc
gatggfcagaacgaagcggcgtcgaagcctgfcaaagcggrcggtgcacaafcctfcctcgcgcaacgc
gt cag fc ggg efcga t ©a t fc-aacfc a fcccgc t ggat g&ccaggatgcca t tgcfcg fcgg a a get geet
gcact aatgtfc ecg gcgtfc afctfc ettga tgfcctctgaccagacaccca t eaa cagtatt at t fc t
cfccccatgaagacggfcacgcgBcfcgggcgtgg&gcafcctggfccgcatfcgggtcaecagcaaafcc
gcgcfcgfcfcagcgggcccafcfcaagfctcfcgtcfccggcgcgffcctgcgtctggcfcggcfcggca  fcaaat
atcfccacfccgcaatcaaafetcagccgafc&gcgg&acgggaaggcgaefcggagtgccafcgtccgg
fctfcfccaacaaaccatgcaaatgctgaafcgagggcatcgtfccccactgcgatgcfcggttgccaac
ga t cagatggcgc t ggg egeaa fc gcgcgccafc t a ccg ag teeggg cfcgcgcg tt gg t g egg a t a
tcfccggtsgfcgggafcacgacgafcaccgaagaca gc teat gt fca tat cccg ccgt eaa cca cca t
c.24 aca gga fct fct egeet getggggcaaaccagcgfcggacegcfc fcgefcgcs&et et cfccaggg c
Caggcggfcgaagggcaafccagctgfctgcccgtcfccactggtgaaaagaaaaaccaccctggcgc
ccaafcacgcaaaccgcctct.ee ccgcgcgtfcggccgatfccattaatgcagctggcacgaca ggt
tt© eegaefc ggaaagcgggea g fcgagcgcaaegcast t aatgfcgag tta gegegaa fc fc gat ct g
gt.ttgacagctt&fccatcgactgcacggtgcapcaatgcttctggcgtcaggeagecatcggaa
gcfcgtggfcatggcfcgtgcaggfc©gfcaaatcactgcafcaafctcgtgt.cgetcaagg©gcactccc
gttctggataatgttttttgcgccgacafccataacggtfccfcggcaaafcattctgaaafcgagctg
fcfcga©aatfcaa.fc©afc©cggefccgfcafcaat:gfc.gfcggaafcfcgfcgagaggataacaafcfcta«©acag
gaaacagcgccgcfcgagaaaaagcgaagcggcacfcgctcfcfcfcaacaafctfcatcagacaafcctgt
gtgggcactcgac©ggaafcfcatcgafct.aactttafctafctaaaaattaaagaggtafc.afcafctaat
gfcafccgatfcaaafcaaggaggaataaaccatgfcgfcgctgaccfc.cfefcctcaafcfctaet.eagafctacc
gagcataat fcccegitegfc tccgcaaa ©tafccagccaaacctgt .ggaa fc tt egaat t. c et g caa fc
cccfcgg agaacg acctgaaa g fcggaa a agctggaggagaaagegaccaaa ct ggag gaag aag t
tcgcfcgcafcgafccaacegfcgtagaca©ccagccg«tgfcccefc.gctggagcfcgafc.egacgafcgtg
cagcgccfcGgctctgaccfcacaaatttgaaaaagacafccat.fcaaagcccfcggaaaacatcgta©
tgcfcgga ega a lacaaaaag a acaaa tcfcgacctgeacgcaaccgct ct gt ctfc teegfc c fcg cfc
gcgfccsgcacggtttcgaggtfctcteaggatgtfcttfcgagcgfctfccaaggafcaaagaaggtggt
t teageggt gaac fc gaa agg fc gacgfcccaaggccfcgctgag cc fcg fcatg a agegtefct accfcgg
gtfctcgagggfcgagaaccfcgcfcggaggaggcgcgfcaccttttccatcacccacctgaagaacaa 

. ©ctgaaagaaggcafcfcaafc a eeaagg fcfcgeagaaeaagtgagceacgccctggaacfcgccat a t
©accagcgfcctgcacGgtcfcggaggcacgttggtfcectggafcaaatacgaaccgaaagaaeegc 
atcaccagctgcfcgcfcggagefcggcgaagcfcggafctttaaeatggtacsgacccfcgcaecagaa 
agagctgcaagat©tgtcccgctggfcggac©gagatgggccfcggctagcaaacfcggafcfctfcgfca 
cg©ga©egccfcgatggaagfctfcafctfc©fcgggca©tgggfcafcggcgceagacccgcagt.fcfcggtg 
aafcgtcgcaaagct gfctacfcaaaafcgfctfcggfccfcggtgacgafccat egaigaegt gfca fcgacgt

ccaafcacgcaaaccgcctct.ee
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Figure 35B

t'fcafcggeaefccfcggacgaaefcgcaactgt'tcaecgafcgefcgtagagcgctgggacgfctaacgcfc 
attaacaecefcgceggactafcatgaaaetgfcgtfctcetggeaetgtacaacacegtfcaacgaca 
©gtccfcatfccfc afcfcctgaaag a g aaaggt ca.fcaacaacctg teet afcctg a egaaa agefcggeg
t gaacfcgtgea a agcettt Cfc geaag aggcgaaa tgg fccea aeaacaas a .¾ tateeeggcfc ttc:
t ccaagt aect ggaa aacgeeagcgt tfc eat ccfcccgg fcgt ageget gcfcggegccgfcctt aq fc
fcfctcogtatgccagcagcaggaagacafccfcccgaceacgcgctgcgttccctgacegacfctccs
t ggtetggfc g ©gfcfccfc agetgegt tat cfc tcegce fcgtgqa aqgat ©tggccacctct gc g g eg
q ag et ggaa cgfc ggc gaga e fcacqaafctefca tea fc fc a get a cat g © a ©ga aaaeg a tggfce ©ca
gqgaggaacaggccegcgaagaaetgcgtaaactgatqgaqgccgaafcggaaaaagafcgaatqg
tgaaegcg ttagcgaefc©©aeeefcg© tg ©et aaagcgfc teafegga aat eg cagt t a a ©a t ggca
©gffcgfcttec©actgqa©ctaccagfca.tggcgatggtefcgggtcgccqagaefcacgcgaefcgaaa
accg©afccaaa©fcgcfcgctgafctgaeqcfctfccccgattaaccagcfcgafcgfca rfcgfcqtaaqfcgca
tcgecefcfcaggaggfcaaaaaaaaatgaqtgqcgacaacaatagfcatgecceatggtgqagfcatc
fc agt fc a ©gees a afctag tgeaaaaceaaa ©aect gaaga cafctfc fcggaag agfct fccqfc g a aafct
a'fctceafctac&aeaaagacctaatacccgatcfcagtgagacgfccaaatgaegaaagcggagaaa
catgfcttfcfcc.tggfccatgatgaggagcaaafctaagtfcaatgaatgaaaattgfcatfcgfcfcfcfcgga
•tfcgggacgafcaatgcfcafcfcggfcgecggfcaccaagaaagtfcfcgfccafctfcaat.gga.aaatafc.tgaa
aagggfcfcfcacfcaqafcqgtgcatfcctccgfcettfcafcfctfccaafcgaacaaggfcgaattacfcfcfcta©
sacaaa gagccacfcgaaaa aat aa cfcfct eeet g a .fccfcfcfcggacfcaacaca fcgetgctet ©ate©
actatgtattgatgacgaa.t£aggtttgaagggfcaagc£agacgataagafctaagggcgctatt
aefcgeggcggfcgagaaaact agates fcgaattaggtafcfcccagaagafcgaaaefcaagaeaaggg
gfcaagfcfcfccacfctfcfet&aacagaatecafcfcacafeggeaccaagcaatgaaccafcggggfcgaaea
fcgaaafcfcgafctacafcqct'afctfcfcafcaagatcaacgqfcaaagaaaacfcfcgacfcgfccaacceaaac
gfc eaatgaagt fc agagaefct caaafcg ggfcfcfcca ccaaa t gat t tgaaa actatgttfcgefcgac ©
©aagfcfcacaagtfcfcacgcct.tggtfctaagafcfcafctfcgcgagaafcfc.a©fctafctcaactggfcggga
gcaatfcagafcga©qfcfcfcefcgaagfcggaaaat.gaeaggeaaatteatagaatg©fcafcaacaa©gc
gfccqfcgcagqtggfcaeqatatgggaafefeegaagqfcttcfcagaaeaaaaaetcafcefccagaagag
g a t ctg aatageg©egfcegaeeatcafceat©afccatcafctgagfcfctaaaegg-fccfc©© sgetfcgg
et g fctfcfcggcggafcgagagaagafcttfc .cage©fcgafcacagafct &aat©agaacgeagaagcggfc
cfc g ai: iisi aaqaga a fct tgeet ggegg cagfcag cgogg fcggfc © ©cac ct gaececs fcgeegaa et
© agaag fc g asscq©eg fcagcg ©©gat ggt ag fcgfcggggfc © tec© ca tgqga ga g t a ggg aacfcg
ccaggcatcaaataaaacga&aggefccagtcgaaagactgggccttfcegfcfctfcafcctgtfcgfcfcfc
gfccggt gaacgctcfccafcgag fcagga caaatccgccgggagegga ttfcgaa©gttgcgaagca a
©ggceeggagggfcggcgggcaggacgeecgecafcaaacfcgceaggeafceaaatfcsagcagaagg
ocafceefcgacggafcgg«cfctfcfc.fcgcgfcfctcfcaca.aaefcefcfcfcfcfcgfctfcatfcfct:fcctaaafcaeat
tqaaatatgtateqgettaaacggaattgccagetggggcgccetetggfcaaggttgggaagce
©fcgcaaagtaaactggatggctfcfc©fceg©cg©©saggatcfc.gatggcgcaggggafceaag©'tcfc
gafccaagagacaggafcgaggatcgtfcfccgqafcgafcfcgaacaagafcggafcfcgcacgoaggttcfcc
eggeegetfc gggfcggagagg©tattoggetatgactgggeaqaacagaeaateggetget©tga 
fcgceg©egtgfcfcccggctgtcagcg©agggg©g©©cggfct©fcfcfctfc.gfcca.aga©©ga©©fcgfccc 
ggtgeqctgaatgaacfcgeaagacgaggqagcgqggcfcatcgtggctggceaqgaegggcgtfcq 
©ttg egcag etgfcgctoga©gttgtoastgaagcgggsagggactggqfcg et afc fc gggcgaagfc 
g'ceggggcaggat.cfcc©fcgtcatctcac©tfcg©fccctgccgagaaagtafc©cafce.afcgg©fcgafc
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Figure 35C

geaatgcggcggctgcata«gct£ga.fcccggc:ta«ctgeccattaga«saccaagegaaaeatc 
geafccgagcgageacgfcactGggafcggaagceggfcctfcgfcegateaggafcgat&tggaegaaga 
geafccaggggctegcgeeagecgaactgttcgcicaggcfccaagg'egagcatgcccigacggcsgag 
gat^cgtcgtgaeccatggcgatgectgcttgccgaatatcatggtggaaaafcggeegefcttt 
ctggatteatcgactgtggeeggcfcgggtgtggeggaccgctateaggacatagcgttggctac: 
ccgfcga t a fc fcgcfc gaagagct tggcggcgaa fcggget gaocgcfc fc eefccgtg« fe. fct aeggtat e 
gccgofccocgattogcagcgcafccgccttetafcegccttcfcfcgacgagtfccfcfccfcgacatgaec 
a a aatcccfctaa eg fcgagfcfc fc fccgfcteeact ga g cgfccaga eccegfcaga a aa gat ca aaggat 
cfcfccfcfcgagafccefcfctttfctefcgcgcgtaatotgcfcgcfcfcgcaaacaaaaaaaccacqgctacc 
agcggfcggfefcfcgfcfctgccggatcaagagctiaecaactcfcfctfcteegaaggfcaacfcggcfctcage 
agagcgcagafca©caaatacfcgfcccfctctagtgtagcegtagtfc.agg©caccactteaagaafist 
etgtagcacegcetae&tacctcgctetgetaatcctgttaccagtggcfcgctgcscagfcggcga 
taagfccgtgfcctfcaecgggttggacteaagacgatagtfcaccggataaggegcagcggfccggge 
tg aacggggggt fccgt gcacacagcc eaget tggagcgaacg aootacaceg aa ct g aga fcacc 
ta cagegfc gagefca tg agaaagegecacgefc tcccgaaggga gaaa ggegga caggfc at ccggt 
aagcggeagggteggaacaggagagcgcacgagggagcsfcfcccagggggaaacgcctggfcatefct 
ta fc agtcotgtcgg gfc fcticgccsacct cfcgac fcfcgag cgfccga t fc fc ttgtgafcgetcg tcagggg 
ggcggagcctatggaaaaacgeeagcaacgcggcetfcfcfctaeggfctcetggcctfcttgctggec 
fct t fc get ©seat gfc tefcfcfc «et gcgfcfc afcccccfcgat fc sfc g fc gga.fcaaccg fc a t fc a cog cctfc fe 
gagfc gagcfcgat a ccg efccgcegea gecgaacgaccgagcgca gegag fc cagfcgagega ggaag 
cggaagagcgcctgatgcggtafcfcfctefcccttacgcafcctgfcgcggfcafctteacaccgcafcatg 
g t gca ct cfceagtaeaafcctgctetgatgoegcafcagfcfcaagccagtatacac teegefe a fcege 
fcacgfcgaefcgggfccatggcfcgcgccccgacacccgceaacacccgctgacgcgcccfcgacgggc

SEQ ID NO: 16
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Figure 36

pBR322 origin

KanR

Kan promoter

rrn terminator

pTrc region

kudzu isoprene synthase
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Figure 37A

5’-
ttgtctgctcccggcatccgcttacagacaagctgtgacGgtGtccgggagetgcafcgtgtcag
aggtttteaecgtcatcaGcgaaaGgcgGgaggGagcagatcaattcgcgcgcgaaggegaage
ggcatgcatttacgttgacaecatcgaatggtgcaaaacctttcgcggt&tggcatgatagcge
ccggadg&g&gtc!aattcagggtggtga&tgtgaaaccagtaacgttata.Ggatgfccge&gagt
atgccggt gt cfc ctfc atcagaecgttt eecg c gfcggtg aaeca ggce agcea egtfctetgcgaa
aaegcgggaaaa agt ggaagcggcgatggcggage fc ga at ta cat tcccaa cogcgtggcacaa
©aaGtgg©gggcaaa©agfccgttgctgattggegttgG©a©©fcGeagtctggc©Gtg©a.Ggeg©
cgtcgcaaat£gtcgcggcgattaaatctcg©geegateaa.ctgggtgccagcgtggtggtgtc
gatggtagaacgaagcggcgtcgaagGCtgfcaaagcggcggtgc&caatcttctcgcgcaacgc
gfccagtgggetgatGattaactatGcgGtggatgaceaggatgceattgctgtggaagcfcgGGfc
gcacfeaatgtt cctggcg tfeatt t ett gafcgfc ctcfcga c©&gaeacc©atcaa cagta fctafc t tfc
©t ©ocatgaagacggtacgcgactgggegtggagcatctggtcgcattgggfc caceag©aaatc
gcgctgttagcgggcccatfcaagttetgtctcggegcgtctgcgtctggctggctggcataaat
a fc etcactegcaatcaaafc fc cageega fc© gcggaacggga a ggegactgga g fcgcca t .gfcecgg
ttfct©aacaaa©eatgeaaat getgaafcg agggcategtteccaetgegatget ggtfcg©eaa©
gatcagafcggcgetgggcgeaatgegcgecattaccgagfcccgggcfcgcgegfctggfcgcggafca
tcfccggtagfcgggataega©gafcae©gaagacag©t©a.fcgttafeateccgccgtcaa©eaccat
caaaeaggettttcgeGtgGtggggcaaaceagcgtggaccgcttgctgeaactctctcagggc
caggcggtgaagggeaateag^fcgfctgcecgtefccacfeggtgaaaagaaaaaecacectggcgc
cssafcaegeaaaecgecfcetceccgegogt fcggcegatfceattaatgcagctggeacgacaggfc
fcfccccgaetggaaagegggeagfcgagegeaaegcaafcfcaatgfcgagfctagcgcgaatfcgafcetg
gtttgaGagcttafccatcgactgcaGggtgeaeeaatgcttctggcgtcaggcageeateggaa
gefcgtggtatggctgtgcaggt©gtaaatcacfcgeafcaatfccgtgfccg©teaagg©g©aet©GC
gfcfcetggataatgfctfcfcfct gcgcegacatcafcaacggtfcetggcaaatatfcGtgaaafcgag©fcg
tt gaeaat taafcca fc eeggetegtat aafcgtgfcggaa fc tgtgagcggataa eaa tfc t cacaca g
gaaacagcgecgctgagaaaaagcgaagcggcactgctcttfcaaeaafctfcatcagacaafcctgfc
g fcgggcaetegaccggaafcta fcegafcfca a efcfcfcafctattaaaaafcfcaaagaggfc at at attaat
gfcafcegafctaaataaggaggaafcaaa©©afcgtgfcgGgaG«t©fct©fcGaatttaet©agafctaeG
gageataatfccccgtcgttccgcaaactafccagscaaacefcgtggaafcfcfcegaatfcecfcgeaist
esctggagaacgae©tg&aagfcgga aaagefcgg aggagaaagcgace&aacfcggaggaagaagt
fccgctgcafcgateaaeegfcgfcagacaeccagecsjctgfcccefcgetgg&gctgategacgafcgtg
cagcgcctgggtctgacQtacaaatfcfcgaaa&agaeafccafcfcaaagcectggaaaaeafcegfcac
tgctggacga aaacaaaaagaaeaaatcfcgacetgcaegeaa ©©getefcgtettfcccgt©fc get
gcgteagGacggfcttegaggfcfcfceteaggafcgfcfcttfcgagegtfcte&aggataaagaaggfcggt
fcfccagcggfcgaa©fcgaaa.ggtgacgtcc&aggccfcgetgagcctgfcatgaagcgt cttaeetgg
gtttcgagggtgagaacetgetggaggaggcgcgtaccttttecafceacecacctgaagaae&a
cctgaaagaaggGattaata.ceaaggttg©agaacaagfc.gagc©aGg'©cctggaactgcea'tafc
Gaccagcgt©fcgca©cgtefcggagg©acgfc£.ggfcfcccfcggataaatacqaa.©egaaagaaecgc
a fcea ©eagefc g ©fc g©tggagctggegaagetggatt t£aacat ggt acaga ©cetgea «©a,gaa 
agagetgcaagafcetgfceecgetggtggacegagatgggcctggGtagcaaactggatfcttgta 
cgcgaGegectgafcggaa.gttfcafctfc©tgggeactgggtatggcgGcaga©©cg©agfctfc.ggtg 
aatgtcgeaaagctgttactaaaatgtttggtctggtgacgateatcgatgacgtgtatgaegt 
ttatggeactetggaegaacfcgeaacfcgttcaecgafcgctgtagagegetgggaegfcfcaaegefc
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Figure 37B

atteacace ct gccggact a ta fcga aaet gtgtt test gg caefcgtacaa e aecgt fc a-acga ca 
egt ©cfc at t cfcatt etga aa gagaaaggt ©a taa ca a eetgtce t atetgacgaaaa gctgg eg 
fcgaactgtgcaaageetfctetgeaagaggegaaatggtccaacaaeaaaafctafccccggetfct© 
tecaagfc aeefcgga aaaegeeagegtt tcetcct ccggtg tageget g© tggcgccgtettact 
fctteegtatgceageageaggaagaeatcteegaceacsgegetgcgfctceefcgaeegaetteea 
tggtcfcggtgcgttetagofcgcgttatcfctccgcctgtgcaacgatcfcggeeaecfcefcgeggeg 
gagctggaacgtggcgagaetaccaatt-eta teat fcagetacatgcacgaaaacgatggtacca 
gegaggaacaggcecgcgaagaaetgcgtaaaefcgatcgaegcegaafcggaaaaagatgaateg 
tgaacgcgttagegacteeaecctgctgoetaaagcgttcatggaaetcgeagtfcaae^fcggea 
cgtgfcfctcccaetgeaeetaeeagtatggcgatggfcctgggtegeeeagaefcacgegaetgaaa 
acegeateaaactgctgetgatfcgaecefcttecegattaaccagctgatgtatgtctaacfcgca 
ttagcecttaggaggtaaaaaaaeatgagtttfcgatattgeeaaataecegaecctggcaefcgg 
tcgaetccaeecaggsgtfcaegacfcgttgeegaaagagagttfcaecgaaactctgcgaegaaet 
gegecgetatttactegacagcgtgagccgtteeagcgggeacttegceteeggg'etgggeaeg 
gt egaaefcgaecgfcggcgctgcaetafcgtcte-scaacaccccg1tfcgacca attgatt tggga tg 
tggggcatcaggetfeatccgcataaaattfctgaceggacgecgegacaaaateggeaccafcceg 
fceagaaaggcggtcfcgeacccgtfccecgfcggcgeggcgaaagGgaatatgacgtattaagcgte 
gggcattcatca&cetccatcagtgccggaattggtattgeggttgetgecgaaaaagaaggca 
aaaatcgecgeaecgfccfcgtgfccafcfcggegatggcgcgafctaccgcaggcatggcgtttgaagc 
gatgaafc caegegggegatafcecgtcetgatatgetg gtgat fceteaaegacaatga as tgteg 
afcttecgaaa at gteggegeget eaacaaee ate tggeaeag et g et t fc ceggtaa g ctfcfc act 
cfcfceactgcgegaaggcgggaaaaaagttttctcfcggegtgeegccaafcfcaaagagetgetcaa 
acgcaecgaagaaeatafctaaaggeafcggfcagfegeefcggeacgttgtttgaagagetgggettt 
aaetaeatcggcccggtggacggtcacgatgtgctggggcttateaceaegctaaagaacatgc 
gcgacctgaaaggeecgcagttcctgc&tatcatgaeeaaa&aaggtcgtggt'^afcgaaccgge 
aga a aa agacecgat eaet t fcecacg ©eg fcg cctasa fe fc tg a. fcccc tccagcgg 11 gfc fe fcgecg 
aaaagfcageggeggttfcgecgagetattcaaaa-atet ttggega©feggfe.fegfc.gcgaaacggcag 
©gsBagacsaeaagcfcgafcggegafctacfcceggcgafcgcgfcgaaggfcfecseijgcafcggfccgagtt 
ttea©gtaaatfcc©cggafc«getaetfccgacgfcgg«aattgeegag©aa©acgcggtgacettt 

' gctgegggt ctggcgattggtgggtaeaaacecafcfcgfc egegafct fe act ecs et fete c fcgca a© 
gcgeetatgafccaggtgctgeatgacgtggeg&ttcaaaagettccggteetgtfccgeeatcga 
ccgegcgggcattgfctggtgctgacggteaa&eecateagggtgefetttgatctctctt&eetg' 
cgctgcataeoggaa.atggtcattafcga©ceegagegatga.aaa©ga&fcgtegceagafcg©tefc 
ataeegg ©fc at©a © fcafcaaega fc ggeeegfc eageggfc g©g ©tac©eg©g fcggcaaeg ©ggfcegg
©gfegg&actgacgeegctggaaaaactaccaattggcaaaggeattgtgaagegfcegtggegag 
aaactggegatcetfca act tt-gg t aegctga tgeeagaageggegaaag fc egecgaategetga 
acgeeaeg©tggfccgafcatgegfcttfcgtgaaaeegefctgafcgaag«gfctaatt.ctg?gaaatgg© 
©gccageeafcgaagcgcfcggtcaccgtagaagaaaacgceattatgggcggcgcaggcagcggc 
gtgaacgaagfcgcfcgatggcecafc^fcaaaccagfcacccgfcgefcgaaeattggecfcgeeggact 
feet fc fc at. fe ©egea a ggaaefc eaggaagaa a tgcg egeegaa eteggcct ega t geoget ggta fe 
gg&agcea aaafcca aggcetgg'ctgg cataa etgeag © tg g -fcaccat at gggaa ttega agett 
tefe a gaaeaaaaa© t cat© tea ga agagg at ctgaa fc ag egeegtegaceatea fe ©at eafceat 
eattgagtttaaaeggtctccagcfctggefcgfefcttggeggatgagagaagatfcfcfccagectgat 
acagafcfeaaateagaacgcagaagcggtctgataa aa©agaattfcgcctggcggeagt agegeg
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Figure 37C

gtggtcccacctgaecccatgccgaactcagaagtgaaaegccgfcagcgccgatggtagtgtgg
g qfcctccecatgcgagagtagggaactgecaggeatcaaataaaacgaaaggcfccagtegaaag
actgggcctttcgttttatctgttgtttgtcggtgaacgctctcctgagtaggacaaafcccgcc
gggagcggatttgaacgttgcgaagc&acggcecggagggtggcggge&ggacgccegccataa
actgccaggcatcaaattaagcagaaggccatcctgacggatggcctttttgcgfcttctacaaa
ctcfcfctfcfcgtttafctfcttctaaafcacafcfccaaatatgtatccgctfcaaccggaafctgccagctg
99gcgcectctggfcaaggttgggaagcectgcaaagtaaactggat ggctttctcgccgGcaag
gafcct gat-ggcg caggggatca agcfc ct gatcaaga gacaggafcgaggafccg ttfccg ca fc gat fc
gaacaagatggattgcacgcaggttctCGggccgcttgggtggagaggctattcggctatgact
gggcaca acaga caat cggctgct ct gat gccgccgfcgt fc ccggcfcgfc-cagcgcagg ggcgccc
ggttctt fcfcfcgt caagaccga cct gtccggtgccct gaatgaa ctgcaagacgagg cagcgegg
c t a teg t ggctggcca cgacgggcgt tasttgcgcagcfcgfcgcfccgacgttgfcca ct gaagc gg
gaagggactggctgetattgggegaagtgccggggeaggafcctcctgfccafcctcaccfcfcgctcc
tgccgagaaagtafcceatcafcggctgafcgeaatgcggcggetgcatacgotfcgafcccggctacci
tgccoattcgaccaceaagcgaaacatcgcatcgagcgageacgtacteggatggaagceggtc
11 gt egat caggat gat ctggacgaagagca tcaggggct'cgcgccagccga act g t tcgccag
gcteaaggcgagcatgcccgacggcgaggatcfccgfccgtgacccatggcgafcgcctgcfctgccg
aafcafccatggtggaaaatggccgcttfctGtggattcatcgactgfcggccggefcgggtgtggcgg
accgcfcafccaggacafcagcgfcfcggctacccgfcgatafctgctgaagagcttggcggcgaafcgggc

_ fc gaeeget fc ccfccgfcgetfc fca eggtat egeegetcccgatfccgeagcgca tegeet tefc at cg c
ct.fcctfcgacgagtfccfctcfcgaegcafcgacGaa«atcGcttaaagtgagttfctcgfctccactgag
cgfccagarrcrgfcagaaaagatcaaaggafccfctcfctgagatcctfctfcfcfctctgcgcgtaatcfcg
ctgetfcgcaqaeaaaaaaaeeaccgctacaageggfcggfcfctgfcfcfcgccggafcsaagagcfcasca
a ct ct t.t t fcccgaagg fc aa ctggettcageagagcgcagata ccaaat acfcg fccc t tetag t g fc
agccgfcagfcfcaggccaccacttcaagaactctgfcagcacggcctacafcacctcgctcfcgcfcaat
cctgtfcaceagtggcfcgctgccagtggf:g«taagtcgfcgfccfctaccgggttggactca®gaega
tagttaccggataaggcgeageggtcgggctgaacggggggfcfccgtgcacacagcccagcttgg
agcgaacgacctacaccgaacfcgagatacctacagcgfcgagetatgagaaagcgccacgcttcc
cgaagggagaaaggcggacaggtafcccggtaagcggcagggfccggaacaggagagcgcacgagg
gagefcfcccagggggaaa.cg©ctggtatcfcfct«tagfccctgfcegggtfcfccgceacctctgacttg
agcgfccgatttfctgtgafcgcfccgfccaggggggcggagcctatggaaaaacgccagcaacgcggc
ct 11 fc fcaegg t tcct ggcct fcfct get gg cct t fc tget ©aca fcg fc fccfct t cct gegt ta t cc cct
ga11 cfcgfcggataaccgfcatfc accgcetttgagtgagcfcgataccgcfccgccgcagccgaaega
ccgagcgcagcgagtcagtgagegaggaageggaagagcgcefcgatgcggtatttfcctGcfctac
gcafcefcgfcgcggtafcfctcacaccgcafcafcggfcgcactctcagtacaatctgctctgafcgccgca
t agfcfc aagccagrfc ataca c fc ccgcta t egc fc acgtgactgggtcat ggcfc gcgccc egaca ccc
gcea&cacccgetg&cgcgccctgacgggc

SEQ ID NO; 17
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Figure 38
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Figure 39A

V --
ctygeytaatagcgaagaggcccgcacegatcgeectfceeeaacagtfcgcgc agcctigaatggc
gaat ggcgcctgafc gcggt att tfcctccfct a egcafc etgtgcggt a ti titca cacegcatafcggfc
geactctcagtacaatcfcgcfcctgatgecgeafcagtfc.aagccageccegaeacccgccaacaec
egefcgacgagcfctagtaaagcccfccgcfcagatfcttaatgeggatgtfcgcgattaettcgecaac
fcafc fcgegafcaa caa gaaa aagecagcefc ti1 cat gat at afcet ccca at tit gt gfc a gggcfc ti a fc1
afcgeacgcfctaaaaafcaafcaaaageagacttgaocfcgatagtfctggctgfcgageaafctatgtge
tt.agfcgcatctaacgcfctgagttaagecgcgccgcgaagcggcgtcggcttgaaegaafctgtt&
ga cattatfcfcgccgaefcacefcfcggfcgatetcgccfcttcaegtagfcggaeaaat tat fcccaactg
atetgegcgegaggecaagcgatettattettgtccaagafc aagcetgtctagc1fceaagtafcg
aegggcfcgafcacfc.gggccggcaggegefcccattgcccagtcggeagegaeatcctfccggcgega
fctttgeeggfctacfcgcgetgtaecaaafcgcgggaeaaegfcaagca.efcaeafctfcegefcca.tegee
ageceagfcegggeggegagtfcceafcagegfcfcaaggtfcteatttagcgecteaaafcagatcctgfc
fccaggaaccggafccaaagagtfcccfccegcegcfcggacctiaeeiaggcaacgetafcgttctettig
ctitititgtcagcaagatiagecagatieaatgtegategfcggcfcggcfccgaagatacetgeaagaafc
gtcattg«3gcfc.geeatfcctccaaatfcgcagttcgcgcttagetggafcaacgccacggaatgafeg
fc.egfcegtgeaeaaeaatggfcgacfetcfcacagcgcggagaatcfccgctctc'tceaggggaagccg
aagti 11ccaaaaggtcgtifcgaticaaagefcegeegcqti tigtti teatcaagccfcfcacggtcaccgt
aaccageaaaticaatiatcaetgtigtiggcfctcaggecgeeatccactgcggagccgtaeaaatigti
3cggceagaaaegteggfcticgagafcggcsgetiegatgacg«caacfcacctetgafeagttigagt.eg
afcactfceggegateaccgettceefccatgafcgfctfcaacttfcgtfcttagggcgacfcgccctgefcg
cgtaacafccgfcfcgefcgcfcecafcaaeafccaaacategacecacggcgfcaaegcgcfcfcgefcgcfctg
gatgcccgaggeatagaetgtaccceaaaaaaaeagfccataaeaagecafeyaaaaccgecacfcg
cgccgfcfcaccaccgcfcgcgfcteggteaaggfcfcetggaecagtfcgcgfcgagcgcatacgefcactt
gcatfcaeagcfcfcacgaaccgaacaggetfcatgfcecactgggtfccgfcgcetfccatccgfcfctceac
ggtgtgegtcacccggcaaecfcfcgggcagcagcgaagtegaggcattfcctgfcecfcggctyyega
acgagcgcaaggttfccggfcctccaegcategfccaggcafcfcggcggcetitgcfcgtitctfcefcacgg
casygtyctgtgeacggatefcgccefcggcttcaygagafceygaayacetegyceyfccgcggege
fctgeeggtggtgefcgaccccggatgaagtggtfccgcatceteggfcfcttctggaaggegageate
gtttgtfc cgeccagettefcgtiatggaaegggca fcgcggatcag fcgagggtttgcaaefcgcgggt
caa ggat etgga t ttega fcca'cgg ca ega fccatcgt gegggagg g caaggg efcecaa gga t egg
gccttgafcgttaeecgagagettggcacceagcctgcgcgagcaggggaattaattcceaeggg
fcfcfctgetgecegcaaacgggcfcgfctctggfcgtfcgctagfctfcgfcfcafccagaatcgeagafcccggc
fct cag ccggttfcgccggcfcgaaagegefcatifctiettccag8attgccafcgatifcttit teceea egg
gaggegtcactig gcfccecgtg ti1 gteggea gettitigafctegafca a geagcat egeefc gt tt. ©a g
gcfcgtctafcgtgfcgacfcgtfcgagcfcgtaaeaagttgtcteaggtgtfccaatttcatgfcfcetagt
ti get tfcgtfcfctaetggttteacctgttetafctaggtgfetaca fcgetgfctcafccfcgfctscattgt
cgafcctgttcafcggfcgaacagetttgaatgeaceaaaaaetegtaaaagctctgafcgtatetafc
cfctfcfctitiaeaeegfctfefceafccfcgtigcatatiggae8gtifctfc.Gccfcfc.tgatafcgfcaacggfcgaaca
gfctgfctictactitttgtfcfcgtfcagfccttgatigcfcfc©acfcgati.ag&fcacaagagceatiaagaacct
eagatccttccgtafctfcagccagtafcgttcfccfcagtgfcggtfcegfctgttfcfcfcgcgfcgagceafeg
agaaagaaecatitigagatieafcacttaefcfctgeafcgticaeticasaaattitfcgcctcaaaactggt
gagefcgaafcttttgcagtfeaaageatcgtgtagfcgtfcfcfctctfcagfcccgtfcatgtaggfceggaa  
t c fcg a t g fca at y g ti1 yfc fc gyt at t ttg t eaecsfct cat. fc tit fc at ct ggt ti gfc fc cfc, caagfc tegg

caacfcacctetgafeagttigagt.eg
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Figure 39B

ttaegagafeceatfctigtctatctagfcteasctitggaaaafccaaegfcafccagfcegggcggcctcg 
cttateaaccaccaattfceatiattigctgtiaagtgtttaaatcfcfctacttattggtttcaaaacc 
cattggfctaagcCfefctitaaactcatggtagtfcatititticaagcatfeaacafcgaacttaaattcat 
caaggctaatctctafcatttgocfctgfcgagtfcttc.fct'ttgfcgfcfcagtfccttttaataaccactic 
afcaaatcetcatagagt at ti ti.gtittti eaaa agacttaaeatgttccaga tt atattti fcatga-a fc 
ttttttaactggaaaagataaggcaat&tetcttcactaaaaact&attctaattitttcgcttg 
agaacttggcatagtttgtGaactggaaaatcfceaaag&ctittaaccaaaggattectgatttc 
cacagttictcgtcatcagcfcctetiggttigctittagctaatacaccataageattttccctactg 
atgttcatcatetgagcgtiatitggtfcataagtgaacgataccgtccgttctttcettgtagggt 
ttteaatcgtggggttgagtagtgccacacagcataaaatitagcttggfcttcatgctccgttaa 
gticatagcgact&atcgct&gtfccatttigetttgaaaaeaactaattcagaaataeatctcaat 
tggtetaggtigattttaatcactataccaattgagatgggefcagtcaatgataattactagtcc 
ttttcctttgagttgtgggtatctgtaa&ttctgctagatctttgetggaaaacttgtaaattc 
fcg^tagaccctctigtiaaattcogctagacctttigtgtgtitttttttgttitatattcaagtiggfct 
«atiaatifc fcatiagaat aaag aaaga ata aa&aaa ga fcaa a a agaafcaga tcecagccct gtgtat a 
aetcactactttiagtcagttcegcagfcattacaaaaggatgfccgcaaacgctgtittgctcctct 
acaaaacagacetitaaa8ccefcaa.aggcfctaagtageacceticgcaagctcgggeaaatcgcfcg 
aatatfccetfctfcgfcefcecgaecafccaggeacctigagfccgefcgfcct'tifctifccgfcgacafctcagfcfce· 
gctgegctoacggctcfcggcagtigaatgggggtaaatggcactaeaggcgccttfctatggatitc 
atgcaaggaaactacccatiaafcaGaagaaaagee-cgfccaGgggctifcetcagggcgttifcfcatggc 

- .gggtictg&tatgtiggtgctatcfcgacfctfcfcfcgctigtteagcsagttcctgcccfccfcgatfcfctcca 
g ti ct gsceacfcteggsttati cc cgtgaeaggtcafcticagactggcta atgcs cccagtaaggca 
gcggtiatcafccaacaggcfcfcaeccgtctfcaetgfcegggaattcgcgttggecgatfccafctiaatig 
cagafctefcgaaatgag<?fcgt.tigacaatfcaaticaticcgg;ctegfcataatgfcgfcggaafctgfcgage 
ggataacaafc. tteaeacagga a acagcgccgctgagaaaaag©gaagcggcaotgctcfcfcfcaac 
aattifcafccagacaafcefcgtgfcgggcactiegaccggaattat cgafc fcaa ct fctiatta titaaaaa fc 
fc aaaqa ggfcatatat tiaatig tat cgat tie aa fcaaggaggaa ta aa cca t. g fcgfcgCg acctct ti c 
teaatttacfccagattaccgagcafcaattcccgfccgfctccgcaaactatcagc'caaacefcgtgg 
aatfctcg&atitcetigcaaticccfcgyagaaegaccfcgaaagtiggaaaagcfcggaggagaaagcga 
ccaa&Gtiggaggaagaagfcfccgcfcgcafcgafccaeccgfcgtiagaeaeecagccgc'fcgfcccGtgoti 
gg&gc t gat cgacgatgfc gcagcgeet gggfc ctigaccfcaca aafctti gaaaaaga oaticatiti a aa 
geccti gg aaa aca teg tactgcfcggssgsa&a caaaaagaaeaaat etgacetgcaagcaaccg 
ctotgfcattticcgtctgctgcgtcagcacggtfctcgaggfctit.cte8ggatgtttittgagegttt 
caaggataaagaaggfcggfctiteagcggtgaactigaaaggfcgacgtecaaggccfcgcfcgagcctg 
tafcgaagcgtisfctacctgggttticgagggtigagaacefcgctggaggaggcgcgfcaccfcttfccca 
fccacceacefcgaag aacaacct gaaagaa ggcat fcaata e caaggtifc gcagaa ca agfcg&g cca 
eg c cct gga actgceatiat eaceagcgt ctgcaccgfc et ggaggcacg tti ggfctcctggafcaa a 
fc a egaaeega a a gaa ccgcatca ccagc fc get g ctiggagcfcgge g a age tggafct tt a acatgg 
fcacaga ccctigca ecaga a agagcfcgcaagatict gtccc get g gfc gga c egagafc gggccfc gg e 
fcagca&aetggattfcfcgfcaegcgacegcefcgafcggaagtfctafcfctetgggcaetgggtetiggcg 
ccagacc-cgcagfcttiggtigaatgfcogcaaagctgfcfcactaaaatgtttggticfcggtgacgafcea
tcgatgacgfcgfcatgacgtttatggcaotctggacgaactigcaactgfcfcc.ac©gatgctigfcaga 
gcgcfcgggacgtitaaegcfcafcfcaaGaccGtgccggacfcatafcgaaacfcgfcg'fctitecfcggesctig 
ti a ca sea ccgfc fc aacgacacgti cctiafcfccfcafc fcctga aag ag a astgg tea t a .acaacct gfccct
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Figure 39C

atctgacgaaaagetggcgtgaactftgeaaagccitttctgcaagaggcgaaatggtccaacsaa 
©aaaattatce^sggcttfcetccaagtaectggaaaacgocagcgtttcctcctecggtgtageg 
ctgctggcgcegtct tact ttt eeg tatgecageagreaggaaga catctccgacca cgcgcfcg e 
gfctecetgacagaettocatggtctggtgcg'ttctagckgcgttatctt&cgectgtgeaaQga 
tetggccacetctgsggaggagetggaacgtggegagactaccaattctat.cattagetacatg 
eaeg'aaaacgatggtacoagcgaggaacaygecogeyaagaa.etgegfcaasafcgafcogacgqcg 
&atg$&aaaa$atgaatagtgaac^egtteg©g&ctccsccetg©t.g&etaaag£:gfctcatgga 
aafcegeagtfcaacatggcaagfcgttfccccaotgcacefcacisagfcafcggcgatxigfccfcgggtcgc 
ceag&cfcacgcgac fcgaaaa ecgeatcaa actgetgctgat tgacccstt t cocga ttaacca g© 
tgatgta'fegtcfcaaetgeagcfcggtaqeatatgggaafctegaagct'fctctagaacaaaaactca 
tateagaagaggatctgaatagcgccgtcgaccatcatcatsatcatoafctgagtt'taaaeggt 
©fc©©ag©fctggctgtfcfc.t:ggciggat.gagagaag'afcfctt.eag©sfcgafca©aga-fcfcaaat©agaac 
gcagaagcggtetgataaaacagaatfctgcctggcggeagtagcgcggtggfc-eccacctga©©© 
catgecgaacfc©agaagtgaaacg©cgtag©ge©gatggtagtgtggggt©tcc©©atg©gaga 
gfcagggaacfcgccaggcateaaataaaacgaaaggcteagtcgaaagacfcgggccfcfctegttfct 
afccr^jtefcgtttgtaggfcgaaegfcfceteafcgagfcagg&ea&afcccgccgggagcggat'ttgaaeej 
fcfc g c g aaqcaacg gcccggaggg'fc. ggegggeaggaegeccg cca ta aaetgccaggciat caaat 
taagcagaaggccatcctgacggatggcctfctttgegtttotacaaactotttttgtttatttfc 
feetaaat&eafcfccaaat&fcgtatccgcteafcgi&g&caafcaaccetgafcaaatgefcfcca&taafc

SBO ID NO: IS
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Figure 41A

ceegtcttactgtcgggaattcgcgttggcegatteattaatgeagattattgaagtatttat© 
agggttafctgtcteatgagcggataeatatttgaatgtatttagaaaaataeacaaaaagagtfc 
tgtagaaaegeaaaaaggceatecgtcaggatggcettetgettaatttgatgeetggeagttt 
a fcggegggcg t ectgccogccaeeo tccgggeeg t fegcttcgeaaegt tcaaatecg et eeegg 
cggatttgtectacteaggegagcgttcaccgacaaaeaaeagataaaacgaaaggcceagfcet 
ttegaetgageetttcgttttatttgatgcetggeagttecctactctcgcatggggagacqcc 
acactaccateggegetaeggcgtttcacttctgegttcggcatggggteaggtgggaccaeeg 
cgct&ctgeegcc&ggcaa&btctgttttahcagaccgcttctgcgttctgatttaatctgtat 
eaggctgaaaatcttcteteatecgccaaaacagecsagctggagaecgtttaaactcaatgat 
g atgatgatgatgg tcgaeg gcgetatt eagat ©ct ct tet gagatgagtt t fc tgt tet agaaa 
gctteg&attcacatatggtaeeagetgeagttagaeataeateagetggtt&atcgggaaagg 
gteaateageageagtttgatgcggttttcagtegegtagtctgggegaeeeagaceategeea 
taetggtaggtgcagtgggaaacaegtgceatgttaactgcgatttccatgaaegctfctaggea' 
gcagggtggagtcgetaacgcgtteacgattcatctttttccattcggcgtcgatcagtttacg 
eagfctefcfccgcgggcctgttccfccgcfcggtaeeatcgtfcfctegfcgcafcgtagetaatgatagea 
ttggtagtetcgceacgtteeagetecgeegcagaggtggeeagatcgttgcaeaggcggaaga 
fcaacgeagctagaacgcaccagaccatggaagfceggtcagggaacge&gcgcgfcggtcggagat 
gt.cttcctgafcgcfcggcatacggaaaagtaagacggcgc©agcagcgetaeaccggaggaggaa 
aegetggegttt fcceaggtact t ggagaaagccgggataatfet bgttgttgg accatfc t cgeefc 
ct tgcagaaagg ett fc geaca gfcfccac gccagett ttegte agataggaeag'gtt gtt a fcgaee 
t1 tcfcet 11 caga a tagaa taggaegt gt .cgt taaeggtgt tgtaca gtg ccaggae acscagt 
tteatatagtecggcagggfcgttaatagegttaacgteceagcgetctacagcateggtgaaca. 
gfcfcgeagfctegtccagagtgceataaaegtcafcacaegfceafcegafcgafcegteaccagaceaaa 
cattttagtaseagcttfcgcgscafcfceaecaaaetgegggtc.tggegecatacccagtgcceag 
aaa taa a et fc eeatcaggegg t.cgcgtaca a aa tc ca g ttt g<; fcagces ggceeat ¢: fcegg tee 
a ©cagcgggaeaga tet tgeagetet tt ct ggfcgea gggtctgtaceafcgt taa aa fc cca .get fc 
cgGcsgcfcceageageagctggfcgafcgcggfc-fcctfcfecggtfccgfcatttafcceagga&ecaaegfc 
gectecagacggtgcagacgctggtgatatggeagfeteeagggcgtggcteacfcfcgtfcctgcaa 

• ccfetggtattaatgeettcttteaggttgttcttcaggtgggtgatggaaaaggtaegegcel e 
etc cag caggt t efcea ccct egaaacccagg taagaeget· t ea t a caggetcage aggc efc t g 7 
acgtcBecttteagtteaeegctgaaaecaccttctttatcctfcgaaaegctcaaaaacaxect 
gag&a&cctcgaaaecgtgetgacgcagcagacggaaagaeagageggttgcgtgeaggtcaga 
tttgttctttttgttttegtccagcagtaega.tgttttceagggetttaatgatgtetttttca 
aatttgbaggte&gaeecaggcgatgeacatcgtcgatcagctccagcagggacageggetggg 
tgt et aeacggt tgatcatgcagegaaett ett eetccagfcfc tggtegctt tet cctcea get t 
ttccaettteaggtegttctecagggatfcgcaggaafciegaaatfcceacaggtfctggctgatag 
tttgcggaacgaegggaattatgetcggtaatetgagtaaattgagaagaggtegcacacatgg 
tttafctceteettatttaatega'fcaeattaatatataeetetttaatttttaataataaagtta 
afcega taat teeggt egag tgceeaeaca gat t gtctgat aaa tt gt taaagagcagtgeegc t 
fcegcfcfcfcttcfccagcggcgcfcgttteefcgtgtgaaattgfctatccgcfce&caattqcacacafct
ata egageeggat gat 10 at tg teas ca get ea fc fc tc: a ga a tctggegt aatagcg aagaggee 
cgeaccgafcegcccfcfceceaacagfctgcgcagectgaatggcgaafcggcgecfgatgcggfcatfc 
tt ©fceefc t aegcat et g.t gegg tat fc. t caca ccgeat .at ggtgeaetet cagt a caa fc ct .get©
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Figure 4IB

tga tgccgcatagt fc a agccag ccccgacacccgcca acacecgctg&cg'agefcta gfcaaagcc
ctcgctagafctttaatgcggafcgfctgcgattactfccgccaaetafcfcgcgafcaacaagaaaaage
cagccttt.catgatatafcctcccaatttgtgtagggcfcfcattatgcaegcttaaaaafcaataaa
ageagacttgacctgatagttfcggctgtgagcaattatgfcgcttagtgcatctaacgcttgagt
ta agccgcgcegcgaageggeg fc cggc1t ga aegaafc t gt tagaca tta t1fc gccga efcacct fc
ggtgatctcgcctttcaegfcagfcggacaaattctfcccaactgatctgcgcgcgaggecaagcga
tctfccttcthgtcca&gataagcctgtctagcttc&agtatgacgg$c&g&tactggg£cggca
ggcgctccafcfcgcGcagfceggeagegaeateettcggcgcgattttg'eeggfctactgcgcfcgta
ccaaafcgcgggacaacgfcaagcacfcacatfcfccgctcatcgccagcccagtcgggcggcgagttc
cafcagcgfctaaggttfccatttagcgcctcaaafcagatcctgtfccaggaacGggafccaaagagfct
cctccg ccgct ggaeefcaecaaggeaacgetatgtt ctefc tgctfcfcfcgfceagcaa ga tag ccag
a fc .caa tgt eg ategfc ggctggct egaaga taect gcaag aatgt eattgegctgcca fc tcfc cca
aatfcgcagtfccgcgcttagcfcggataacgccacggaatgafcgtcgtcgtgcacaacaafcggfcga
cttctacagegcggagaatcfcogctcfccfcccaggggaagccgaagfctfcccaaaaggfccg’ttgat
ca aagctcgccg cgt fcgtfctca t caag cefcfcacgg tcacegtaa ccag caa.atcaa fc a fc ca cfc g
fcgtggcttcaggccgccafcccactgcggagccgfcacaaafcgtaeggccagcaacgtcggfctcga
ga fc g geg ct. ega tgacgccaa c fc ace fcefcg&t agfcfcgagt egat. a ct fc eg geg a fc ca ccg ct tc
cc fc ca tgat gtt fcaa cfc fc t gtt fc fc aggg eg set g ccc fc get geg t aaca fccgfc t get get c cat··,
aa ca tcaaacafccgaccca cggcgtaacgcgcfc tgctgcfcfcgga fcgee egaggca tag act gta
cccc a aaa a aaea-g fceafcaapa agccafc gaa aa ccgccac fcgc geegt t a cca ccg cfc gcgfcfc c
eg t caagg fcfc ct ggaccagt fcg cgr.ga gegcataegefc act fcg cat fc a cagcfcfc aega accgs a
caggcfctatgtccactgggttcgtgcctfccatccgttfcccacggtgfcgcgfccacccggcaacct
fc gggca g cagcgaagt egaggea t fc tcfc gfcccfcggctggcgaacgagcgcaaggfc t t cggtcfc c
cacgcatcgtcaggcafctggcggccfctgcfcgtfc<5ttctacggcaaggfcgcfcgtgcacggatctg
cccfcggcttcaggagatcggaagaccfccggccgtcgcggcgctfcgccggtggtgctgaccccgg
atgaagtggttcgcatcctcggfctttcfcggaaggcgagcafccgfcfcfcgtfccgcccagcttcfcgta
tggaaegggcafcgegg atcagtgagggfc t tgeaact gcgggt c aagg a tctggafc fc tegatea c
ggcacgatoatcgtgcgggagggcaagggctccaaggafccgggcctfcgafcgttacccgagagct
tggcacccagcctgcgcgagcaggggaafcta&ttcccacgggfctttgctgcccgcaaacgggct
gt tc t ggt gtt gefcag fc fc tg fc fc -a fc ca gaatcgcaga teegg c t fc ca geeggt fc fcgc egg ct .gaa
agcgcfcatfctctfcccagaa^tgccatgattfctfctccccaegggaggcgfccactggcfccccgtgfc
tgtcggaagctttgatfccgafcaagcagoatcgccfcgfcttcaggcfcgfccfcatgfcgtgactgttga
gctgfca a caagfcfcgfcctcagg fcgfc tcaafcttea tgttctag fcfcgct fcfcgfct fc tacfcggttt cac
e t .g tt c tat fc agg tgt fc aca t gc tgt t ca t c tg 11 a .catfc g fcega t ct g fc t ca t gg tga a cage
t ttgaa fcgca ccaa aa&etcgtaaaag c tctgafcgtatct atet tfctfc tacaccgtt fc teat cfc
gfcgcafca.fcggacagtfcfcfcGcatttgafcatgtaaeggtgaacagttg'fctc'tactfctfcgttfcgfcfca
gtcfctgatgctfccactgafcagafcacaagagccataagaaccfccagatccttccgtatttagcca
gfcafcgtfccfcctagtgfcggttcgtfcgfcttfcfcgcgtgagccatgagaacgaaccafctgagatcata
ettaefcfcfcgcafcgfccacfccaaaaatfcfctgcctcaaaaetggfcgagctgaafcfctfcfcgcagfctaaa
gcatcgtgtagtgttfcttcttegfcccgttafcgfcaggfcaggaatctgafcgtaatggtfcgfctggta 
fctfctgfceaceattcafctfcttatctggtfcgtfcotcaagttcggtfcacgagatccatfcfcgfccfcafcc 
tagfcfc.caactfcggaaaafcca&cgtatcagtegggcggcetegcttatcaaecaccaatt tcata 
fctgctgtaagtgfcfctaaa.fccfctfcacfctafctggt fcfccaaaacccattggfctaagccttfcfcaaact 
ca t ggtag tt at fcfc: t caa gca fcfc a aca t gaacfc taaa fc fc ca t caaggct aat cfc c tat att t gc
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Figure 41C

cttgfc.gagfctttcfetttgtgfctagtfccfcfctfcaataaceactoafc.aaatcofcc&feagagfcatfctig 
ttttcaaaagacttaacatgttccagattatattttetgaatttttttaaetggaaaagataag 
gcaatafcetcfcfccactaaaaactaattctaatfctttcgcttgagaac'fctggcafcagtttgtaca 
ctggaaaatcfccaaagcctfctaaceaaaggattcctgatttccasagttctcgtcatcagcfcct 
ctggttgctttagcta&tacacGataagaattttccctaatgatgttcateatctgagcgtatt 
ggttataagtgaacgatacegtecgttcfctt0cttgfcagggttttcsaatcgtggggtt.gagtag 
t gcca csacag c ataa aatt agettg gfc fe tea tgatccgt fee agfceafcagegac fea at eget a gfc 
teatttgcttt.gaa&acaactaat£cagaeatacatctcaattggtetaggtgattttaateac 
t.ataccsaattgagatgggctagtcaatgataattactagtccttfc'tccttt.gagtfcgtgggfcat 
tfcgfe aaafcfc c tgetagaccttitgctgga&aacttgta aafefcetgc fcagaccctetgtaaattee 
getagaccfctfcgtgtgtttt'fetfcfcgfctfcatafctcaagfcggt.fcafc.aa.t.fcfcatagaafcaaagaaag 
aataaaaaaagataaaaagaafcagatoccagecetgtgtafcaactcsaetaetfctagtcagtfe  .cc 
gcagtafcfcacsaaaaggatgfcog«aaaegcfcgtfcfcgctcct<sfca«aaaaeagaec.fcfcaaaaecet 
aaaggcttaagtagcaccctcgcaagctcgggcaaatcgctg&atattccttttg'tctccgaec 
ateaggcaccfcgagtcgcjtgt.ettttfccgtgacattcagfcfcc8ctgegctcacggc.fccfcggcag 
fcgaatgggggt a aatggeacfc acag g ogeefc fcfcti atggafc fceatgcaa ggaaacta cceafe.aat 
acaagaaaagcccgtcacgggcttcfccagggogfctfctatggcgggtcfcgctafcgfcggfcgcfcatc 
tigacfcfcfcfcfegcfcgtfccagcagtfccctgcccfcctgatttfcceagfccfcgaccaetfccggafe.fcafccc 
cgtgaeaggfccatfccagactggctaatgeaoccagtaaggcagcggtatcatcaacaggctta

SEQ ID NO: 19
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Figure 42

pTrc region
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Figure 43A

V-
ctg gegt.aa t&gcgaa g aggeeegcaeegat egeect fc eeea a cagfctgcgeagcetgaa tggc
gaatggcgecfcgafcgeggtatfcfctefceefctaegeafcefcgtgeggtattfceaeaeegeatatggt
gcactefccagfcacaatctgctcfcgatgcegcatagttaagccagccccgaca&ccgccaacaec
egefcgacgagettagfcaaagcocfccgctagattfcfcaafcgcggafcgttgcgatfcacttcgecaac
tattgegataaqaagaaaaagccageefctfceafcgatafcatcteccaafcfctgtgfcagggefctafct
afcgcacgcfctaaaaafcaataaaagcagaetfcgaeetgatagfcfctggcfcgfcgagcaafcfcatgfcgc
tfcagtge3fccfcaacgct.fcgagfcfcaagscgegecgegaagcggegfccggetfcgaaegaattgfcta
gacattatttgccgactaeettggtga'bctcgccttfccacgtagtggacaaattcttecaactg
afcctgcgegcgaggceaagcgafcettetfcefcfcgfcccaagafcaagcefcgfcetagctfccaagtafcg
acgggctgatactgggecggcaggegctccattgcccagtcggcagcgaeatcattcggegcga
tfcfctgeeggttactgcgetgtaeeaaatgcgggaeaaegfcaagcaetacafcfcfcegefceafcegec
agcecagtegggeggegagfctceatagegttaaggtfctGatfcfcagegcx:fccaaa'tagateetgt
teaggaaeeggafceaaagagfctceteegeegcfcggaeetaecaaggeaaegetafc^tfcctettg
et tt t gfccagcaagat agceagafc caa t gt egat cgfc ggetgget cgaaga tecetgcaagaa t
g fce-a.fc.t gegetgcca11 cfc ccaae tfc geagfc tegegefctagcfcgg a fcaacgccacggaafcga fcg
tcgtcgtgcaeaaeaatggtgacttcfcaeagcgcggagaatcfccgctcfcetecaggggaagccg
a agfc fc fceeaaaagg fccgfc t ga fc ca aagefcegccgegfcfcgfcfc fct a fccaagecfct a eggfc ca ccgfc
aa ecagcaaafccaa tafccae fcgfcgfcggc t tcagg eegeeafc ccae tgcggageegfcaca a at gt
acggeeagcaacgt cggfct eg® ga fcggcgefccga fc ga eg ceaa et accfcctga t a gfc fc gagfc eg
atactfceggcgatcaccgctfcceeteatgafcgttfcaacfcfctgfcfctfcagggcgaefcgcecfcgcfcg
eg fc a aca-tegt fc ge tget cca t a a ea tea aaeafc ega cc «acggegfc aac gege 1t get g et t g
gatgcccgaggcafcagactgfcaceecaaaaaaacagtcafcaacaagccafcgaaaacegeeactg
egcegfcfcaceacegetgegtfceggtcaaggtfccfcggaceagtfcgcgfcgagcgeapKjgctaefcfc
gcafcfcaeag©fcfc&egaaecgaacaggefcfcatgfcccactgggfc.tcgfcgcetfccatccgfctfcccac
ggtgtgegfceaeeeggcaaeefctgggcagcagegaagfccgaggcafcfcfcetgfc.cefcggcfcggcga
a eg agcgcaaggt fctcggfc ctccatgc® fccgfc ca gge a t. feggcggcct tgcfcgfc fcet t etaegg
caaggfcgcfcgfcgcacggafc.ctg&cctggcfcfceaggagafccggaagaccfccggcegfcegcggcgc
fcfcgceggfcggtgcfcgaeceeggafcgaagfcggtfccgcafcecfceggfcfcfctefcggaaggcgageofce
gtfctgfctcgeecagetfcefcgfcatggaacgggcatgeggafcoagfcgagggfcfcfcgcaaefcgegggfc
caaggatcfcggatfctega.tcacggcacgatGatcgtgcgggagggeaagggctceaaggafccgg
gcettg&tgttacccgagagcttggeacce&gccigcgcgageaggggaattaattcccaeggg
fcfcfctgcfcgcccgcaaacgggctgfcfcctggtgttgefcagfctfcgttafceagaatcgcag&fcccgge
'fcfc.eagceggfcfctgeeggefcgaaagegctafctfcefcfcceagaattgecatgafcfcfcttfceeecaegg
g@ ggcgt eae tgge t eeegfc g 1fc gfceggeagefc 11 ga fc fcegat aagc a g eafcegec tg t t teag
g efcgfc ct atgfcgfcgaefc g fct ga gefcg taaeaagfc tg t cfccaggtg t fc eaafctfc ca fcg fcfc. etagt
fc get fc fc g fc tt ta et gg t fc fc cacefcgt fc efcatt aggfcgt fcaca fcgcfcgt fc cafcefcgfc fc a ea ttgt
cgafccfc.gfcfccatggfcgaacagetfcfcgaatgcaecaaaaacfcegtaaaagetctgatgfc«fcctafc
cfcfcfcfctfcaeacegfct.fcteafccfcgfcgcatafcggacagfcttfccecfctfcgafcafcgtaacggtgaaca
gfctgfctefcacfctfcfcgtfcfcgfcfcagfcetfcgatgcttcacfcgafcagataeaagageeafcaagaacGfc
ca gat ccfctccgfcafct fc agecagtafcgfcfcefcctagfcgfcggfc tegt fc g fctttfcgegfcgagccafc.g
aga.acgaaccafctgagatcatacfctacfcttgcatgfcc3ctea.aaaatttfcgccfccaaaacfcggfc
gagctgaafcfcfctfcgeagfcfcaaageafccgfcgtagfcgttfcfcfccfctagtccgfcfcatgtaggfcaggaa
fc s tgafc g fcaatggfcfcg tfcgg t a fcfc fc tgfceaccafcfcc at fc t t t a fcctggfctgfcfc et caagtfc egg
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Figure 43B

ttacfgagatccatfctgtcfcatctagtfccaactfcggaaaat.caacgtatcagtcgggcggcctcg
cfctafccaaccaccaafcttcatatfcgctgfcaagfcgfcfcfcaaatctfctacttatfcggfcfctcaaaacc
cat tgg fctaagcet tt taaa ctcafcggt agfctat 11 fccaagcafctaacafc.gaacfctaaat  fc cat
eaaggcfcaatctctatatttgccttgfcgagfcfcfctctfcfcfcgtgttag^fccttttaafcaaccactc
ataeatcctcsatagagtatttgfctttca&aagactfcaacatgttccagatfcatat'tttatgaet
tttfcttaactggaaaagataaggcaafcatctcttcacfcaaaaactaatfcctaafcfcttfccgcttg
agaacfctggcatagtttgtecaetggaaaatctcaaagcettfcaaccaaaggattcctgattte
caeagttetcgfccatcagctctctggttgctttagctaatacaecataagcattttccctactg
at.gfcfcc@tcatcfcgagegtafctggfcfcataagtgaacgafcaccgtccgt.tcttfccctfcgtagggt
ttteaatcgfcggggtfcgagtagtgccacacagcataaaafctagcfcfcggfcfctcafcgctccgfctaa
gtcafcagcgactaatcgctagttcatfctgcfcttgaaaacaacfcaattcagacafcacafccfccaafc
tggtctaggtgat fc fctaat cact ata cca-at tga g a tgggctagt caatgata a tfcacfc agt cc
fctttcctfcfcgagttgtgggtatctgfcaaattcfcgefcagaecttt.gctggaaaacfcfcgtaaafcfc©
fcgctagaccctctgtaaafcfceegctagacctfcfcgtgfcgfcttttttfcgfcfctatafctcaagfcggfct
ataatttafcegaataaagaaagaafeaaaaaaagataaaaagaatagafccccagccctgtgtafca
a ct cact a ct fct agtcagttccgcagtat tacaa aagga fc gfc cgcaaacg©fc .g 11 fcgttcct cfc
acaaaacagaccttaaaaccctaaaggctfcaagtagcaccctegcaagcfccgggcaaatcgcfcg
aatatfccettttgfcctccgaecstcaggcacctgagtcgcfcgfccttfcttcgtgacafcfccagttc
gctgcgcfccacggcfcctggcagtgaatgggggtaaafcggcactacaggcgccttfcfcatggafcfcc
atgcaaggaaacfcacccataat acaagaaaagcccgfcc&cgggct tctcagggcgttfctafcggc.
gggtetgctatgtggtgctatetgactttttgctgttcagc^gttcctgccctcfcgafcfctfccca
gtctgaecacttcggattateccgtgacaggtcattcagactggctaatgcacccagtaaggca
geggfcafccateaacaggetfcacccgtettactgtegggaafctcgegfcfcggccgatteattaatg
cagattctgaaatgagctgfcfcgacaafcfcaatcatceggcfccgtafcaafcgfcgfcggaafctgfcgagc
ggafcaacaatfctcacacaggaaacagcgccgcfcgagaaaaagcgaagcggcarcfcgctefcfctaac
aatttafccagacaatctgtgfcgggcacfccgaccggaatfcatcgafctaacfcttattattaaaaat
fcaaagaggfcatafcafctaatgtatcgatfcaaafcaaggaggaafcaaaceafcgtgfcgcgaccfcc'fcfcc
tca&fcfctaefccagatfcaecgagcataatfceccgfccgtfcccgcaaactafccageeaaaecfcgfcgg
aafetfccgaattccfcgcaafccectggaga&egaccfcg&aagfcggaaaagctggaggag&aisgcga
ceaaactgg&gga&ga&gfctcgctgcatgafccaaccgfcgtagaeaeecagccgctgtccctgct
ggagctgafccgacgatgfcgcagcgcctgggfccfcgaccfcacaaafcttgaaaaagacatcatfcaaa
gcccfcggaaaacatcgfcactgcfcggacgaaaacaaa aagsacaaatcfcgaccfcgcaegcaaccg
etcfcgtctttccgfccfcgct.gcgtcagcaeggfcfct.cgaggfc.fcfcctcaggatgfcttfctgagcgfcfcfc
taaggataaagaaggfcggttteagcggfcgaactgaaaggtgacgfcccaaggcefcgefcgagccfcg
tafcgaagcgtcttaccfcgggttfccgagggtgagaaccfcgcfcggaggaggcgcgtacctfcfcfccca 
teacceaccfcgaagaacaacctgaaagaaggcafcfcaataccaaggtfcgcagaacaagtgagcca 
cgccct ggaactgccafcatca ccagcgfcctgicaccgfccfc-ggaggca cgt fcg gt tccfcggafcaaa 
tacgaaccgaaagaaccgcatcaccagcfcgctgetggagefcggogaagetggatfctfcaacatgg 
fcacagaccctgcaccagaaagagcfcgcaagafcctgtcccgcfcggfcggacctgagatgggcctggc 
tagcaaa ctggat ttt gfcaegega ccgcct gat gga agfctfcafc fct cfcgggcactgggta fc ggcg 
ccagaccegcagtttggfcgaafcgfccgcaaagcfcgtl&cfcaaaatgttfcggfcetggfcgacgafcca 
fcegatgacgtgtatgaegttfcatggcactetggaegaactgcaaetgfcteaecgatgetgt aga 
gcgefcggga©gfctaacgcfc»fcfc.a«cac©cfcge©gga©fcatatgaaaefcgfcgfcttccfcggcactg 
fcacaacaccgfcfcaacga.cacgfccefcatfcctafcfccfc.gaaagagaaaggfccataacaaccfcgtcct
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Figure 43 C

at ctca cgs aa ag ct ggegtgaa ct gtgc&aagcet t t.c t gcaaga ggcg a aa fc gg tecaacaa 
ca aaatitafceceggetfctctccaagtaccfcggaaaaegceagcgfcfc  fcaeteetecggtgfcagcg 
etgetggegcogtcttacttttccg tatgccagcapcayg aagacafcctecgacca•cgegetgc 
gt tecctga ©cgact tccatggtcfcggtgcgttctagefcgcgfctatc1fcccgcctgtgeaaega 
tetggccacctetgcggeggagetggaaegtggcgagaetaecaattetatcattagcfcacatg 
eacgaaaacgatggtaecagcgaggaacaggcecgcgaagaactgcgtaaaetgatcgacgccg 
aatggaaaaagatgaatcgtgaaegcgfctagcgactcoaecetgatgcctaaagcgfctcatgga 
aatcgcagttaaeafcggeacgtgttfccccacfegcacctaceagtafcggcgafcggtcfcgggfcege 
ccag&ctaegegacfcgaaaacegcatCM&efcg©fcgcfcgafcfcgaccefcfcfccccgattaascage 
fcgafcgtatigtictaacfcgeafcegcecttaggaggfcaaaaaaaaatgactgccgacaacaatagta 
tgeeccat g gfcgcagfca tetagtt a cgocaaafct agtgcaa aa ecaaaeacct g aagaca tt 1t 
ggaagagfcfctcctgaaafcfcattceatfcaeaacaaagac«ttaafc.aaccgatctagfcgagaGgtca 
aatgacgaa&gcggagaaaeatgtfcfcttetggtcafcgatgaggagcaaafctaagttaatgaatg 
aaaattgtattgttttggattgggacgataatgcfcattggtgecggfcacseaagaaagttfcgtca 
tttaatggaaaat&itgaeaagggtttactacatcgtgcattetccgtctttattttcaatgaa 
c&aggtgaafctacttttacaacaaagagccactgaa&aaataactttcGctgatctttggacta 
acaea fe gcfcgctofccatceaetafcgtattgat gaegssfc taggfc fc fcgaagggtaagetagaega 
taagattaagggcgetatfcact.gcggcggtgagaaaactagatcatgaattaggtattceagaa 
gafcgaaactaagacaaggggfc aagti1fccacfctttfcaaacagaatccatfc acafc ggcaeeaagca 
atgaaccatggggtgaacatgaaafcfcgafcfcacatcctattttataagafceaaegetaaagaaaa 
cttgacfcgtcaacccaaacgtcaafcgaagfctagagact'fccaaafcgggtttcaccaaatgafctfcg 
aaaacfcatgtttgcfcgacceaagfcfcacaagfctfcacgccfctggfctfcaagattattfcgcgagaafcfc 
acfctafctcaactggfcgggagcaafctagafc.gacctttctgaagfcggaaaafcgacaggcaBattca 
fcagaatgefcataacgacgcgfccctgcagctggfcaccatatgggaafcfceg aagctttefcagaaeg 
aaaaefccafcctcagasgaggatcfcgaatageyeegfcegaccs test cateatcateafctgagfcfc 
fcaaacgyfcctccag'cttgyGfcg'fcfcttggcgqafcgagagaagafcfcfcfccagGCfcgatacagat.taa 
ateagaacgcagaagcggtctgata&a&eagas t tt gcctggcggc&gtagegcggtggtceca 
cctga.ceccatgecg&acteagaagfcgaaacgcegtagegeegatggfcagfcgtggggtefccccc 
atgegagagtagggaactgceaggcatcaaataaaaegaaaggefccag tegaaagactgggect 
ttcgttttat ctgfctgfcfcfcgtcggtgaacyctc’fccctgayfcaggacaaafcccgccgggagcgga 
fcfctyaacgttgcgaagcaacggcccggagggfcggcgggcaggsccgcccgGcafcaaacfcgccagg 
ca fc caaattaagcagaaggceat cctgaeggafcggcctttfctgcgttfcetaeaaact«ttt fcfcg 
tttatttfckcteaat&eattcaaatatgtatccgetcatgagaeaata&tcctgataaatgett 
caataafc

SEQ ® NO:2b
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Figure 45A

5+-
c»ssxj fc ct fcactg tcgg gaatXcgcgtt ggcGgat teat taatg ca g at fc s11 gaagcatt tafcc
agggt-tattgtctcatgageggataeatafcttgaatgt&t.thaga&aaataaaeaaaaagagtt
tgtagaaaegeaaaaaggceatccgtcaggatggccttefcgcttaatttgatgcctggcagttt
atggagggcgtccfcgcccgccaecctcegggeegtfcgcttcgcgiaegttcaaatccgctcecgg
cggatttgtcctactcaggegagegttcac<^aeaaacaaeagataaaacgaaaggcceagtet
ttegaetgagcctttogttttatttgatgscfcggcagttcectactetcgcatggggagaccce
acactaceateggcgctacggcgttfccacttctgagttcggcafcggggtcaggtgggaccaccg
eg© ta ctgecgccaggcaa at tctgt tt tat cagacegctt ct gegtt .ct gat tt a a fcctgta t
caggetgaaaatcttctctc,'ateegceaaaacagc©aagetggagaecgtttaaaetcaatgat
gatgafcgatg a fc ggt egaeggegetat teagat octet tetgagatgagtt tfctgt t et agaaa
gctfcegaattc^catatggtaccagcfcgcagttatgecagecaggccttgattttggettceat
accag{^g©at©gagge©gagttegg©gegcatttettcetgagttcettgcggastaaaga&g
teeggcaggecaatgtt cagcacgggtact ggt tt a ega t gggcca fc cageact t cgt fc caege
egctgectgcgccgciccataatggcgttttcttctacggtgaccagegcfctcatggefcggcggc
cat11Gcagaafcfcaacgcttcatcaa geggttteaeaaa aegcafcatcgaceagegtggcgttc
agcgattcggcgactttcgccgctfcctggcatcagcgfcaccaaagfctaaggatcgccagtfcfcct
cgcca egaegefct cacaafc geefct fc geeaa t tggfc® gfc ttt tcca gegg egfcea g fc t ccaegee
gaccgcgtfcgccaegcgggtagcgcaeegctgacgggccatcgttafeagtgatagceggtatag
agcatctggegaeattcsgttttcategctcggggteataafcgaccatttceggtatgcagcgca
ggt a a gagagatcaaaageaceet gatgg g fcttgaccgteagca ccaac aat gcccgcgcggtc
gatggcgaaeaggaceggaagcfcttfcgaafccgceacgfccatgcagcaecfcgateafcaggegcgfc
t gcaggaaagtggagfcaaat egega caatgggtfctg tacccaccsateg ccagae csgcagcaa
aggtcaccgcgtgttgetcggcaaftgccacgtcgaagtagcgatccgggaatttaegtgaaaa
ctcgaccat;gccggaaccttcacgcatcgccggagtaatcgccatcagcfctgttgtcttfccgct
gccgfctfccgcaca&ccagtcgecaaagatfctfctgaafcagefceggcaaaeegeegafeaetttfccg
gcaaacaaccgctggagggatcaaafcttaggcaeggcgtggaaagtgatcgggfcctttttcfegc
cggfcfccstaacca©gacctfctfcfctggfc©atgatafcgc«ggaactg©gggcetfct©aggtcgcgo
atgttctttagegfcggtgataagccccagcacategtgaccgfcccacegggcegatgtagtfcaa
agcceagetcfctc&aacaacgfcg'ccaggeacfcaecafcgcefcfctaafcatgtfcettcggfcgegfctfc
gag eaget ctfcfca at tgg © ggcacgecagagaaaact tt 11 fceccgect t egeg cagt gaagag
taaagettaccggaaagcagctgtgccagatggttg'fctgagegcgccgaeafctt.fceggaaatcg
acatttcattgtcgttgagaatcaccageatatcaggacggatatcgcccgegtgattcatcgc
ttcaaacgccatgecfcgcggtaatcgcgeeategeeaatgacaeagacggtgcggegattfcfctg
ccttctttttcggcageaaccgcaataccaattccggeaetgatggaggttgatgaatgeccga
egefct aat aegt eatafct eget t tcgccgcgceacgggaaeggg tg ©agaccgcctttct gacg
gafcggfcgcegafcfc.fcfcgfccgcggcgfcccggtcaaaatfc.ttafcgcggafcaagectga.fcgcccca.ca
fc.ee caaatca at tggteaaa egg gg fc g fc t gtag&eatag fcgcagcgeca egg tea gfc fcega ecg 
tgcccageccggaggcgaagfcgccegctggaacggeteacgcfcgtegagtaaafeagcggcgcag 
fctcgfccgcagagfcfcfccggtaaactefccfcfcfccggcaaeagfccgfc&acfcectgggfcggagtcgace 
ag t gccagggt cgggtat 11 ggca a fcatcaaaaet ca fcg ttt ft 11 .a cc t cct aa ggg egaatg 
cag ttaga eat ata fccagcfc gg fc fc a afccgggaaagggtcaatca gcagcagt ttgatgcggttt 
tea g fccgcgtagtefcg gg ega c cc a gacea fc eg c cat act gg t ag g t g ca gt ggga a a ca cgt. g 
cca fc gt t a a ctgcgat tt eca fcgaacgc fcfctagg ea g ca gggt gg ag t cgct a a cgcgfcfc cac g
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Figure 45B

atteatetttfetccattcggegtcgatcagtttacgcagfctctfccgcgggoatgttcctegctg
gtaccatcgttttcgtgcatgtagotaatgatagaafetggtagtctcgecacgfctccagctccg
csogeagaggtggccagatcgttgcacaggc^gaagataacgcagctagaacgcaccagaoeatg
gaagfccggfccagggaacgcagcgcgtggtcggagatgtcttcetgctgctggcatacggaaaag
taagacggcgccagcagcgctaeaecggaggaggaaacgotggegttttceaggtacttggaga
aagecgggataatfcttgttgttggaccsatttegcctcttgcagaaaggctttgcacagttcaeg
ccagctfcttcgtcagataggacaggttgtfcafcgaccfcttctcttfccagaatagaataggacgtg
fcegtta&cggtgttgfcacagtge©Bggaaaeacagtfctcatatagtccgg«agggtgfcfc«afcag
cgt fcaa ©gfcccoa gcgct ctacageat cggtgfaaoag fc tgcagt teg tccagag fcgccafc saac
gtcatacacgtc&tcgatgatcgtcaccagascaaacattttagtaaeagetttgcg&cattca
ccaaaetgcgggtctggcgceataeccagfcgcocagaaataaacttccatcaggcggtcgcgta
caaaatccagtttgctagccaggeecatctcggteeaccagcgggacagatcttgcagctettt
ctggtgeagggt^gtacc&tgttaaaatccagcttc^ccagctceagcagcagetggtgatg©
ggtt©tfc fccggfctcgfcatfctafccqaggaaecaaegtgdctccagaeggtgeagacgcfcggtgat
atggcagfctecagggcgtggetcacttgfetefcgcaaecfefcggtattaatgcefctctfctcsggtfc
gtt ©fc tea ggtgggt gat ggaaaaggt aeg cgcctcct ©cages gg fctet cacocfcoga a accc
a ggtaaga egett ©a tac a gget ©ageaggeet tggacg teaccfc ttcagfc fc ©aeege t g a a a ©
cBccfctcfcfctafcccfcfcgaeacgctcaaaaacatcetgagaaacctcgaaaccgfcgetgacgcag
©agaoggaaagaeagagcggfctgcgfcgcaggfccagafcfctgfctcfcttfcfcgttttcgtocagGagt
aegatgfctfcfcceagggettfcaatgstgfcctttttcaaafcttgtaggfccagacecaggcgctgca
categtcgatcagctccagcsagggacagcggctgggtgtctacacggttgatcatgcagcgaae
fcfcctfccct©cagtfcfcggtegefcttctcctecag©fctfcfcecactttcaggtcgttcfcccagggat
tgcagg&afcfccgaaatfcccacaggfctfcggctgafcagtttgeggaacgaegggaattafcgefccgg
fcaafccfcgagfcaaafctgagaagaggfccgcacacafcggtttafcfccctocfcfcatfctaatcgafcacat
fc aat afcafca cct et. fc £a a 11. t.t fc a afca ataaagt fc aa fc ega fc aa 11 ccqgtrazag fcgcccacac
agattgt«t.gafcaaattgttaaagag©agtgc©gctfccgcttt.ttcit€»gcgg©g'©tgtfcfcect
gtgtgaaatfcgfctateegetcaea attccacacattafcaegagccggatgattaatfcgtcaaca
g cfc cat 11 ecs g aa t cfc gg cgt aa fc a gc g&aga ggeccgcac eg® fc©geccfc t ccca?. ca g 11 gc 
gcagectgaafcggcgaatggcgcctgatgsggtafctfcfcctccttacgcsfcefcgtgcggtafctfce 
a ea ccgca feat ggt gcac fc <;tcagfc aeaafcctgetcfcgatgeeg o sst agfcfc&agecsgecccga 
cacccgccaa©acccgctgaegagettagtaaagcccfcegetagatt  t t a afcgcggafcgtfcgcg 
sttactfc©ge©as.«fcattgcgsfcaaca.agaaaaag©eagc©ttfccat:gatatatetcccaattt 
gtgtagggctfcatfcat.gca©gctfcaaaaafcaataaaagcagacfctgacctgatagtfcfcggctgt 
gag©aattatgtgctt.ag'tg©at©t.aa.©g©tfcgagtfcaagc©gcgecg©gaagcsggcgtcggct 
fcgaacga&ttgttagacafctatfcfcgccgacfcaeefcfcggfcgafcctcgecttteacgfcagtggaca 
aattettccaaetgatctgcgcgcgaggecaagcgafccttcttctfegtceaagatasgeetgt© 
tagctfecaagtatgacgggcfegatactgggecggcaggcgctceatfegcccagtcggeagcgac 
atcctfccggcgegafcfcttgecggtfcacfcgcgetgfeacqa&afegegggaeaaegtaageaetaea 
tfetcgctcategceagcccagtcg'ggcggcgagttccatagcgttaaggttteattfeagcgcct 
caaafeagafeectgttc^ggaaccggatcaaagagttcctccgccgetggacetaccaaggcaac 
g ©tatgttetetfegefet fc tgtcageaagatagecagafecaa tg t cgatcgtggctggct egaag 
ataeetgeaagaatgtc@ttgcgctgc<^ttctccaaatfe.gcagtt©gcgcttagefeggataac 
geeaeggaatgatgt cgt egtgea caaca a tggt gaett©tacagcgcggagaatetege tct c 
t ©caggggaagccgaag11t.ccaaaaggtegtfc g afccaa&gctegccg©gfctgfcfctcateaage
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Figure 45C

cttacggteaccgtaaceagcaaatcaafcafccacfcgtgtggefcfccaggcegecafcccactgegg
agccg fc a c«aat gt acggccagca acgfccggtfccg agafc ggcgct cga fcgacgccaactacc fc c
tgatagttgagt.cgataettcggcgatcaccgctteea£catgatgtttaactttgttttaggg
cgae fcgecetge fcgcgt aacat eg fc fc get get cc s fca aca £ caaaca t egaecc a eggegt aa c
gegcttgettgettggatgcccgaggcatagacfcgtacceeaaaaaaacagteat.aaeaagccafc
gaaaaecgccactgcgccgttaccaccgctgcgfcfceggteaaggttctggaecagttgcgtgag
cgcatacgctacttgc^ttac&gcttaegaaecgaacaggettatgtecaefcgggttegtgcet
tcatccgttfcccacggfcgtgcgtcacccggcaaecttgggcagcagcgaagtcsgaggcatttefc
gtcctggctggcgaacgagcgeaaggtttcggtcfccsacgcatcgtcaggcattggcggccttg
ctgttetfcctacggcaaggtgetgtgcaeggatct^cctggctteaggagatcggaagacctc
ggeegtegcggcgcttgceggtggtgctgaccccggatgaagtggttegeatectcggtttfcefc
ggaaggcgagcategtttgfcfccgcccagcttefcgfcatggaaegggeatgcggateagtgagggfc
ttgeiiaefcgcgggte^aggatet^gafctfcegafceacggcacgatcatcgfcgegggagggcaagg
gcfcecaaggafccgggeettgatgttaccegagagcttggcacccag'ccfcgcgcgageaggggaa
t fcaa C fceccacgggfcfc t tgicfcg eccgeaaaegggct gfct ctggtgt fcgcfcagt t tgfcta fc caga
afccgcagatccggcfcfceagceggtfctgccggcfcgaaagcgetafctfccttccagaattgccafcga
fcfc fc t fcfc ccc C5ac-gggaggegtea ctggefc cceg tgtfcgt cggcagc fcfc fc g attega taa gcag c
afcegcetgfcfctcaggcfcgtcfcafcgtgtgaetgtfcgagctgfcaacaagttgfccfccaggfcgtfcc&a
fcfcfc eat gfcfcctsgfefcgettfcgtfcfctaefcggfcttcaccfcgt'tefcattaggfcgtfcacatgctgfcte
atcfcgtfcacafcfcgfcegatctgttcafcggtgaacagcfcfctgaatgcaccaaaaacfccgtaaaage
tefcg at gt a fcet a fce fcfc fcttfcacaecgttfc tea fcetgtgeatatggaca gfc 1t1 ecctt fcg afc a
fcgfcaacggfcgaacagfcfcgfcfccfcaetfcfcfcgfcfcfc.gfcfcag-fccfcfcgatgcfcfccacfc.gatagatacaag
ag ecataagaacctcagatecfcfcecgtattfcagceagta fc .gfcfccfcetagfcgtggtt cgttgfcfcfc
t'fcgcgfcgagccstgaga.aegaaacafcfcgagafccafc8sttactttgc&tgt.cactcaaaaa  fcfc fcfc
gect rata a a cfcggfcga g etgaa fc fcfcfcfcgeagt t aaagca fccgfcgt agtg fc fc fcfcfc-ett agfcccgt
fcafcgfcaggfcaggaafccfcgatgtaafcggttgfcfcggfcafcttfcgtcaacatfceattfctfcatcfcggfct
gtfc etea agt fceggfcfca egaga fcceat t tgfc et atctagttcaacttggaaaa t caaog t a fc ca
gfc egggeggecfccgcfct a teas ccaocaa fcfc fc ea tatfcgct gfca agfcgt fcfc a aatx t ttaetta
fctggfcfcteaaaacceatt.ggttaagcetfcfefcasacteafcggfcagtfcafcttte»&gcattaacat
gaactta&afcfceafceaaggetaatctetafcatttgecttgtgagfcfcfcfcctfc'ttgtgttagfcfcet
t.tfcaataaccaefceafcaaatc«tcatagagtafctfcgtfctfccaaaagaet'taaeat.gttccagat
tatattt&atgaatfcttfcttaaetggaaaagataaggcaatatct.ettc3:c&a&aaactaatte
fcaat fcfcfc fc egefc t gaga acttggeatagtt t gfc ccacfc ggaa aafcet caaagccfct't'aaecaaa 
ggattecfcgat.fctccacagfctctcgtcatcagefcctefcggttgctfcfcagctaafcacaccataag 
cattt fceec tac fcgafc gtteafc cat efcgagogta ttggt fcafcaagtgaacgatacc gtecgtfcc 
fc fc tccfcfcgtagg gfc fcfc. fc caategfcggggtfc g agtagtgccacaeageafcaaaatt aget fcggtfc 
teat get ccgfct aagt eatagcgacfcaafccgcfc agfctca t fctgc fcfc tgaaa acaact aattcag 
acatacatctc&attggtctaggtgattttaatcactataecaatfcgagatgggcfcagtcaatg 
ataafctacftagfccetfcfcfcccfctfcgagttgfcgggtatetgtaaafcfccfcgetagacefcfcfcgefcgga 
&aactfcgtaaattcfcgctagacecfccfcgtaaatfccegefcagacetfcfcgtgtgtttfctfc.fcfcgttt 
atattcaagtggttataafctfcafcagaataaagaaagaataaaaaaagataaaaagaatagatce 
eagcccfcgfcgtafcaacfceaefcaefcfcfcagfccagtfcccgcagfcatfcacaaaaggatgfccgcaaacg 
etgfcfcfcgefcectcfcaeaaaae&gaectfcaaaacccfcaaaggcfctaagtegcaccctcgeaagcfc 
©ggg ca aa t egetga atattcctfc fc fcgt c fc ccgacca t caggca eotgagfceg efcgfcct fc fc fc t c
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Figure 45D

cct'&ttatggattcatgcaaggaaaetaceeataatacaagaaaagcccgtcacgggcttctca
gg’gegttttatggcgggtctgetatgtggtgctatc^gaetttttgctgttcagsagttcctge
cctefegattttccagfcctgaccactteggatfca-tcccgfcgaeaggtcattcagacfcggctaatg
©acceagtaaggcagcgg'tatcatcaacaggctta

SEQ ID NO :21
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Figure 46A

O)
3
Φ
C
£

Q.
O
(/)



WO 2010/148256 PCT/US2010/039088
106/328

Figure 46B
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Figure 46C
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Figure 46D
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Figure 46E
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Figure 47A
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Figure 47B
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Figure 47C
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Figure 47D
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Figure 48A
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Figure 48B

830 g 
538 g 
134 g 

-*-70 g



WO 2010/148256 PCT/US2010/039088
116/328

Figure 48C
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Figure 49A
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Figure 49B
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Figure 49C
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Figure 50

aprE promoter
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Figure 51A

tcasctgcgctcggtcgttcggctgcggcgagcggtatcagctcactcaaaggcggtaatacggt
tat ccacagaa t caggggataacgcaggaaagaa cat gtgagcaaaagg ccageaa sag g ccag
gaaccgtaaaaaggccgcgttgctggcgtfetttccataggctccgeccccctgacgagcatcac
aaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagataccaggcgtttc
ecce:tgga.agctccctcgtgcgct«!fccctgtfc.ccgaccctgccg<3tfcaccggatacctgtccgc
ctttctcacttcgggaagcgtggcgcfcfctctcatagctcacgctgtaggtatcfccagtteggtg
fc a ggt cgttcgct ccaagct gggc fcgfcg tgv <acg aaccceecgttea g eccga cegctg egeefc
t atccggtaa ct ategtetfc gag fcccaa cccggt a agaca egaetta t cgcca c tggcagcag c
cactggfcaacaggattagcagagcgaggtatgtaggcggtgetacagagfctcttgaagtggtgg
cetaacfcacggefcacsetagaagaaeagtatttggtatctgcgcfcctgctgaagccagttacet
fc eggaa aaa gag t fcggfcagetcfcfegateeggeaaacaaa cca ecg etggtagcggtggfcfcfc ttt
t. gtttgcaagca gcagattaegegea gaaa aaa aggatetca aga aga fccct tfcgafc ct fc fc tc fc
aoggggtcfcgacgctcagtggaacgaaaacfccaogttaagggattttggtcatgagattatcaa
aaaggatefct.ee cct agatcettttaaattaaaaatgaagttttaaateaatctaaagtatata
fcgagtaaactfcggfccfcgacagfcfcaccaatgcfcfcaatcagtgaggcacctafceteagcgafcctgfc
cfcatttcgttcatccat&gfctgectgactccecgtcgtgfcagatsactacgatacgggagggct
fcaecat ctggccccagtgcfcgcaafc gafcaccgegaga cccacgctcaccggctccagafct tate
agcaataaaccagccagecggaagggccgagcgcagaagtggtactgcaactttatccgcctcc
atccagtctattaattgttgCcgggaegetagagtaagtagttcgccagttaatagtttgcgca
acgfctgttgcc&tfcgcfcaeaggcafccgfcggtgtcacgctcgtcgfcfctggfcafcggcfctcafctcag
ctceggtfccccaacgafccaaggcgagttacatgatcccccatgttgtgcaaaaaagcggttagc
tecttcggtcctccgatcgttgfecagaagtaagttggcegcagtgttatcactcatggttatgg
c&geacfcgcataatfccfcefctactgtcafcgecatccgtaagafcgctitttcfcgtgacfcggtgagta
etcaa ccaagt cattetgaga atagtg tatg eggeg a eega g £ tgct-cfctgcccggcgt caa t a
cgggataat'accgcgccacafcagcagaactttaaaagfcgct-catcattggaaaaegttetfccgg
ggcgaaaactcfccaaggatcttacegcfcgtfcgagatccagttcgatgtaacccactcgtgcacc
caactgatcfcfccagcafcctttfcactfctcaccagcgttfccfcgggtgagcaaaaacaggaaggcaa
aa fc g c eg ca aa a aaggg a at a a gggegaca eggaa at g fc fcgaa tact cat, actctfc cc t: 11 fc t c
aatattattgaagcafcfctatcagggttattgtctcatgagcggatacafcatttgaatgtattta
gaaaaataaacaaataggggfctccgcgcaeafcttccccgaaaagtgccaectgaegfccfcaagaa
aceattattatcatgaeafctaaccfcataaaaataggcgtatcacgaggcectttcgfccfc.cgcgc
gttfccggfcgatgacggtgaaaacctetgacaeatgeagctcecggagacggtcacagcttgtct
gtaageggatgccgggagcagacaagecegtcagggcgcgfceagcgggfcgttggcgggfcgfccgg
ggctggcttaactatgeggeatea gageagattgtactgagagtgeaccatagafcatggagctg
caa tataaaaacctfc ct tea a ct aa cggggcaggttagtgacattaga&aaccgacfcgfcaaaaa
gtacagtcggcatta tctcatafctafcaaaagccagtcattaggcctatctgacaatfccctgaat
aqagttcataaaceatcctgcatgataaccatcacaaacagaatgatgfcacafcgfcaaagatagc
ggfca&afcafcafcfcgaafcfcacefctfcattaat.gaafct'fctcet.gctgti&afc&atgggt.agaaggfcaafc
tacfcafctafctattgatatttaagttaaaeccagtaaatgaagtccafcggaataatagaaagaga
aa aagcatt ttcaggta taggt gt tt tgggaaacaat fc £ ccccgaa ccat fc atatt t .estet aca
fccagaa a$jg t.ataa at cat aaaactct tt gaagt cat Lett t acaggagtccaaafcaccagaga
atgttfctagatacaceatcaaaaattgtataaagtggcfectaactfeatcccaafcaa cctaaetc
tccgtcgctattgtaaccagttctaaaagctgtatfctgagtfctatcacccttgfccactaagaaa
ataaatgcagggtaaaatttatatccfctcttgtttfcatgtttc

aaaggatefct.ee
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Figure 5 IB

ggtataaaacactaatatcaatfctctgtggttatactaaaagtcgtttgtfeggttcaaataabg
atfcaaabatetefetfctctetfceeaatfcgt etaaatcaatttfcattaaagttcatttgatatgec
toetaaatbfctbafccfcaaagtgaa1tfcaggaggefctacttgfc  ctgetttctteatfcagaatcaa
fccctfctttfeaaaagtcaatatfcacfcgfcaaeatsaatatafcafctfcfcaaaaatatccceefcfctsfcc
caattttcgtttgttgaactaabgggtgetttagbtgaagaataaaagacctatgcggbgtg&a
ataeegcaeagafcgcgtaaggagaaaataccgcatcaggegeeattcgccafctcaggctgegca
aetgttgggaagggcgateggbgegggectcttcget&fcfcacgccagetggcgaaagggggatg
t get geaaggegatfc aagttgggta acgcca.gggt 11 beecagt caegacgfc fcgt aaaaegacg
gecagtgecaagcttgcatgccbgcacfcccattttetfccfcgetateaaaataacagactcgtga
btttccaaacgagctbtcaaaaa&gcctctgcceetfcgcaaatcggafcgeetgtctafcaaaatt
cccga t at tggt t aaaeagcggcgeaa tggcggcegeatetgatgtet t tgcfc t ggcgaa tgfc t
eatettafcttettectcectctcaataattttttcafctcfcatecettttctgtaaagfctfcattt
tfceagaataetfcttafceatcafcgGtfcfcgaaaaaafcafccacgataatatecattgtfc.ofceacgga
agcacacgcaggtcatfctgaacgaatbttttsgaeaggaatttgccgggactcaggageattta
aeetaaasaagcafcgaeafcfcfccageataatgaacatfctaeteatgfcctatbtfccgttetfe.ttct
gtatgaaaafcagttattfctgagtctetacggaaafcagegagagafcgafcatacGfcaaatagagafc
a aa a tea te t casaaaaat gggtcfcactaaaatattatt ecatct att acaataaatfccacaga
a tagtettfcfc aagtaagtetactctgaattttttt a aa aggagagggtaaagagtg&sa&cagt
agttattattgatgcattaegaacaccaattggaaaatataaaggcagcttaagteaagfcaagt
gecgtagacttaggaacacatgttacaacaeaaettttaaaaagacattecactatttctgaag
aaattgabcaagtaatetttggaaatgttttaeaagctggaaatggccaaaatccegcaegaca
aafcagcaataaacagcggtttgtefccatgaaafcteccgeaatgacggttaatgaggfcctgcgga
tcaggaatgaaggcegttattttggcgaaacaa tt gs fctcaatfcaggagaagcggaagbttfca a
ttgetggeggga11gaga .atatgtcccaa gcaccfcaaatfcaeaa egfctttaattaegaaasags
®agebaegatgegce.tttttctagtabgatgtatgatggattaacggatgectfctagtggtcag
gca at ggg cfcfca a ctg c tgaaaa t gt gg ccgaa aagta fccsatg taact a gaga a gagcaagafe c
aafcfct.t.ctgtaeattcacaattaaaagcagetcaagcacaagcagaagggafcafctcgctgacga
aatagaeccattaga.agtatcaggaacgetfcgfcggagaaagatgaeiyggafcfccgeccfcaat.tcg
agegttgagaagctaggaa«g«tfcaa.aacagfcttttaaagaagRcggfcactgtaacagcagggs
a t gca tea a ccattaa t ga tggggcttctgcfc fc tga fctatfcgcfctca eaagaat atgeegaage
acacggfccttccttatttagctatfcattcgag&eagtgfcggasgt.cggtat’fcgafcccagcct'at
atgggeatttegccgattaaagfccabtcaaaaactgttagegcgcaateaacttactacggaag
aaattgatctgtatgaaatcaaegaage at tfc gcagcaaettcaatcgtggtccaaagagaact
ggctttaccagaggaaaaggteaaeatttatggtggcggfcattfceattaggbcabgegatfcggfc
gccacaggtgctegfcttatfcaacgagtfctaagfcfcatcaafctaaafceaaaaagaaaagaaatatg
gagfcggcfcfcctttatgfcafccggeggfcggcfcfcaggaetegcfcafcgctactagagagaccfccagca
aaaaaaaaacagccgattttateaaatgagtcetgaggaacgcrtggettetefcfecttaatgaa
ggceagatfctetgcfcgafcacaaaaaaagaatfcfcgaaaatacuMcttfcafccfcfccgcagatfcg,cca
atca fcafc ga fcfcgaa-aatcaaafccagfcgaa aesgaagtgeegatgggegttggettacafcfctaae
agtggacgaaaefcgattatfctggtaceaafcggcgacagaagagccctcagfctattgcggetttg
agfcaatggtgcaaaaatagca .caagga11fcaaaacagtgaatcaacaacgctfcaatgcgtggac
aaatcgfcfetttfcaegatgttgcagateecgagteattgattgataaaebacaagtsagagaagc 
ggaagttfcfcfccaacaagcagagttaagfcfcatceafcctategttaaaeggggcggcggcfctaaga 
gafcttgcaatafccgtactfcfctgatgaatcatfctgfcatcfcgtcgactfcfctfcagfcagatgfcfcaagg 
afcgcaatgggggcaaabategttaaegetatgttggaaggtgtg
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Figure 51C

gccgagttgttccgtgaafcggtfcfcgcggageaaaagatttfcafcfccagfcatfcttaagfcaatfcatg
ccacg g ag t cggfcfcgt fca cgatgaaaacggc ta fc tccag fct -tea eg fc fc fca a gt aa ggggagca a
tggcagggaaattgctgaaaaaattgttttagett<!acg<2tatgcttcatt.agatecttategg
gcagtcaegcataacaaaggaafccatgaatggcafcfcgaagetgfcagfcfcttagcfcacaggaaatg
atacacgcgctgtfcagcgcttcttgfccatgcttfctgcggtgaa.ggaaggtcgctaccaaggcfct
gaetagttggacgctggatggcgaaeaacfcaattggtgaaafcttcagtfcccgcfctgetfcfcagcc
aeggtfcggcggtgccacaaaagfccfc ta set aaatctcaageagctgctga ttt gttagca gfc ga
cggatgcaaaagaactaagfccgagfcagfcagcggcfcgfctggtttggcacaaaatttagcggegfct
aegggecfc fc agfcc tcfcgaaggaatt earns agga ca cat gg cfc cfc seas goaegt tct fc fca geg
atgacggtcggagctaetggtaaagaagfcfcgaggcagtcgefccaacaatfcaaaaegteaaaaaa
cgafcgaaecaagaccgagccatggctatttfcaaatgafcttaagaaaacaafcaaaaggagagggt
gacaattgggattgataaaafcfcagtttttttgtgcccecttattafcafcfcgafcatgacggcacfcg
gctgaagccagaaafcgtagaccctggaaaafcttcatattggfcattgggcaagaecaaatggcgg
tgaacccaafccagccaagatatfcgtgacattfcgeagccaafcgccgcagaagcgafccfcfcgaesaa
agaagafcaaagaggceafctgafcatggtgattgtcgggacfcgagtccagtatcgatgagtcaaaa
geggcegoagfcfcgtGfctacafccgttfcaatggggattcaaccfcfcfccgctcgcfccfctfccgaaafcea
agga aget tgfcfca cggagcaacagcaggcfcfcacagfcfcagcfc aagaat cacgt ageettaea fc cc
agataaaaaagtcfcfcggfccgfcagcggcagatafctgcaaaatatggcttaaafctcfcggcggfcgag
ccfcacacaaggagcfcggggcggfcfcgca.atgtfcagfctge.tagfcgaaccgcgcafc.fcttggc£tfcaa
aagaggataafcgtgatgctgacgcaagatatetafcgaefcttfcggogtcscaacaggccacccgta
tcet at ggfcegatggtecfcfctgtcaaaegaaace fca oatceaatet tfc tgcccaagfc c tggg&t
gaacata a aaaaega accggfcct fcgatfcfctgcagafc fcatga tgcfctfcagcgfc fccca tat tccfcfc
acaoaasaatgggeaaaaaagccttattagcaaaaafecfcccgsccaaactgaageagaacagga
acgaafc.tttagcccgfctatgaagaaagfc.atogtcfcatagtc:gfccgcgtaggaaacfcfcgfcafcacg
ggfcteactttafcefcgggacfccafcttceetfcttagaaaafcgsaacgaefcfctaaccgcaggcaatc
aast tggfc tfc a ttcagfct afcggt fcctggtgct gfc cgctgaa ttt fct eaefcggtg a a fcfcagfcage?
fcggttatc&aaatcatfcfcacaaa&agaaaefccatttagcacfcgcfcggataatcggacagaactt
tcfcatcgctgaafcatgaagccatgttfcgcagaaactttagaca«a.gacatfcg'atcaaacgfcfcag
aagafcgaattaaaatafcagfcatttctgctafcfca8taatacc.gtfcegfcfcctfcatcgaaaetaaaa
aaaacoggecfcfcggccccgccggtttfctfcattafcfctfctcttccfccegeatgtfccaatccgctcc
ataafccgacggafcggcfeccctetgaaaatttfcaacgagaaacggcgggttgacccggctcagtc
ecgta&eggcsaagtGctgaaacgfcctcaafccgccgGttcccggtttccggtcagctcaatgoc
gtaacggtcggcggcgttttisctgafcacscgggagacggcafcfccgfcaatcgggatocccgggtac
cgagcfccgaattcgfcaafceatgfccatagcfcgtttcetgfcgtgaaafcfcgttatccgcteacaatt
ceaeaeaaeatacgagecggaagcataaagtgfcaaagcefcggggtgeetaatgagfcgagetaac
fccacatfcaatfcgcgttgcgcfcttacfcgcGcgctttccagfccgggaaaecfcgtcgtgccagctgca
fc fca a t gaa tcggcca a egeg cggggagaggeggfcfctgcgta t fcggg eg ct cfcfcecg ctfccefccg
cfccactgac

SEQ m NO;22
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Figure 52
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Figure 53A
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Figure 53B
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Figure 54
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Figure 56
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Figure 59



WO 2010/148256 PCT/US2010/039088
133/328

Figure 60A
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Figure 62B
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Figure 64A
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Figure 64C
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Figure 66A
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Figure 67A

1000

O
pt

ic
al

 D
en

si
ty

 (O
D

ss
o)

0 5 10 15 20 25 30 35 40 45 50 55
Time (hr)



WO 2010/148256 PCT/US2010/039088
155/328

Is
op

re
ne

 T
ite

r (
g/

L 
br

ot
h)

Figure 67B

0 5 10 15 20 25 30 35 40 45 50 55

Time (hr)



WO 2010/148256 PCT/US2010/039088
156/328

Sp
ec

ifi
c P

ro
du

ct
iv

ity
 (u

g/
OD

/h
r)

Figure 67C

Time (hr)



WO 2010/148256 PCT/US2010/039088
157/328

fe
of

W
TO

 to
 O

xy
ge

n/
N

itr
og

en
 En

vS

Figure 68



WO 2010/148256 PCT/US2010/039088
158/328

Figure 69
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Figure 75A

0

G

-s ό ό o o o o
<O w- cs co C.0 co UJ-
o o Cp: d o o O

ff5 i-V fx. fP ro «3
** CM: CP vf if) Cti o
«! CO CO Vi £P d

;4» W C© AT CP SP C©

rv co o <o O CM
co vf Ά CM d M3
o y“ CM CP *sf co ©3
t— T* r— ■**·: r~

tt! CM CM CM ftt CP fp
VC CC CP CP PJ cc CP

->" χ-· Ϊ"

vt r-s \>· cr. Ctt
Vf o Sjp r' t-'. CM :ijp
if? nN vf A CP oi

\+ Vf Vf *4‘ M- Vt
<C CP CP SP cc <C CP

<5 0 O <5 Ο <0 {

0> Fv ΊΟ iv 
CM CM d Vf iv

cm <M co cs Ar co

r- SO CO Vf P> UP v-
<o r·^ >- <o iv v~ 
d oi ο N- rf ci d d
vi '4· Mt Λ « CC CP CM
cc< c? <P <P 5>”3 CC CP P3

O

o 3t'*5S

ώ

£ § 
* Λ

c -,- 
A

A cP cP O A es\ <£i tti t- o C f- CO
UP CO C© IX. CM <P vf CP A> us- up pi co
Vf
O ?X fe d

P>
fx
»

d
V

d
o B

d
C3?5

d
S3

<0
CP

vf
!-x

fv
•P

4

v' CP CM CM CM CM SM CP co CM CM CMt CM tM CM

A t-s o CM ii? A> P> V If? CP ·**■ U> ¢3 is
£P CP CP ■vf vr a co Pi co CO co P3 A co tv
d OS- tti co d χ- d d d d d d m3 d d
CP 03 p- vf vf ΐΟ d <P Pi £p ■M- Vf vf vj- UP

c? co <O o o ■-N co co <3 <0 <o 50 r't -.
CP £3 o £3 co o d o co O <3/ co CO d £3
d d d d d d d' d o d d d d d d

<£ <0 co CP A3 <P CP to f- or «?: o
M7

CM CO
CPur; CP co to U> <J7 co Mf co tx

vf vr Cf· M: vf vf *< d d d d £ CM vf· d

co t-X ip !p Ά <P OS: φ
ss r-- MS up 3 <o P>

CC <P eo Oi ep cP iv c§ <0 CO 03 cP

CM cP -*t cP CP A CM SP A CO to b-
»** ** T" V CM >“ T" ϊ“ CM

£3 CP, o co CP co o <o co o ¢3 .<0 co o

£3 <3 O' o £s <3 o o CS co £3 <3 CO cP
O’ co o o co o o d <o O o <0
-ΐ- V* +*

£3 ο o o <3 CO o ¢3 co £3 <3 co
Cfc. ©t 05 P> Cfc; PT co MS CP vf M3' M· UY
CP d eg d d ΐ£ι £ d d Vt: d <M d d d
©T o 05 O> P> PT σ> Gi P> Pi •0J ac



WO 2010/148256 PCT/US2010/039088
165/328

Figure 75B
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Figure 76B
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Figure 77
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Figure 78A
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Figure 78B

Explosions Non-explosions
02 C5H8 02 C5H8
ConcentrationConcentrationConcentrationConcentration
(vol. %) (vol. %) (vol. %) (vol. %)
21.0 1.5 21.0 1.4
13.0 1.5 13.0 1.4
11.0 1.6 11.0 1.5
10.4 1.8 10.4 1.7
10.0 1.9 10.0 1.8
9.8 2 9.7 2
10.0 2.2 10.0 2.3
10.4 2.5 10.4 2.6
11.0 2.9 11.0 3.0
13.0 4.0 13.0 4.1
17.7 8.0 17.6 8.0
21.0 11.8 21.0 11.9
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Figure 78C
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Figure 79A
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Figure 79B

Explosions Non-explosions
02 C5H8 02 C5H8
ConcentrationConcentrationConcentrationConcentration
(vol. %) (vol. %) (vol. %) (vol. %)
21.0 11.7 21.0 11.9
21.0 11.8 21.0 11.9
21.0 11.8 21.0 11.9
21.0 1.5 21.0 1.4
21.0 1.5 21.0 1.4
10.2 2.0 21.0 1.4
10.1 2.0 9.8 2.0
10.0 2.0 9.8 2.0
9.9 2.0 9.8 2.0
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Figure 79C



WO 2010/148256 PCT/US2010/039088
175/328

Figure 80A

TEST SERIES 1

lest
Data Fite 

Name
Temp

71

inisisl
Pressure

bars

Paola! Pressures Concentrations

Rssuf!
Pex

bars

CA

mbar

%

rtbar

Os

rebar

CA

vol. %

N.>
vol. %

Oi

vol.%
5 nil 20700 40 1.012 12 7S7 253 1.2 77,8 21..0 Mon-Explosion 70S
2 Til 120701 40 1 ..018 16 787 253 1.6 77,5 21.0 Explosion 5.5
3 ”11120702 40. 1.015 14 788 253 1,4 77.6 270 Non-Explosion <1.82
4 755120703 40 1.014 15 786 213 1,5 77.5 270 Non-Exptoston <782
S Til120704 40 7054 15 786 213 1.S 77.S 270 Explosion 4.31

6 71112:0705 40 5.05? 58 785 274 1,8 77,2 2:1.0 Explosion 5,47
7 7! 1120705 40 5.054 15 786 213 1.5 77.5 270 Explosion 4 E5
S 711120707 40 1.054 14 787 213 1.4 77.8 270 Non-Explosion -, t ’ 2
3 717:520708 40 1.014 14 78? .253 1.4 77.8 25.,0 Non-Explosion 1J5
10 711120708 40 1.015 «2 700 213 10.0 68.0 2.5.0 Explosion 7.45
11 7115:20710 40: 1.014 102 699 213 10.1 58.9 270 Explosion 739
12 711120711 40 1.014 108 693 213 10.5 S8.5 21.0 Explosion 5.34
53 711120712 40 5.014 113 63S 213 11.1 87,9 270 Explosion 5.29
14 711120713 40 5.014 122 879 213 12.0 87.0 21.0 Nen-Explwsinn <702
15 711120714. 40 1.074 11? 684 213 11.5 67.5 25.0 Explosion 732
16 711520715 40 1,014 120 685 213 11.8 67.2 25,0 Non-Explosion 708
17 711530700' 40 1...074 120 681 213 11,6 67,2 270 Explosion 709
18 711130701 40 5,054 121 680 213 178 67,1 21,0 Non- Explosion 5.07
18 711130702 40 1.055 121 881 213 5 79 67,1 270 Non-Explosion 706
20 Til 130703 40 1.015 121 685 213 179 87.1 25.0 NOn-Expiosion 707
.21 711130704 40 1.015 30 853 132 3.0 64.0 13,0 Explosion 765
22 711530705 40 1.014 33 846 132 3.6 83,4 13.0 Explosion 1,28
23 711530706 40 1.014 39 843 132 3.8 83.1 13,0 Explosion 712
24 711130707 40 1.015 41 842 132 4.0 83,0 13.0 Explosion 7,09
23 711130708 40 1.014 42 840 132 4.5 S2.8 13.0 Non-Explosion 708
26 711130709 40 1 015 42 841 132: 4 5 82.9 13.0 Non-Explosion 708
27 71:1130710 40 1,014 42 840 132 41 82.8 13.0 Non-Explosion 705

28 715530711 40 5,014 15 867 532 1..5 85.5 13.0 Non-Expios on 70S
2$ 741130712 40 5.014 16 866 132 1.6 85.4 13.0 Explosion 4.81
30 715130713 40 5.014 55 867 132 75 85.5 13.0 txplos.on 4
31 711130714 40 1.014 14 888 132 74 85.6 13.0 Non-Expiorsion 703

32 711130715 40 1.014 14 888 132 74 85.6 13.0 Non-Explosion <702

32 711530716 40 1.014 14 868 132 1.4 85.6 13.0 Non-Explosion 703
34 751530717 40 1 015 20 883 11.2 20 87,8 11.0 Explosion 77
35 741130718 40 1.014 as 874 112 2,8 86.2 170 Non-Explossn 708
36 711130719 40 5.014 28 874 112 2.8 86,2 170 Non-Explosion 5.08

:37 711130720 40 5.054 28 874 112 2.8 86.2 170 Explosion 5.13

38 711130721 40 5.015 29 874 112 2.9 86,1 170 Non-Explosion 5.08

38 711430722 40 5.014 29 873 112 2.9 88.1 11.0 Explosion 1.1
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Figure 80B

Tess Data Fite 
Nanis

Temp

*C

initial
Pressor®

bara

Partial Pressures Concentrations

Result
E'sx

bata

CsWs

mbar mtef

Os

f?»ar

C6J

TOi.%

Ns

vol. %

Os

voi. %
40 Π1130723 40 1,014 30 872 112 3.0 86.0 11.0 Non-ExpiOSiDfl 108
41 T11130724 40 1.014 30 872 112 3.0 88,0 11.0 Non-Explosion 1.05
42 711130725 40 1.014 30 872 112 3,0· 86.0 110 Non-Expiosion 1.95
43 711130726 40 1.014 IS 887 112 1.5 87.5 110 Mon-Explosion <102
44 T11130727 40 1.014 15 887 112 IS 37.5 110 :\0:·>·2.:<&·Ε.·λ·;.»:·· <102
45 Til140700 40 1.014 18 836 112 16 87.4 11.0 Non-Explosion <1.02
46 Ti1140701 40 1014 17 385 152 1.7' 81.3 no Explosion 1.81
47 TI1140702 40 1.014 16 888 112 1,5 87.4 11,0 Explosion 1.54
48 Til140703 40 1.014 15 887 112 1.5 87.5 li.O Non-Explosion <102
43 TI1140704 40 1.015 20 899 96 2.6 88.6 9.5 Non-Explosion 105
50 Til140705 40 1014 29 898 98 2.0 88.8 3.5 Non-Explosion 105
51 Ti1140706 40 1014 23 890 101 2.3 37.8 10.0 Non-Explosion 105
52 Till 4070? 40 1.915 23 886 108 2.3 87.3 104 Explosion 1 .19
S3 TI1140708 40 1,014 25 884 105 2.5 87,2 10.4 Explosion 109
54 Til140709 40 1,0:4 26 383 IQS 23 87.1 10.4 Non-Explosion 1.05
55 Ti 1140710 40 10:4 26 883 105 2.6 87,1 10.4 Non-Explosion 108
56 Til 140711 40 1.0:4 28 883 105· 2.6 87.1 104 Non Explosion 107
57 T? 1140712 40 1.014 20 889 iOS 2.0 87.7 10.4 Expiosiori 1.21
S3 Till 40713 40 1014 17 892 IQS 1,7 88.0 10.4 Non· Explosion 1.04
59 Til 140714 40 1.014 18 891 105 IS 87,9 10,4 Explosion 125
60 TI1140715 40 1.014 17 ®2 105 1.7 83.0 10.4 Non-Explosion 103
Si TI114071S 40 1014 17 882 105 1,7 88.0 104 Non-Explosion 5.03
82 TI1140717 40' 1 014 21 830 103 SJ 87.S 10.2 Explosion 11

83 TH 140718 40 1.014 21 891 102 2.1 87.9 10.1 Explosion 108
64 TUI 407 IS 40 1.014 25 892 101 2.1 83.0 10 0 Explosion 108
65 711140720 40 1.014 82 881 101 2.2 87.9 10.0 Explosion 11
66 Tin 40721 40 1014 23 890 101 2.3 87.8 10.0 Non-Explosion 106
67 T11140722 40 1014 23 890 101 2..3 87,8 10.0 Non-Explosion 1,03
83 711140723 40 1.014 19 894 101 19 88,2 10.0 Explosion 142
69 Til 140724 40 1.054 IS 855 101 18 83.3 10,0 Non-Explosion 106
70 711140725 40 1.014 18 888 101 18 83.3 lo.o Non-Explosion 103
71 TU14072S 40 10« 18 895 101 18 88.3 10.0 Non-Explosion 104
73 ΤΠ 1*0727 40 1.014 20 895 99 2.0 88.3 9.8 Non-Expiosion 108
73 TU 140728 40 1,014 20 395 99 2.0 88,3 9,8 Explosion 1 1
74 711140723 40 1.014 20 896 98 2,0 88.4 9.7 Non-Explosion IOS
75 T11140730 40 10« 20 896 98 2.0 88.4 9.7 Non-Explosion IOS
76 TU 140731 40 10« 20 896 98 2,0 88,4 9,7 Non-Explosion 10?
77 TU 140732 40 10« 31 761 172 »3.0 75..Q 17.0 Non Explosion 104
78 711140733 40 1.014 81 750 183 8.0 74.0 180 Explosion 1..3
79 TUI 40734 40 1.014 81 754 17S 8.0 74.4 17.7 Explosion 124

80 711140735 40 1.014 81 757 176 8,0 74-.7 17.4 Non-Explosion 103
81 711140736 40 1.0« 81 758 178 8,0 74.5 17.6 Non-Explosion 1.05 i

62 711140737 40 10« 81 755 178 8.0 74,5 17.6 Non-Explosion 103 i
83 711140738 40 1.014 81 755 178 8.0 74.5 170 Non-Expiosion 103 i
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Figure 81

TESTSERlBSa.

Tas'. Data P8e 
Name

Temp initial
Pressore

oars

PaOia! Piessoies
HsO

w: %
IT-

vol. %
Resell

Pex

baoi
1-feO
ffitiSi

Cfos
m5ar

w
mijar

O.t
iUbtS!

&TI;
voi. !S>

Ms
vcf, %

T551S0700 40 7014 41 VIS 541 213 4.0 V! 7 68-2 21.0 Explosion 1.33
a “11150701 40 1.014 40 121 640 218 3.9 11.9 83.· 31.0 Ncii-expiosier: i ,0?
3 Tt1150702 40 1.014 41 120 640 21S 4.0 11,8 63.1 21.0 Expioson vas
4 755150703 40 5.014 40 121 640 213 3.3 TVS 63.1 21.0 Non-exptoswn 1.66
5 Ti 1150704 40 1.014 40 120 641 .213 3.3 TVS 63.8 21,0 Explosion 70S
6 T11150705 40 1.014 40 121 640 213 3,-3 11.9 63,1 21.0 Non-exp osi©!·: VOS
7 Τίίϊ50706 40 1,014 40 15 740 213 3.3 1.5 73.6 21.0 Expies ion 4.68
8 Til150707 40 5,014 41 15 745 213 4.0 1.5 73,5 21.0 Expies»·! 5.27
δ TV! 150708 40 1.014 41 14 746 2)3 4.0 1.4 73.0 21.0 Nonexpwsion 703
IO Til150709 40 1.014 42 14 745 213 4,1 1.4 73.5 £1.0 Non-explosion 1.03
VI TTilWOO 40 1.014 41 14 740 213 4.0 1.4 73.8 21.0 Non- explosion 1.03
12 Ti 1160705 40 5.054 41 20 850 103 4.0 2.0 83.8 10.2 Expiosion 1.11
13 TV! 150702 40 1.014 41 20 851 102 4.0 2.0 S3.S 10.1 Explosion 3.-4"!
14 Til160703 40 1.014 41 20 ass 101 4.0 2.0 S4.0 50.0 Explosion VOS
15 ΤΙ V60704 40 1.014 4.1 20 653 100 4,0 2.0 34.1 S.S Explosion 1.09
16 Ti5760785 40 4,044 41 20 854 93 4.0 2.0 84.2 3.8 Ron-exptosion 1.07
1? T11150706 40 1.014 40 20 865 33 3,3 2.0 84,3 9,3 NencxptiWW· 5.08
18 Til160707 40 1.014 41 20 854 9S 4,0- 2.0 84,2 9,8 Non-explosion 1,08
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Figure 82
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Figure 83
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Figure 84
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Figure 85
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Figure 86A

Abundance
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Figure 86B
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Figure 87A
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Figure 87B
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Figure 87C
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Figure 87D

Abundance
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Figure 88A
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Figure 88B
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Figure 89

Fermentation Off-gas Composition
(E. coli BL21 (DE3) pTrcKudzu HGS w/ 3g/L yeast extract)
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Figure 90

"isopryne" = 3-Me-l-butyne

trans-piperylene

ZX

cis-piperylene

trans-pent-3-ene- 1-yne cis -pent- 3 -ene-1 -yne



WO 2010/148256 PCT/US2010/039088
192/328

Figure 91

His Tag
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Figure 92A

tcgiamsa©igc^ia^tt«gtgicgefcaaggcgeacfecc-gUetggataat.gttittlgcgccgacg.tcataacggttctggea
aa.tettctgaa^igagclgtig«eaattaafcattcggctegfii'iaatgigtg;gaangi.gageggat^caaiUcaeae-aggaaae
agege«gctpg^iaaagcgaagcggeadfctcaxaacaattiateagac.aato.gt.glgggc<a!3iogaticgg8atwcgai
iaacUtattMiaaaaatUaagaggtaiâ tteatgtatejgaitaaiitaaggaggaataaaccatggatcegage'toaggagghii.
aaaaaaeatgaasamgtagitafiafigatgcatiacgaaeaiiimiigg^aaaataiaaaggc-agcttaagicaagtaagigecg
iagscliaggWxacatgfiacaa.caewdtiiaaaaagacattceaciatttelgaagaaaii^ticiiagtiiaicffi'ggiiaatgtti
tacaagciggaaa.i:ggc^aaaici;cgeac.gacaaatage3a&aacagcggtttgietcaigaaattGccgcaatgacggttaa
igaggt®tgcggates®gaMgaaggccgttetUtggcgmmttgaifeaaita®agaageggaagtittaattgctgg«g

agcaiigatea^UictgEacaftcacaaaaMagcagcie^gcacaagcagaagg^ataitegctgaegaaaiagecccalta.
gaagia(sagg»;gGfigtggagaaagatgsa^gattcgccctaa«egagcgttgagaageteggaacgcttoaeagUi
ttaaagaagacggtaeig.taacags’aggg^ii^ate^iixaiUiatgatggggcifcigctiigaUafigcttcacaagaafalg
c^gaagcaeacggtcticctiatti^latiaitcg^acagigtggaagteggiiifigaiccag&cMatgggaatttfcgec^it
tasagwaiii^aaactgftegcgegcaateaaetiaciaeggmgaaattgat0igte.tgaiiatcaaegaagi;atttgcag,saa
a&aalcglggtccaaagagsaclggctttascagaggsaaaggtaia(:aittatggtgg»ggtaUleatta.ggicaigi;gaitg
gtgccacaggtgctegttiattaacg.agtttsagtfeicaattaaateaaaaag.aaaa^aaisi:ggagij^cttctiiaigtateggc
ggiggGtiaggactegctatgctactegagagaacfeagcaaaaaaaaaacagcegattttateaaatgagtcctgaggaacgE
ctggGttciciicitaatgaa:ggecaga.Utetgcigaiacaaaaaaagas£U.gaaaatacggctttateiic.gc.agatigccaatcai
atgafigaaaateaaatea.glgiiaai:ag2a^goc.gatgggegttgg.cttacaiitaa:eagt^gacgaaactgMtatttggtaei:a
ati|gcga^gaagagcceteagiM%cggcmiagtoaigstgcaa£Uiatagt^caaggai»aaascagigaatGaacaac
gei.taiitgegtggacaaaWgfiiiitacgaigttgcagatcccgagtoaiig3ttga£aasciacaagt^agagaiigcggaagiiU
tcaacaagcagagitaiigitatccaictaicgliaaac.ggggcgge.ggcUaagagatUgeias'tategUscfittgatg.aateaUi^
tetctgtcgacttttfcig^gatgttaaggaigeaatgggggcaaataicgttaiicgetatgttggaaggtgtggfccgagtigwg
tgaatggitigcggagcaaeagatittsUcagtaimaagtaattaigcc.acggagteggagttacgatgaaaacggctafitxag
mcacgtttaagtaa.ggggag,cwggccgggaaaagt'igaaasaaitgitaagcttcacgct.aigcticat.tagatce-itatcgg
gcagicacgcataatiaaaggaateatgaMggcaegaagcl.gt^tUtagctiacaggaaatgata.eacgcgi!igttegsgcttc
ttgtealgettttgcggigitagg^ggtegcteeffaaggfcttgacfegtlggscgctggaiggcgitactiaciitaUggtgaaaitto
agttcGgettgfcttiagceacggtiggeggtgizeacaaaagiiji'Usclaaaicteaagcagctgciga.Ifiglugcagigacgga.
igeaaaagaactaagteg^laglagcggdgjiggffiggeaeaaaaittagsggcgtkicgggcciUgto&tgaa^sano
aaaaa.ggacasaiggs3tt:tac^agcacgtictti0gcgaigacggteggagc^B.tggtaaagaagUgaggcagtegct.caac
aaUaaaacgt©aaaaaaegaigaaccaaga£:cgagccatg^-fetiitaaaigaiiiaagaaaacaataaagg.agglaaaaasi,a

ctggaaaat®caWggteeg^eaagafctiaaatggcggigmccGaateagccaag£iUagigacattig.cagc-ci«itgoo
geagaagcgatC'tigaccaaagaagaUiaagaggocaifgaiaig'gl^iigtcgggactigagtecagtai&gaigagicaaaja
gjggoegBagtlgtcilaeategitiaatggggaUcaaeeiitcgetcictcmcgmtcaag^agctigtiaeggageaaea
gcaggctlaciigttagot^gaalcacgtagccttacafceagaba^iaagic'tfggicg'teg&ggcagataitgcaa.aaUtgg
ctfciaatte.tggcggl:giigei;tacaeaaggagi:lggggcggfigcaaigitagitg«tagtgaaccgeg,caiittggciitaaaag
ag^at^igtgatgctgacgeaagafat^lgadtitggcgiccaafiaggceaccegweraiggtcgatggtctitttgtfcaa
aogaaafectocat«Ci^toititgGC€aagtelgggatg£tatiataaa3a3Sgaacc.^iei£gai££igcagattatgalgctitagc
gttcC4itattGettacacaMtaaigggcaaaaaagCtitiatiagcaaaaaijcicegacc-aasctgaageagaacaggaa£;gaai.tt
tagGccgtfiitgaagsaagMtigi«Ufcigtcgicgtiglaggaaacfigt^cgggiteactiWtgggaetoatttcectitta.g
imatgcw'gacttuactigfcaggc3aica.aattgglfiattcagWggttctggigclglcgctg.aiitttttcaciggtg:iatfcrg
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Figure 92B

catgt£igcagaaacfrtagacacagscattgateaaacgiia.gaa.gaigastlaaaaiatagtatitcigctstiaataaia&c-gticg
ttctiafogaaaQiaagagatctgcagctggtaccatMgggaatiegsagcttgggcccgaiicaaaaacteatefoagaagagg
atotgaaUgcgcc.gfoga€.cMcateaWsafoattgagtiiaaacggEciecag&ttggc^litiggeggaig8gagaagatt

gceaggcatfcaitiaiaaitiacgimggcfcagtegaajigacigggc-dticgthfatetg^Utgtcggtgaacgofefocig;  
aggac^atccgccggg.agcggatKgaacgt£gcga»gcaaeggfie<i§g0gggtggcgggcaggacgcccgecaiaaae 
tgccaggcateaaattaageagaaggacaUxtgacggatggcctttitgcgttieiacaaaoteUtttgWtttitctaaatacatt 
caaatatgtatccgcWgagacaataaooe£gataaatgcttcaataatafrgaaaaaggaagagutgagiaitcaa.catttijeg 
tgi<^c©caaUcccttttttgcgg£3afUtgscttectgttti£geteac.ceagaaaGgctggtgaaa:gtaaaagatgelgaagat0a 
S^ggSlSc^^^gS&J^^^^W ’̂fo^^B^gg^agatecttgagaglittegccccgaagaacgttUGcaa.

icaag,agcaacicggta.gi>cgcatacac 
cagtgcl

gceataaceatgagigataaeactgc^gccgiacttecttcigaeaaagateggaggaeogaaggagctaaoegettitRgeaGa
acatgggggateaigteast&gcsttgategttgggaaGeggagcigaatgaagecaiaiCiiaaacgacgagcgtgaeaccacg
atgecigtage^tg.gcaaeaaogUgcgcsaaciatUafctggsg8actaetta«foiageiitcccggcaaeaatiaaiag;aaig
gatggagg.cggaiaaagtigaaggacGac-ttctgcgef<;ggc<icltecggeiggetggtttaRgsigataaaWg3gWBi
gagcgtgggtetGgcggtarcatrgcagcactggggqaagatggta^cctccegtategfegUatetacacgaeggggagt
caggcaactiaiggafgaacgaaaiagacagatogctgagaiaggtg'eeicaciga'Raageaaggteaeigteagacaaagttt
■etiaao^agEtttc^ceaolgagcglmgaecaig^gaaaagafoaaaggMettcltgagatoGimtmg&gcgtaatct
gc{gettgcaaa©aaaaaaaccacegelaec.agc^tggRi^i.gacgga.teaagagetaccaa.ctcti{ttecgaaggUaci
ggeit«ageagagcgi^-gatiaceaaaiactgtcsRaiagtgtag-eegiagliaggcGaec.aettcaag:aach ,;{g.tag<iaGagc
eta0ateceicgsietgciaatcctgtiaccagtg@ctgctgeoagig'giigaiaagt.cgigietiaoegggtfggatiicaagacgat
sgttaci:ggaiaaggegcag€ggiagggctga«Gggggggttcglgcacai:agcecag0tl,ggagcgaacgaetitaoa«cg
aactgagaiaeciacagcgig^i:Mgagaaagcgci:ae.gcttcacgaagggagiiaaggaggacaggtatceggiaagcg
g<»gg^^aacaggagag«g^gag^agettecagggggaaacgect^t^»ttiaiagtisc^tcgg^teg€cac
ctetgaGttgagegicgattttigtgM®etsgicaggggggcggage.eMggaaa^cgccagcaacgcggcctfifraeggR
c;ctggcGttttgcfggccttttgcteacatgitciitcctgcgttatcoccigaitetgtggataaeegtattacogcctK.gagigagst
gataccgcMgccgcagscgaacgaccgagcgcagcgagtcagigagegaggaagcggaagagpgcctgatgcggiatttl
c&eUaageatetgtgcggt^ttCatiaccgcatatggt^acteteagtacaMotgtitetgaigGcgcatagttaagceagtaia.
caotecgetaicgctaegtgactgggicatggGtgogccGcgacaccegceaacaoecgeigacgegcccigaegggici^tc
fgcfcccggaatccgettai;agaiiiiag.Gigtgicogtctce^gggagstgcatgtgtcagaggttfe0a€Cgtcatca€<t:gaaacg

cggiaiggcaigatagcgGCcggaagagagfcaa.ttcagggtggtgaatgigaaacGagia3Ggtiiiiacgatgtogeagagte
tgcegglgtcfettatcagac©git'fcccgagtgg)gaaacaggccagcsacgmctgagaaaacgcgggaaaaagiggaa.gc

jgteagtgggctgate
aaaacteiccg-ctg^tgaccaggatgccangaigtggaagetgecigc^taat^tacggogRamcitgatgitefetgacii
a^aeeeateaaeagteilMittiifecta^aa^cggtac^gaetgggcgtggagsatctiB'gtcgtiattgggtcacî gca
8afeg©getgtix^gggcccai£aagfrc.tgtcfegg^Ggt®tgiigtetggetggctggeaiaaaia.tGteaetagcaat<ja£iat
te^sGg£Ugcggaa£:gggaaggcga©tggagtgGeatgfcogg(itlcaacaaa«catgcaaatgctgaaigagggcat.cg
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Figure 92C

liecxacigcgMgctggtigeeaaegateagatggcgetgggogiasatgcgicgecatiafcggagtoegggfcigfcgcgttggig
cggatatetcggtaglgggatacg^cgaiaecgaagacageicatgitaiaicccgsegfcaaccaceaicaaaciiggaiatcg
cttgctggggcsuiaccsgGgtggMiegctigiitgca^ciistcteagggccaggcggig^gggca^cagagfigcccgict
e4Ciggigmaa.gaaa®cciKxxiggcgcGca8iafcgcaas6Cgcc4etc«cegcgtgitggccgatteat6aaige-agd;g

SEQ ID NO :23
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Figure 93
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Figure 96
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Figure 98
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Figure 102
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Figure 103 A

cccglefiactgicgggaattegGgtiggccgatfcaBaatgeagatteigsaatgagctgttgacasttaaEcatecggcisgiata
aigtgtgg.aa,ttglgagcgg.ataaeaait£c?xa«aggaaaeagcgcegclgaga9aaagcgaagcggc.actgewtttwiia
lttatcagaeaafetgtgigggcactcg3.c&ggaattaiiCg.atfeacttlaUsttaaa£iaiiaaags.ggtiitataitaaig.taicgaUa
aataaggaggsai.aaaecatggatcegagctoaggaggtaaaaaaacatgaaaacagtegitaitatigalgestiacgaaeacc
aattggaaaaUfiiaaggcagctiaagic^giaagigccgtagaiAlaggaacacaigUacitibaeaactttiiKiaaagaeaUc
eaciatttc£gaagaaaitgtateaaglaaicfttggaa3tgtBt3caagetggaaatggccaaaateccgca.cgE£aaafagcaat
aaacagcggtttgteicatgaaaUcccgcastgafcggtiaatg.s.ggicigcggatcaggaaigaagg.ccgtUttttggcgasac
aattgiiiicaafiaggagaageggaagtUtaai£gciggegggaiigagaataig.tcecaageacctaaatiac8acgUUaaua
Ggaaacagaaa.gctecgsfcgcgcetttttdagi.aigfitgtat^siggaSaacgga^ccUia.giggteaggcaatgggctiaac
lge:tga^aitgtggecgaaaagtaicalgiaactagagaag3gCaagalcaa.tWs;igtacattcaeaaitaaaagcagctcaag
eaGaagq-agaagggamt«gctgaqg,aaatagccccatiagaa.gtatC3ggaacgettgtgg,ag.aaa^igasgggattcg0
cciiiattcgagcgitgagaagetaggaacgcttaaaaca^lUaaagaagaGgg^ctgtaae&gtagggaatgcaic^sca,
itaaigai^gg,citctgctt^at^,ttgctieacaagaataigecgaageacacggt«ttfieiiattiagciaittattcgagacaglgt
ggaagte.g:g{atigalceagc.ctaial:gggaa{licg«cgattaaagc«aitca;a^acigtiagcg5;geaateaa'6tia€iacgg
aagaaattgat€igtaigaaaicaa.cgaagcatitgca.gcaacttcaategtggic«aa^agaactggcKiaccagagg.aaaa
ggfeaasattiatgglggc^taittc^fiaggtcaigcgattggigecaeaggtgGtegtUattaacgagtitaagttaicaatesaa

ga&ma^agtgg/
aaaaaaacagixgattiia£eaaatgagfcccigaggaaGgcc.lgg.«iltctctteli8a£gaaggeeagafticigctgatticaaaaa 
aagaait^aaaaiacggctttatettcgcagatigce.aatcatetg,aUgaasiaicaaateagigaaiieagaagigccgatgggc 
gitgget.i3caltiaacagtggacgaa£wigaHatit,ggiaceaatggcgacagaagagc&Gleagitaitgc<gcWga.giaat 
ggtgcamatageacaagg^tteaaaea^gaaicaaeaacgcKa^cgtgg^caaatcgtlttftacgatgttgisagatccc 
gagi^ailgaagataa-aatociiagtiiagagsagcggaagtttttcaaifaagcagagliaagttateGatetategUaaaeggggc 
gg.cggcBaagagat£ig€aat'ategia«ttUgatg8ate£^ttgWtgte-gaeittttagtagaigttaaggatgca3igggggca 
a£daicguaacgctajgttggaaggtgtggccgagttgttscgigaatggttt.gcggagcaaa3gatti£attmgiattifc3agtaat 
iaigccacggagteggUgtiacgaigaa.saeggcWx.xagtUGa£gBtaagi3aggggagcaatggt!Ggggaaaagctga 
saaaattgitttagcitcacgctaigeticattagatecl.b.£cggg©ag£eaegc«iaacaaaggaalcaigaatggsaStgaagcl 
gtagtntag£!£aeaggaaMgatacacgc.gclgttagcgGttettgteaigcuagcgg1^a3ggaa.ggtcgctaecaagg.ct^ 
ac.tagBggacgGtggatggcgaa£:aiECtaattggS,gaaatBcagfisegctigiitBagecacggttggcggtgecacaaaagi  
cW.ciaaaijcteaageagctgetgaStgttagcagtgae.ggaigeaa3a.gmctaagt0gaglagiagcggetgttggceggc 
acaaaatttegeggcgtfecgggccUagtcteigaagg^itcaaaa^gacacat^gcteiacaagcacgttettiagcgai^a 
cggteggagcteciggtaaagaagttgaggcagtegeieaaeaaitaaaacgtcaaaaMCgaigaaccaagaccgssgeeatg 
gctettttsmdgaiBMgaaaaca^Mggaggisaa^aacatgai^attgggaUj^taaaattagBittitg^tasceettat 
taiattgatatgae^caciggcigaagceagaaatg.tagace-eiggaaaaaicatat^tattgggtiaagaccaaatggcggi 
gaacGe^tca.gccaagai££ttgig.acaiiigcagCG®.tgC£;gcag.aagegatcBgao£:aaag.Eiagaiaaagaggccattga 
iatggE.ga£igtcgggacigagtecagiat:cgaiga@teaaaag£ggccgcagttgtcttaeaicgttiaatggggaficaaccitt& 
gcteggtcittcgaaafeaa^aagcfigtiacggagcaa&agcaggctiacagaagciaa^.atoaGgta.gccilaGatemga· 
ijsaiiaaagtestggiegtageggeagaiattgeaaaatatggettaaaitetggcggtgagectacacaaiggagciggggeggit 
gpaaigtiagtigctagtgaaiiegcgcatttiggcttiaaaagaggaiaatgtgatgeig^cgeaagaiatefcajgactlitggcgiG 
■meaggecacecgtaie«tatggt0gaiggfceK;£gieaaaegaaae^aeateeaai.ctatgceekag£eigggatgaacaia  
aaaascgs
aaaaafcciecgaceaaacigaagcagaaeaggaaG^ialtttagcccgiiatgaagaaagEs

agttatggiictggtgctgEcgclg9MtBteaeEggigaa.Uagtiigciggtlaicaaaaicat£tac£iaaaagaaacti:atitag£:a.
eigctggaEaateggacagaaeittctatogetgaatatgaagecatgBigcag.aaactfiaga£aeagac£Utgaicaaacg£ta
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Figure 103B

gsggtaaaaaaafcatgtgigGpcctclieteaattiactogiaiiaccgageaiaatiiiCcgicgaGcgewcfeisagix’aaa
cetgtggwtttcgaaitGctgeaaiccetgga^oiegaccigaaagtg^aaagcig^ggagaaagegaGcsaaciggagg
aagaagitc-getgcalga&gaccgigiag'acaccea^cegciglcceigciggagfctgategscgiiigiggagcgccigggtc
igacciamaal1igaaiWigac:aiaattaaagccctggaMacah:g^ctgciggacgaaaa£aaaaagaacaaafeigafcai
gm-geaaixgcirfgtetttcegtetgctgttgtcagcaeggWegaggtiictcaggatgWtgagcgiiicaaggaiaaagaa
ggt<glttcagcggtgaaEtg.s;iaggtgiicgtecaaggcetgcigag£cigteigaa.ge-gtchac£igg.gtiicgag'ggigaga
acctgctg^aggaggcgcgiacclifrecateacfceaceigaagwiaae'cigaaagaagg.caixaaiaecaaggtigcagaae
aagtgageeaqgccetggaacig«caiateaccag,cgtaig®ccgictggag.gcacgttggteiggataaaiacgwcga
aagaacegeateiaccagcigcigc<ggagaiggfcga8.g.cigg.attt{aacatggiaeag.accetgcitccagaaaga.gctgcaa
g8taigicccg£lggtggaccga@aigggc.elggctagcaaac.tggaitttgiacgcgaeegeaigatggaagiU8t{iclggga
■aiitgggtaiggC'ga'agaeccgfiagmggigaatgtcg^agetgUaclssaatgtttggtetggigaegateategatgacg
tgteigacgtttatgg'caetctggaegaaetgcaaeigttcatxgatgetgtagagcgctgggacgttaas^ctetteacacc.etg
ceggactaiatgaaactgigiitceigg.ciictgtacascaecgtiaae>gacacgtcetatieta.iteigaaagagaaaggteataac
jsacc;igtC'Ctat«gacgaaiiagctggcg^.aaetgtgemgccWi:gcmgaggcg,aaatggtesiam?aa€a£MiaHatcc
cggiiWctecaagtacctggaaaii^ccag.cgttfcct€iteggigiagcgctg.ciggcgccgiiSlacttnecgia:gcqage
agcaggaagacatctocgacfcacgiigetgttgtiscctgMxgactiecaiggiciggigegmagstgcgttatettccgcfctg.
ig.caacgatetggeea«-ctctgcgg^agetggaacgiggcgagaefe«i;aa8ctatcstlagctacatgcacgaaaacgar
ggiaccagGgaggaa-caggcecgfigaagaactgcgtaaaetgaiegacgecgaatggaaaaagalgaaicgtgaacgcgiia
gegaetc«acm@ctgc-ctto^gitcatggaiaait«geagteiacaigg»acgigtttcecaagcacctaci:.ag.fetgg.cg.M
ggtatgggtcgcixagacMigcgactgaiiaacegcatcaaadgfctgdtgaUgaeefcmcc-cgatEaaixagetgatglaigt
■ctasieigcagetggtace-at.algggiUitt'egaagql^ggfcccgaacaaaaac&atcteagaagaggatGtgaalagcgccgt
cgaccatcattiateafeateattgagtttaMsggtetecagfctiiggcigUtt^Gg^tgagagaiagattRcagccigatacaga
ttaaaicagaacgcagaagcggleigaiaaaa&agaatttgGctggcggea^agegfcggtggtixcacGtgaccecatgccg
aatt0agaagtg^aacgcegiagqgfc&gatggugtgigggg.tciawatgcgagagtagggaactgccaggcatcasataa
aaGgjmggctca.gfcgaaaga.ctgggwUtGgtilWclgtigtt^tcggigaacgetdecfgagiag^caaateegccgg
g^ggaftiggacgttg&g^gcaacgg(xeggagggtggc-gggcaggaGg&ccgccatasLactgccaggeaicaaa«a
agcagaaggecaiC'CtgacggatggcctttiigcgiitelacsaaetcttiilgtUatttitctaaataeattcaaaisIgiatecgctea
tgagafcaataaG«ctgataaatgcticaataateiggcgiaaiagc.gaagaggGCcgiiacGgatcgsG0ttceeaacagtig.cgs
agcdga8iggc^atgg€g-cciga^€ggiatitic&xWgeatelgtg.cggtatitcaeai:cgcautggi;gsaGteAagta
cMtetgotctgatgccge.alagttaag«cagcccegacai5ecgiE3ca8cacccgGigacgagettagiaiagecctcgctagai
ateatgcggatgttgcgattacriGgqcaac;laitgcg8feaiC5tagtiaaasi.gctiagc<:tttcatgaiatateteccaattigtg&g,g·
gcniUtatgca.cgcttaMaataatwagcagacitgacci.gatagitigge-igfgageaiaiUtgigc-UagtgcaicisacgUt
ga^laagocge-gcGgcgaagcggfcgteggcagaacgaaKgttagaeat&ittgGegacMcctlggtgatet^cciticaq
gi&giggacaaatteitccswrigatctgcgegegaggccaa.gcgaicticifciigicGgaga'taa.gfcijtgictagelieaagtal
.gacg^eigatactgggecggc^gegct^MgcfccagicggeagegaeateciicggcgcgaimgceggiteetgG.g,ct
gUccaast.g^^sat8cgtaagc8ciacatilfcgcicatcgoe8gccGagie'.ggg«ggcg'agriccijiagcgumigglhca
tttagsgotleaaatagatettghqaggaaccg^caaa^.gllccfecgccgclggaeetaccaaggcaacgelalgiicict)
gqiitigieageaagatagccagaicaaigicgaicgtggciggetegaagalafcetgfcaagaaigicatigc-getgceafieteca
aallgcagitcgcgciiagc-iggaiaacgGcacggsaigatgtcgfcgigcacaacaaiggtgaeSciacagcgcggsgaafel
cgcicteiccaggggaagce^gtttcciWa^tcgitgafewgiftegccgGgitgtticaicaagteteggt&acegta
aceagvaaateaii.iateactgtgiggeteagg«0gGcate-ca5itgcggagccgtacaaalgi^cgg'ecagCMCgtcggii.c.g
agatggcgeiegaigaegccaaciaeeicigaiagttgagtegaiactteggegatcaccgcttc'ccteatgsi^ttaacti'tgl.tu
agggeg.aetg«iieigctgcgiaacaicgtigetg'iei£caiaacau^taacaic-gi»sieaeggcgtaacgcgeggctgettggal
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Figure 103C

geecgagg'cataga-e'tgtascccaaaimaca-gicsmcaagocaigaaaacegitoacigC'gcQgitafccaccgcigfcgtte
ggtfcaaggUetggaG'Cagttgcgtgagcgcataegcte.ctigcanaca.g.cttaisgaa.cegaacaggdistglcsaetgggUc
gtgoc1totik^ttoca0ggigtgegtcac««,ggika®.c«tigggeageagcg^giq|aggeAtKclgtectggsiggGgaa
egagegcaaggttteggiclcescgi^tegteaggeatiggcfggecttgctgitctteiacggcaaggtgcigtgcacggaictg
ecctggfctt^ggagatoggaagiicetcggfeCgtfegGg^cgettgecggtggtgetgaaccq’gMgaagtggttcgeaim
eggimctggaaggcg^eategtUgticgeccageUGtgUtggaacgggBMgeggateagtgaggglttgcaaetgcgg
gtcmggatotggaWgateaegg^gateaicgigsgg-^ggg'caagggetijcaaggaicgggccttgai^tacccga
gagctl^gcaoixagcetgcgcgagcag^gaaaaattcc.'caegggtUigci.ge-ccgeaaat^ggctgttctggtgttgfetag
titgUategaateg^g^c«ggctegc«ggliig€Cggetgaaagcgc£atticii-£xagaattgecatgaiUHiecccaeg
ggaggcgieactggcteocggttgteggcagcttigattGgaUagcagcategcctgtttca^gcigtaiaigtg^aetgttga
gctgtaaGMgfigtekaggigtiGSattfeaigttGtagUgctttgfttiadggiiteassigttctaiteggtgtiacatgclgilcai
cigUamUglcgatoigUm^Ugiwagcttigaaigcsecaaaaaeicgiaaaagirti^gatgtatcMctmKacaiicga
Ueatetg^cafcatggacagittlccetttgatatgtaa.cggt^a’eagttgitetaeiftigiitgtia^Gttgatgctte.ac.^aiagat.
seaagagccataa^aGcte-agateitikcgtailiagcsagtgigiteict^tglggilcgttgtttttgGglgagccaigagaae
aglgUStettagiixgilatgtaggiaggaati^gsigtaaiggit^tg^atttt^caccattottUtaictggtigUcteaagUc

ggitaegag.a.tccaWigicia.t©tagtieaiict£ggaaaaicaac^aka^cgggi:gg)cet€gcttat!eaaccaccaatticatai
tgctgiaagigtaaaataUacttatiggtttcaaaacecaitggttaagceiUtaaafcicaigglagttaattcaagcatiaacatga
aetiaaattcafeaa^getaatotoi'amtttgcs£igtgagitttettUgtg«agitettita;4iaaccacie-g,iEiaateeieat4gitgtet
Ugtti.'U^a^agae'titaacatgttccagatWatlita.tgaattUitiaa.ctggaaaagateaggcaatatefcticactaaaaaciaat
tctsattfflcgcltgagaacttgg'catagHlgiccactggtiaaaieieaaagecttiaaccaitaggattc-atgatticeacagifeto
g£eateag,ets;i.cigg.ttgctttagetaitiacaccataagcMtiicectaetgatgneateatetgagcgWggttaiaagfgaafc
gaiaceg.tocgiici.ltcctigiaggguttcaAtogtggggttgagtagtgecacscag'caiaaaattagcliggittcstgdecgti.
aagfeatagegaetaaiegciagitcMttgcittgaaaacaaciaattca^Gatacateicaaltggic-Uggtgattiiaatcaetat
accaattgagstgggciagteaaigataattiastaglccttiltciiiitg^giigtgggtaieigiaaattetgetegacetttgeiggaii
8acttgiaaattotgaagsGCct.0tgUaati£5Ggsita.gwett£gtgtgtfflifilgtttatattcaa.gtggltataattotagaa6aaa
ga^agaat9aaaaaagaiaaaaagaaibgaim-agc€.etg(gt8taackactacmagicagitocg.cagtaitaeaaaaggs
t.gtegcaaae-gc.tgtitgetfccfclaciiaaacagaeei£aaaaei5ciaaaggcitaagtageacsctogeaagctegggcaaata
geigmtaUectmgtctecgaccateaggeaccigagtogctgteftitteg.t^K:ii£ieagi.tegctgcgctoacggctetggca
gtgaa^ggggiaMt^eactacaggegcctttia^gatteatgcaaggaaamctxaiaaiacaagaaaageccgicafcg
ggcmeag^cgtiltaiggcgggifctgiaatgtggtgciatctgas-tittigcigiteagcagttcctgeccifeigaiittefeagiet
gaoGactteggaaateccgtgacaggtcattcagaclggeteaigcaeceagiaaggcageggiiUcateaaeaggaia

SEQ1DNO:24
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Figure 104
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Figure 107

aspA terminator

MCMB3Q - RTRm-FRT^il.2-KKD/I at attTn?
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Figure 108A

l·

gtgEEttigateag^cgaeaiggtmgcGagcagcigeagegpaegglgtagasgatoggtgeastcac.cteii.ctataigc
ggcatctegatgaigigcatgtetegciameaaaaeGcgcatoctgateggegaagacalsessctgaecgccacgqgegc
g^odeWastgttggattiea^tttficcfl®.Gaaiicgttgiicggtgcaacaacsalaaecggcaiateggciiteaaaiigcgce
iigcggacegtgittemg.ttegcfcagcagcgtaggcttcagegtgiiatgbagag^toictttcaacitcaalgsgcfc'hecagcge
g^iggff^eigaicgpcacggeceaggaa0agfcgcgigaigffigtcagaga8atettcigecagc-gci&aai.g^itgW
giig:Si.\ageatclgeicaato£ggcicgg.cagcgtxtgcagaccaigc®cgatgtcatgiicaaiggaggeaiEcagaectaca
gg^agacagcitogcca,ccsg.caicMcagcaciigttaaatgagtggtgaaigcii.tegtggatgccacgfieg.aittcigiacc
cgcgtiggtoMiagcgceagateggaitcgicgGaceagagaagaacocggaafigliacagattgecagtgaaecaaggtaajc
ccagctoiiicgacagaiigcaggi:cagccagggiaieifgcggittcgecagaetgigac:«cgai£.gctcttcccaacagtigog
t.ag£5C'tategtacgg-eagiiiaaggtitocacciahmag âgagccgaata^tctgtttg.tggai^cagagtgatattati
gac®gccggggcgacggaiggtgaiecccciggccagtgfca€gicigctgtoagatasfigtetccc.gtgaactii:»c«ggig
gtgcatatoggggatgaaagctggcg^tgatgaccaccgaiiUggcc^gtgigoeggteuegttmcggggaa^sgtggci.
gaictoagccaecgcgaaaatg^calcaaaaacgccattaacctgatgttctggggaatatoaaigtcagge.aigagattaicaaa
aaggatoaGacetagatoci.tacacgt3gaaagecagtcQgcagaaatggigctg.a«cecggaigastgtoagGlaGigggct
ateiggaoaagggaaaacgcaagcgcaaagggaaagcaggtagcttgGagtgggfctocatggcgaiageiagaGtgggog
gtttWtggatagG.aagsgaii«ggisattgccagciggggcgGCEtetggiaaggttgggaagei:efgcaaagtaaactggat
ggeittcicgcfcgCGaaggatetgatggcgcaggggaieaagcicigstoaagaga.ca^&igaggatcgtticgcatgaiiga
aftaagatggafigcacgcaggWccggcEgcngggtggagaggsiaiicggctatgactgggEaciiacagacaateggct
gemgaigccgixgtgitocggcigtoagcgcaggggegG4x^licttmgtoaagaecgaoctglscgglgccctgaatga
a.tTgfcaiigaGgaggmg,&gcggctatGgtggctggi:cacgjtoggg®gitcetige^gctgtgctcg.acgttg£eaei:gsag
cgg^iigggaaggc.igctattgggcgaag^ctggggcaggatoWgtcatetcacGfigfcte£5ig&i^ag£iaa.gtatoca
teatggcigatgEaatggggcggctgcatacgetlgatecggctaeeigceeattogacfcajccaagcgaaaGiitegc.atagagi·
gagcacgtaeicggatggaagcGggtciigtcgaic.aggatg8ictggacgaagagcateagggg«tcgcgecagccgaaGt
gtie.g.eGaggcicaaggcgagcatgcccgaeggc^ggatetcgtcgtgac.ccatggcgatgccigGttgcggastMeatggi
ggiiaaatggccgattSciggattcatogacigtggecggcigggtgtggcggaccgeiateaggacatagsgaggctatccgt
gatattgctgsagagetiggcggcgMtgggctga&egcttcfciegtgcitiacggiategciigcteecgattogcag'cgeateg
ccttciatC'gccficltgasgagttcttcig?aatfettaafcgclte<^atttcGlgaigcggt8ttftotocttacg«atctgtgcggiattt
caeacEgea^aggiggcat-WggggaaM.gigE.gcggfiaeixctottigittatttttemaiacMteastaiaigiMac.gs
tcaigaga®aai;aac-cctgataaatgGticaaiaatagcas:glg8ggagggc.caeGafcggceaagttgac.cagiigcegttecggl
geteaccg.cgcgegaGgtcgi?eggagcggiegagtiagga€cgascggcic.gggitttcGcctagtaacggecgc.eagigi
gciggaatfcaggcagUcaaccigttgaiagiac;gtaeiaa.gctetcatgttis»giacteage.fctcatgi,tfeacgia®t;aagGt
cteatgttt£3a.cgaatiawcete.stgg(^aacgiaetaagetcteatggetaac^scteagctetcaigtttcacgta;ciaagctc
teatgttlgaacaataaaat.WaiaaittoagtaaciiiWtagcctetaag|ilfiaag!ltiafea.gaaaaamgaaiaistaagg
cttUaaagfcttitaiit.ggttlaiieggttgtggi«:iMcaagccagggaigtaaegea£tgagaagcfcaMgagcet.ctcaaiigcaa
ttitcaglgacacaggaacacttaacggetgacagcetgaattdgcagaiaictgttttteeacWcgtieactegoeaggteg
fct.ggtgaagacgaag.gaagtec:egg^ceaicigcgcggc:giaetac^geaaigSttgigaaggca.gittcagai5ceggati.G
.agtUggagaig@atcatcatecc.aeitoitgattttgcccaggi^aigicgecgagggtittacaitecagcaGcagtiegceag
a,Gttcagc€ctgg.aMgttaaGcgc<^gfcaecacgcc^gccMteacggtcgggaaci.ggaacagacctteeigagcca.gi:Uite
gtcagaeagGggcgcglcagaggcaccaaaatoaaeggtait^cgatasistgMtegecaGcggaagaiWgatfKxctg
giagitaactitaitacGggtttcittotggtaagtgicageeeatiiggeata-caGcggcgcagggstaggEtgcaccigcaceigtc
siggciigciletgiMa2cacagsga^fcwicategiiiaaggicgcggegacaa£agttgcgaieg^ggtacgcaUa«ittc
atsMgtefcdgggAggaticataaageaitgittgttggeiaega^tagcaaaaiaggacaaaGaggigaeagtfcaiaigtaag
g8atatg»;a^tWgacagagagat3aiigicUcagtetgatt{saamgcgttgaia.ttcagfe.aattacaaacatteaiaacg
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gaiiaaaagesa.ttaa«ccteaeiaaagggi:ggccgcg»gitec4aiU:tGtagaa^;iaia^aaottcaticUccgggtegg
ggaggcgdma^aaggesg&tggagsa^egctmgcagficcegsiigggeac-ttggcgctaeac^agtggectetggcc.
tcgc
iciiggaagUcGcctccgccGCgeagelcgcgtcgigcaggaGg^acaaaiggs
aiggacagcaccgctg^caatggMgcgggtaggticUtggggcagcggecaaisgeagciligc&cttegetttetgggei
cagaggctggg^gggtgggtecgggggcgggfcteaggggcgggGteagggg.egggBegggegccegaaggteeiee
g^gg.eccggmttclgfcaegctoaaagcgcacgte:tgccgcgci^tefecte<tccteatctcegggceittegaccigcag
cagcacgEgttgacaaiiaai:eaicggfcafegtetatc.ggcatagiat̂ tacgaGasggtgaggag.Giaaaccat^agEKiaaa
ao:^accgtteag6tggata^ggcc«t^a^ms^i^ga^amgcaî gtt^te^«itttasie^UcU

gecogGCtgaigaaigcicatccggaattcfigiatggcaetgaaagacggtgagciggtgataigggsiagigi&aetcttgita
cm:cglifia:atgagemactgmfcgitficaicgetetggagtgaataccacgacgiiU:tccgg«a.gtU.clai:ac.ataia£teg
eaagatgtggegtgUacgg(gwas5c^gix;iaffi:ccctaaagggttfii®t^igaiila1gtitttegtetcagccaa.tecetgggt
gaglfi^ce-ftgitttgaifiaaacgtgg^aatatggiwaaettettfcgeccciigltticmiaiigggGaaatMtafeigmggc
gacasfgtgctgaigccgciggegatscaggttcaicatgwgtttgtgaiggettcGatgteggisBgaatgcttaaigaauafcaa
ca.giaetgG^.iga^ggcagggcg@ggcg^gsgggsGiciggggtteg^iaasgaccgaccaagcgacgtetgagag

ctecciggfcgaatteggiaGcaatamgagcittattliffiatgaicigtgtgttggtWi^tg^Gggegcggaagttcctattctet.a
gmagtefeggaacUccifig3g«ectaiafigagtegtaiUgsxcti^iC-giitgGcscatcctgagGaaaiaaitcaa-ccacta
aiigjg^fcggatescaGaaggaggaM^gcfetgtmitacGgttcUaM®ctgCia.cc^ggaaa.ggltaitatttii.ggtgaai;
actetgctgtgte,eaacsagc0igcegicgeigi;iagigigtctgcgttgagaae.cucctgctaataagcgagifiafc;tgcaGca
.gatac-tefigaaaggaettct®ggaca&igcWatea&a^ggtceaifcaaigaiB:Wgccai&2i;cg£tgg,ateaagtaa
a-ctccGSitaaattggccaaggciciiacasgec^egatggct^tcteaggaaGte'gtEagieiirtggatecgttgtisgcteaac!
tetccgmwcfiGeaci^eatgfcagegitttgfitecigEalaigtUgWgcciatgcccecaigce:Sag.astaitiiagitttcittM
agtelaclfiacccateggtgcigggttgggctea&gf;gci5fetaUlctgiaWaetggc.i;ttagcia^gGctacitgg^gggtt
aataggatetaatgacttggaaaagctgteagaaaacgataagcsiatagtgaatcaaigggGcttcataggtgsaaagigiatte
aGggtacGccttcaggaategdwgGtgtggceis.ciidggtaaig'eeGtgctaittgaaaaagtwtcacaiaatggaacaala
a®eaeW;caafiWmgtttiteg.atgaatee«iigcGatt&caMgat«ctaacctaiactegaaitecaaggicteGaaaagatett
gtigsicgcgttogtgi:gttggtca£:.cgaga8aittoc.igaagtotg®g£caattW.gatg0calgggtgiaaigtgccctacaa
.ggcttagagatcatgacteagiUagiaaaigtaaaggeaceg>tgiiega^ctglagaaactetaatgaacigtaigm;aaci·
atiggaatt^aagaalaaaWggacigcUgtciea&teggtgttieicatefctggaiiagaacttaiiaaaafjMg^cgatga
tttgag£ss:ttggcteS£i,G.aaiWtiaeGggigetgglggcgg,cggttgcicUtgacMtgttacgaagaga-catiacic»gagca
astigaca.getti5aaaaa.gaaattgc^gat^ifKtagttaGg,agaGaitiga^caga«iigg8tgggaGiggclgsigittgaa.
ag&geaM&aatti.gaKfcwgatofiMaateaaatecciagiajiGcaatfMttgaaaatoaaGtaceacaiiag'C-aaGaaafig
acgawiusttgfcmggaMcacgaatuaccatggastt<;ataagciaatttgcgataggfceigcaceett^3ggs.gg,aaaaa,
aaGatgteagagttgag.agGCficagtgce-ccagggaaagGgttac.tagaggtggatatttegttlfe^atsci©aMatgaagc
amgtagteggiifiMcggcgagaatgcatgelglagcteatecttacggteitgcaagggtetgataagtttgaagtgegigtg

aacfcGtttcattgamaagiU4cgciaMigiattfggetacfcttaa5iGc1a^aigga0gactacigcaatei.gaaacngaicgt^itt
gKfiii«ctetg&tgatgcctac;meimggaggatag€gWegaaeategtg^mfiagaagattpgttt.teattcgeafia
gsatigaagaagtteccaaa@ca:gggctgggc45ii;teggeiaggUt^tcacag.lil!iffiwtaea.gctttggcGtccttttttgta.te

aagcgggWW^StWggWcataiggafciateagalMagaa!
tggaagSgetostiaeggcagtaaadggGgcaUtggttgat^agaagaetggi3atattaffigattimagtoxa.itbcci&
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gggaitiiac-iUaiggst^gcgatatogotggftcagaaacagtaaoctggtccagaaggli^aaaattggiaigallcgc
atatg.ecagaiiagcttgaaaaiautacag.aactisgaicatgeaaattctagattfaiggatggacia&iaaaeiagalcg&tiaea
cgagacicaigacgattiscagcga'teagaialiigsgicictigagaggaaigacigiacclgtcaaaagiatecigaaateacag
aagIMgagalgcagttgccaeaatiagaegitccttia@aaaaaiaae âag®tctggtgccgate&gaacetcccgtecaa.
aciagcttaUgg^gail^ecagaccfta&aaggagWi.acitgottaaiacctggtgctggtggttaigaegccattgia.gi^.t
Uetaagcaagatgitgatettagggci;^aa©cgctaai^.c.aaaagaWttei^tggtt£aatggctggatgi®;ii:.teaggclga
i’tggggtglUggaaagaaaaagaiccggaaactiatcttgatMatoctoaggtagcigcaigcagaaiiegcecUaaggag
gaaaaaaaaaigaccgttiao:acagGaiccgiiaccgcaeecgicaacategeaaacc.Uaagtatigggggaaaag'ggacac..g
aagttgsatcigcfccaeeaaitcgtfcCTtateagigafctttategeaagaig0£etcagasG.gtigaccicigcggctacigcacci
gagtitgmegcg.aeaciitglggSaaa.igg.agiiaccaeacag:eaicgacaa^.aaagaaeicaaaaagte ĉgcgaixtaG
gc.saattiUiga^ggaaaiggx^aicgaaggacgccteattgci3cas:aiiateteaaiggaaacfccacaiigtctegaaaatea
etttcfctacageagctggtftagcttcciccgci^et.ggctftgcigGattggfe;teigcaattgciaagftataccaatta0caeiiglc
3acftcagaaaiaicta.gaa.tagC!aagaaa@ggglc-iggiteagcttglagategitgtti:ggcggatai?gtggc£:tgggaaMgg
g.aaaagcigMgaiggtealgaaeaaiggc£igl^!aaalcgeagacagGtetgaetggctteagatgaaagi;ttgigiGctogfi
gteagtgaiafiaaaaaggaigtgagttemeicagggtatgcaatigae«gtggC3afcctccg^.ctaltlaaagaaagaMiga
ae.atgi.cgiscc.aaagagaittgaagicatgeg.iMagceatigttgaasaagaxttegGcacctifgcaaaggaaaeaatgatgg
attecaacti^tccaigccaeatgfttggadettlcei;tecaatsiiciacatgasigaca,ciiccaagcgtai(:atcagliggigcc
aeaecalt&a£cagttitai^gag«sacaategt^eaia«^gftig.a^c:aggtfc«aaaigctglgUgtaio.tiitttag.ctgaa8at
gagicg(wjctctitgvaiitaici«tiaa.aftgiiiggcteigitc£iggaigg^caa-gaaattiactacigagca.g,cttgaggcftic
saccateaatttgaaicatctaacitiasigcacgigaaltggaiettgagftgcaaaaggalgUgecagagtgafttiaaGteaagt
cggttcaggctseacaagaaacai^ga^clttgai^acgciiaagactggtciaccsiaaggaataagatcaaftcgetgeaieg
cccita.ggaggfe!aaaaaaaatgacigccg^aacaaiagtatgcc€catggigcagtaietagtlaGgcGaaatlagfgcaaaa
ceaaacaceigaagaeatiitggaagagtttecigaaattaeC'iSiftUcsacaaagacciaaiaeeegalctagtgagacgtcaaa
igaega9agcggagaaaeatglttttc.tggtcat.g8iga.ggagcaaaftaagtWgaatgaaaaftgiattgttitggattgggae
galaalgclatigglgGeggtacc-aagaaagfttgteafttaaiggiiaaatatigaaaagggttiactacatcgigtatictccgfctit
attiteWgaacgaggtgaafta.ctiit^aafcaaagagccactgaaaaaaiaaotttecctgatett{ggactaacacatgcigcti:'
fi^ea^t^^tgscgaa^g^^^^Eaagctag^ âa^m^gBgcmmgc^gcg^g^a
aaciagatcafgsatiaggfMiccagsagatgaaactaagacaaggggtaagift&acttittaaacagaaicfcatiacaisgcac
caagcaat^cc^ggggtgaacatgaaaitgaftacateafettttataagafcaacgciaaagaaaaeitgactgicaacccaa
scgicaatgaiigttagagaciicaaaigggttic-aiieaaatgaliigaaaa^^itgeigaeccaagttacaaglttecgecttg
gtit6agaUattigeg.agaatiacitaficaactggtgggagcaaliagalgacctticigaagtgg.aaaaigacaggcmticata
gaatgetateacaaGgfcgtctacaiiataai^i.aaggC:acgtcagatgaiS^gCGiaitetggggcc

SEQ ID NO :25
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F

atcage-agcagta:g^eggtttteagtcgeg.tegtetgggGgacijcagaceaksgciiaUctggiaggtgieagtg^aaaca
cgtgocaigttaactgcgatltocaigaaegciitaggcagcagggig^gtcgeiaacgcgiicacgattcafctttiiccaito^
&gtcgaieagtiiacgcagticttcg£gggcctgtiseicgct^teccatogffii£.gtgcatgtagaaaigaiagaaUggtagte
tegcca&gltccagctecgcegcagaggtggccagategiigcas^gcggaagafeacgcagctagaasgcaccagaccat
ggaagteoteagggaacgcag£igcgtggtcggag.8tgU3ttcctgfctgcigg£aiacggaaaagteaga«ggcge£agcsg
sgciacawggaggaggaaacgetggcgttttcc^is&aggsgaMgcfcgggaiaattngttgttggaccatitegccteii
gcagaaaggcUigcaeagtteacgccagcttttegicag.afaggacaggtigUatgaee.ilteicttteagaaiag:aaiaggacgl
gtcgtteacggtgt' «cagcgfiteta
cagsaiBggtgaacagtigcagttogteeagagtge'CMaaacgicatacaGgtcategaigaiegtoeciigaeiamciaiffla  
g1aa£ag£tligGg.aeaiteaG.caaacig£gggtetggcg&eatacei:iigEg.eo£agai!ataaiaeitecaicaggcg^cgegt 
acaaaatccagtttgetagecagg«c£aietcggtc£ae£ag£.gggacagateligcagcicilttGi.ggtgcagggictglacGat  
gtte&ttecageiicgccagcic^gKagcagsiggigatgsggitefficggttegiaitiatc-eaggaaGeaaegigcc&eag 
ac^.tgcagacgctggtgaiaiggsagtic£aggg£gtggctcacttgacigcaaccuggtaitaaigc£ttwc3ggtig.lict  
icaggigggtgatggaaaaggiacg.egcctoGteeagcaggtlcteaesici:£sgaaac£caggteagaegcU(sitacaggcica 
gcaggccftggacgtcacc(itoagtieaix:goigaaa8«.cctUiUaiccttgaaacg£toaaaaiKiatect$iaga;i5iectcga 
aaecgtgatgacgcagcagacggaaiigacagagcggttgcgtgcagg'icagatttgttcttyigttttcgtcca.gGagtacgaig 
iUtccag.ggetiiaatgatgtctiittc£taat£igtaggt£agacccagg£g£tg,eacatcgtegatcag:£.tccagcagggai:ags 
ggagggtgicfaeacggtt^toatgcagsgaacttciicctccagttiggfegclitfticcstGcagctutecactttffiaggtcgtte 
tocagg.gattgcaggaaitcgaaatteGacaggttiggctgaiagttiy+gg.aacgaegggaattaigcteggtaateigagtaaa 
itgagaagaggtegcas:a<ia.tggtatafetc£i:i£Uaaagttaaa0aaaailatUGtagaggggaatigttat£Ggci.cacaaticc 
cdMagtgagtegtattaatticge^gategagatctegatee4ctaegecggac^ste^ggecgg.catcaecggc.gecac  
SfiKF ggcgeciai:atcgc-egacstsaecgaiggggaagaiEggg!Ctcg£cacU.£gggctcaigagcgs;tigit!:£ 
ggegfegMgg^caggiscei^tggccggg^acigitgggcgc-tatefccttgeatgeac-cattocUgeggcggcggi 
gctcaacggcetcaacctscia£t.gggGtgetieciaaigc^g^iegcaaagggagagcgtc^gaic.CGggitoac«ai:c 
gaaiggegcaaaawtttegcggtaiggsatgstagegcccggaagiigagtoaattca^gggtggigaatgtgaaacGagtaac 
ga.atacgMgicgcagagtaigeegg^totoiiati’agac£gfttGccgcgiggtgas££saggc£agccac:gUteigcgaaaa 
GgegggassaagtggaagcggegatggeggageigaaiiacaiieceaascgGgiggcwaaicaaGtggegggcaaacagt 
£gttgvtgattgg£gtlgc«acetecagtctggs^&igca£gegccgi«g£aaattgicigcggcgaiiaaatc&gegce.gatea 
a£tgggSgc£ag£giggtgg1^togaiggXgaa€gaaBeggcgtegaagiictgtaaageggcggigc^£iiaii5ito,icgcgc· 
;iacgegteaglgggei^.{caita«;teiccgd^atgae4^iggatgceatigelgi^aageigficlge0.etaaigttccggc 
gftaitt£tt^iigtctotg&C£aga^£CGatG»eagfet1attttetc£G<gaaga£ggto£gegac-tgggsgiggii.gcEitetg  
gtegcattgggic-aa;ag£aaat£geg.Gigtiagc-gggeccatiaag,ttetg:toteggcgcgteig£gtciggciggdggcata  
aateict£actegcaat«ai3attcag0CgaiagGg@aaogggaaggcgaclggagtgccatgicGggttticaaeaaaeca.ig.c 
aaaigGigaatgagggEategiteecgctgcgatgetggtigeGaaega&agatggcgcigggcgcaatfegc.gee-atiaeeg 
agtocgggcigegcgUggtgcggaiafetcggiagtgggatacgacgataMgaagacagctsaigtteMiccegccgttaac;  
£:aC£:aica^teaggailttGgixig£iggggi:aaaecageg{ggacGgetigctg£as.ctetetcsigggc,c®ggeggtgaiigg 
gGaaicagcigttgcccgiictcastggtgaaaapaaa.ai;caeeGiggeg£ccaatftegcaaaecg£6Wcccgcgcgtig, 
gcegattcai.iaMgcag£{ggGaegacaggitt!X£giietggaaa-g:eggg£ag^gcgcaa,£gcaaaaatgiaagtiagcl 
£ttctcaiUggea£CgggaiGi«gaix;Bat§£ecUg^gagcetteaaiiccagtoa.gctccitccggigggcgcggggcaEgai: 
iatogtegccgcacttalgactgtcaGtiUtcatgcaacfegta.ggacaggtgfi-cggeagcgcicigggtcattttcgg.cg.agga  
c«gcmcgctggagcgcgiicgaigatog.gccigi£gGftg<^giatteggaaicttgcaogccetegctcaagct5ttogtcactg,  
gteccgccaccasiaGgUteggcgiigaagcaggeGattaiGgcGggcalggeggccecEicgggigQgGatgaicglgcteetg
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clgeigetgG.a®aacgtotgcg^c<^gageaaeaaicaigaaigg.iciicggUtGcgtgttt«gtaaagt£iggaaacgc^aagt
tsagegccctgcaccattatgltceggafeigcatcgeaggaigcigaggctafccctgiggaacaceiacaicigiaUaacgsag
GgctggiiafigacccigagtgatitttGiciggieocgcegcatecstaccgGcagttgitteeccicaG^cgScGagfcaacegg
geMgttcUtaicagtaaecGgtate^g^ca&etetctegitteateggtateailacGCGcatgascaga^tcecocto^
eggaggcateagtgaceaaacagg^aaaaaccgcccEi^acaiggcccgcltiaieagaagceagacaitaacgcttfitgg.ag
aaacteaacgagMggacgcggaigaacagg£Kigac5itetgtgaatcgc«Gacg.»eacgd:gatgagctSac=cgeagctg
cctogegcgtiicggtgatgae-gg^aaaa.cete.igacac-isigcagctce€ggagacggiese3gcitgEe f̂eagpggaige
egggagcagacaagcccgteagggcgcgteageSgglgftSgCBSg^WgB^g^gc^gacecagtcaegtagcg
aEagcg^agtgiaiactgg,eliaactotgcggeattagagi:agai!t8iactgag^gca.ecatatatg£ggtgtgaaataccge
acsgaigcgtaaggagaaaaiaei^cateaggcgelcttocgcticciegetiiacigactcgetgcgctcggteglicggctgcg
gcgagciggiateagctcaetcmggcggtaaiacgguatecacagaalcaggg^iaaegeaggaasgaaeaiglgagca
aaa^£cagcaa£i^gccagg.w:icgtaaa«^eegfigitgiciggcgt»ttecsu^cte£ge(xecetgacgag.calca
isaasaatcgacgctcaagteagagg^ggc^aawgaeaggaotateaagaiaccaggcgttUceeetggaagctcccfcg
tgtgctetectgttegsccctgcegchaccggaiacctgtcegecttweategggaagegtggegcitteiGatagotcac
gctgtaggEateicageegglg'iagg.fcgttogcie£iaagcigggctgSgtgcacgaftcceec£giteage£ega0&getgegc
citestccggttaciategicitgagtCGaaecGgglaagacaC'gmfcategiicactggcagcagccaciggtaacaggaitagG
ag8gc^ggiaigteggc^tg.ciae8^.gttcUgaagWggecta&eiacg^iiacaciagaagg-ac©gtailtggtatei
gc^tctgetgaagceagiiacii.teggaaaaagagtiggtag£teiigaiecggci!aa«aaai;caix:.goiggl©geggfcggm
ttttgtttgeaagea@^gattegcgcagaaaaaMggatei£mgaaga.tcetitgajetiaiitai;g^gid:gacg.etcagtg
gaacgfiiaaacteacgiiaagggattitggtea'igaaeaate^aetgtetgC'ttaGatii^eagtaaiacaaggggigtiaigs.gic
e^aU.caacgggaaaegtcttgctebggcegegaUaaattcc-aac0i:ggaigs;tgaaiaiatgggtateaaiggg£tegcga£
£ialg-tegggcaateaggEgegaeaatcUiegaUgfeiigggA^igccc.gaigegwagagitgtttetga3aeatgg€aaagg£a
gcgUgceaatgatgtfiic&gMgagstggtcagaclaaactggcigaeggaattiaigajtcUccgacKitea^gcaitUaicc
giaGtccigatgai:gcMggUaetC0c-ca)Ctg.c^ccccgggsaaacEtgcat£ecaggia.ttagaagaatS(tee:tgaiieaggt
gaaaataiigttgatgcgciggeAgtgjteGtgegccg^tgcaUc^WigiitgtaaUgiceiiEtaacagGgawgegWtic
gictcgctcaggcgcaateacgasatgaataacg^ttggftg:algegagtgaafig8tgacgagcgEaatggctggcetgSg.aa
■eaagtctggwgaaatgealaaaetittgC-eMeteacvggalica8te.gtcact£aigglgatttdwttgateacGitatUiig
acgaggggiWtoataggtigtaUgaigttggaega^Gggiiai.Ggea.ga£egaiact-aggitidtgeeateciaig^actg
cctcgglgagttttoicctiKa.ttacagaaaeggctUtfe^aaa1atggiaiigaWecigataigaataaaegca^iicaittga

;g£gtiaaatitiigttaaaieagcicatittitaaeca 
alag@ccgaa3iGggea®aai£5ce{taiaiiaicaaaagaaiagac-cgagaiagggiigagigUgttocagUlggaaGas.gagt 
ocactatiaaa^egtggaGteaat^®®sgggtga®^c^ct8icaggBtgaigg£x;G8Ciscglgaa£xaicacc 
cteatC8ag£tttttggggiegaggtgccgt:aaagGacfeiasicggaa££;ctoaagggagci:®GegsUtegagcttgacgggg.a 
a,ag:ccggegwgiggegagmggMgggSfig.mgcgaaagg^cgggcgetagggGgctggcaagtgt:ag.cggte

aatgegcGgetacagggegc

ag<^c©mcgggctttgw«»ge0ggatcteagtgg^gtggiggtggig«»ga'

SEQ ID NO:26
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Figure 112A
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Figure 112B

gcggccgcgcccttgaeg.atgccacatecfgagciia.staattca&ccactaaugtgagcggataacacsa^'g.aggasacagc
catggtatcctgttctgcgcc^taagattUcctgttcggtgaacacgccgtagtttatggcgaMctgcaattgegtgtgcggi
ggaactgcgU<;ocgtgttcgcgGggaactcaatgseteiatcg.cla«cag.agecag.atcgge£gcaccggtoggafltcgaa

aagcacecttaigtgictgcggtaat£ga-gaaaatgcgeaaa.tctattociaUaaeg.gtgnttcagaccgtcgattcsgaeatece
ggtgggctoc^tctgggtogcsgogcagccgiUK^gcgictattggtgcgetgaacgagctgttcggctttggccicagc
ctgeaagaaategctaaactgggecacgaaaicgaagttaaagtacagggigecge^ecoeaaecgaiacgtatgtUciacct
teggcggcgtggttaocatcccg^aegtogcaaactgaa&aeteeggiKSigcggmtgtgsttggcgaiacoggcgttttcte

ctccacoaaagagUagUgctaacglacgteagetgcgi:gaaag.eiacccggaUigatcgaaccgetgstgaecfciaUggc
aaaatcteteglaicggcgaa-eaaetg.gttclgtetggcgactacgcatc.'C.atcggecgccigatgaasgt.eaaLecagggtcicct
ggaegcceig.ggcgttsaaeatcttaga.actgageeagcigatetattscgctegigcggcaggtgcgtttggcgetaaaaicacg
ggcgctggeggeggtggctgiatggttgcgcigaccgctccggaaaastgcaaceaagtggcagaagcggtagcaggegct
ggcggtaaagtgaciatcsclaaacegatx.gageaaggtcigaaagtagattaagcc4igacitaatagcigc-ttatttcgccctta
tggtacctagiaggaggaaaaaaaeatggaa&tg.c-gtcaaccggetgicgcsggteaaitciacecacigcgttgcgagaaed
ggaa&acgaacigaaacgcigcttegaaggcctggagatccgcgaacsagaagtgctgggcgcagtctgtccgcaegccggi

tataigiaeletggcaaagttgcgg.cgeacgtctatgccactctgccggaagcigsteccta£gtaateftcggcccgaacc.scac
cggctacg.glagccetgtetetgigagccgiga»acttggaag'accccgiigggcaatatcg.aigtigaciitggaaetg,gcgga
cggcucctgggtsecaicgtagatgcggatgaactcggtcsicaais.feti;gaaciicicta.tcgaagticagctgccgtttetgcaaia
ecgtttigsacgcgaitieaaaaUctgei-'aatetgcatgggtatgcsagacgaagaaaccgeggtcgaagfaggiaaectgctg
gcggatct.gatcagGga.gtocgg'iaaacgtgctgtga.temcgcaagcictgaliicaoccactatgsgacggctgiiacgtgci:a
aagataatcganecgaagtiattgaUciaic&tgaactiigacatcictggxaigtacgatcgcctgtategcoglaacgcctetg'itt
gcggUscggcc.cgatcacegciatgc?.gacggcaagcaaaaagc.igggcggetetcgtgcgsctttgctgaaataegcaaac
agcggtgacgtgtoe^tgataaagacgcigtggtgggL^tacgccgmtteatcgttgagiasgetgatiaaaggttgaacsgal
aggamcgtcMggatcctoCeiitggaggaaaa.aaacatgaatgcticiaatgai}c«Egtgaitctgaaaclgggtggctetgi:ta
itaccgacaasggtgcctacgaitggcgtagttaaggaagetgatttgctgcgeatcgijaeaggaagtEagcgg'tUccgtgge-a
sgatgaicgtggtteaiggtgcsggUgciteggccatei:gtacgcgaagaaatacggcGtggaccgiacctteg.acecagagg
gcgcaattgttacteatgaatctgttaaaaagcicge'cfceaaagttgtaggtgctctgaatagcttcggcgigcgtgciategegg
■tgcatc-etatggacigcgeagtatgccgtaaGggicgta(cgaaacgatg.fstciggai:tccaicaagtW(gciggaaaasggi
«iggtgcyggttctgcacggcgacgtcgeaaiggat^tgaactgggcaGitgtatcctgtcQggtgaicaaaicgUEciuecSg

gctaaagaactgggtatetccGgccteggcctgggeagcgcagagga.tggtg.tgsigg.atetggagg.gBaaaEGtgtacv-gg
aaateacceeagaaacUtcgaag.,3gttecgccaelgcitteggtggtte{ggttaadgaigtaaccggtggcatgcigggcsjsa

gtgc^gaacttctgg^ttgagcaaaaattettceaUactegctecattttcaacgctggfaaagcagacaacatctoccgcUtot

gMggtgagtecateggcactcgcsicagci;cggaGaagcgigta.aagctegttattaacetaaatgctetaaaci;4gtisiga
gctataca&ggaggaaaaaaacatgattaacaoisiceagcegccgcaaaattg'aaca.cctgaaactctgcgcagaalccccgg
ttgaagcgcgtcaggtatetgc.eg.gctttgasgac-gttaetctgatecae£.gegctnacc.ggagcigaacatggatgKaetgga
ceicagcgttgMncctgggwacgeatcaa^cgccgtKstgattgcgtoiatcacgggtggtcacceagataoc-atKxc^
ttaacgctgegctggcagcigclg.etgaggagcigggtgtiggcateggegtiggeutc&gcgcgcggccattgatgatecgii

gccaggaagacagcttecgtgtagtgcgtgaC^agccwaga^gcgtttgtfia^geai^gtcggcgcageacagstecgto
agutggtgttgsaggigitgaaaaacig.atcgaaaigattgacgc£(gatgcciiggcsialemcigaacnictgtaagaagcg

gtecaaccggaaggtgacGgegaegGgaecggttg.cctgga.caigattaecgaaantgstetcagaUaaaaetccggUiaicg
igaaagaaaccggtgcaggcanagcegtgaagatgcgattC'tgttc^&sgaaagc-tggcgt'gagcgCiiatcgKcgitggcggc
gcgggeggcaectccigggciggcgicgaggli:mccgtgc.iaa3.gaaagei;gtgastetgttsgcgagcgmaggtgagct
gtiii.gggatucggcattccgacggia.gcttetctgattga8tccegegttteGitgccgciga'icg£:aac.e.ggcggSntecgtaac

.ggtotggacattgciaiiaagcsttgctctcggegeaagcgctgccagcgecgctetgcegitcgttggWgiccetggagggc.
aaagaatecgttgtacgtgtgGtgagcigesigctggaagaatttaaagmgcaaigttmgigcggttgcggcaaeatcaaaga
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Figure 112C

cctgoMwstetcea^agiggfeeetggttggac&egcgaaiacctggageagegeggttttaaegttaaggaectctecctg
ccgggcaacgcictgtaagcttcsaegcgtetaeaaateaaaaaggcacglcagaigacgtgccWicttgtct^B.

SEQ ID NO:27
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Figure 113B

gmgacagcUatcaicgaHgcafcggigcai’caaigcttctggcgicaggfcagccaicggaiJgcfgiggtatggcigtgcagg
tegtaaatcactgcataat?cgtgtcgtteaag@cgcacicecgtte1iggati«itgttiitigcgccg.acatcaiaacg.gtlctggca

ast8Uctgaaatgag:ctgtigacaaHaateateeggcicgiateatgigtggiiatt:gtgagcgg.ataacaattScacacgggaaac
agcgccgctgagaaaaagegaagcggcaetgclcttUacaailiatcagacaatcigtglgggcactegaccggaaUategin
taactttaUaiiaaaaaiiaaagaggiaUtaiiaatgiai£.ga.ttaaataaggaggaataaacciatgtgigcgaectcticicaaiUa
cteaganacegagcataattcccgtegttecgcaaactatcagccaaacctgtgg.aatttcgaaticctg,caatwiggagaac

g,acetgaaagiggaaasgclgggggagaaagegse-cs{ai5ctggaggaagaagac.gctgcaigatcaaccgtgfagacae-i;q
agccgcigtec-ctgcl:ggagctgaiegacg8tg(gcagcgc.cigggtctgacci:apaaaittgaaaa8gaca&attaaagccei

ggaaaa^cgtactgctggac-gaaascaaaa^gaacwic^sKsc^^cgcaaccgcicigtctKecgic^etgc^c^
cacggUtcgaggUtci.caggaigiit(igagcgUicaaggiitaaagaagg-tggttteagcggtgaaclgaaaggtg:acgic&aa

ggcc1gctga.gcmgiaigaagegWae-sigggmsg.a:gggtg.agaaccigctggaggagg.cgcgiacctiticcatc.aQCC
acetga3.gaacaacctgaaagaa-ggc.anaataceaaggUgcagaacaagtga.gccacgccctggaactgccaialcaceag
cgtcigpaccgutggaggcacg,tiggttcctgga{a£iatecgaj5ccgaaagiiai;tgcaicaccagctgctgciggagctgge
gaagc!ggattttaacsi.gg.ta«igaccctgcaccagaaagagctgsaagatctgtcecgctggtggaccgagatgggcotgg
ciagc-aaactggattttgtacgpgaccgetlgaiggaag'SUa.aiPtgggPiffitggg.tatggcgecagsicccgcagtitggigas
tgtagciwgctgttaciaaa0igtttggtotggtgacgatealcgatgasgtg:ta.tgac-giltaiggcaclctggacgaac.igcaa
ctgttcacegatgctgtagagcgetggga«gttaacgctattaacaccfitgccggactalatga8aptgig®cciggqactgiiic

aaeaecgUaacgacacgteciattctattUg.aaagagssaagglcstaacaiiC'Ctgicctatctgaegaaaagptggeg'igaiiCi
gigcaaagcptttagcaagaggcgaaatggtccaacaacaaaatiateccggetttctcxaagtaectggaaaacgccagcgtl
ts:ctcetc£:ggtgtagcgctgctggcge€gteUaetiitccgialg.ccagcageaggaisgacatctccg.aceacgcg.ctgcgtti:.
ccig8ccgaaiecaiggictggigcgtteiagctgcgUateJ:icegcc{gtgea8cg&tetggc.caccictgcggcggagctgg
aac^ggegagaclaccaaitdalcattagciacatgfcacga^aegatggtaccagcgaggaas ĝgcccgcgaagaactg

cgtaaacigatcgaeg.ccg,aatgg.:aaaaagatgaatcgtgai«gt:gttagc.gactccaccctgc6gcctaaagcgt(c.aiggaa
ategcagttaacatggeacgigU7ccpactgcac«ia.cca.gtaiggcgat.gglctggg{:cg.cccagact3C'gcgacigaa.aa«c
gcalcaaac.tgctgctgattgacpctttcecgMtimcwagctgaigtatgtdsiastgcaiaaag.gaggtaaaaaaa&alggiato
slgitetgcgccgggtaagattiaectgttoggtgaacaegxcgiagffia.tggcgaiia.cigc8ati.gegtgtgeggtggssctgc

gtaccegtgitcg.egcgg8actcaaigacMaicaeiaitc.K.gagccagsteg-gqpgcaccggte.f:ggat.ttcgaaaagcscpc.
ttatgt^igcggia&i^g^aaaatgi^caaatctaaecWaacggtgWtcttg^egtegaitccgacaicc^ggtgggct
ccggjcigggxageagcgcagC4'g.ttactaicgcgictaftggtg:cgctgaairgagc5gttegg.c.Ettg.gci:teagcctgcaag.a
aatcgeteaactgg.gceacgaaategaa3!ttaaag.ta<iaigggtgC-5gPgtePiJcaa&cgatacgtat:gtttetaecUcggcggc.

gtggttaccatcccg^iaegtegcaaactgaaaactcc-gga^|cggeattgt^ttggcgalaccggcgttactec«ceii©oa
aag&gttagiagctaacgtacgicag.cigcgcgsaagctacecggattigaicgaaccgctg'aiggcctciaitggcsaaatctci:
cgtaicggcgaacasct:gguctgtcigg.cgactacgcafcc8te-ggecgpctgatgaacgicaacc;ag.ggteicctggacgcs;·

cfcgggcgttaacai6tiagaactgagccagdtgatewocg«5tegtgc.ggcaggtg<^tttggcgctaaaasca«gggcgclg

gcg.gfigg.tggi;tgiatggtt.gcgclgaccgc'tecggaaas4tgcaac«aagtggcagaag.c.ggtagc.aggcgc-tggi-.ggia
aagtgsetateactaaacegaccgagsaaggteigma-gtsgsttaaagtetag'ttaaagltteac.ggtetecsgcttggctgtttt
ggcggaigagagaagattKcagccigaiacaMaiiaaatcagxaacgcagaagcggtctgstaaaacagaSimgcetgg.cggc.
agiagcgcgg.tggtc£cacilgaceccatgccgaacteagaagtgaaacgccgtagcgccgatgg?agtgiggggteti;c<;ea

tgegagagtagggaaetgecaggcaicaaataaaacgaaaggpte»gtcgaaaga.cigggccntc:g5ti.tatctgttgUt.gtcg
glg.aacgci.ctcctgagtaggaca.aatccgccggg.agcggaitlgaacgttgcga<igi:aacggeceggagggtggcgggc3

ggaegcccgccaiaa^^ccaggsateaaettaagcagaaggcc^cc^a ĝa^gccttifegcgntctecaaactcUtti
gtKattmciaastaca«caaaiatgtatoegcUaaccgga&ttgcc-agctggggcgcc.ctctggmggttgggaagc:cctge
aaagtsaactggaiggcitfctcgccgccaaggaictgaiggcgcaggg:gaicaag€.tctgaicaagagaeagg.algaggai£;
gittegeaigattgaa.caagatggangcacgcaggiictecggcegcttgggtggiig&ggctatwggctatgaptgggc.acaa
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Figure 113C

eagac-aatcggctgctctgatgccgccgigltceggctgica^cgcagg^agcecggitctttttgtcaagaccgacci^icg
gigcectgaatgaactgcaagacgaggcagegcggctategiggciggccacgacgggegiiccttgcgeagctgigetcgac
gttgieaclgaagcgggaagggactggcigctattgggcgaiagtgecggggeaggatctectgfoaieteaccitgctectgcc
gagaa^Utocateat.ggctgMgcaatgcggcggctgcMgcgUtgatecggcta«ctgcceaitegae©aemgegaaa
catcgcafogagpgagcacgtaetGggatggaagccggfcfigicgatcaggatgatetggaegaagagcaicaggggctegc
g<xagccgaaetgttegccaggcicaaggcgagcatgcCi:gacggegaggatetegtcg.^aceca.tggcgaigGeigcttg
c€gastotcatggtggaaaatggccgcttttic«gga«caic§aclgtgg€cggctgggtgtggc^accgctatc8^aeaiag
cgitggctaccegtgatottgetg.aagagaltggcggegaa.tgggetgaeegettc-etcgtgelltaeggtelegeegewccgat
fogcagcgcaiegeclictategccttcltgacgagtletietgaegeatgaeeaaaaiaectiaacgtgagtittcgtiecaeigagc
gteagacc'ecgiagaiaaa.gaie^aggatcucfrgagafo-eiiiltttcigegcgiaaictgetgcugeaaacaaaaaaaccacc
getacfcageggtggWigatgecggatcaagagciaceaaetctttttccg^iggtaaciggctteagcagagcgeagataceaa
atactgtccttctagtgtagccgiagttaggccac^cttmgaactct^agcaccgccimtacctcgatcigttaatcetgtt
aceagiggctgctgeeagtggegataagtegigteltacegggttggac£eaagaegatagtiae€ggataaggeg.eagegg{:<i
ggg-ergaaiiggggggttcgtgcacacagc«cagcftggagcgaacgacctacaccgaactgagatacelae-agogtgageta
tg.agaaagcgceacgcyeccgaagggagaaa.ggeggaea.ggla&c.ggiaageggcagggicggaaeaggagagcgca.
cgagggagettccagggggaaaegfietggtetctuatagtectgtegggiitegccaectctgaettgagegtegxatiittgtgat
geicgtGagggggge.ggagect.aiggaaaaacgecageaacgeggce.titttaC'ggOectggc.ettttgetggcettttgc:tea.c
aigttemccigcgitatecedgamgtggateccgtattaccgcctttgagigageigaiaecgctcgecgeagcegaaega
cegagegeagc^gtcagt'gagtgagga^gcggaagagpgcctgatgc^tetmctocttatgcaltigtgcggiattteac
acegeafofggtgGac&teagt.acaaictgctctgatgccg'catagfiaagecagtatacsctccgctatcgdacgigacigggi
catggctg€gccccgaca<x5cgccaacacc©gc-igacgegccctg8cgg^i^ctg©tcceggcatccgcttacagacaa
gctglgaee.gtctc<!gggageigcaigigtcagaggittteaccgieateaccgeaaegcgegaggeagcagafoaattegcge
gcgaaggeg.aageggcatgeattta:egttgaeaccategaatgglgeaMaeeUtegeggtatgg£atgaiag£gcc€gg:aa
gagagteaattcagggtggigaatgtgaaaGeagtaacgttatacgaig.tcgc.agagtatgceggl-gtctetuteagac€gtiicc
cgcgtggtgaaccaggeeagceaegittBtgi;gaaaacgegg.gaaaaagt@gaagcgg0gatggcggagcigaattacattc
ceaa0cgcglggcacaacaaci.ggcgggca.aaea@tcgttg.etgaltggcgftgetiaeewc-agfotggeccigeacge-gecg
tegeaaaitgteg'eggegattaaafolcgcgccgateaacigggtgecagcglggtggtgtegatggtagaaegaageggcgCc
gaagectgiaaagcggcggigcacaateltc.tegegeaaegeglcagtgggcigai«attaactafocgctggatgace.aggai
gec^tgctgtggaagctgcetgcamatgttccggcgtiaWttgatgtclctgaccsgacaisecatmcagtaiialtitcicc
catgaa^cggmcgcgacl^gcgtggagiratctggtcgcattgggieaccagcaaatcgcgcigtiagcgggcocaitaag
ttetgtctcggegcgtetgc;gtctgge.tggc:tggcaiaa.atatetc;actegeaateaaattcagccgatagcgg>acgggaagge
gactggagtgccstgtceggilttEaacaaaccstgcaaatgcigaatgagggeaic^tcccactgcgatgeiggttgccaacg
atcagategegcigggcgcaaigcgegecgttaccgagfo«gggctgcgcgitggtg«ggaiaieteggiagigggatacgae
gatae-egaagaeageicaigiiaia.teecgcegfoaaccaccatcaaac:aggattttagc ;ctgctggggGaaaecagcgiggae
cgcilgctgceactctehjagggccaggcggtgaagggcaatcagclgiticccgictcactgg^aaaagaaaaaccaccctg
gegecsaalsegcaaaccgCitetifoCSgGgegMggcGgaiteattaatgeagcigigeacgaeaggmeeegaaggaaage
gggcagtgagegeaaeg'eaaUaatgtgagttagegegaailgafolg

SEQ ID NO-28
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Figure 114B

aagggcgagcicaac^ccggcigciaacaaagcccgaaaggaagetj^gtt^.ctgetgccacfi-gcigagcaataaclag
cataaccccttggggcetetiiaiU:gggtcttgaggagUitttgctgaasggsggaaeUistecggalatcccgca.agaggccc
ggcagUccggcataaccaagK;tatgectacagoatccs^g^ga6ggtg»cpggaigacgatgag^gMtttgtlagatttc
atacaeggtgectgactgcgttagc&atttaadgtgaiaaaclaccgcattaaagcttaiegstgaiasgcigtcasscatgagaa
ttasttcitgaagscgaaagggcetegtgatacgcciatttttabggttaatgtcatgaiaateatggtttettsgacgleaggtggca

ciittcggggaaatgtgcgcggsacaectatUg.tttetttiiciaaaiaeatlcaaiiiaigtatocgateatgag,aca8taaacaiga£
aaatgeitcaaiaafattgsaaaagg8a.gagtaigxattgaaeaagaiggattgcacgcaggfictcogg,«gcttgggtgg.agag
gctattaggc{ai:gactgggcacaactgseaateggctgctcigai.goegaegtgiiccggctgtaagcgcaggggegcceg.gt

tctittlgtcaagaci;gaccigtccggtgcccigaatgsiactgcsggecgaggcag&gcggctaicgtgg.ctggc&&cgacgg
gcgitecttgcgaagctglgctcgacgttgtciictgaagcgggaagggaaggetgftiaugggtgaagtgceggggcaggat
cicctgksietcai;cttgc{cctge£gagaaagtatecatea;tggetgatgcaatgcggcggctgcataegctig.atecggctaG

c^cccattcgaccaficaagt^asaoatcgcatcgagcg^cac^acic^^gaagoc^^^cg^caggatgatct
ggacgaagagealcagggg.ctcgcgccagcegaactgtegceaggctcaa.ggcg5gcatgcecg.acggcg.agg.alGtogt
cgigaaacatggcgatgcetgettgccg:aatatc.atggi:ggaaaatggcc.gcUtlcigggtteaS;cgacigiggccggcigggtg
lggEggacsgctatcagg.aeaiagcgHggctacccglgaJaitgctgaagagcttggi;,ggcgaatgggctgaasgettcctegt
gettt.acggiatcgccgctci:i:gattcgcagcgfcategccttcta'tcgcc'tteitgacgagttcilctgagcg.ggacici^ggti£
gaaatgaeegMx ^^ci_acgcclaactgtcagaccaagttiactca:EataiaemagatigatttaaaachcatitttaatUaa&a
ggaiet8ggf:gaiigaittrtrttgataaictcaig,accaaaatcccitaacgtgagiittcgttccA.Gtgagcgi£agaecccgiaga
aasgatcaaaggatctteMgagatccUEUitoigcgsgjwctgctggtigcaaaeaaaaaaaccaccgctaccageggtggtt
rgtttgi:cggatoaagEig,c'taccsaci.£tttticcgaaggtaaeiggcticagcagagcgi5?igataccii3atactg1c£iteiagtgt
agecgtagttaggccaccacttcaagaact^gtageacegcciacatacctegctc^cWcct^tacc^^gclgctgsc
agtggeg£magicgigtcttaecgggtig-g.a0teaagaegataguaccggaEaaggcgcagcggte-gggetgaacggggg
gtii:glgcacacagcecag.cttggagcgaacgacctecaccg.aaetgagaEai:ciaeage:gtgagciatgagaaagcgccsc
gctteecgaagggagaaaggeggacaggteEecggtaagcggcagggtcggaacaggagagcgca.cg^ggagcitssca

mgg
cggagectatggaaaaacg:ccageaacgcg;gcctffitacggls:cctggc.ciSttgctggeciW;g£tcacaigUctticctgcgn
atcceclgxaStetgiggateaccgta-feiecgecittgagigagetgataccgcEcgcc-gca.gccga«cgaccgag<5gcagi;ga
gtC4gtgagcgag,gaagcggaagagcgcetgaig£-ggtattttcl£CitacgealcEgtgeggiaUt£acaccgcaaiggigea
vtete<igiacaalclgcteigatgccg£aEagKaagecagtatacscleegciateg£!.aegtgactggglealggctgcg&cce

gaeac£cgccaacaec;egctgi4figcgcceigacgggcttgtctgctc£;cggeaiccgctiacagacaagei:gigiic.cgtctcc
gggagelgcaigigte3gaggmmccgtcgScace.gaaacgegcgaggcagctgaggia.aagGicateagGgtggtogig
aagagaheacag.aigtcigceig«caicc:gcgtee&gctegug5igtttctecagaagegugatgictgg:ett.ctgataaagcgg
gccatgitaaggg«ggtttttte£tglttggk:acE.gatgcctccgtgtaagggggamc5gttcatgggggiaatgataecgatga
sacgagagaggatgcEcacgaiacgggtiactgs(gatgaaeiitgc«cggtEactggascgitgigagggtaaacii£ictggcg

gEatggiUgygg£gggaccagagaaaaateacicagggtcaat:gcc.agcgcttegttaatacagaigta ĝtgtfccseagggt
agccagcagcatectgcgatgcagstecggaitcaUatggtgcagggcgctgiicttccgcgttiGiiag.ac.tiiaegaaacacgg
aaaccgaaga.ccaiieaigti:gtigcEcaggicgcagac-giEttgc.agcagcagtC-gc5ica.cgtt&g£;tcgegtateggtgaW;a
iietgciaa£:cagtaaggc88ccccgccagcciiigccgggtcctcaac.gficagg.agca£gai!;atgGgcacecgtggceagg
acccsacgclg,ccegdgfi,igcgccg£gtgcggctgct.ggagat.ggcggacgegatggaiaigttGEgc.caagggttggltEgc
gca«cac:ag.ttetccg££tagafflgaEiggctccaatt£Uggsgtggtg,aittecgttagcgaggtge£gc£^gcttccMicagg
t£gagglgg£ccggeiccatgcac.sgcgacgi:aat;g(;ggggaggcagacaaggtaiagggcggcgcstacaatccatgcc
aacecgttceaigigctcgccgaggcggcstaaategccgigaegaicageggtccaatgategaiigttaggctggmagagc
cgcgagcgatcc^aagcfgUxclgatggtcgiicatetaiagcciggacagcat^cctgcaaegegggc^cccgis^gcc

gec^agcgagaagaatcataatggggaaggc«atfccage«iGgcgteg<^aacgceagmgaegiagcccagcg^t
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Figure 114C

cggccgmtgccggcgataatggcctgcttewgecgasacglttggtggcgggaccagtg^gaaggcttgagc^gggc·
gtgcaa.gattccgaataccgeaa.gegacaggccgataafeg.tcgcgctecagcgaaageggte€tegcegaaaatgaseeag
agcgctgoeggeaectgtcetBcgagttgcaigataaagaagacagtcataag^cggcgacgstagtoigccccgcgccca
ccggaag^gcigacigggtf:gaaggeicteaaggg.eaicgglegagsteccgglgcctaatgi^.igagctaactiacaUaa«.
gcgttgcgetcactgccegcwoagtcgggaaaeetgtegtg£eage.tgcattaatgaaieggeeas.cgegeggg,gagagg
c.ggttigcgtattgggegceagggtggmucttttcaccagigagacgggcaacagcigattgeccticaccg,ectggceeiga
gagagagGagCAragcggiceacgGlggitigceccageaggegaaaatcctgfitgatggtggttaacggegggatataacat
gagetgtetteggtategtc:gia{eccaetaceg'agaiaiccgc.atcaa«gcgi:agcceggacicggiaatggcgcgcattgeg
ecciigegemcigatcgUggcaaccagcalegeagtgggaaegatgcmcaacageatttgcaiggtttgMgaaaaccgg
aeatggcaetcca^tcgccttcccgttcegctatc^gctgaatttgatigcgagtgagatatttatgccagcc^ccagacgcaga
cgcgccgagaca^aacttaatgggsccgctaaca^cgagatttgctggtgacccaa^cgaocaga^ctoiacgcccagtcg
egtaeGgtetteatggga.gaaaaWactgagafgggigietggteagagaeatoaagaaataacgccggaacat'iagigMg
gcagcttccacagcaatggcateciggteatecagcggat^ttaaigatca^ccoctgacgpgttgcgega^aga^gc
accgccgci^acaggetJcgacgecgcttcgttctaccatcpsmecaecacgctggcaewagttgateggegcgagatttoa
iegeegcgaeaatttgcgacggcgegigcagggecagaetggaggtggcaaeg£eaatc«g.eaacgaetg«tgcceg,ccag
ilgilgtgceacgc.ggiSgggaatgiaatteagelccgecatcgcegcttcexrcittticccgeg;tmegeagaBaegiggei:ggc
■etg.gaGaecacgcgggaa:acggt£tgataagagacaceggcaUcteigcg&cWgiataaegtociggttlc&c»a.itcacca
ccctgaattgacictcttccg^cgctetcaigcc^accgcgaa&ggttttgcgccaticgatggtgtecgggatctcgacgctct
cccttotgcgacicc^ca«aggaagcagcccagtagl^ggttgagg«cgttgagcaccgccgccgcaaggaatggtgcatg
caaggagai^cgcccaacagtcccccggccacggggcctgccaccatacecaegccgaaacaagcgctcatg^gcccga
agtggsgagcccgaWccccatcggtgatgtcggcgataWgcgccageaacegcacctgtggcgcc-ggt^gecggc
eaegatgegtecggcgiagag2aicgagatetegai€cegc.gaa.attaategaeteaetaiaggggaattgtgagcggaiaac
aatteeccietagaaateiitigtttaaettWg.aaggagataiaeaUitgcggggiteteateat.eatca.teateatggta1:ggcia
gcatgaclggtggacagcaaaigggiegggatcigi.acgacgaiga.egateaggate.aiccettca.ccaigg?ateetgitergi:
gccgggtaagaffiacctgttcggigaacaegecgiagma!ggcgaa.aeigca»ttgcgt.gigeggiggaactgegtece-cgt
gUcgcgcggi^ctcaatgactctaicactattcagagccagatbggccgeacscggtctggatttcgaaaagcacccttatgtgtc
tgcggtaattgagaaaatgcgaaaaiciattectattaacggtgftlWgaccgtegailecgamcctggigggetccggtetg
g^agcagcgcagccgitactaicgcgtetsttg^gcgctgaac^gctgttcggctttggcetcagccigcaagaaatcgcta
^ctgggccacgaaatcgaaattaaa^acagggtgccgcgtccccaaccgaiacgWgiltc^octtcggcggcgiggaac
aaieeeggaacgicgcta8aci.g,aaaa.cteeggactgcggc.£etgigattggc.g:ataafcggcgtttteiectccaecaaagagl.te
g,ta.gctaaeg£acgicag,ctgegcgaaagmcceggamgalegaa«cgctgatgae.eiciatt.ggcaaaaieictegia.t£gg
«gaacaaotggttctgtctggcgactacgcatccatcggccgcctgatgaacgtcaacea^gtcicctggacgcee-tgggegt
taacatetiagwiigagccagcigaimitecgctcgtgcggcagglgcgtnggcgctaaaaliiaegggcgatggeggcggi
ggitgtatggtlgegctgacegctecggaaaaaigeaaceaagtggeagaagcggtagcaggcgciggcggtaaagtgactet

cteaaaatagattiia

SEQ ID N0:K
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Figure 122



WO 2010/148256 PCT/US2010/039088
240/328

Figure 123

0 5 10 15 20 25 30 35 40 45 50 55 60
Time (hr)



WO 2010/148256 PCT/US2010/039088
241/328

Vo
lu

m
et

ric
 P

ro
du

ct
iv

ity
 (g

/L
/h

r)

Figure 124

0 5 10 15 20 25 30 35 40 45 50 55 60

Time (hr)



WO 2010/148256 PCT/US2010/039088
242/328

Figure 125

Time (hr)



WO 2010/148256 PCT/US2010/039088
243/328

Figure 126
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Figure 131
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Figure 133
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Figure 134
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Figure 137A

tggcgaaigggacgcgceclgtagcggcgcauaagcgcgg€gggtgtg.gtggttacgc'gcagcgtgaccgctacacttgcc

agcgccctagc^ccgctoctt&^ctttctteccttecUtclcgceacgttcgpcggcWccccgtca^clEiasatcggg^c
tcmttagggitccgaai.agtgc.tttaeggcacctegaccccaagaaacttgaaagggtg.atggttcacgiagtgggccMcgc
ectgatagacggtttUcgecctfrgacgUggagtccaegttetUaatagtggaeicSgttocaaaetggaacaacaetcaaccct
aictcggicistie:ttttgatttalaaggg.attttgccgaitteggEctattggUaaaaaatgafi.ctga{ttaacaaaa3tttaacgcga

aiUwcaaaaUttaaegtitaEastttcaggiggeaeMttcgggg.aaatgtgegeggaaeExeiaUtgtU&tttfteiaastacat
teaaaia.tgiat£!cgctcaigaaitaattcitagifflaaactea{cgag.e3teaaaiga.aactgca4tita.ttcaiatcaggatiatcsai
aeeaiatttttgaaaaagccgtttcigiaatgaaggagaaasctcaccgaggcaguccataggatggcaagaiectggtatcggl
ctgcgattocgacicgtceaacatcaatacaacitattaatKcceciegieaaaaalaaggttateaagtgagaaatcac-catgagi
gacgaetgaaiccggiga.gaatggcaaaag.ttiaigcautcittecagacttgacaa'caggcfcagccattaegcicgicatcaaa
attactcgeateaaccaaaccgttaUcaitcgtgaugcgcctgagcgagaagaaatacgegategcigttaaaaggacaaiiac
ai5acaggaaicgaaigcaaccggcgcaggaac-acig.i:ca.gegcateaacaataintc-aectgaatcagga£attcUctmac-
ctggaatgctgttttcccggggatcgcagtggtgagtaaccaigcatcaicaggagiacggataaaatgeUgatggteggaaga
ggcatasaitecgt&agccagtttagtctgaceatcl«atciglaacatcat!.ggcascgcisccitigc.catgttteagaaaeaacic

tggcgcategggcncccaiacaaicgatagafrgtegcacctgattgcccgacatteiagcgagcccattwacfceaiaiaaatc
agcatccatgnggaattiaatcgcggcciagageasgacgtttcccgttgaatatggcicataaeacccettgtattsctgtttaigi

aagcagac^g.ttttattgttcatgaccaaaatccettocg^sgttticgttecactgagcgicagacc<xftagsaaa§atcaaa
ggatctteiiga.gai.ccttttttictgcgcgtaatcigcigcUgcaaacaaaaaaaecac.cgctaccagcggtggtttg'ttlgeegga
waagagctaecavaaetu?iccgaagrgtaac£ggciteagcag&gcgcag8tace4«tatacigicett.ctagtgtagccgi&g«-
aggccaccacUcsiagaaftictgtagcafccgcctacata-ccttgcict'gctaatcctgttaccag'tggctgetgccagtggcgaia
iigteglgtcrtagcgggnggacteaagacgataghaccggataaggcgcagc-ggtegggctgaacggggggncgigcaea
eagec.cagcitggagcgaacgacctaca.ccgaa£.'tgagataei!t:aeagegtgagel8lgagaaagcgccscgetlccc.gaag
gga.gaaaggftggacagg{ato:gg&ageggeagggteggaacaggagagcgi:acgagggagsttccaggggg3aaeg

cctggtatcWiatag'ic-ctgtcgggtttcgccaccletgacttgagcgt.cgatRttgtgslgctcgtcaggggggcggagccia.tg
gaaaaacgccagcaacgcggccttitwggKcctggcctltigctggccttUgctcac.aig'itcrttcc£gcgiiatc<;:(xtgaitc
sgtggatairecgtitii-accgcctttgagtgagcigslaccgctegccgcagccgaacgacegagcgcagcg&gicagtgagcg
aggaugcggsiigagcfxelgatgcgg'iaitUctccUacg&aiclgtgCggtsttiCaeaecgfcaiatalggtgcactetcagtac
iiaicxgetetgatgecgc ajagttaa ge.caglgtacactcege!atcgciacgtgac-tgg gtcatggeigcgccccgacacccgc
caacac'cvgctgacgcgfccctgacgggcttgtetgctcccgpaiccgcttacagacaagetgtgaccgtetecgggaictgc.
atgtg1cagaggttttcaccgtcateacc.gaa&cgcgcgaggcagcigcggtaaa.gcteatcagcg7ggtegtgaagcgsiica
cagatgteigc«tgtto.tecgcgtc.cagctegttgagtttciccagasgcgtaaIgtctggctictgEtaaagcgggccaigtt.sa
gggcggtmttccigKtggtcafitgatgcctecgigtaaggggpUictgifcatgggggtaatgataecgaigaaacgagaga

ggatgcicacgatacgggEtactgatgalgaacatgcccggttactggaacgSgigagggiaaseaactggcggtaiggatge
ggcgg.ga.ecagagaaaa8teacteagigteaaigcttagcgcttcgttaiitecagatgi8ggtgttcca£agggtagccagcag
catcctgcg.atgcagateegg3&cat»atggt-gca.gggcgctga£ttc£gcgffl:ccagaeii:ia.£gsaa£.acggaaat.'cgaag.

acexaUeatgUgttgctcaggtcgcagacgttttgeagcagcagtfigctteacgttcgcicgcgtateggigattcattclgetaai;
caglaaggcaaccccgc;cagcctegccgggtccteaacg8eagg8geacgaicatgc-gcaeeegtggggccgccatgccg

gcgatastggccigeKctcgccgaa&cgttSggtggcgggac-cagigacgaaggcttgagcgagggcgtgcsagaiiccgaa
tacegcaagcg«caggccgatcateglcgc@ctoagcgaaag.cggtcctcgccgaaaatgacccagagcgctgccggcac
ctgicctacgagttgcatgateBagaagacsgtcaiaagtgcg^gacgatagtcalgccccgcgcccaccggaaggagctgs
ctggghg.aaggctct&aagggegtcggtcgagaicceggi;gcciaatgagigagctaa.ctt.acaftasagcgttgegsie.actg
cccgctoccagtcgggaagfcctgtegtgccagcigcauaatgaateggccaacgcgcggggagaggfcggtttgegiattggg
cgccegggt^tttttcttl.W8«5ca^gagac.gggceacagctgattgccctlcaccgcctggccctgsgagag«gcagcaag
cggtccacgciggtttgceceagcaggcgaaaatci;i:gtugatggtggtiaacggcgggaiaiaaeat.gagctgtctteg.gtate

tgtto.tecgcgtc.cagctegttgagtttciccagasgcgtaaIgtctggctictgEtaaagcgggccaigtt.sa
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gtegteicecaciae-cgagataicegcaceaaegcgc.agcccggacleggtaaiggcgcgcattgcgeccagegccMctgat
c^tggcaaccagcatcgcagtgggascgatgccctcat&agcatttgcat^tttgiigaaaaccggaca^cactccagtc
geeUGCcgticegetatGggclgaatiigattgGgagtgagaiatttatgccagccagceagaegcagacgcgeegagacsga
actlWgggcccgctaaeagGgegatttgeiggtgacceaat-gcgae-eagatgGtccacg.CGeagtcgcgtaeGgteltcatgg

255/328

Figure 137B

gagaaaataaiacigttgalgggigletggtcagagaeaicaagaaaiaa.cgecggaacalta@tg,caggcagcHcc8cage:a
aiggealcctggt'e.afceage.ggaiagiiaatga!tcag£-ceact@aegcgUgegcgagaagattgfgcaccgCGgctttaeagg
citegacgccgcttcgtietac£atcgaeaccaecacgetggeaecGagi.tgateggcgcgagaiftaategcegcgacaa;tttg
caae: .gggeeq e fit: a veti
ngggaatgtaattcagctccgc&ategccgettce&ilffltcecgcgmicgfcagaaaegtggeiggectggUeaGeacgGgg
gaa-3cggictgat,aagagacaccggcaiactcigcgacaiegtat.aaegttaclgg.tttc,aeatteae.cacectg.aattgac:iclcti
ccggg<sgotalca^ccau©5gcgaaaggWgcgccatt©gatggtglccgggat©tcgacgctctocoil»tgcga&ic©ig
catUggaageagceeagtagtaggttgaggecgttgagcaccgecgccgCxYaggaatggtgcatgeaaggagaiggcgcc
eaacagiceeceggeGaeggggiictgcea&catacecacgcegaaacaagegelcaigageccgaagtggcgagcccgaic
tie.cccateggtgaigicggGgatataggegccageaaccgcaGclgtggcgccggf.gatgecggccacgatgcgtecggcgt
agaggaiegagMctegatceGgcgsaatUatii©g.acicactMaggggaaiiglgageggateacaaiicccetciagaaata
a.'ttugiiiaa.etttaagaaggagai.aiacatalgcgttgtagegiglc«8ccgaaaatgtgtcttt€a«cgaaaeigaaacega
agetegicgttclgcgaaetaegaacctaacageigggactalgattaGefgctgfceiecgaeacggaGgaglceaicg
aagtaiaeaaagaeaaagegaaaaageiggaagcegaagitegtegcgagaiiaataaegaaaaagcagaaittclg
aeectgciggaacigattgaeaacgtccagcgcctgggectgggtiaGfcgttlegagtetgataieegt^tgcgctiggai
€geilcg:itlG«-tccggcggcttegatg«ggiaaceaagaeftevetgeaeggtaeggcactgi;ctMccgtc£gcigGgte
aaeacggtittgaggtttcteaggaagcglteageggelteaaagaceaaaaeggeaaciicetggagaacetgaagga
agaiakaaagetatcctgagceigtacgaggccagctteefggGtetggaaggegaaaacateetggacgaggcgaa
ggittt€gcaatetct£atctgaaagaaetgt€tgaagaaaagateggtaaagagctggeagaacaggtgaaccatgea
ciggaactgeeactgcawgcegtaetcagcgUiggaagGaglaiggtctategaggcetaecgtaaaaaggaggacg
cgaatcaggttetgetggagctggcaaitctggattacaaeatgatecagtetgtataccagcgtgatctgcgtgaaaegt
cccgttggtggegiegigtgggictggcgaecaaaetgcactttgctcgigaecgeetgattgagageitetafctgggccg
igggigtagcalicgaaccgcaatactccgactgcegtaaetecgicgeaaaaatgtfttciticgiaaecatiategacga
iakta.cgatgtatacggeaGectggafcgaactggagctgltiactgaigGagttgag€g£lgggafigiaaaegwai:ca
aegaeetgefcggattacatgaaMtgtgGttiGiggciclgtaiaacactsifaacgaaaiegcctacgacaaeeigaaag
ataaaggtgagaacatcetgecglatctgaccaaageetgggetgaecigtgcaaegeittcetgcaagaagecaagtg
gctgtaeaaeaaatctadcegacctttgaegactaciUggamcgeatggaaatcctettct^eccgctgcaactggt
gitegcitaeitegetgkigigcagaacaitsaaaaggaagagaUgaaaaecigcaaaaahtGeatgacaccatctctf!
gicctteecatatcttecgteigtgcaatgafctggctagcgegietgeggaaatigcgcgtggigaaaccgeaaatagcg
Mtctigtiacatgegeactaaaggtafctccgaagaactggctaecgaaagcgigaigaatctgaicgatgaaaeeigg
aaaaagatgaacaaggaaaaaetgggtggiagixigtfcgegaaacegttcgtggaaaecgegatcaacetggcacgt
caaietcaGigeacttatcataacggcgaegGgcatacctctccggalgagctgaeccgeaaacgegitcigtctgiaate
aetgaaecgattctgeegittgaacgetaa^atccgaattcgagctccgtcgaeaagcttgcggccgcactcgagcaeeac
caccacGaccactgagaiccggeigetaaeaaagcecgaaaggaagctgagliggetgetgecaecgetgagcaataactagc
ataaccccttggggcctctaaacgg^ettga^ggtttmgctga^gga^aaciaWccggirt

SEQ ID NO<30
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Figure 137C

tg^gaatgggacgc-gccctgtegs^gcgcstiaagcgc^cgggigigg^gttacgogcagc^gaccgctecacttgcc

agcgcsctagegcccgotoctttcg.ctttiiUcectiteiitttclqgeoacgftGgccggctticc.iiCgtcaagctctasatogggggG
toectttiigggtegattlagtgetEtacggeaceicgaecccaeasaacttgaWigggtgatggiteacgtagigggccategc
cc'tgatagaeggtitttcgccctUgaegaggagtocacgttetaaatagfggEteicitgftcciisactggaacaaeacteaaccci
atotcggtciattcitttgsttttetaagggaitttgcagattteggcciattggitaaaaaatgagctgatttaficaaaaaiitaasgega
attiUiacaaait{a{laacgit'tacaattteagg!tg:gi;actittegggg.aaaigtgegc.ggaac-c©ciatetgtUattUlctaaataeat
tcaaaiaigtatccgctcatgaattaattcltagwaaGtcategagcatcaaaigaaactgoasUisUcatateaggattatcaat

acca(atifUg2a.aaggccgtttctgt£iaigaag.gagaaaactcaccgaggcagitc«.ateggatggcaagatC0iggisicggt
ctgegatEccgactogiccaacaicaawaacctanaatttoccctcgScaaaaat.aaggttatcaagtgagaagleaccaEgagl
gaagactgaatccggigagaatggcaaaagtUatgeaittctttocagacttgUcaac.agge-cagccsttacgeteg.teafcaaa
atc.actegcatcaaccaaaccgttatteancgtgattgcgeGtgagcgagacgaaatacgcgatcgctgiiaaaaggacaaiUc.
aaacaggastogaatgcasceggcgeaggaacacig&eagcgcatcaacaalatttteacctgaatcaggatattcttctaaUc
etggaaigctgmtc-ccggggstcgca^ggtgagtaaccaigGaicatcaggagiacggataaaatgcUgMggUgi’aaga
ggeataaat'f-cegEcagccagRiagtctgaccatcteatctgtaacatcattggeaaegctac-cmgecalgUicagaaacaade
EggcgcategggGttceeatacaaicgatagattgic^caectgattgcccgacaitaWgcgagcGcaRtatacccatataaatc
ggeatceMgitgg8Afr{:aaicgcggdctagagcaagacglttccc.gttgaatatggctcat;i.acaccccttgtatiactgittaigt
aagcagac.agttUattgacatgawa^aafcc«ttaac:gCg.agttttcgticcacigagegfcagaccci;giagaa.aagatcaaa
ggatcttettgag&tccittittieigegcgtaatctgetg©ttgcaaaca.aaasaac£3ccgctaee.agcggtggRtgW-Ci:!gga
E©iiEigagotacaaaGtct{ii5.ccgaaggtaac.EggGtteagcagagcgcag.atacs3aatas:tgtci:ttetagtg'Ugcegtiigtt
a^ccaccacttcaagaacictglagcaccgcctacatacclc.gcfotgi4aatccf^taccagtggi4gctgccagtggcgaia
agtcgtgU-UaccgggitggactcaagacgaiagttactiggataaggcgcagcggicgggcigaacggggggttegigcAca

eiigiiceageiiggagcgaisegae0titcg0cgaactgagatacctacagegEgagctatga.gaaagcg.cc3cgcticci:g.a3g
ggagaaaggeggacaggEsiceggtaagcggcaggglcggaacaggagagcgcac^gagggagcuccagggggaaacg
cctggtatctitatagtcotgtcgggttiegccacctetgsettgagcgicgalilttgtgatgctogicaggggggcggageet.atg

gaisaasegc.cagcaacgcggC'CRitta<:ggttcctggccttttg«ggic«imgc.teacatgU£;EUcctgcgttetcecc(®.sUc.
igtg.gat£iaccgta.ttaccgccUigagigagcigalaccgcicgccgC8gccga£tcgaccgagcge8gc.gagEcagig.agcg
flggaagcggaagagcg.ciagaigcggtatlttetGcttacgfcatC'tgigcggiatttcacaecgealatatggtgeacictoag.tac
aatctgektgalgcegcaiagttaagccagtaUcacSccgcUtegetacgtgacigggteistggctgc.gcftccgacaeccgc
easeacc-cgcEgacgcgcectgaeg.ggettgictgctec.cggc.atcc.gcftacagacg.agctgfgaccgictecg.ggagcigG.
atgtgicagaggmtcaccgtcatcsccgaaacgcgcgaggcagcigcggtaaagclcaEGagcgtggtegtgaagcgattca
cagatgtctgccigti.caiccgcgicc.agct&gttgagtttc{ccagaag.cgUaii.tgfciggcti)ei:gitt.saagcgggc.c.atgUa3
gggcggitttUccigRtgg,kactgatgcetecgtgtaa.gggggattiiilgtW<gggggtaatg.ataccgatgaaacg3gaga

ggatgeicaegaiacgggttactgatgaigaacMgcciiggitactggaacgttgtgagggiaaacaactggcggtaiggatgc
ggcgggasoigagaaaaatcaeto^ggtcaatgccagcgcUcgttaatacagMgiaggtgttecac^ggiagccagcag
caieclgcgaigcagaU'SggaacatasiggtgciigggegctgaeUccgcgtttticagaetfiaogaaacacgg.aaaccgaag.
accaiicaigUgUgacaggWgcagacgtttigcagoageaglegctteaegtlegctegcgtsteggfgattcattctg'ctsac
cagtaaggcaac«ccgci:Ag0v4igccgggt,CGfcgacgacsggagcaegalcaigegcacocglggggccgccaigccg
gcgataai:ggcctgcUctcgeegaaaegtitggtggcgggacGagl;gai.;gaaggettgagcgagggcglgeaagat1:ccg8a
tacegcaagcgacaggecgatcategtegigctecagcgaaagcggicctcgccgaaaatgiic'ccaga.gegctgccggc8s
Gtgtec-tacgagttgcatgaiaaagaagai:agtCBtaagtgcggcgaega.tegteatgccecgGgcccaccggasggagciga
cEgggttgaaggctcfraag,ggcafe'g.gii;gagaies:c.ggigcGtaatg.agEgagciiKic«acafraaitgegttgGgctcactg
GcegctttecagtcgggaaaGUgtegtgceagcigeaiiaatgaaEcggceiiacgcgcggggagaggcggmgcgtattggg
cgccs^gtg^ttttcttttcacc^gaga€gggcaaeagctgat^cccttcaccgcctggcccigagagag.ttgcagcaag

cgg.tct'gcgciggttigcccc.age3ggcgaaaatccfgEiEgaiggtg.gteiacggcgggataiaacatg,agctgieiteggEate
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Figure 137D

gtcgtatcccaciaccgagatatetgcaecaacgcgcagcajggacteggtasJ^^cgcattgcgcccagcgccatctgat
cgiiggfcaacsagcatcgcagtgggaaegatge.ectcailsagealttgestggi.tigiigwwcggaeiiiggcaGtceagtc
gccttcccgttccgctatcggctgaatttg^cgagtgagatatttatgccagccagceagacgcagacgcgccga^eaga
acitaaigggeccgctaacagcgcgaltigelggigaGeGaaigeg.accagatgctecae.geecagtcgGg :teccgtciieaigg.
gag.aaaataataetgttg.ai@ggtglctggtoagagacateaagaaaiaacgccggaaeatlagtgcaggcagcticeacagea
aig.gcatectggieatce.agcggsiagUaatgateageceacigaegegltgcgGgagaagattglgeaGGgccgctltacagg
cit.eg.acgccgcttcgttetaeeategacaccaceacgctggcacccagltgateggcgegagaitiaatcgecgegaeaaiUg
agacggegcgtgcagggccagaciggaggtggcaacgccaatogcaacgacl^mgcccgtcagttgUgtgccacgc^
tigggaatgtaatlcagetecgcealcgecgBlieeaiittttieecgegiittegcagaaaeglggetggeeiggiteaeeaegegg
.gaaacgg'telgaiaagagacaccggeaiaetcigegaeaiegtat.aa.cgtiaetggttteaeaUcaeeaccetfiaaltgacteteit
cegggegeiatcatgcmtaecgcgaaaggttttgcgccaticgatggtgtccgggatefcgacgcfctcccltelgegaclcctg
eattaggsagcageecagiagtaggttgaggccgttgagcaccgccgeegeaaggaaiggtgeaigcaaggagatggcgcc
caacaglcceccggccaeggggcctgceaccaiacGcacgc©gaaacaag.egetealgagcccgaagtggcgag.ccegate
llccccatcggtgaigtcggcgaWaggegccageaaccgcacclgtggsgccggtgalgc-cggccaGgatgcgtcGggegl
agagga&gagatetcgatecegcgaaatUaUcgacteacfeiaggggaaltgtgagcggataaGaaiWecetctagaaata
attitgtttaaettiaagaaggagalatacalatgegttgtagc^tgtccaecgaaaaigigiettieaecgaaac^aaacega

jggaciaigattaGCigeigicciccgaGaeggacgagteaicg 
®eeeaa eat la a laa eg aaaa aeeaeaatitete

acceigeeggaacfgatigaeaacgtccagGgeetgggGeigggiiaeegtticgagicigalaiecgtcgtgcgctggat
egcitcgtUeetceggcggctegatgGggiaaeGaagacMceeigcacgegaeggcactgtelticegieigetgegtc
aaeaGggttitgagglttcicaggaagcgtleageggfitieaaagaeeaaaacggeaaGttectgaaaaaceigaagga
agaiateaaageiateGtgagGetgtacgaggccagettGetggeictggaaggegaaaacafcciggaegaggGgaa
ggttttcgeaatfleteaietgaaagaaetgtetgaagaaaagaieggteaagatciggeagaaeagglgsaccatgca
etg^iaeigeGaetgcategcegtaetcagcgtetggaagcaglalggietatcgaggcetaecgfaaaaaggaggacg
eggatGaggitctgc^gagciggeaalieiggaltaeaaeatgatecagtcigiataccagcgtgatetgcgtgaaacgl
ctegitggiggcgtcgtgtgggtetggegaceaaaetgeaet^etegtgaeegixtgattgagagi’ttciaeigggceg
igggtglagcattegaaeegeaaitactcegactgeegtaactecgtcgcaaaaaigittictitegtaaccatlaicgacga
taietacgaigiaiacggcaccctggaegaactggagetgtttactgacgeagtigagcgtigggacgtaaacgceatGg
aegatcigceggattacaigaaacigtgetitetggetetgtalaaeaciaitaaegaaatcgectacgaeaaccigaaag
aiaaaggtgagaacatcclgeegiatetgaGcaaagGaigggetgaeetgigeaacgetileetgeaagaagecaagtg
gciglaeaaeaaaiclactecgacetttgacgaaiaetieggeaaegeatggaaatcctcttetggeccgelgeaaciggl
gttegcttaetlcgcigtcgtgeagaacattaaaaaggasgagalegalaaecigcaaaaataeii’sigacaieateieic
gtceitcceatateifeegtetgigeaatgacefggetagegegletgeggaaatigcgeglggigaaaecgeaaaiiigeg
itictigtiaeatgegeaetaaaggfaiciecgaagaactggetaecgaaagcgigaigaateigategatgaaaectgg
aaaaagatgaaeaaggaaaaaetgggfcggtageelgltcgegaaaeeglicgiggaaaccgegatGaaeetggeatgt
eaatelcaetgcactiaieataa€ggeg8cgcgcataccicleeggatgage.tgaccegeaaa€g£gttelgtGtgiaaie
aeiga.aeegaitctgcegt.ttgaacgetaaggaiccgaaitcgagctecgiegaeaagcttgcggccgcaetcg?ageaccac

SE0IDNO'3l
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Figure 137E

tggcgaatgggacgegccct®tagcggcgcat{.aagcgcggcggg£g.igg{ggttscgcgcagi:g£gaecgctacacttgoc
;sgtgcceta<cgcecg.C-tccittcgfc£KGttccct£GcttictcgceaegilcgccggctUceccgtcaa.gctetaaatcgggggG

t«fcct«iigggttccgatttagi®ctttacggcacctogatccccaaaaa^;itgatiagggtgatggac»cgiagtgggecalcgc
GsigfttagacgglititcgGGCittgacghggagtcca-egttctttaaiagtggactGttgttccaaaciggaaGaaeacicaaGce-t
McteggtctattctttigafttataiigggatUigecgaittcggccUtttggttiiiiasaaigagcigattlaacaaaaatUaaegcga

aUUaiicaaaa£aUaacg.tttacaatftcaggtggcadttlcgggg£}aaigtgcgcggsacccctattigtttaUtttetaaataeai
tc-aaatatgtat<xgdC'Mgaattaattcttag.aaa;ia.ctC'atcgages£Ec-aaatgaaaci.gcaattta£tc8latetiggattisteaat
aceatattttigaaaaagccgittotgtaatgaaggagaaaactcaccgaggeagttocstaggijtggcaagslcctggtatcggt
ctgcgaticGgactegtcc-aacateaiitacaaectatdattteccctcgtcaaaaaiaaggtialcaagtgagaaatcaccaigagt
gacgaGtgaatccggtg.agsatggcaaaagtttatgeatttGitteeagscitgtiC'aacaggccagceattscgctegicaUaaa
atcactegcateaaecaaaccgttatoaUcg.tgaiigc.gcctgagcgagaegaaaiacgcgaicgctgttaaasggacsattae
aaacaggaatcgaatgcaaccggcgcaggaacacigccagcgcaicaacaatattttcacetgaateaggaiattcticiasiac.
ctggaatgct.gtttt.e«cggggategcagiggtgagl.aaccatgeatcal,ca.ggagtacggataaa8tgcttgaiggwg§,aaga
ggeataaaUccgicagccagttlagtc.igsccaictcaicigtaacat.cAtlggi;aaegcta.GcUtgccatglttGag:aaacaa£te
tggcgcategggcilGccataeaaicgaiagaftgiGg!CiKi£it.gat£gcccgacaitatcgcgagecca£Uatacccatataaate

agcaiei;atg{tggaaittaaicgc.ggsctagagGaagaegtttccegtigaataiggctcataacacccci{gtattaetgtWgt
aagcagacagttttangitottgaccaaaatcc.ct(gacgtgagttttegUcc£ictgagcgkai.gaccej2g£a.gaaaagatcaaa
ggatcitettgagatGCittt£UGtgcgcgtadctgetgcttgeaaacaasaaaaGcscGgctaocagcggtggittgntg.Gcggft
tsaagagciaecaiR:tct:miccgiiaggiiiacfggc-tGngcagag,cgcag.aiac«£ii)frtmgtGCUcttgtg£agccgt£tgt£
aggecsccacacaagaac tetgf age ? get. i aeAi iccfcgctctgctaatccigttaecagi ggetgctgixagtggcgata

agtcgtgtettaccgggnggacicaagacgaiagttaccggstsaggcgcagcggtcgggctgaaeggggggttcgtge&ca
eagccca£jitggagegaacgacctac-accgaaetgagata.cctaea.gcgtgagctaigagsaagc.g,eca.egctM-cgaag
ggagaaaggcggseag^3iccggiaagc.ggcagggtoggaacaggagagcgcaeg.agggagcttccagggggiiiiiiCg
cctggtatcnxatagtcdgtcgggthcgi;caccMgac«gagcgieg.atrtttgtgatgcicgtcaggggggcggagc«tiag

gaaaaaeg.c£:ageaacgi;ggcctttUacggtt«iggce.tmgctggcOTtgcicacatgmttmgegitaicccctgailc
tgigg®taac«giaftaccgccittgagtgagc.igataeGgdcgiXgeagccgaEtcgaecgagc.gcagcgagtcagtgagcg
aggaagcggxaa.gagcgcct.gatgcggtaffiMccttiieg.ealcteigcggiaitteaeaee'geWtatggtgcactcieagtac
aateigeteigaigccgcatagUaagccagtatacactecgciaicgctacgigactgggicaiggctgcgeccegscaeccgc
eaacacocgctgac.gcgceefgacggg:cUgtctgct£GcggcatecgGttacagacasgctgtgai:cgtctecgggagi;tge
algtgtcagaggttttcaccgteatcgecga.aacgcgcgaggcageigcggtaaagcicatea.geglggtcgtgaagcgattea
eag8tg.tctgcctgt?caiccgcgtccagctcg.ttgagtnctccagaag.cgltaatgtetggctiotgaiaaag.cggg.c-c-atgitaai
gggeggdhiScctgtttggtoactgaigcciccgtgtaagggggatttetgtteatgggggtaatgaUcGggtgaaaegagsga

ggatgctcacgatacgggnaagatgatgaacatgecegguactggaacgttgigagggtaaacaactggcggislggatgc

ggcgggacGagagaaaaatcactcaggglcaatgccagcgcUcgttaatacagaigtaggtgilccacagggtagccagcsg
catc©tgcgatgcagatccggaacataaiggtgeagggcgdgaffttcegcgmcsag.acttta«gaaaciiG.ggasaccgaag
accattea£g.ttgttgetcaggtcgcagacgilttgcag£ag£agtcgci;t£acgttcgctegegtateggtgatieaticigvt£ia<;
caglaaggeaaeccGgccagectagc-cggglcdcaitcgacaggagcacgateatgegcacccgtggggcegecatgeeg
gcgstaaiggcctgcmcgcegaaaegUiggtggcgggaccagtgacgaaggcftgagcgagggcgtgcisagattcegaa
iaccgcaagcgacaggc«g.at£:a£cgtcgcgstc.cagegaaagcgglcdGgccgaaaatgacccagag£getg©cggcac-
ctgtcctacgagl^algaiaaagaa^cagt«rtsag.t§eggcgai^ateg.tealgc©cogcgcct^ccggaaggagctga
eigggitgaaggctctoaagggcatcggiegagatGeGggtgceiaatgagigagcmcttacattsaftgcgUgcgctcaetg

cscgcfficcagtcgggaaaccigtcg£gccagdgcattaa?gaateggccaacgegeggggagaggcggmgcg£attggg
cgccagggt^tttttcUUcaceagtgagaegggcaac&gctgatlgcccttcaccgcc^gtxetgagagagttgcagcaag
sg.gtecscgcxggtltg.£cce.agcaggcgaaaalceigUtgat.ggi.ggttaacggcgggautaacatgag.ctgtcttcggistc



WO 2010/148256 PCT/US2010/039088
259/328

gtegmteecaeiaccgagamtecgexwaacgcgcag,ixcggacteggtaatggcgc.geaitgegceeagegccatctgai
cgttggcaacca,geatcgcagtgggaacgatgcs.fctcattcagcatttgcatggtttgttgaaaaecggacMggc&ctccagtc
gccacccgttcc^tatc^ctgaatttgattgcgagiga^tattta^Gc^gccagccagacgcagaGgcigccgagaGSga
aettaatgggeccgctaacag-cgcgatttgciggtgacecaatgcgac^gatgciecacgceeagtcgcgtaeegtettcatgg
gagaaaataataeigitgaigggtgteiggtcagagaeaicaagaaataae-gee-ggaaeaitagtgeaggcageiiceacagca

Figure 137F

cttcgaegccgcittJgttetaccatcgacaccaccscgct^cacixsgttgatcggcgcgagatttaalcgoegcgacaatttg
egacggegcgtgeagggcec3g.aciggaggi:ggcaacgccaateagcaacgaetgtttgeccgccagttgttgtgccacgcgg
ttgggaatgtaiatteagctccgecategccgcticcaettittccegisgttttegcagaaacgtggctggcciggltcaceacgegg
gaaacggtetgMaagagaeaecggcaiactetgfcgacategtataacgttactggttteacaiteaceaccctgaattgactetett
cegggcgctxateatgccKtaccgcgaaaggttftgcgccaacgatggtgtcegggatctcgacgctctccettatgcgactcctg
eaftaggaagcag.eceagiag{aggttgaggcegttgageaccgecgcegeaaggaatggigc-atgcaaggagaiggcgcc
eaacagicccccg'gecacggggcctgccaccatacecacgccgaaxacaagegctcatgagcccgaagiggcgagccegate
accccaieggtgaigteggegaiataggegeeageaaecgeacetgtggcgecggtgaigceggecacgatgcgtccggcgi
agaggslcgagatetegateGCgcgaaattmlacgacicactefeggggaattgigageggataaeaatteecctctagaa^a
attttgtttaaetitaagaagg^atatacat4tgcgttgt8gegigfceacegaxaaatgtgteilteieigaaaetgaaace-gaaa.eg
cgtegttctgcgaaciaegaaectaacagagggactaigatiaeetgeigtcctecgae-aeggaeg.agleeatcgaagtaca.ea
aagaeaaagegaaaiJirgcig@aagce.gaagltc.gtegcgfigatti3aiaaagxaaaaageagaatttclgaccclgctggaaeig
xittgaesacgtceagcgcetgggeetgggttaeegittcgagtetgatatecgtcgtgcgei^gatcgcttcgtttce.tccggcgg
cUcgatggcgtaaccaagactwcctgcacg^acggcactgictttccgtagcigcgtcaacacggUttgaggtttoteagga
agfcgttcageggetteaaagaccaaaaeggfcaacttGctggagaacctgaaggaagatMeaaagaaiectgagcctgtacga
ggecagettcctggeimggaaggcgaaaacatectggacgaggcga8ggttttegcaa.tctetcatctgaaagaactgteigaa
gaaaag£ftcggwagag.ctggcagaaeaggigteecatgcactggaaetgccac.lgeaieg.ccgtae.teagegtctggaagc
agialggtetalcgaggcclaeegtaaaaaggaggaegcgaaccaggftctgdggagetggcaattctggattacaaeaigatfc
eagtetgtataceagcg.igatotgcgtgaaacgiccfcgitggtggeg.tcgigtgggtciggfcgaecaaaetgcactttgctegtga
eegectgattgagagcttetaetg^cegigggtgtagcattcgaaccgcaatactecgacigecgtaaetccgtcgeaaaaatg
itUetttegiaae-catiatcgaegatatelaegaigiatacggc^cceiggacgaactgg3gct.gttiactgaigcagit-gagegitg
ggacgtaaacgccalcsmgaectgccggattacatgaaa^tgtgctltetggctetgtaEaiicactattaacgaastegcctacg
^aacctgaaagatassggigagaacatccigccgtatctgaccasBgoiitgggeigacGtgtgcaacgcmcctgcaagaag

Mcttcgcttaettcgcigtcgtg«^gaacaiiaaaaaggaagagat&gaaaacctgca^aataccatgacatcat€tc-tcgtcct
teccalatcttccgtetgtgcaatgacciggctagcgcgtetgcggaaaitgcgegtggtgaaaccgcaaatagegmcitgttafc
atgcgcaemaaggtatctecgaagafictggetaecgaaagegtgatgaatetgatfcgatgaascciggaaaaagatgaa.caag
gaaamtgggtggtagcctgttcgcgaaaccgttcgtggaaaecgcgatmcctggcacgtmtctcaGtgcacttatcata

Η»*·
ctaaggateegaattegagetceglegac.aagfcttgeggccgcaetcgag.ci
aaeasagccegaaaggaagetgagttggcigc^ccaccgctgagcaatasctageateaccccttggggcetctaaacgggt
ciigaggggttttttgetgaaaggaggaaetatatecggat

SEQ ID MO :32

gaaa.eg
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Figure 137G

WCSVSTENVSPSBTBTHrRRSANYEPNSWDYDYLLSSDTDESIBVilKDKAKKLB
ABVRREINNERAEFXYLLBnDNVQREGLGYREESDIRRALDRFVSSGGFDGVTKr
SLHGTALSFRLLRQHGFEVSQBAFSGFKDQNGNFLENtKEDIKAILSLYEASFLAL
EGBNiLDBAKVFAISHLOiSEEKiGKELAEQVSHAIZLPLHRRTORtBAVWSIEA
YRKKEDA^QVlLBLAmDYNMIQSVYQRDtRETSRWWRRVGtATKUiFARDRL
iESFYWAVGVAEEPQYSDCRNSVAKMFSFVTnDDIYnVYGTLDBLELFTDAVER
WDVNAINDLPDYMKLCFLALYN'nNBlAYDNLKDKGEHIEPYLTKAWADLCNAF
LQEAKWLYNKSTPTFDDYFGNAWKSSSGPLQL1FAYFAWQNIKKBEIENLQKY
HDnSRFSHIFRLCNDLASASAEIARGETANSVSCYMRTMSEELATESVmnDE
TWKKMNKEKLGGSLFAKPFVEIAlNLARQSHCTYHNGDAHTSPDEX/i'RKRVLS
VITEPILPFBR

SEQ ID NO:33
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Figure 137H

tgg&ga^gggacgcgcc«igti®cggcgcaUa^cgc^^^igg t̂scgcgcage®igac<^Qtecacttgec

agcgeCfftagcgcccgctectttcgcti'tcttcccitGctitetegccacgticgccggcUtcecegteaagctdaaatcgoggc.
tccctttagggUccgattiagtgctttacgge-acctGgacc-ccaaaaaacttgattagggigatggUcjacgtagtgggceaicgc
ccigstagacggt:iaicgcceiUgacgaggagtccacgtlctttaaiagt.gg.actcttgUceaiiaciggaaeascactcaaficet

£t.ctcggteiattcttngatttaiaagggataigccgatttcggectatiggttaaaaaaigagetgaUtiaac.aaaaatitiiaogcga
attttaacamt8tt^KjgtttacaafKcagglggcacWicggggaaatg.igegcgg8stc<JcciiatttgUt^lttScteaMacM
tcaaatatgtatcigcicatgaaUaattetiagaaaaacicgtcgageatcaaatgaaactgcaaUlaiieatateaggattatcaat
accaiaaittg^aaiiaagccgtttctgtaatgaaggagamcicaccgaggKagticcat^gaiggca^atectggtatcggt
ctgcgattce.gactfcgte<;asacatca.aiacaacciaitaaittcccctc.g,tcaaaaaiaaggitatcsagigiigaaatcacc'3tgagi
gacgacfgaittccggigagaaiggcaaaa.giUaigcatttctttceagacttgtieaacsggccagcc^attacgctogtcafcaaa

atcacu.gc.ait:aaccaaaccgttattcattegtgattgcgcetgagcgagac.gasatacgcgategetg'aaaaaggacaattec
aaacaggaategaatgcaaccggcgcaggaacactgccagc-g&atesacaatattticacci.gaaicaggatatteiiclaaJac
aggaatg.cigtttt.cccggggatcgcagtggtgagtaacc-aigeatcaieagg.agfaeggataaaaigcttgaiggtcggaaga.

ggcamEtticcgtcagccs.giltagtctgaecaicicakig'Uia&aicattggcaacgctaccittg.ccaig.tttcagaaacaactc
iggcgcatcgggetteccaucaaicga'tagatigtcgcacctgattgcccgacaUaicgcgagCticalttatececatataaate
agc.aiccgigtt.ggaaht:aatcgeggcctegagcsagacgtttcccgitgaatatggct:cMaaeaci:c.ettgtattacigaiatgt
aagc&gsc£igttj:i3ttgiicgigaccasaatcccttaacgtgagnitcg«cea£.tgagcgtoagaecccgtag.aaaag.slcaaa
ggaicttcrtgagfliecttittUctg«gcg£aatctgctgcitgeaaacaaaaaaacc.accgctac«agtiggtggtttgtttgosgga
toaagagcts»ca»c.ict«wecgwgiaac(ggcttc^cag»gcgcitgataccaaat&clgi£fcltct8g l̂agc«gt^gu
aggcc^&^etfLWga&clcigt&gcaccgea»^^
agicgtgtetlaccgggttggacicaagacgateigt5aecggataaggcgcagcgg.tcgggctgaacggggggttcg.igcaca

eagcccagcttggagcgaacgacct.i5caecgaactgagatacetac£-Lgcgs.gagctEiigitgaifagcg(xacgctteccgaag
ggagaaaggcggacgLgglatccggtaagcggeagggtcggaaeaggagagcgcacgagggageftccagggggaaacg
qctggta?clnalag'iGctgicgggiUegceacetolgacUgagcg£c.gatttHgtgaigctc-gH'aggggggcggsiigcctatg
gaaaaacgccagcaasigqggcc'ttmacggHcctggccttttgc^gccttttg.cticafcatgtte.tlUaelgcgnatccccigaiic
lgtggaxaacv.gtaitaccgcettigagXgagetgaiaci:gctcgcegcagccgaafigaecgagegcagcgagtegtgagcg
s.ggaagcggaagagcgcetgatgcggiarUk'tcctiaiigcatctg£geggtatt.tcaeaccgcstatafgglgeacictcijgtac

aaictgctcigatgixgcaia-gtiaagccagtataeaetecgctetcgc.ta.egtgaetgggicatggctgcgeiKcgiicEi.cccgC·
csacajsccgctggcgcgccctgssgggcttgtfc'tgetocsggcatccgcttacagacaagctgtgaccgtfctccgggagclgc

atgtgtcagaggiitteaecgtcatcaccgaaacgcgcgaggcagatgcggtaaagctcatcagcgtggiEcglgaagegatteii
cagatgtcigc&tgttcatccgcgtecagctcgitgaglfictccagaftgcgttaatgtc^gotfctgataaagcgggccgagttaa

gggcggmntac£glUggteactgatg:cctccgigtaag:ggggatttclgttcatgggggt^rtgaiacegargaaaegagaga

gga£gs£cacgatEicgggtUCigatgatgaacatgcccggttaciggaacg«gt.gagggntaacaaelggcggtatggatge
ggcgggaecagagaaaaaleactsagggtcaatgccAgGgcitsgttaatacagatgiaggigitceacagggtagccagcag
catoctgcgatgtagaiccggaacaiaatggigcsgggcgctgacftccgcgqtcGagacUiaegaaacacggaaaccgasg
aecatteatgttgitgctcaggtegeagacgthtgcag.eagcagicgcttcacgitegctcgcgiatcggtgatteatetgctaae
c.sgtai^ggcaaeccc.geGagcetagec:gggtcctcaacgacsggagfciiegatcaigcgciii;ccgtggggecgeeaSgccg
gcgataatgg;ccigcttctcgccg&aacgmggtggcgggaceagtgacgaaggcugagcgagggcgtgcaagattecgsi^
tacegc.aagcg8caggc«ga&:atcgtcgsgciccag,cgaaagcggtocicgccgaa.aaigacccagagcgctgce.gge&e

etgtccts£.gagt.lgcatgM3.sagsagac3gteataagigcggcgacgatagiGatgi:ccegcgcceai;cggaa-ggagciga
cigggJtgaaggcteSeaagggcaic.ggtegag3teccggtgcctaatg8gtgagci3acttaeattaaugcgttgcgc:&acig
cccgcittccagugggaaacctgtcgtgceagetgcattaatgMteggccaacgcgcggggagaggog^ii^gtet^gg

£gccagggtgglttr{cttttca&c.agtgagacgggcaa'CagctgaUgccciScaccgcGiggecctgtigagagitgeagei$ag
cggtccacgctggmgccccagcaggegaaaalcctgtHg^ggtggttascggcgggaitatecaJgagclgtcttcggtatc
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gtcgtatccea.ctaecgagaiatccgc®ecaaeg'egcageeeggacteggtaiitggcgGgeatigcgcccagcgecateigat
cgttgg^^acscagcatcgcagtg^aacg^ccctcattcag^ttgcatg^^ttgaaaaccggacatggcactecagtc
gccttccegftecgctateggctgaamgattgcgagtgagatattmgccagccagccagacgi^cgcgecga^ica^
aetiaatgggccegmacagegegamgctggtgaeccaatgegaceagaigctccacgeceagtegcgbecgteitcatgg
gag.aaaaiaateeigitgaigggigtctggi»aga.g.acateaagaaaiaac.gceg^aaeat£agtgeaggcagcttecacagc3
atggcatcciggicatoeagcggatagttaa.tgaicagcecaetgaegegtigcgegagaagattgtgcaccgccgertiacagg
ctte.gac,gcegetwgtietaecaiegacaccaceaegctggca.cccagtigawggcgvgagattlaaicgccgcgacaatitg
cgacggcgcgtgcagggccagaetggaggiggeaacgecaatcagtaacgactgmgGecgccagitgttgtgec^gcgg
figggaaig£aattC3geteegccategeeg.ciiceacttttleacgegtttfcgcagaaaegtgget.ggcciggtteEK.eacgcgg
.gaaacggtctgstaagagaeaccggcatactetgcgaoategiaiaacgttaetggttieacattcaccaccetgaattgacteictt:
ccgggcgctatcalgccataccgcgmggttttgcgccMtcgatggtgtccg^gafetegacgctetcc^taigcgactcc^
cai.taggaagcageecagiagiaggMgaggeegttgagcacegecgeGgeaaggaalggigeaigcaaggagatggcg.GC
eaaiiagtcccccggccacggggeetgceaeeatacccacgcegagaca&gegcteatgsgocc-gaagtggc-gageccgatc
ttecccatcggigatgtcgg©gateUggcgocagcaaccgcacctgtggcgccggtgatgceggccacgatgcgtcc^.€gt
agaggategagatetegateccgcgaaattaatacgactcaeUBaggggaattgtgageggaiaaca.atteccctet.agaaata
amigtLtaaetUaagaaggagataitacateigeatatgcittgtagegtgiccaccgaaaatgtgtctttcatcgaaacigaa
aecgaaacgegtcgitcigcgaaetacgaaceiaaeagctgggactatgaiitaeeigetgtcciccgacacggaegiigic
categaagtaiaGaaagaeaaagagaaaaagctggaagcegaagiicgUgcgagattaataacgaaaaagiagaat
fietgaeeclgciggaaetgatigacaaegteeagcgcctgggccigggitaccgtttcgagtctgaiatecgiGgigfigel
ggatcgcttcgttteciccggeggcttegatgcggtaaccaagaetteccigcaegcgacggcacigtctitccgtctgctg
egUaaeac^ttitgaggittetcaggaagegttcagcggcttcaaagatcaaaacggcaaehcxtggagaaceiga
aggaagaiatcaaagetaicclgagccigiacgaggccagcttcetggetetggaaggcgaaaacaleetggacgagg
egaa^tttiegcaatctetcatctgaaagaaetgleigaiigaaaagatcggtaaagaietggtagaaeaggtgaaeea
tgcaeiggaaeigesacigcatcgeegtactcagcgteiggaageaglactgtctalegaggcefcaeegtaaaaaggag
gacgeggateaggitctgcfggagetggcaattetgga ttaeaacatgaiccagictgtatacea ..gegtgatctgegtga a
acgt€ecgtiggiggcgtcgtgigggt€tggcgaeGaaactgea£iitg£i€giiaecg«etgati®agagctictaetgg
gccgtgggtgtagealiegaaccgeaatactcegactgccgtaactecgfcgcaaaaatgittttWegiaaccattateg
acgaiaiciacgaigiatacggeaccetggacgaaetggageigtttactaacgcagttgagtgttgggaegfaaacgce
atcgaegaleigceggattacatgaaaifgtgetttclggctt'tgtaiaacactatiaaGgaaaicgectacgaeaaedg
aaagaaaaaggtgagaaeaicetgeegiatetgaceaaagectgggeigacctgigcaaegctitce.tgvaagaageea
agtggctgtacaa caaatctactccgaceti iga cgaaia cti cggcaacgcatggaaatecieti e iggeecgc tgcaae
iggigttcgcttacttcgctgtcgtgcagaaeattaaaaaggaagagategaaaaectgcaaaaataecatgaeateatc
ietcgtccticccataicitcegtctgtgcaatgacetggctagegcgtctgcggaaattgcgcgtggigaaaccgeaaaia
gcgtttcttgttaeatgegeactaaaggiateicegaagaactggctaccgaaagcgtgatgaatctgatcgatgaaacet
ggaaaaagatgaacaaggaaaaactgggtggtagcctgttcgegaaaccgttcgtggaaaeegegatcaacctggca
egtcaateteaetgcactt'atcataacggcgacgcgcataceteteeggaigagctgaccfgcaaacgcgiictgictgla
atcactgaafiCgattctge€gtttgaacg€taiagga£c:cgaattcgagctccgtegacaagqttgcggccgcactcga.gw
caccaccaceaecacigagateeggcigetaacaaageecgaaagg.aagctga.gaggeigetgceaccgctgageaaUact
ageataaccccttggggcetotaaaegggtcttgaggggttrtttgcigaaaggaggaactatetceggat

SEQIDNOG4
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tggcgaaigggaegcgcce«g£ageggcgcaua^cgcggeggg£giggiggttecgcgeagcgtgiiccgxiacaeiig&3

agcgcccUgcgccegctcctUcgctitettcccttcctfictcgGcaegUcgccggctticcGcgteaagctetasiitcgggggc

tccctit&gggticcgattiagtgctttacggcacctc-gaeccciiaiaaacttgattagggtgatggiteacgtag^ggccMcgc
et£gA7lagacgg.ifiticg£cctttgacgtt8gagtecacgiictttaatagtggaetoi£gttccaaaKtggaac£iacaacaaccct

■ateteggtctaitGiUig8iii»taagggaitttgccgattl:cggedaiiggUaasaastgagcigatttaiicaAaaaittaacgcg.a
.attttaaeaaastatiaaeettiaeaiitltcaggtageactjtteggaHaaatgtecgcegaacc-cctatitottiatttttctsaatocat
tGaa&tatgtatccgcicatgaattsattcUagaaaaaetGategagcateaaatgaaactgcaaUiMteataicaggatiaieaat
accatattntgsaaaagccgttteigiaMgaaggagaaaactcac-cgaggcagiiccataggalggcaagatcctggtateggt
elgcgati;cGgactegtecaa£atcaa£ac3®Gci£itt3.atttcce.cisgteaaaaataaggtiateaagtgagiiaM«wc&fcgagl
gacg£ictgaaie-eg8tgagaatggcaaa3gtttstgcattictitecaga-ctEgticaacsggccagecalta£gcicgi«ilcaii&

aicactcgGatcaacc-a.aaccgiiati^ttcgigattgcgccig.a.g£gag'acgaaatai:gcg,aiegctgtiaaaagga®aatt6SC
aaaeaggaategaa£gcaaGcggcgcaggsaea£tgceagegcatC3aeaaiattiieacctg.aatcaggaiatictit:tiMU!ti:
ctggaaigctgittte.ccggggategcagtggtgagtsaccatgcateatoaggagmcggaiaaaaigcttgatg.gtoggaaga
g:gcataagttccgKagcea.gtttsgictgae-Gatotcatctgteacateat£ggcaa£gei.acctttgecstgincag3aacaaete
tggegeategggGttecGaia.caaicgatagattgtcgeacctgattgcccgacaiiatcgegagCGftahtatacecafetaaato
agcaiccatg,tt.ggaatti.aatcgcggc.cragageaagacgtttocegUgaaUiggcicataaGacGeGttgtaUactgUtatgl
a&gcagaragttttattgttcaigaccaaaalceciiaacgtgagttttcgttecactgagcgtGagacec.Ggtagaaaaga’icaaa
ggatcttcttgagatcatttnte.tg£gcgteatc{getgcU.gcsaacaaaaaaac«accgctaccagcggtggittgtti^vv£ga
tcaiigagcta.eGaactetitttccgaaggiaae.lggcacagcagagcgcagatac-caaatacigtceKcta.giglagtcgtagii
aggc£aceai;Ucaagaactctgiagcaccgcciacaiacctegc.tctgctaatcctgttaccagiggctgctgcc3gtggcgala
aglcgtgteaaeegggnggactcaagacgatagnaccggataaggcgcagGggtegggctgaacggggggticgtgcaea

Gag<xcagcnggagi'gaacgac.eta£.scegaacigagaiacGiacagegtgagetatgsgaaagcgcvacgctUx;egaag
ggagaasggcggacaggiatecggtaagcggcagggicggaaca^agagegGaegagggagcttccagggggaaaGg
ci:tggt.ai:et{t{ijagtcetgtegg.g'tttcgei.acete£ga£.ttgagcgicgaitmgtgatgctegt£aggggggcggagce.taig

gaaaiiacgeGagc<5acgeggcctnttacgg«GCfcggcciittgctggcettiigctcaca£g.ttcUtectgcg.uatcecetgatte
tg£ggataaccgiiataccgcctttgagtgagci:gataccgctogccgGagecg&acgac£gag.cg£agcgagtcagigagcg

aggaagcggasgagcgccigatgcggtattttctccttiacgcatctgtgeggtaiticacaccgĉ stat^tgcacietcagtac
aatetgcictgatgCGgcgiagttaisgcciigtataca.ctecgciategctac.gtgaeigggtcatggetgsgccccgacat'ccgc
eaacacecgetgacgcgecctgaGg.ggettgtcigctcccggcatccgcitacagaeaagctgtgiB;cgtotcegggagctgc

atgtgtcagaggttitca£cgieaiGiiccgaaiicgcgGgaggi;agcLg£;ggtaa.agcic.aicagcgi,ggtcgig3agega.ttea
cagalgktgeclgttcatccgGgi.ecagU£gJ:tgagttt£tcGagaagcgltaalgtctggcttclgat£iaagcgggccatgttaa

ggg,eggttttttcctgittggteactgatgcctecgtglaagggggatttctgacaigggg.glaaigataocgai:gaaae.gagag0

ggaigsicacgstacgggttactgalfatgaaeiUgccGggttactggaacgUgigagggtaaacaaetggcggiai'ggstgc
ggcgggaccagagaaaaatcii-ctcagggtcaatgGeagcgctfcgilaataeagatgtiiggigttccacagggtegccagcag
catectgcgatgcagaiccggaacataatggigragggcgc£gaci£scgcgtttccagactitacgaascac:ggaaaecgaag
accattcah’UgUgeteagglcgcagacgitttgcagcageagtcgcUcacgHcgc-ieg.egtateggtganeattctgctaa.c
cagtaaggGaaceccgccagcctagccgggtectc&acgacaggagcaegateatgcgeac-ccgtggggccgccatgccg
gcgaWiggectgcitGtcgCGgaaacgmggtggcgggAiecagj.gaegaaggcttgagcgagggeglgcaagaaccgaa

iav<gcaag.cgaGaggG£gatoa:tc.giegcgc£GcagQgaaa..gcggwctegc£gaasa.tgacccagagcgetgecggsac
ctglcctacgagtlg£aiga'Eaaagaagacagtcat.aagtgcggc.gacga&gtcaigcccGgcgce£accggaaggsgctga

ctgggitgaaggctctcaagggcateg.gtegagatcccggtgccta»tg£tgig.agciaacttgcattaattg,cgttgcgcwactg
Gcegctttec-agicgggaaiicctg(cgtg&cagcfgc£iUaatgaatcggcmcgcgeg:gggsga.ggcggi£tgcgEattggg.

cgccagggtggttittettUeaceaglgagacgggcaacagctgattgcocttcaccgcciggccctgagagagtigeagcaag
cggiccacgc.tggtttgccccagcaggc:gaaaaicctg'ttigatgg£ggttaacggcgggaia£aacstgageigiettcggU£c
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cgtiggcaaecagcategeagigggaacgatgccctGMtcagcatttgc-atggtttgiigaaaaecggacatggc-aeiecagtc
gcettecegttecgciateggctgaatfigattgcgagtgagaiattlaigccagecagccagacgeagaegcgccgagaeaga
acttaaigggecGgd:aacagcgegattigei.ggtgaiiCcaatgcgae.eagatgetccacgceca.gtcgegtaecgteitetgg
gagaaaataaiactgttgatgggig(s-tggtcagag.aeateaagaaati^egceggaacaiiaglgeaggc.agetteeaeagca
atggcaieci.ggwaiccagcggatagitaaig.aicageecaetg'acgegtEgegegagaagattgtgcaccgecgctt'tacagg
cttcgacgccgcttegttctaceawg^saccaccacgctggcacccagt^atcggpgcgagatttaatcgccgegaeaatttg
cgaeggegcgigeagggc«agactggagglggcaacgccaatcageaacgajetgtttgcccgccagltgttgtg,£xaeg'e'gg
itgggaatgtaattcagotcagccategccgcttecacttfflieccgegwegesigaaacgtggctggcctggticaeeaeg'cgg
gaaaeggtctgataa^igacaccggeatactefgcgacatcgtaWcgttactgg.tttcacatteaccaeect.gaaitgacietctt
eGgggegeta(cat.geastaeegegaaaggttttgagccattegalgglgwcgggateicgae.gctctocetlatg£gaciccig
caitaggaageagceeagtagtagfe<gaggecgfigageaecgccge.cg.caaggaatggtgeatg:caaggagat.ggegee
caacagtGCfcccggcGaeggggfcc.tgeea»eatas«CM.gfccgaaacaagcgcteatgagceegatigtggcgagcoegatc
Kccccateggtga,tgteggegatataggegceageaaee.geaeeigtggegeeggtgaEg'ecggecaegatg,cgtccggcgi
agaggaicgagatetegatcccgegaasitaaiaegaeicadataggggaafigigageggataaeaalleccctetegaaata
attttg;KtaactUaagaaggagaiaiaGatatgtg€tetgttic.toC€gagaacgtttccttcaetgagacgg8aa«:ega^c
aegtegtagcgcgaae.iacgagccgaatagfitgggactacgatttcetgetgtciiccgaiactgacgaatetattgaggt
giaeaaagaeaaageaaagaaactgga^'ctgaagigcgccg€gaaaitaaeaaeg^gaaagctgaatt«ctgact«
tgctggagctgaicgaiaaegtaeagcgeeigggteigggttaecgciUgaatetgataiecgicgegcactggatcgtti
cgtaagcageggeggittegatggcglgaceaaaaegagiieigca«gdac«:gcgcigtccttcegteigetg€gteag€
acggeticgaagtttcteaggaageatteiecggittcaaagat«aaaa«ggtaaeitcctggaaaacctgaaagaagae
aefaaggcgatectgagecigiatgaggeasgehtctggecciggagggigagaacatectggatgaggfcgcgcgtait
efeeaktccealfctgaaagageigictgaagagaaaatcggtaaggaaetggcagagcaggtiaatcacgcactggaa
ctgecgctgcaiegiegiacecagGgielggaggcggttiggiecatcgaagcgtaccgcaaaaaggaggatgetaacc
aggttelgctggaaciggceaiectggactacaacatgaieeagtcegttiafctagegtgaictgGgigaaaccifceeglt
ggtggcgccgtg^gcctggcgaecaaactgcacitegciaaggaecgcngatigagtetltttactgggcagtegge
giigcgtttgaaeetcagtatictgacigcegtaaeagegftgegaaaatgifeagcttcgtiaetaiiategaegacatet
acgaegitiacggiaetctggacgagctggaactglttaecgacgcigkgaacgttgggatgtiaacgccatcaacgat
etg«ctgaetaeatgaaactgigetleciggcacigtataaca£gaieaa€gaaattg«ataegacaacefgaaagacaa
aggtgaaaafcatcetgeegiscetgaciaaagcgtgggcggatctgtgtaacgettttcigca a gaagcgaa atggi’igt
ataaeaaatefca«tecgacetitgacgitttattteggeaatgectggaaaiefcagetctggci;«gcigcaaetgatetteg
etteUitgeggtigicca&aaeaieaaaaaggaggaaaitgaaaacetgcaaaa&iaecaegafetGaitagGegieet
Utcatatetticgfcjelgtgfcaacgacctggcaagegcgtccgcagagategeacgtggcgaaacegciaaefctgiilce
igctaeatgcgeaceaagggcatttecgaagaget^eaaccgagagcgtaatgaatetgaicgacgaaaectgtaag

®aacaaaaaaaaaet«!s?srfi»i?Etecetgttcgcta.aacegitcgtagagatigciaiiaa«ctggcaegleaga  
idee!a A&e&teiactotci »ita 4 t’aee

gaaecgatteigccgitegaacgitaactgeagetggiaggateegaattcgagctcegtogaeaagettgcggccgcaetc^
•^«««jaaag^as^aaggaagctgag'ttggctgctgccaccgctgagcs

aiaaci8geai.aaccecttggggeGtcte.aacgggtcttgaggggttttttgctgaaaggaggaamtateGggat

SEQ ID NO:35
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Figure 137M

plssiaid. « p<2R2, l-KudhSU
aagggogaafcSetigaagatafeeeafcaaGacfc.gisegfcegctegagaafeefcafccfea'gagggcecaafcfcagccefceta  ̂
tgagt<^fc»fcfeacaafefccacefg«^t€gfcfcfcfcacaaegfccgfcga®sggg&a«a€cefcgg«g,:?i8eeesactt«Atc 
gc « fc «geagaaeat .«cc« «ttfcagccagctsgg’cgtaatagcgaasr^geccgcacogat«gee cfcteceaaeage fcg 
cg<jageetg«afcggcga8tgst«egogeecfcg{;ag<^g'cgeatfca«g®giS9gagggfcgtg§t.flSCtaegeg'eegegtg 
acacgefcacaefctgceegegcecfeagcgcctsgiQfcoirfcfctogcfcfcfcc&fcccctfcccfcfcfcafecgccacgtfcag ’eeggcfct 
tceccgtcaagefccfcaaafccggg^cteocttfcagggtee^fctt^fcgctUasggceCcWaocceaasaaacf 
fc tga e fcagggfcga fcgg.fcbaacgfcagfegggccafcegcCcfcga fcagacggfcfc fc fctegcdttfctttgacgttggagfc,e<saeg 
fc t c fc fctaafc agtggaefccfc fcgt'fcccaaacfegg&asasca ©tcaacGctafcefccggfcefcatfccfcfct fcgafcttataagg 
gatfcfcfcgecgatfefccggfcicfcattggfceaaaaaafcgagccgefectaacaRasacttaacgcgaatfcfctaecaaaafctc 
ag^agcaagggstgafcaaaggaagc^aai&cgtagaaagecag&gegeaga&Beggtgetgaaccegg&Kgaats 
fccsgcfeaatsrafSafcafecegsracaagggaaaaegcaaetcgcaaagagaaagcaggfcag'Sfctscagtgggcttacatgg 
egafca,g2tega.cfcggge«f:gfc.fcfcfc.8t^gacageaagegaac<3gga.3fctgceagefc.ggggc;giieefccfcggfcaa,g,gfcfcgg  
gaag«scfcgGaaagbaaaabggafcggcbafcefc&geegeeaaggatefcg'at:ggageaggggafccaagafcctga%«aa$ 
agacaggatgaggatsgttfcegc&tgatfcgaaeaagBtf^afcegeaegaaggtfcete^gc^Ggetfcgggfcggagagg 
atat fceggo fcatgaefcgggeae&aeagaeaa&^ctge: t «fcgabgeogrcggligfcfcecggcfcgeeagisgeaggggcg 
e©©ggtfccfefctsfcfcge.eaagac^acefcgfcoaggfcgeecfegaafcg»8srfegeaggaegagg«ag©g'©ggcfeafcegfegge 
tggecs&cgaagggcgb feecfcfcgcgoage tgtegstegacgt fcgfccac tgaagcggg&agggaofcgge&getsafcfcggge 
gaagfcgaaggggeaggfafcefc'cot.gfccafcefccac'efctgcfcedtgcogagaaagtafcdoafccetggefcgatgeaafcgcg 
gcggcfcgcatMogcfcfc^iitiKiSsetaoofcgeecafcfcoSaccafeeeagcgaaaeategcaecigagegegeaogfcaete 
ggatgg»age«ggfcefcsgfc<^atcag@afcgae«fcgga<5gaagageat«agggget«g©ge«ag©e§aa«rt:gfctsegee 
aggctifaaggegegcafcgec-egaeggcgaggefccisegfeegfcgaeceatggcgafcgeictgctfcgcegaafcafccafcgge 
ggaaaafcggecgetfcfctetggafcteafccgatnigfcggceggretgggfcerfcggcggaeegcfca-fceaggtaeatagegtfcgg 
cfcaaeegega&afct3afcgaagagct.igg<sggegaatgggetga«egcbe«ctegtecfct«acg9tafceg««g«beee 
ga&taggag©gc!a&©gc:©&tcfcafc©g«iettc& tg&egagt tat tefegaattg a&aaaggaag&gba fcgag tat fc «aa 
eafcfcteegfcgfcogeeefcfcatxeees fc fc fc.fctgcggcafctfc fcgcettcatgfcfct fc&g atcae«cagaaaeg« bggfcgaa 
agtaaaagatgetgaagafccagttggigfcgcacgagfcgggfctacafc^aactggatcfccaacagcggteaasafcsissfcfcg 
agagttttfccg-ccccgBagaaegttfccccaa&gasigBgcactlifcfcaaagttcfcgcfcafc.gfcgg'CsoggtafcUafeeccgfc 
afcfcgacgcegggeaagagcaacfcGggfccgeegeatacae'fca6fcetcagaatgacfcfcggttgagfcacfceaceagtcac 
agaaaageafcefctacgge.fcggea&gacagfcaagagaatfcatgcHgfcgcfcgeeafca&ceafcgagtsataac'astgegg 
ccaacteaeteefcgaaaacgafceggaggacegaaggagcfcaaccgefcfctettgeacaacatgggsgafceafcgtaacfc 
egee ttgategt fcgggaaeeggagc bgaatgaagceafcaecaaasgaCgagcg  tgacacG&cgatgcefcgtagcaat 
gg«aaeaaegtetegog«aaaefcafcc.a&ebggs^aactaGbfcaabGfea9efc&«c«9S«aa«aatlsaabagacfcggafegg  
aggc^abaaagfctgcaggaeeacfctcbgegebcggedctfcccsgGfcsgctefgfefcbalxtgetgataaatfeftggagGG 
ggt 3agcgfcggg fcefcsgegg fcatca btgsrfcgcasfcggggceagefcggfcaagc esfc ecegta tegfc&gt t ate fc scat; 
gacggggagfcGag9G»aafcafcgga$gaaegaaataga«agafc<^<sfcg«gsfcaggtgeefceaeftgafc.ta«.g«afcfcggfc 
aaefcgfceagaeeaagfcfcfca«fceAtatafcaafcfcfcagafctgafcfceaaaaefefceafefefcfcfcsafcfc1saaaa88afc.efcaggfcg 
aa.gafcCGtfcfcfcegataatcteafcgaeea&aafcGGettaacgfcgagt.tfcfcegfetceaetgagrcgteagaceccgfcaga 
saagateaaaggafecrfctetfcgagafcGcfcfcfcttfcbetgcgegfcaa«ctgetgefcegeaa8G8aaaa&a«<^eGgefcae 
eagGggeggKefcgtetgceggabcaagagcfcacGaaStctfcttCCGgaaggfc&ae&sgcttcageagagcgeagata 
ccaaataotgfctcte«t»gfcgftagccgtagfcfcagg««accaetteaagaaefc«fcgbagca«cge«tysieafcae«fcege 
tcfcgefcaa&eG&gfceaacagtggcfcgctgeeagtggegataag&cgfcgfeefcfcaeegggt-fcggaeSGaatacgafcagt 
fcaceggafcaa^rogcagGggfcagggefcgaaa^ggggfctGgfcgeaeiaaagGccagefcfcggagegaacgaectaeaGG 
gaaatgagataeGtacagcgfegagctatsgagaaagcgfecae^ct&eccgaagggagaaaggeggacaggtabecggt  
aageggcagggt cggaacaggagagcgaaGgagggagefcfcGs^ggggaaacgecfcggfcat: c; fcfcta tag t cc fcgfccp 
gg fcfc fc cgceaGGte fc-gaet, fcg&gcgfcegafc fc tfcfcgfcgafcge fccgfc caggggggeggagee t a feggaaaaaegeeage 
aaegeggeettectseggfctnsfcggee tc fcfcfcgctggcctfcfctgefccaca fcgtfcetfcfce©sgcgtteafc«e«Gfcgatte 
bgbgg-afcaaccgbatba«cge«bfcfcgagfc.gagctgafcaecgsfc«gcegcagccgaacgaccgagogcagcgagfcc»g 
Esssgugaggaagegg.aagagcgeccaafe.acgca.aascgcGfcstcceGgcgegfefcggaEgafcfccatt.aatgeagetg'g 
eaGgaeaggfcfcW Gegsefcggaaagcgggc agEgagcgsa.asgcaafcts.afcg  fcgag t taget ea-c teattaggsacc; 
eeaggefcfcfcacaefcfcfcatgefcfcecggiXegfcafegfcfcgfcgfcggaatfcgfcgagaggataaeaaefctcaGscaggaaae& 
g©t8tga€cafcg»££aegccaagfifcfcggtt&ccgagefcsgga«eeaetagfca&oggccgceagtgrfcg-cfcggsafct;<SSfcs 
cctfc.g«t«afcgea&fcegccctfcaggaggfcaaa8aaaeafcgfcgfcg«gacefc«fcfc«i;eaafcfcfcacfc«aga«t8G«gagG 
&fc&&ttc«egfcegb«cc^caaBcfcafceag««aaaeefc§fcggaatfcfc6gAafcfceGfcgcasfcceefcgg«e«a«!g«««tg
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aaag-s.@gaaa.agc tggaggagaasgegaees «»etggaggaa®«agt feogc cgcafc-gat eaaeeg tgt«gac«ccea 
giKigctgtccctgcfcggasefcgafcega^&fcgtgeagcscetgggfcefcaacefcecaaafcfcfcgaaaaagaeaecafcfc» 
a.sgcee£gg8®aaeafcegtaetg.3tggasg&aaaE&a&a&gaacsaafee&g&se£ge®cgcaaecgctcfcgfeistttc 
sgfcefcgcfcgfegfc©agea«^gis« fccgaggtfct ctcaggafcg fcfctfc fcgagegfe eteaagga&aasgaagrgtggtt tsag 
sggt.gaaetgaaaggtgaegtccaaggccGgctgagci;tgfcatgaagag£ct:fc&cefe.gggl;tt-Cgaggg£gag®acc 
«gct^ageaggegestaficttttcce.tcscccacfasgaoeaeaacetgaaega.sigg'catfcaa.fceccaaggt.cgce 
gaaaasgC-gagceaegece sggaac tg e aa£ «teaccagcg^esgcaeegfccfcggaggfe aegt tggttectggataa 
a£acgaacegaaagaaeegeafceaeeagefegetgefcggage!;ggssaagsfcg3&£S:ttBaeatggfc®!53gai:eetgc 
a.esagaaag8gcfcgGasgaSefcg&«^sgetggfcgg&esg:&g&&gggcG£ggc&sgeaaaetsgatt£fcgfc&cgcgaG 
cgcsfegafcggaagfcfefcatt&ciigsgGactgggtatggcgcQagasccgcagfcfctggtsa.afcgtcgca.aagctgfctae 
taa.aafcgtttgstetggfesa'SgafceatcgattgasgtgtafegaiSgs.ttiatggcacfcGt.ggaSgaa.ctgGaactgXfcca 
acg«fcgefcgfc»g«gegctggg«wigfct»aeg«t<.tt<Ae««eefcgccgg«etafcatg»»a6t^fcgtfcfcc^gg«»«tg 
Isaea.acace@t.taaegacaegtcctafetctattctg:saagagaaagg5:cataac.aaccfcg-fceatatct@acgaa8ag 
efcggcgfcgit»cfcgegeaaag««tc.t«fcg-e««ga«fg<sgaaatg5fce<3»acaacai»aatfc»fccccggcfct€«teGa«gt 
9CCfcgsaa«aogec«gqg'fetfeccfecefc«eggt-gfeasr«getgcfcggefeGgfc«fcfeaetfct:&o<igtatg«eage»gcas 
gaitgacAfcceeega.eeaeg'cgcfe^egfcfcccctgagcgacfcfcccafcggfccfeg^ga.gfcfccstagiifegicgfc.taliefctiKsg 
setgSiefea.asciaft.eir.ggiSisâ cfcetggggcggagctggasegfcg-gcgagact.sesaatfcefcacsatfcag'ctaaafcgc 
a«@aaaaccsa.fcggt&ccag«gaggaacaggecegcigaa@aaetgG@feaa.aetga£cgacgcega.atgga®asagatg 
aafecgS:gsai5gegttag«fgetceaSBGE.gei:gci:eaaa:gsgtfcsafcggaa®£cgcagt:fcaac.aS;g«iea£igsgttfce 
seac&gesest.amsgfeafcggcgatgg£ etgggfecgc&sagae taegGgaefcgaaa&iis-giiaxsaaasitgetgefc ga 
fcfcg&eeofcfcfceeegafetaBccegctSfafcgtafcgtofcaactgcaggg-ateisgfccgaecg

SEQ ID NO‘36
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Figure 138P

Kudsu IspS ©8F 49-1743 {coi&plewencary]
gfcgeggeagcaa.gcfct.gtcgacggRgetcga.afcfccggatcc<2t:gca.gtt.aga0ataeafcea.gct,gg5:taafccgggaa 
agggfeeaatoageagoagfcfcfcgafcgoggfefcttx^fccgogfcagfccfcsjgagcgacccagaccafccgocafcacfcggrtagg 
tgeag ttgggaaaeacgtgeeafcg tfcaacfcgcgafcfcfcecabgfaaiigerfcfcfcaggeag'caggsfcggagi; cgefcaaegegfc 
teaesatt.oatcttfctfceeafcfcegcfegfcGgafeeagtttaogeagtfcottegcggsfectegfcteefcegetggfc.aeefifcc 
gfcfcttcgl^cafcgfcagcfcaafcgatagaafcfcggfcagfcebegccaogfcfcceagefccegaegeagaggtggeeagafccgt 
fegeaeaggcggaagafcaacgcagetagaacgcaaoagaecatggaagfeeggfccagggaaegcagcgcgtggtcggag 
atgfccttoctgctgutggcatacgg&aaagt&agacggogeeaga&ge^&ae&ccggagg&ggaa&cgetggegtt 
t tacaggtaa bfcggagaa&gGogggafcaafcfefc fcgtfcgfctggaecafc ttcgcctcttgoagaaaggo ¢. fctgc&cagbfc 
sae(gcGagcfci:ti;Kg'bi;agafcaggacaggt&gfc.tat.ga£!et;tfc:4ifcefct;tEagaatagaafcaggacg'fcgtH§ifcf,aac;g 
gfcgtfcgtacagfcgccaggaaacacagfcfefcsjafcafcagteeeggeagggfcgfcfcaatagegfct&aegfceec-agegefcefc&c 
agoafcoggtgaaoagfcfcgeagfcfcc^teeagagtegccafcaaa^fceafcaesegteategafegafcegteaecagaeoaa 
aeatfcfctagfcaaoagofcfcfcgBgaeafcfceaeeaaaetgegggtefcggfcgccafcXicioagiigeefiagaaafcaaaotfceo 
at caggeggfc cgcgfc-acaaast ccagtfcfcgcfcagteaggceesfccfccggsfcceaoaagcggga cagai: cfctgeagcfcc 
a.fcfcefc:g«i'Kgaagggfccfcgiifie:cafcg-&t:aaaat,cssagcttegcea,gctecageag!S3.gctgg?t3a.i;.gcggt.fct;fc-tfcsg 
gfc. tegtatt tat e« aggaascasegfcgaet ea&gaeggfcs&agaegetggfcgafcsfcggeagfc fcecagggegtggete 
s.ettgt. t. ctgcaac c fcfcggtafctaatgeefe tetfeteagst fcgfc tcfeftcaggtggsffcgat gg&aaaggfcaegegeete 
cfceeageaggfctct«ft«s*c«.ega«aeeeaggfcaaga«g'«t:fccata©aggefceagaagg«cttggaegteaocttfcca 
gtfccaeescfcgaaae!oaecfcfcot.etafcisettgaaacgofccaaaaaeafccofcgag5aaccfccgaaaoegfcgefcgaogo 
ageaga egg aaagac agagagg fcfcgcgfcgcaggfcoagafcttgefccfc. t tefcgfc fcfc fcegfccciageagt aqgafcgfc fcfcte 
cagggefcfc fc &afcgat.gfcefcfct fcfcca&att fegtaggbeagaeceaggcgctgcac&tcgtsga fccag c bccagoaggg 
acag©ggcfcgggfcgtcta.Gacggfcfcgafccafcgcagogaaefcfc«fcfcccfcosagrfcttggscgefcfcfeotccfcacagefctfc 
fc.ct3a<;fctfc,csggfct>gttcfc:ec3gggafctgGstgg.sflfcfcegsaafcfcceaeaggttfcggctgas.agfctfcgegg.aaegacg 
ggaafc. fcafcgefc eg§fcaafccfcgagfcaaafcfcgagaagaggfcegeaea«®feggfcafcatefcecfc fccfcfcaaagttaaacaaa 
at tafcfct ijfcagaggggaafc fcgfcfc .atccgctcacaafcfcceeefcafcagfcgagfeegfcafc fcaafct tcgegrggategagate 
tcgatcctefcacgeeggafcgeattgfcggecggc:atcaecggcgecssaggtgcggfcfcgcfcggcgcfcfcat,atcg-£aga 
eafccacegateggggaagafccgggebogeeacfctcgggcfccafcgagt^efefcgfcfcfceggegfcgg'gfcafcggfcggeaggce 
e-egfcggeiiggggga'Ctgt.tgggcgisestKfcfctttgeatfittafctstfcfcfcttgfcggtggcggtgtfcca.&cggGetGssG 
«tactac fcgggfc fcgettccfcaatgeaggag fcegcataagggagagegtcgagatcecgga  caccafc cgaa tggcgea 
aaac efc fc fccge •ggtatggcafcgafcagogsccggaagagagfccaafc t ssgggtgg tgaafcgtg a&ae cagtaacgfct a 
fcacgafcgtcgftagagtafcgcc-ggfc.gfcCtdfctafccagacftg'ttfcccegegtggtgaaGcaggccagacaegfcfctc't.gc 
gaaaaegegggaaaaagtggaageggcga.fcggoggagct-gaattacafct.cccaacagcgfcggcacaac^a©fcggtgg 
g c aa&csgtogfctgcfcga ecggcgttgoeacofceoagtofcggecctgcaogcgccgtogcaaafcfcgfcegaggcgatt 
«aatcfcegegecgafcsaacfcgggfcg'ccagagtggfcggfcgtcgafcggfcagaaegaagcggcgfccgaageefegfeaaaits 
ggcggtgcacaatotfcctcgcgcaacgcgfcoagfcgggctgafccatfeaactafcgegsfcggafegaoeaggatgeaAfc tg 
cfcgtggaagcfcgcefcgoacfcaafcgctccggcgfctafcfctafcfcgafcgfccfccfcgaccagacacec&fccaacasfc<ttatfc 
ttotcccatgaagacggfcacgcgacbgggogtggagoatctggtcge&fctgggt.©aec&geaaategcgctghbago 
gggtee at fcaag tfco fcgfcofccggsgegfc ctgcgfccfcggc.fcggcbggeafeaaafcateefcesefeegc aafceaaafctcagc 
cgatagcggaaogggaaggcgacfcggagfcgceafcgfccieggfcfcfcfccaaeaaaiseafcgoaaafcgefcgaafcgagggeato 
gfc fcsccac fcgegafcgc bggt tgceaaegafc<»gafcggagefcggg<sg«aatgegcg«eafc t aoeg&gtcegggo fcgsg 
cgfcfcggtgcggatafcefteggfcagtgggafcaegaogafcaocgaagacagcfccatgfcfcafcafccccgocgfcfcaaecacca 
fceaaacaggafcfcfcfccgocfcgcfcggggeaaaecagegfcggaeegefcfcgcfcgcaacfcefeefec&gggcc&ggcggfcgaag 
gg©aafccsgefcgfctgeeegeefcea«fcggfcgaaaag*asaace&ecet.ggcgceaaat.acgc&aae<?gccfcct«oe«ig 
egegtfcggccgattcafcfcaategc»g«tggeaegacaggfcfefccccgacfcggaaagcgggeagtgagcgeaa.egeaafct 
aafcgtaagfcfcagcfeeaescafcfcaggsaccgggsfccfcegaecgetgecetfegagagecfcfceaaccicagfccagcfccftfcfc 
c<5^fcgggcgcggggeafcga©fcascg!fccgccgcac:fcfc»fcga«fcgfc«fct cfcfc tetcatgeaAe&ogtaggacaggtgs 
egge agegs fcefcgggteafctfcfc.eggcgsggaeegett fcegefcggegegegaegatgs fceggeefc gfcegefe fcgeggta 
bteggaa feet tgcaegeecfccge fc caagccfefccgfccacfcggteeegceaeeaaa egfefc t eggegagaagc&ggc&a t 
fcatcgecggcafcggcggecccacgggfcspsg'cefcigafc^fcgcfcixfcgfccgfcfcgaggaciics^efcaggcfcggcggggfcfc. 
gocttaotejg;fcfcagcagaafcgaatsaeegafcacgogagcgaacgfcgaagogacfcgcfcgofcgcaaaaegtctgagaea 
t gagcaaeaaea fcgaafcggfccfcfcoggtt tc egtgfc fcfccgt aaag ee Eg-gaaaegcggaagt ©agegeccfcgcaccafc 
tatgfctcscggafccfcseafccgeaggafcgcfcgcfcggcfcacecfcgtggaacaecfcacafcefcgtafcfcaacgaagogccggc 
afcfcgaacfi£gagtgafcfcfcfcfccfccfcggfcceege.cgcafcccata«egccagtfcgfcfcfcaccct«8Mfaacgfcfcecagfcaac 
egggoa&gfetoafccatcagfcaaccs^fcategfcgageatccfcctcfcegfcfc teafceggtatca fc fcaccoecatgaacag
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asafes ceccfc fc aeaeggaggca fccagfcgaecaaac aggaaaaaaeegeec fc fc aaeafcggeceg et fc tatcagaagee 
agaeafct aacg et fcefcgg«.gaaaefce&aegagcfcgg«egeggafcgaaeaggcagaeafcefcgfcgaa fc «gefc tcecg ac 
cacgcfcgafcgagcfcfcfcacegeagetegeefc,€geg«gfcfct«ggtgafcga«ggfcgaaaaeefc«fc.gaea«afcgcage&eec 
ggagacggfce «cage fctgt efegfeaagegga tgaegggag cagacaageecgt c&gggcgegt cag oggsffcgt fcgges 
ggfcgtoggggegeagecatgaeceagt eacgfc agegafcagcggagfcgt ata etggc tfcaaefc atgcggea fceagagc 
agattgta©tgagastgeaecat<tatf^Sfe9tsa«a-tacegca<sa^atfcgfca«igiS»sr«L&tataeegcafccaggc 
getsfcfcccaFefctecfc<^efceacfcgacfccgcfcg«gefc<sesft<sgfcfc«9Sf«t:ge88«$(agcgsrfcafcca$cfceaefceaaa$| 
gcggtaataeggetateeaa&gaatsaggggat&&egcagg«aagaaeatgt$agc&a&aggec&ge&&aaggeea§ 
gaaeagfca&aaaggsiegegfctgefcggegfctfcfcteeafcaggeteegeeeccefcgaegagcatcasa&aaategaegec 
c&agteagaggtggegaaaeacga.eaggr<efcae&aagataeeagg«$fce fceee'eefcggaagefc.ee ·«fcegfcgegefcet 
ecfcgefceegaccefcgeeg«fcfcaeeggafc««efc.gfceege«fcfcfccfceeefcfcegggaag«igfcgg©gefcfcfc©fccat*gete 
aegefcgtaggfcafc«fccagf&teg®tgtaggfcegfctcfcfc'ecttagefcgggefcgtgtscaegaaecccecgfcfc«agcccg 
acegetgcgos fcfca.fcceggfcaaefcategfcefc fcsfegtecaaceegajfc&agaeaegaefctafc egeeac tggcagcagec 
actggfca&eaggattagcagagogagg&atgtftggeggtgetacag&gfcfcettgaag&ggtggcetaaet&cggreta 
caefcagaaggaeagfcafcfcfcggfcafcefcgegefcefcgefcgaagecagfcfcaeefcfccggaaaaagagfcfcggcagefcetfcgafc 
ceg’goaa&sa.a aceaccg etggfcagBg'gteggfc.fc t ttt fcgfcfctgcaageageagafcfcaagegeagaaaaaaagga tat 
ea&gaagateefc ttgafce fctttc fc aeggggtctgaegst.eagtgga»cg&ae«efeeacgtt&aggg&t tt fcggfceafc 
gaaeas-fcaaaacfcgfcc fcgat fcaaafcaaacagfcaafcacaaggsggfcgtfca fcgageeafc a fc teaaegggaaaegfce-fc fcgc 
tsfcaggeegegafcfcaaafctecaacafcggafcgcfcgatttatatgggtataaatgggetegegataatgfcegggeaatc 
a^fcgegaeaafcefcafcegatfcgfcafcgggeageeegafcgcgeeagagfctgfcfcfcetgaaaeafcggcaaaggfcagegfcfcg 
eeaafcgstgtsaoagatgagafcggteaga0fcaaaofcggGtgaoggaatfcts fcgesfeefctecgaeeatcaagcat tt fc 
atctsgtaefceeegatgatgeatggfctaefceaeeaefcgcgafcceeegggaaaacageafcfceeaggfcatfcagaagaafca 
fceefcgatteaggfc.gaaaa.fcafcfcgtfcgatgegefcggeagfcgfctee?>gegeeggfc.fcg«atfcegafcfceetgfcttgtaatt 
gtcc11feta&cagegafccgogtafctfcegfcsfccgefccaggcgcaafccaegaa fcga&fcaaeggfcttggttgafcgcg·«gt 
gattttgatgacgagcgtaat^etggcetgfctgaaeaagfccfcggaaagaaatgcafcaaaettfctgecafcfccteaee 
ggafctcagtcgfccaefccafcggtgatttcfecaetfcgafcaacefctatttttgaegaggggaaattaataggfetgtatfcg 
afcgfcfcggacgagfceggaafcegeagaeegaeaeaaggafcefctgeeafceefcafcgga«ctgccfccggfcgagfctfct«tcct 
ceatfe acagaaaeggettfct teaaaaatatggfcafc-tgafcaateebgafca fcgaa fc aaafctgcagt fc teat fc tga fcgc fc 
ega.tgagfcfcttfcGfeasgaafcfcaafcfccatgageggatacatattfcgaatgfcafcfcfcagaaaaataaaeaaafcaggggfcs 
e egegeaea tt ε eeeeg&aa&gtgecaecfc ga&attgfc aaaegpt tuna tat fct fcgfcta aaatfccgeg fctaaa t. fct:" tg 
fctaaafceagefccafctfcfcttaaceaafcaggeegaaateggeaaaafeceefefcafcaaafceaaaagaafcagaeegagafcag 
ggfctgagfegfcfegtfcecagfcfcfcggaaeaagagfceeaefcatfcaaagaaegfcggaeteeaaegfecaaagggegaaaaaee 
gfcefcateagggtsgafcggceeaetacgfegaaecateaeeefcaatcaagfetfcfcfctggggfcegaggfcgeegtaaageaefc 
aaafecggaaceetaaagggagcccccgattfcagagefctgacggseaaagceggegaaegfcggcg&gaaaggaaggga 
agaaagegaa«ggageggsf(igefca<gggogeisggeaagfegtagcggfccaegcfcig«gegfeaacc&ccaeaeecEgeegcg

aceogfcttagaggeeccaai^ggfctatgctagfcfcatfcgefccag«^fe^c«igcagecaaetcagcttecfctteggge
ttfcgfcfcagcagcoggafcetcagfeggtggfcggfe.gg'fcggtgEfccga

SEQ ID NOQ7

eefcggaagefc.ee
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Figure 139
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Figure 140
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Figure 141

gaatteaaaaigtgtgeaacttcaiGccaaUcacieaaaieacagagcaiaattotagacghcagctaactaecaaaciiaatctgi
ggaattttgaeutcsc-aaicocttgaaaasgatttgaaagt^aasagtt^ag^aaaagcescaaaactagaggaag^gtt
agatgtatgaisaacagagiag3i:aeacaaeclet.g.tcaetaciagaattgaitgaegaigweagsggctgggttiaacatataag
i.t£gaaaaggaiataatcaaagcctts^aaaacsiaglc£ttci3gatgaaaacaa.g,aagaataagtelgaci.igGa£g£aaGcg
ctetgagittta^,tigeigagacaaeatggutigaagtaagtcaagaigtgnigaaaggtioaaagai;aaagagggagga.ttc.t
eaggagaattaa.a.gggagatgtge3gggtcigttgtcattgtaogaggecagttaittggggiKgaaggggaaaa.teiamaga
ggaggc.eagaacett£tctaiaacceatc'£gaagaataac.ttgaaagaagg,cate3alacaaaa<tgg,ciga3e3ag.tfi£aeai
gcattggaattgccctaeeac«iaagaeiteaiagacttgaagccagatggtti.liggacaagtatgiiaccaaaggagceieace
ateaaei®attggaaflagcaaaaGtggatttiaaeaiggitcagaeaeacae£«agaaagaattgcagg.ac£l.atc£ta.g.aiggt.g
gacggagaigggttttigceageaagiUgattteg,iiagagatagattg.atggaagtttactiltgggcaeiggga3tggeaeeag
aiccte.8atttggtgaaigiagwiggcagitaeaaagaigttt.ggtctagtaacaateaii@atgaigmatgaigtgtacggaactt
iggalgaatta0.aaclatte3C-egacgcagttgaaegttgggatgteaacgeaaiaaaeacgfigeetgaitatMgaa.gctglgtit
tciggeaitgraeaaeaeagieaatgacaettenaeiccattnaaaggagaaagggcataacaafctaiectatUgaeaaaateal
ggagggagiiatge^aagcattcetlcaagaagetaagiggiciaa&aataagauaicceageaitctecaagwttgaaaac
gcttcGgtatectcctGeggtgiggeccfeetegca.c£aicatatttt'tecgietgccageagcaggaagaialcici^teaigcttt
gagaiecUaacagatttieatggtctagtcagatcctetigegigattacagaitglgeaatgatttggciacttcagecgcagagti
agagxigggglgaaaecaegaacieriattatiagtt.atalgcaegagaatgatggaac8ic.cgaagaacaagccegtgaagaaU
aagaaaaeigatcgaigetgaatggaagaagalgaatagagaaagagtttcegaeagcaeittgatgeetaaggeiittcatgga
galagcigttaaeatggctaggglltcacactgiacataceaatacggggacggteUggaaggeecgxaclaegcca.etg.aaaat
agaattmctgctactgattgatcetttocccatiaaecagttaaigtecgtgtaatagggatcegaatte

SEQ ID NO:38
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Figure 142 A

f1 origin GAL 1 Promoter

Ampicillin resistance



WO 2010/148256 PCT/US2010/039088
276/328

Figure 142B

aC'ggatte^agecgccgagcgggtgacag.c;cctccgaaggaagactcicC'tccgtgcgtcctcg{etteaccggtegsgttce
igaiiaegcag.aigigcctegcgcegcactgc.tcegaaeaataaagaaetacaa£aGiagetlttatggttatgaagaggaitaaau
ggcagiaacpiggcc-ccaGaaaccitcaaatgaacgaatcaaattaacaapcaiaggatgataatgegattagtitiitagccttait

ictggggteaUaateagogaagcgatgafttttgaictat£aacagatataiaaaigqaaaaacigc.atsaecacutaai:taaiacu
ieaaeattttoggUigiattacttctiiaac.aaatg.taataaaagiatcaacaaaaaaii.gHaatataceietatacttmcgteaagga
gaaaaa3.ccecgg.aieggactactiigcagctgtaiitacgactcactatagggaatalUagciaftaaacaagWgtaeaaaaa
agp-aggcigaattcMaaigigtgcaagtftaftxcaattcactcaaMcacagagcaiaattctagacgttgaec-taactaecaac

caaatctgtggaatwaatitgRcaaxcccU-gaaaatgattigaaagtggaaa.agttegaggaaaaaggcacaaaagiagagg
aaa'aaait8gatetatgiitaaaciagagiagaU6&acaagdctetoactaGtagaattgMtgacgatgtgcai/aggctegg,tttaa
caiataagttegaaiiaggatataate-aaaK&ettagaaaacaiagtccttctagstgaaaacaagaagaat^gietgaGltggac
g<aaeKgsicigagftifeUtestgaRaeaafcatggaigaagiaag,tsaagaigfemgaMg'Tttg^g^a^g»Rgg

lactagaggagEccagaaCgttctgiataaogaaictgaagaataagttgaaagaagseatc:aalaeaaaagtgaetga.ae8aat
ttca&atgcatfggagttgcectasGaGcagagarPttealagagUgaagccag.a.tg.gttttiggacaag'laigaaeeaa.aggagg

clCjacca.tc3actgtattgg3attagcaaaactggattttaacaigg.tteaRaeattaeagcag.aaag.aatlg.cag.gapctet&a.3g

atRatggscRaaaatg.ggtttagccaRcaagUagatttcgttag.agatagattgawaagtttactWggcactgxgaatggc
accagatogteaamggtgaaiglag.aasggeagtta&aaagatgtttggrs5agtaactia.U:attga5:galgtttatgatgtgtacg
g:aaciuggatgaaug!ga8Cj:aucs^G,gacgcagUgaaegttgggaigtaaacggaataaa.cacg;tgg:CigaUatatgaagc

cactEcnaciGcaauaaageagaaagggcatagcaatcmcctatugacaa. 
agc^ggafi^gagaate^aag£Mtcettcaagaaggteagtggtctaagma,ggatgi.ategcagffanci£$aagtaietig 
gg^BS^teSg^gtogtccj^itgtggeggtacl^ggeatgatatjfttogj^gtgteaggaggaggaagatatotoiagtoa
tastagagafccttaaca stotagteagatoct
gagtiwtgagggetgaaagcaca&8etcaaUattagttaUtgcaegagaatga.tggaaGateceaagaacsa£gccai:gaa

g&aiteigaaa^tgaUgaig&^aaiggaagaagMgast§gagsaag^tttccg&c<gggGtttgctgsclaa3gcajtea
tggagatagc.igttmatggciagggtttoacacigtacataccaatacggggacggtcftggaaggc^gcgaetacRgcacm
a.aatagaaftaa.agtggiactg.attgatecujx;ocGattaaG.pagUa3igtacgtgiaatagg:gatecaaas.t.eacccaac5ttcttg
lacaaagtggttcgatctagagggccctte-gaaggiaiigci;totecciaaecctctcc-feggi.ctcgatt.ctacgcgiaocgg,teai
catcsceateiicoattgagtUaaai:ccgotgatocugaggge€gcatcatgtaattagU'.atgteacgcttacaticat::gecctec
ccccaca(ccgc.ictaacegaaaaggaaggagttagacaacctgaagtelaggtecetirt{iaftUttiatagtta£gttagtal{aa
gaacgttaUiatatitcaaatttttetttntttctgtacagacgGgtgtecgcatgiaaeattataeigaaaaccttgcttgagaaggttU

:gggacgctcgasggctUaaKtgcas:gctgcggcectgcaitaatgaaicgg,ccaacgcgcgg'ggagaggcggtngcgt£il

gggcgctcttecgettcctcgctcsctgact£gc-t,gcgctcgg.tc-gtte.ggctgcggcgagcggtateagcteacteaaaggc.g
gtaatacggttatPcacagaaicaggggataaegcaggaaagaacatgtgagcaaaaggccagcaaaagceeagRaaccgia

aaaaggc-cgGgttgciggsgttttceataggctccgcccccstgacgagcaicacaaaaategacgctcaagteagaggtgge
gaaacccgacaggactataaagatacGaggcgtttccccctggaagctcoctcg^Bgctcicctgttccgaccctgccgcttac
cggatacctgtccgc-ctttcicceticgggaagcgtggsgctttctpatagcteacgctgtaggtatete&gitegglgtaggicgit

cgctccaa gctgggetgtgtgca cgsacceoccgttcagccc gacsgctgcgcGtiatccggtaac tategteti gagtccaacc
cggtaagaoae-gactt£4tcgccactggeagcagccaeiggiaacaggaUagcsgagcgaggtatgtaggcggl:gctacag.a
gticitgaagtggiggcciaactacggciacactsgaaggacagtatttggtatctgegctctgctgaagccagUaccUcggaaa
aag8gttggtagctctigatccggcaaaesaaaccacegctggtagcggtggittttagttt:g(;aagcag.cagaUacgi:gcagaa
aitaaaggatcicaagaagatectttgatcttttcfcKggggicigacgctcagtggaasgiKiaactGacgttaagggaiUtggtca
tgagauatcaaaaaggatcucamagaiccuuaaauaaaiiatgaitguuaaaicastetaaagtaiaiaigagtaaacttggtc
tgacagttaecaaigcitaatcagtgaggcapC'Uic-tcagGgatcigtctatUcgtteatccaiagitgcctgacteGCcgtogtgt
agataatUcgatapgggsgcgcUaccMc5ggC'CGcagtgctg!:-aatgataccgc-gagacocacg.cle-accggctceagait



WO 2010/148256 PCT/US2010/039088
277/328

Figure 142C

tatei5gcaataaac*agc.cagccggaagggccgagcgeag;aagtggtcci:gciisciiisiccgccuxato£agtctettaattg.
ttgccgggaagctagagtaaglagitegccagttaatagiagqgcaat:gtigitggcat{.gi;tacaggcatcgiggtgtea£toto
gtogtUggtetggcac3ticagctccggttcccaacgatca.aggcgagtiaeatgatcccccM.gttgtgcaaaaasg.cggjiag

clcctic^gicctccgatcgttgicagaagtaagiiggcegcsgtgtiaicacicatggttatggcagcactgcaiaalictcttactg
tcatgccatccgtaagaigcitftctglgactggtgsgiselcaascaagicattcigftgaatagtgtatgcggcgsccgagttgctc
itgcccggcgtcsatacgggaiaaiatgtgtatcacaia.gcagaactitaaaagtgctca£cattggaaaacgttctisggggcgaa
aacictcaaggstettaccgctg.ttgaga£ccagUcgatg^acccacfcgtgcaeccaaqtgaieiteagcatoUitactticacc
sgegUteigggtg8ge80a3aesgg3agg&aaaaigecgcaaaa&aggga&t&&gggegaq&cggasMgUga&laEtea.
tactcttccitmcaatgggtaataactgatataaitiiaai£g3agcieiaa£agtgagtttagtaXacaigcattiactatiiaiacag«
itttegmtgetggcegeatcttctoaiaataigctteceagcctgcitttotgtaaeg.ttcaccclctaci'.ttegcateccttcecmgca
aaw^cctcttcca&mteateaSgteagsteeigt^agaccaeaisaieeac^ttefeteetgagaeccimtgogtotccctt
gtcatcwacc-cacaccgggigtcaWcaaccaategtaaccttcuteiciEccacccaigtctetiigageaaUaagcegata
acaaaatcUt.gtegeteeegcaatgieaacagfacccttagtataticiccagtaga.iagggagcccttgcaigaeamctgctaa
c.atqaaaaggecte-taggitectugitacitettcigccgcqtgcucaaae-cgc'taaqaaiaccigggeecaceacac'cgtgtgc
aUegiaatgtctg.cccaitctgciattcigia£acacccgcagagtaclgcaattigactgtaitaccaatg1c.agcaaattttctgtctt

cgaagagiaaaaaattgtacttggcggataalgcctttegcggcftaacigtgccctccatggaaaaaicagteaagaiatocacat
gigtWUagtaaacaaatnigggaccmtgcttcaaciaactccagtaattecitggtggtacgaacatocaatgaagqacacas
gffigtflgcattegtgcaigatattaaatagcttggeagcaacsggactaggatgagtKgcagcacgUccttatatgtagcittcg
ao«tgaUtafcttcgtRcctg<^gttWgttctg^®gttgggtt8agaalactgggeas^tt«atg5«ctts)aacacta<^atge
gs,atata&ceaa£cmgtetgt.gcicettccttcgUcwwgtteggagattacagaatcaaaaaaamcaaagaaiiccgaa
atcaaaaaaaagaataaaaaaaaaatgaigaattgaaitgaaaagctagcttatcgatgataagclgtcaaagaigagaaitaattc
caqggaetetag.actaiaciags£aciccgtctectgiacgs£acacttccgctcaggtcetigtccttiaacgaggscitai:cactct
itlgttactctaitgatccageteagqaaaggcagigtgatctoagattcutcucgcgstgiagta&aactagatagacqgsgaaa

gagaetag3.satgcaaaaggcacttctaciiatggclgccatcattaitatacgatgtgacgctgeagcUcicaatgata}.tGgaa.t
asgctttgaggagataeagceiaatatoegacaaactgtutaeagatuacgatogtacttgtuecqateatigastiitgaacatcc

gaacetgggagtiiicectgaaacagatagiaiatugaacetgtataaiaaiaiaiagic'tagcgeiuacggaagaeaatgtatgta
ntcggKcc£ggagaaactattg.c3tetattgcataggtaatcttgcacgtcgcgteeceggUcai«tcigcgtttcc:aKttgcac£t
caatagcaiakrirgltaacgaiigcaKtgtgctfcatttigtagaaeaaaaaigqaaqgcgggiigcgciaattUtcaaacaasiga
atetgagctgcaHtilacagaacagaaatgcaacgcgaaagcgclsttttavcaaegaagaatctgtgcttcatutigiaaaaeaa
aaatgcaacgcgacgagagcgctaaftittsaa^aaagaatotgagcigcaWscagaaeagaaatgcaacgcgagagcg

ctattt£accaaeaaagaatci:ataeitettt5.ttgnc{acaaaaaigcatcccgag,agcgetettittctaaaaaagcatcttagaUac
UtffitctccttigtgcgcictataatgCxagtctC’ttgataafittUtgcaQtgiaggtccgfiaaggttagaagaaggctactJtggtgie
iattitctcacca.taaaaaaagcctgac;tccacttcccg.cgittacigattaiitagcgaagctgcgggtgcati-ttiicaagataaag

g,catccccg.attatatte?alaccgatg£ggattgcgcatacittg£gagcags}aagtgatagcgUg,at.gaKcttcal{ggtcag&s
aattatgaat:ggUtcUcta®tg1cvc1a(a£actaegraiaggaaatgUiaeattftcgtaftgKttegattcacictaigaai<igtict
taciacaaUttStetetaasgagta&taelagagataaacataaaa&aigtagaggtcgagittagaigcaagUcaaggagcgaa

aggtg,gatgggiaggtta(:atagggatatagcacagagatatatagcxaaagagat.actttigagcaalgliigiggaagcgg.teitiii
gcaatgggaagctccacc-cC'ggttgaiaatcagaaaagccocaaas’jacaggaagaUgtetaagcaaataitiaaattgtaa.acg
itaatis.ttitgt£aaaattcgcgRaatatit£tgttaaakagctcatitritaaegaatagccegaisatcggcaaaatccctt£itaaaisa
aaag.aatag&cega.gaUgggiigagigX'tgiteeagtttcCiiaeaagagtecasiMtaaagaacg6ggacScc^acgtcaaag
ggegaaiiaagggiciateagggc.gsiggcccaciaegigaaccateacectaateaag.ttttttgg.gg'icgaggigccgtaaag
cag'Uaate-ggaagggtaaacggaigcccccatttegagcttgacggggaaagi;cggegaac-gigg.cg&gaasiggaaggga
agaaagegaaaggagcgggggqlagggcggtggpagtgiagggglcacgctgggcgtaaqcaccacacGcgscgegctt
aat.ggggcg,cia.cagg.gcgcgtggggaiga£ceae£agt

STO m NO:39
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Figure 143
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Figure 144 A

OD600 post induction

□ Control 

DHGS-1 

DHGS-2
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Figure 144 B

DMAPP Assay Saccharomyces cerevisiae

□ Control 
0HGS-1
□ HGS-2
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Figure 145 A
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Figure 145B

ccgtcggtocgfcgaac^ccagccmoctgtggmttc^gttcctgcagagcctggwacgacctgaaggiggagaag
ctcgaagagaaggccaceaagctggaggaggaggtgcgttgcatgateaaccgggtggacacccagcccctgagcctgc^
gagctcategacgacgigcagcgcctgggceigaectacaaglttgagaaagataicatoaaggegctggagaaaa&giactg
ciggaegagaataagaagaacaaasgcgaietgcaegciacegcsctgagciteegecigeigeggeagcatggeittgaggt
gagccaggaagigttftgagegsncaaggacaaagaagggggcttclceggggaacigaagggigacgigeagggcctgei
gagcetgttaega.ggceagetateicggtttegaaggcgaaaai.etgctggaggagg,cccgtaeetteagca.teac£eatagaa
gaaeaaeeica8ggaggggateaacacg.aaggigg,ocgagcaggigtcccacgcg,ctggagcigccgtatcatcaacgefct
geaecgcetggaggcgc'ggtggtttctg§aeaagiaegaacccaaggagccgcateaeeagetgetget.ggaaetggecaaa
ctcgalttcaac:atggtceag.aceetgcaeGa.aaaagagetge.aggacet:gage.cggiggtggaccgagatgggcetcgcea
gca.agetggatticglg.egggacegcetgatggaagtgwtetgggfcgmgggmggcgecggaceegeagttcgg£gaa
tgcegcaaggccgtcaccaagalg.tt£ggte1:ggteaceatteicgalgacgteiaigaegtglacggtac©etggacgaactgc
ageietteacc.gacgcggtg.gaacgcigggacgigaaegecateaa.eaegcigeecgaeiataigaagetgtgctteciggeee
igiac^cacegigaacgacaegicctactecafemg'aaggagaagggcciieaaiaacctgagetaicigaceaaaagotggc
gcgaaetgigfcaaggcfcticetgcaagaagccaagtggagcaataacaagateateccegcctieagcaagiacctggagaac
gecagegtgteeteeagcggggtegegctgctggcgcicgagatacttcicggtetgccagfiagcaggaagatatetcggacca
cgcfcetccgfcteeclgaccgacttccaeggcctggtgcgctogtcctgcgigaictttcggctgigeaacgaietggcgaectcg
gc^cggasctegaacgcggcgaaaccaccaacagcatcatcagctacatgcacgagaacgacggcacgagcgaggaaca

igcgcgtgujggacagcacccigc 
tgccgaaggcgticatggagj^tcgccgtgaacatggcccgcgtgagceacigcaccMccaatetgggg^cgggctgggccg  
eccggatiaegccacegagaaccgesicaagctgeigctcatcg®eecgaeceeatcaaccagetgatgtacgi.gtgg.gga.te 
ccgtaac

SEQ ID WO:40
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Figure 146B

ctcgggccgict€iigggctigaicggccftetigcg.catcteae.gcgcicoigcggeggeclgieg:ggsitggctc.alacccctg
ecgaaecgc-ttttgteagceggteggccacggettecggcgictesaegegctttgagattcce.agettticggccaatccctg<:g
glgcataggcgegiggeicgacegctigcgggctgatggtgacgiggcccaclggtggccgaccagggCCtcgtagaacgc
etgaaigcgcgigigaGgtgccttgeigccctcgatgcaegttgcagccetagaicggc&acagcggccgcaaacglggtctg
g?cgegggtc-atctgeg,ctftgftgccgs«gaacte'Cttggcegaeagcetgecgt&ctgcgtcagcgg.caGcaegaacgeggt
catgtgcgggetggfitGgicacggtggatgctggccgtcaegaigegaicegccccgtacttgtacgocagecacftgtgcgcc
ttctegaagaacgc-cgcctgctgitcttggctggccgaette'CaeeaUecgggctggccgteatgacgtactegaccgccaaca
cagcgtccttgcg.c.cge«.ctclggcag:eaactcgcgeagicggc:&catcgcitca‘tcggfgctgt;lggcegeceagtgctcgtt
ctetggcgicctgctggeglcagcgUgggsglctegcgctegsggtaggcgtgctigagactggcc^csegttgcccamtc
gceagcftcftgcatcgcaigatogcgiatgcegceatgcetgeeeGtceeftttggtgiccaaccggcicgacgggggcagcgi
aaggcggigcciceggcgg.gccactcaatgcttgagiaiac.tcaetagaetitgctlcgcaaagu^igaccgcciaeggeggst
geggcgcccaegggcttgcteteegggeticgccctgegeggtcgetgegctecc'ttgceagcccgtggataigtggacgatg
gccgcgagGggecat.^ggctggciegcliegclcggcecgiggacaaecetgctgga£;aageig.Eitggacaggctgcgcct

gcecacg^ctEga.cai&ag.ggattgci;ea(5cggeiacocagccaegaecacataci:eaccggc5ccaactgcgt:g:gec.ig
cggccttgcccc0tcaaftttift8attttet«tggggaaaagc-c.tccggccigcggGctgcgcgcttcgcttgc.cggttggac£iCc
aa^ggaagge^ggtcaaggctegcgcagc^ccgcgcageggettg^scttgacgcgccigg^cgacceaagcctatgc

g^g^ggcagtcgaa^cg&agcccgcocgcctgecccccgagecicacggcggcg^tgegggggttecaagg^g
cagcgccaccftgggcsaggccgaaggcegcgcagtegatcaacaagccccggaggggecacittiigceggagggggag
cegcgccgaag.gcgtgggggaaccecgcaggggtgGccttct'itgggeacGaaagaactegstetaggg'cgaaatgcgaaEi
gacttsaitaate4ac&acUa33aii.aggggggtacgcaaeagt:lcaftg£ggcaccccccgcaatagctoaitgcgtaggttaa
&gaaaatotgtaattgaci.gecacmucgeaacgeatai6ftgttgtegegctgcegaaaagtt.gcag,cigiiftgcgcatggigec
gc-aacegtgcggca£cc:taccgcatggagaiaagciiti;igceacge.agtccagagaaaiGggi:attcaag.ccaagaaeaag.G
■ccggtCxactgggtgcaaacggsacgcaaagcgcatgaggcgtgggeGgggcttattgcgaggaaacecacggeggca'aigc
tgc(gcatcaci;tcg1ggc-gcagatgggscae£agaacgcGgtgglggtcagccagaag:acaclttoeaiigeie{slcggacgtt
etftgcggacgg.tc-caatacgcagtoaagg.acSggtggcGgagcg.ctggatctecgtogtgaagcteaaeggccccggftaGe
gtgtoggceta£giggtcaatgaecgcgtggc.gtgg.ggccagGcei:gcg.ai:Gggitgegcctgteggtg.ttcagtgccg«gi

ggtggttgateacgacgaccaggacgaategctgUggggpatggcgaccigegGcgcateccg.acGCtgtatccggg.egag
cagGaaeiaccgaccggcc-c.cggcgaggagccgc<JcagcGagceGggcattccgggcatggaaccagacctgecage£;it
gaccgaaaeggaggaatgg.gaacggcgi-.gggesgcagegcctgccgatgcccgiUgagccgigttttetggacg»tggcga

gccg«ggagccgccgacacgggtcacgctgcc.gcgccggt^eac(lgggttg.cgcag.caacGi:gtwgtgegagttcca
gactatcggctgiagccgccicgccgccc-tatacct^tctgc«©cccg€gttgcgtegcggtgcatg^ccgggccaectc
gackx!gaatggaagccggcggcaceti.gcmcggatteaecgUWtcaggcii:tgg,gaggcsga8Uaatgalcatetegt
caaitattacctecacggggBgi^cctgagcaaactggcctcaggcatttgagaagc&eacg^acadgcttccggtagica

ateda«^giaaaccagcaaiagacatoagcgg.ct^ttaaogacGCtgccct^accgacgaccgggU^gBattlgctttcgaa
mctgccsttcatccgcthfttatcacitattcaggcgiagcaccaggcgttlaagggcaccaata^tgccttas^aaaiteegcc
ecgac«gcc-actcatcgca.gtcgg&c:tatiggttaasi^sigagetgsfitaacaaaaattlaacgc,gaafttmacaaaglalla.a
cgemcaaUiccattcg:CGatteaggctgcgcaactgttggg.siagggcgatcggtgcgggacicttcgi;taitii:i;.gccsgctgg
egaaagggggatgigcigcaaggcg,aite8gttgggtaacgccagggttStccex9gi&acgacgttgtaaa!tcgacggc:cagt

gagcgegegiaatacgaetcactatagggcgaatiggagcimccgcg^ggcggcfcgctcte^sa^agtg^rtcccccg
ggctgiiagg:aattcgaimcaagettatcgataccgte'gacctcgagggggggcccggtace.cagctttigtte;ctttaglgagg
gttaaUgcgcgcKggcgtagitcatggicstagctgtttecigtgtgaasttgUaicegeteacaattccacacascaUcgagce
ggitagciitaaaglgfc^igc;c.tgggg,tgcciaatgagig,agci8actciicsUaattgcgiig'cgetea.etgc:ccgcttl:eeag[c

ggga8acetgicgtgccagctgca«aaiga^cggGca8Cgcgcggggagaggcggtttgcg.ialigggcgcatgeataaaa
acigttgtaattoaS.iasgc£ttctgccgacatgg.aagceaieacaaacggcatgatga£c.e{:gsategocagcggcateage.ac



WO 2010/148256 PCT/US2010/039088
285/328

Figure 146C

ellgiegeeiigegtamtatagecc-atggacgesiiaGGglggsaacggatgaaggcaegaaGe.eag.ttgacataag&elgtt
cggticgtaaac^gtaatgcaagtegcgtaigcgctcacgcsaacig^ccagaacQitgacegeacgcagcggtggtaacggc
gaagtggcggiitfcatggettgttatgaGtgttttttigiacagtetalgcctegggGatceaagcageaagegegttacgecglgg
gtcgatgtitgaiguaiggageageaaegatgUaegGageageaaegaigtiacg.cageagggeagicge€eiasaacaaag
ttaggiggcteaagtaigggcaicaKcgcsicatgiaggeteggcaetgaceaagtcsaaieaatgegggctgGteligaiGittti;
ggtGgigagttcggagaegtagecaeciacteecaacaicagecggactGGgaltacel,egggaaeiigcte.cgiagtaagacal
tcategcgettgetgeeitcgaceaagaageggttg.ttggcgcletcgeggG«acgltctgeccaggtitgagcagaegegtagt
gagateiatatctatgaietegeagtGtccggcgag'caecggaggcagggcattgeeaccgegcteaieaatotecteaageaig
aggceaacgcgcltggtgctiatgigatciacgtgeaagcagatlaeggtgaG-gaiecGgcagiggcteteiataeaaagttggg
■catacgggaagaagtgalgcactitgiitatGgacceaaglaeegGGaactoacaattcgttcaagcGgagateggcttcecigcc
gcggagttgttcggtaaattgtcaca&agacgccaggtggcacttttGggggaaatgigcgcgcccgcgttcagctggcgfcig
ggeet gtttctggcgctggsicticccgcigUccglcagcagcttttcgcceacggcc^gatgatcgeggeggccttggcctgca
taieeagaitcaaeggeccea^gegteeagaaegggcltcaggegetecGgaaggi

SEQ ID 10:41
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■ctegg^ecgtctcagggctigaicggcctteRgCgcatcicscBCgctccigcggcggcctgtagggcaggGlcatac-cGctg
■ccgaai-c.gcttttgtc8g«'ggU'gg.ccacggci.tceggcgtctGaacgcgctRgagaitcccagettttoggccaafei;clgcg

gtgcaiaggegcg^megaccgGttgcgggctgMggtg&ogtW^acigglggccgctGeagggeetegiag ĉge

ctgaaigegcgtgtgacgigceHgcigccetcgatgGcc.cgttgea.^;cctagatcggccacagcggccgcsaacgtggtcig,
g.tegegggtcaictgeg<:tRgUgcGgatgaactccttgg«-egacagcctgccgtcctgcgicagcggcaeGacga3cgGggt
catgtgcgggciggtttKg,fcacggiggalgctggccgieac.gatgcgatccgccccgtaciig!.cGgc-cag.ecacttgtgcgcc
ttctcgaagaacgecgcetgagttettggctggcegacttocaccattcegggciggccgteMgacgUC'tceaccgecaaca
citgcgtcettgcgcegcnctctggcagcaactc.gcgcagicggcGcatc.gcttcatsgglgGtgetggcc.gcGcaglgctegfi
ctelggc0cctgirtggcglcagcgtt^gcg.tclcg^8cicgc^tagg.«^gcttga@actggccgccac^tgoccamte
gcea@ettciigeatGgcaigategegtatg<;cgcxatgccIgccec'tcccmtggtgWGaaccg.gct.cgacgggggcagcgc

aaggcggtgcetCGggcgggcoacte-aatgcttgagtatetcactagactttgcttcgc&aaglegtga.ccgc.etacgg.cggci
gcggegccciacgggcttgct.cte«gggcttegccetgcgcggtcg«.tgcg(;tcc€Ugccagcccgtggatatgtggae-gatg
gcegcgagcggccaecggctggctcgcttegijtcggccc.gtgga£sac.i;ctgi;tggacqagctg&tggs»s.aggctgcgeci

gcecacgagettgaccacagggailgcecaceggct£t&occtiiccttcgaccacata£:-ecaccggctecaactgcgcgg.ci;tg
GggseitgccccaicaattttttiaaiWictggggaaaagGctecggcctgcggcct.gcgcgcftcg,clt:gccggtig.gacscc

aagtggsaggcgggieaaggcte.gcgca2.cg£tccgcgcagcggcitggccitgacgcgcc{:ggaacgacccaagccutg&

WtggWcagtcg^ggcgaagGccgc!ccgcctgcc:ccecgagceteaeggcg.gcgagtgcgggggttccaaggggg
cagcgC£:accRgggcaaggccgaaggccgcgcagtegatcaacaageccc-ggagggg:cca.i:tffi-tgecggagg,ggg.ag
£cgcgcegaagwilggggaa^^g.caggggtgcccticttigg.gcaccaaa.gaae.tagaiategggega&atgcgaaa

gac.ttaaaaateaacaacHaaaaaaggggggtacgcaaeagstcattgcggcacweiX-gGaaUgcieiRtgcgtsggtt'sa
sgaaaaictgiaaRgaagcsacttaa.cgcaa.cgeataaUgUgtegcgcigcsgaaaagRgci}gc'tgat{gcgcatggtgcs:

gcaaixgigcggcacccr&ccgcatggagataagcatggccaGgcagiccagagaaMeggcattcaagc.caagaaQaage-
icggK;actgggigcsaaeggsacgcaaagcgeaIgaggcgtgggec.gggc.ttattgegagg.a£iaccce.eggcggcqatgc
tgctgcstcacclcgtggcg©agatgggccaccagaM:g«jglgglggteagccagaag8«8ctttecaagctceteg^cgti

ctttgoggsic.ggtccaata«gG8gtci®ggactiggtggccgagcgciggatetccgtcgtgaageicaaeggcccGggcacc
glgicggcctacgtgglcaatgacGgcgiggc:gtggggcGagccecgGgaCGagttgcgectgteggtgS:toaglgccgccgt
ggtggttgateacgacgaccaggac^8icgc^^gggcai§gcgae«itgcgo0gaaoee^ccctgtaiccggg.cgag
£sgewt'accgaccggccecggcgaggagccgccsagC'iag&ceggGattccgggC3i^aa.ccagaectgccsgcc.ti
gaceg:asaeggaggaaiggg8i5cggcgcgggcagcagcgedgccgatg£ccgsigiigccgigfctticiggsc.ggtgg&ga

gct^ttggagcfcgccgacacgggteacgctgfccgcgccggtagcdct^g^lgcgcagcaaccc^aagtgcgGlgtfcea
gactaicggc{giagccgc.«cgccgcecSatecc'ttgteigcctsecGgcgtigcgtegeggtgcatggagecgggccacctc

gacctgas.iggaagceggftggciKxtegctaacggancaccgitmatca.ggcidgggaggeagaaiaaalgateaUk'gi

eaai(atta.cetC£;sCggggS}gagec.tgagcaa.sct:ggcctcaggcattigagsagca£acggtc.aca&tgcticcggnigtea
ataaaccggtaaaceagciWitagacalaagcggctatUaacgacectgccctgaaccgacgaccgggtegaatttgctUi'gaa
tttctgceattea.tecgcttaitstCGititattcaggGgiagc£icca.ggcgtttaagggcaccaataactg.cc5iaaaaaaaUacgcc
CGgccctgGcactc8$egcagteggcwatt^itaama^8gciga«*88caaaaatttaai^«gaat(ttaacmataUaa
egc.U£tcaaUtccaitcgccatteaggctgcgcaacigttgggaagggcgateggtgcgggcctGUcgctettacgccageigg
cgaaagggggalgtgctgcaaggegalfcmgftgggraaegccagggmtecsagteacgacgttgtaaaacgaeggccagt
gagcgcgcgiaafacgaclcacteiagggegaaitggagctoGac£:gcggiggcggccgcic-tagaac.tagtggatecwaca
cgtacatcagGtggtigsiggggaaegggicgatgagcagcagcttgatgcggttcteggtggegtaatccgggcggcccagc
cegtc(xcataittggtagg^cagtggdcac:g««!X8lgticac^cgat€tmigasc^cttcggcsg«&ggg^ctg
iccgaca^gc§etcgcggttc»wtcuca«:tc^gcgtcg8t̂ gctlgcgc8gctcttcgcgggcci.g£&cciegca«gtgccg

iegitctegtgcalgtagctgatgatgctgnggiggtttcgc.i:gcg:ticgagUccgccgeeg£ggicgccagalcgitgcac.ag

ccgaaagauacgcaggaqgagcgcaccsggccgt^aagieggRiagggagc^a^gcgtggteogagatateacctg
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aa.ggeg.gggai^icttgilallgeiccacttggeUcttgeaggMggeetfgeacagtteg'egecagamggtcagatagete
aggttattgtggcecttctecUcaggaiggagiaggacgigtc.glteacggtgttgtacagggcesagg:aagcaeagctieaiata
gtcgggcagegtgttgatggcgticacgteccagcgttceaccgcgtcggigaagagdgcagUcgtocagggiaceglacac
gieai.agaegteaicg.aiastggtgxaccagaeegaaciitettggtgacggccttseggcaiiegeegaaeigcgggtoeggege·
catgcee-agcgcccagaagtacacttccateggegglcccgcacgaaatecagcttgetgge-gaggeccatetcggiccacc
accggeteai.ggieetgcageteUttlgglgcagggteiggaccatgttg:aaatcgag®ggecagttecagGageagciggiga
tgcggcleettgggttegiaettgtecagaaaccaecgegceieeaggcggigeaggcgtigatgaiaeggeagctccagegcg
tgggxacacclgctcggccacciicgtgtt.gateccetccttgaggiigttcitcaga:tgggtgatgetg'aaggiacggg.ecieetec
agcagattUcgccttegaaaeegagatiigciggcctcgtaeaggctcagcaggcectgcacgicaccctteagttcccsggag
aagcccfccttet{igtecttgag^ege.tegaaeacgtcetg:g'ei.caeeieaaa.geeatgetgc'cgeagea-ggeggaagc{eagg
geggtegeg.tgcagafogettttgUettciiattetegtecageaggasgatgWceagcg'cc)igatgai.aicittcieaaaettg
iaggicaggcecaggcgeigcacgtegtegMgagetceagcaggcteaggggetgggtgtccacceggitga.W.gc.aacg.
caeetoefectecagcitg.gtggcettcTettegagctete<ajcctieaggicgttttepaggctctgcaggaaetcgaagttccae
aggtigggetggiagttcgcggacegacggcialfetgcteggigatetgggtgaaetggeigciggtggegcaeatatgtatate
tectietiaaaguaaacaagcttaiegaUcegtegacetcgag^gggggeecggtaeecagetUigttcxtottegigagggtta
aUgcgcgtttggcgtaateatggtea£agt;tgiitcetgigtgaa£3itgttatcegcteaeaauccacac.aacataegagccggaa
gcat.aaagigimage.ciggggi'gectaalgagtgagcta.actca.cattaattgcgtt:gc,gcieactgcecgetticea.gteggga
aaeetgtegtgec.agelgeatiaatgaMcggec-aacgegeggggagaggcggtttgcgtallgggegeaigcaiaaaaactgt
tgtaattoattaagcattcigecgac&iggaagccafca.caaacggcatgatg8acetgaategeeiigcggcatcageafcettgl
cgc.ettgegtatastetitgcccaiggacgcaeaccgtggaaacggaigaE4ggcaegaacccagtigacataagectgttcggU
cgiaaacigtaaigcaagtagegtatgegctcaegeaactggtceagaae£itga.eegaacgeagcggiggteaeggegeagt
ggeggitttcstggcttguaigactgmtttigtacagtd'atgcctcgggeateeaa.gcagcaagegegfl.acgeegigggt.e.ga
lgUt.gaigttaiggagcagcaacgatgttacgcageagcaaegstgttscgcageagggcagieg£xc-taaaaesaagliaggt
ggetcaagtiUgggcatcattcgcac^tgteggeicggceeigac.eaagtcaaaUxaigc^'ggclgetcttgatcmtcggtcgt
gagttcggagacgta^ccacetRcieccaaeatcagccggaciccgatiaocicggg^ct^ctecgtsgtaagacaitcateg
cgcrtgetgccttcgaccaagaagcggUgttggcgstetegsggcttacgtiingeecaggttigsgeagccgegiagigagai
cMatetatgatciegcagtetecggegageaccggiiggca-gggcstigecaec.gc:g.etCxaicaatofcetcaageaigagge
caacgcgenggtgcmtgtgatetacgtgeaagcagattacggtgacgatcccgcagtggelciciataeaaagUgggcatiie
gggaagaagigaigeaeiltgatatcgaeeeaagmeegceacaaacaatiegUeaagecgagaicggetteecggeegegg
agttgtic.ggiaa&ttgteacaacgcc.gccgggtggcacttttcggggaaatgtgegegccegegncfctgctggcgcigggeet
gtttctggcgctggactieccgct^ttccgtc^cagfcttttcgcecacggcc.tigatgatcgcggcggccttggcctg'cata.tecc
gatteaiwggeeeeagggegicc-agaacgggettcaggegcteccgasggi

SEQ ID NO:42
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Figure 148
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Figure 149
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Figure 150

EFT (h)

♦ putida glucose ■^· putida sugar cane ■ A- putida sugar cane inverted

‘'''^''''fluorescens glucose “□- fluorescens sugar cane « sSt* fluorescens sugar cane inverted
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Figure 151

EFT (h)

♦ MG1655 glucose "^· MG1656 sugar cane ■ Δ- MG1657 sugar cane inverted
““^^BL21 glucose "^· BL21 sugar cane ■ Δ· BL21 sugar cane inverted

A ATCC11303 glucose ~“Δ“ ATCC11303 sugar cane ■ ·■ ATCC11303 sugar cane inverted
““^^B REL606 glucose "^· B REL606 sugar cane ■ Δ ■ B REL606 sugar cane inverted
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Figure 152

T7 promoter 

lac operator

pET24 P alba HGS
6957bp

ColE1 pBR322 origin
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Figure 153 A

1-

isgcgcecgeteefficgctticttcccitoctitcicgTOacgttcgccggctftcecKgtGaagctclaaakgggggcitcectltegggUcc
gatftag^tttaeggGaectcgaecccaaaaaacttgattagggtg^ggtteacgtegtgg^categccct^iagscggtttUcgecc
aigacgiigg8gtecwgUc4iniaWo®c'teRgite!MaaGiggaaesaGa£WwceiaicicggiciaticttK.gatiteiaagggai

cttHcggggaa»tgtgcgcg^acec9Gta«tgittatt«tetai(etaoatJcaaaiatgtaB»gctcat^8aWtte^ga»aaacWcg'
ag©ateaaaigaaac£gcmiaticsmteaggaaateaEitacesiaiW1^.aaa3agcc.gttictgiaatgaaggagaa3acW.cgsg

gcagttccataggatggm^aiccWatcggtctgcgattccggttc^tecaacatcaatacaacetasaatKwcietcgtsaaaaatea
ggitateaagigag3aamcaatgagigasgectgaatecg@tgagaatggGamagittatgc3tUcUteeagacttgt:toaacsggc.ca
gcca£taegctegtc«ieaaaatc.acieg.caicaaceaaaccgttatieat£cgigattgcgectgagcgagacgaaatasgegatcgetgita
saaggasaaaacasacaggaatcgaatgmeeggcgcagsg^ae£gccagcgcatca^aatattttcacctgasuagg»ta«csc
taaia.eciggaaigctgtKteecggggatcgcagiggtgagliwcalgcateaEcaggaglacggawaaatgctigalggiQgga3gag

ge3t8.afi.n.ecgtcagc.cagmaglctESC8atm.aa£ctgtaacaiMtt.gg,mcgctac:etttgceaigteaga.aaeaaGtclggcgc-3.t
cgggctte€CA^C0atcgat^ttgtcgcacctgattga5Cgacatta&gcg&geccatttataiicc«Brtaaatca.g«ateeatg.t^^a
tEt^togcggeenigsgcaagacgEteftgttgaafaiggetcataac^cccBgtstWigittaig^gGagac-agttttailgec-aiga
ccaaa.a£cGGt£aacgigagtlBGgftc^ci^gcgwgacccegB.gaa3agatca3sggate4tGttga@Eiice.iiBUtctgcgegiaa
teigctgUlgcaaacaaaaa&a-ccacegcmcoagcEgtggmgittgecggafeaagagctecca^ciilWgaaggUaeiggca
cagcag.agcg.c-agataccaaatsctgWtetegtgtagccgi^gU&ggs.esccacfecaagaactc.ig^gcacG.gcciaeAtaceUgc
tctgsW&ctgttactagtggotgctgccagiggc^teagbgtgtettaiscgggii^wiicaagacgategeaGc^aiaaggcgea

gcggicgggctgaaqggggggttcgtgcamcagcccageKggagcgMCgacaacaccgsacigagaiacctaeagegtgsgclat
gagaaagcg€ca€gctteccgaa^^gaaa^c^gaca^iatceggti^gc^«aggglfcggaacag^gsgpgcacgaggg8
gcUccaggg^asacgc^ggf.akBtategiceigicgggWgci^cetetg.amtgagiigtqgamirgtgatgetegwgggggg
cggageGtaiigmaacgcc^s.aacgcggcemwggttccig£C€Bttg,ctggcctmgotcacatghctt£ccSgcgttafccm
gat£££gtggataa€cg£.atta^gcc«gagigagagamccgctcgccgcagccgaacgaccgagcg.c3gcgagtoagigagcgag
gaagcggasgagGgi:ciga£gcggiaiiticic{;ilaegeal:agtgeggfetitcaoaqftgq.ata£stgg£gcactete3gtgcastctgci:<;i.
gatgwgcaiagltaagccagtaiacaac-egc-WgctacgigactgggtcatggctiziSgeccegasacecixxaacacccgetEacgc
gqec'igasgggct^teig£HcGcggca£ccgciiacag^caagcigtgsccg&tecgggagetgc.aigtgicagis.ggttBGacegWc
t«<^acgcgcg8ggp«gctgcggta8«gci<»icagcgtggiegtpi8gcgaitc®c^atgtcigccigtWeegcgi£scagctcg
ngagmcteeagaagcg’aaatgis£gg£iie£gataaagcgggccatgita.agggcggtftiitcstgtttggica;ei.galgcctecgtgtMig

ggggat0ctgtt«at^gggta^gataDCgatgaaacg8gagsgga^ti»cg8tacgggK»£^at^i^8»catgeecggtta£Ag
gaafigUgtgagggtaaacaaciggsggt:M.ggatgcggcgggaceagagW!.aatcactoiigggtcgatgce^g€gqftc.gaaaiaca
gaigiaggigttocacagggtegccagcAgeaicagBgaigeagmccggascataa^gigcagggegetggsttccgcgttficagss:

iWgmeaog^aa^a^accatmgttW^MegWecgttttBWWW^t^^gewgcgUtcg
gigaUcattctgciiisce^gtaaggcaaccacgc.cagcctagccgggleqtcaacgac3ggagc3egatesrtgcgea.cccgtggg@©G
.gecatgccggcgaiaatgg^eigcttctegccgaaacgtttggtggcgggaecagtgacgaaggcttgagcgagggsgtgcsagMWeg
0staccgcaagcg^ggcc^tC0fcg|c^&|cteeagcgaa8gcggtcctcgi»^»0atgae©c^gcgctgce|gciK5ct^tc

eEacgagttgsaigataaagaagsfiagicaiaagigcggc^cga&g'tealgceccgegGccgccggaaggggcig'acEgggUgasg
gctctca^ggfist«ggtc§i®micgg^ccteatga^tgagctaacaa©8ttaa«gcg«gcgctcactgcecgctttc<»gi»g^ga
^cigteg^cisagtigcae^gaMcggecaacgcgcggggs^ggtsggmgcg^tg^gw^'gt^mWtoKics
g;tgagacgggeaa.cEigctgsagc€Efiieiiecgcctggccct@iig3gEigtiieagcaagcggtecacgeiggtttgoccc3g£aggsga
aaai£cigmg3tggiggB3acggA'gggatetaacatgagctgtei.WggMEcg£cgtat&c>cacUecgagaW-cgcsccaacgcg£
EigceiiggiWgg.taatggQgig&Wsg^agcg^WaicgBggWixagcafcgikrgtg^aacgaigcEet&aitcagc
M-Bgca^gtBgttgaaeaccg^caiggcacisajagtcgeciteccgeccgctatc^ctgaâ atigegagtgagaiatttatgccsg·
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ccagccagacgcagacgcgcvgagaeagaacttaiitgggcccgciaacagcgcgatttgctggtgacccaatgcgaccagatgciceac
gceeagicgegiaccgtettcatgggagaaaataatactgitgatgggigtetggtcagagacatoaagaaataaegecggaacaitagigc
aggcagcitccacagcaatggeaicctggi&atecagcggatagttaaigaicagccGactgacgogitgcgcgagaagatlgtgcaccgc
cgcttiac8ggcttcgacgcegcitcgttctaccatcgacaccaceacgciggaaeeoagttgateggcgcgagattiaategccgogacaa
WgegacggcgcgtgcagggccagactggaggtggGaacgccaatcagoaacgacigtttgcecgecagttgtigtgccacgeggtigg
gaatgiaaltcagctccgccatogccgcticcaotttttcccgegttttcgcagasacgtggctggeciggticacea&gcgggaaacggtci
ggtaagagacsccggcatactetgcgacaicgtaiaacgttactggtttcacattoaccecectgaaftgacictcttcGgggegctatcatgc
caiaccgcgaaaggftitgcgccattcgaiggigicegggatctcgacgcicicccaaigcgactocigcatiaggaagcagcceagiagta
ggttgaggcegitgagcaccgccgccgcaaggaatggigcaigcaaggagatggcgcccaacagtceecoggccacggggcctgcca
ccaiacccaGgecgaaa&aagcgcicatgageecgaagtggcgagcccgatcttccccatcggtgatgteggcgatataggcgecagca
acegeacctgtggcgccggigatgecggceacgatgcgtecggegiagaggategagaictcgafcccgcgaaattaataegactcacia
taggggaatigigagcggaiaaaaattcccetetagaaaiaatmgittaactttoagaaggagatatacatatgegitgiagcgigtccaccg
aaaatgtgtctttcaccgaaaetgaaaccgaageicgtcgtictgegaaciacgaacctaacagctgggaetaigattacctgctgtectocga
eaeggacgagteeatcgaagiatacaaagaeaaagcgaaaaageiggaagccgaagfregtcgcgagattaataacgaaaaagcagaat
ttetgaeGctgctggaactgattgacaacgtccagcgcetgggccigggttacegmegagtagaWcgtggtgcgctggategcitcgi
ttcctecggcggciEcgatgcggiaaccaagacttccctgcacggiaeggeactgtetticegtc^etgcgicaacacggttttgaggttteto
aggsagcgttoagcggcttcaaagaceaaaacggcaaettcetggagaacctgaaggaagaiaieaaagctatcctgagecigiacgagg
ecagctfcctggGtctggaaggcgaaaaeatectggacgaggegaaggttttageaatcieteatcigaaagaactgtctgaagaaaagatc
ggtsaagagctggeagaacaggtgaaccatgcactggaacigecactgcatcgcegiaetcagcgtoiggaagcagtaiggtcutcgag
gcciaecgteagaaggaggacgcgaatcaggttetgctggagetggmttetggattaeaaeatgatceagtetgEataceagQgigatcE
gcgtgaaacgtcccgttggtggegtcgtgtgggtctggcgaccaaactgcactttgctcgtgacegcctgattgagagcttctactgggccg
tgggtgtagcattcgaaccgcaatactccgactgecgtaaciccgtcgcaaaaatgttttctltcgtaaceattaicgaegaiateiaegatgiai
acggcaccctggaegaactggagcigtttaetgatgcagttgagegitggg»egtaaacgccs.ieaacgacc1geeggattaeatgaaaet
gigctnetggetctgtataaeaelaitaacgaaatcgcctacgacaaectgaaagaiaaaggtgagaacatectgccgtatetgaccaaagc
ctgggctgsceigtgeaacgcittcctgcaagaagccMgtggcigtaeaa&witetactecgaccttfgacgaetaciSGggcaacgcatg
gaaaicetotietggcccgcigcaaciggigttcgcttacacgctgtogigcagaacattaaaaaggaagagategaaaacctgcaaaaaU
eca.igacaccaictetc^ccitcccaiatettccgictgtgcaaigaci:iggetagcgegtctgcggaaattgcgegtggigaaacegeaaai:
agcgtttettgttacatgcgcactaaaggtatctecgi^gaactggciaccgaaagcgtgatgaatctgatcgatgaaacciggaaaaagatg
aacaaggaaaaactgggiggtagoetgttogcgaaaccgiicgiggaaaccgogatcaacciggcacgtoaatctoactgcaettaieataa
eggcgacgcgcatacctoiecggatgagctgaeccgcaaacgcgttcigtctgtaatoactgaacegaftctgwgtttgaaegetoggai
cegaaitegagctccgtegacaagcttgcggccgcacicgagcaccaccaccaccaecacigagaiccggctgciaac&aagcccgaaa
ggaagctgagttggctgcigccacegctgageaaiaaelagcataacccottggggcctGtaaaGgggicttgaggggtmttgctgaaag
gaggaactatatccggat (SEQ ID NO:43)



WO 2010/148256 PCT/US2010/039088
296/328

Figure 154



WO 2010/148256 PCT/US2010/039088
297/328

Figure 155

lacl

lac operator

Ptrc promoter

P.alba HGS

pBR322

bla

EWL230 (pTrc P.alba)
6068 bp

rrn terminator



WO 2010/148256 PCT/US2010/039088
298/328

Figure 156 A

c-a.etgcstasUi;gtgtcgctcsaggftgfiaGt.ccegiictggaiaaigtliUtgegccg3.GaicaUac:^ticlggcaaatgUctgaaaigag 
c£gitgmattaateatecggctegteUaigtg'5gg.aattgl.gagc.ggataafcsattteai;acaggaaBcageg£fcgctgsgaa£>aag£g 
a^gcggcaetgot'cmaaca&ttUtcagacaaictgtgtgg^aclfc^ccggaatiatcgattaactBanattaawitwgaggiatat 
attaaigiategaUa.Bataaggaggaaia.aaci:atgagatglagegi:gtceaccgaaastgtgtetUcaecg3aae.tgaaac(;gaagi:teg: 
tGgitctgc.gaaetacgaacetaa.cagctgggactatgatta.cclgctgtceteGgaEacggacgagtcGaWgaagtatacaaagacaaag 
cgasaaagcigga^ccgMgitcgtcgcgagaKaatescgaaaaagcagaattlGigaccGtgciggaaetgattgacaafigfccagsg 
cctgggi^igggiiaccgittcg^gWataicfcg^gigcgctggatc|cttcgt«c©tccgg€ggettegatgcg^§acmga&ttcc  
cigcacggtacggfca.d^ctttG'Cgtctgetgcgtcaacacg.gttttgaggUW-aggaagGgtfeagGggctteaaagsccaaaaeggG 
aacUcetggagaaccigaaggsagataicaaagctaicetgagcctgtaegaggccagcite-ciggetei^aggcgaaaacsilcclgg 
acg^gcgaaggltac-gcafifetctcat.i5tggaagaa£igtetgaagasaagategglaaagagd:ggcagaaeaggtgaaGcatgi3aet 
ggaactgceEietgcategcGgta.atcagcgiGiggMgcagtatggictatcg^Gctaaegtaaaaaggaggacgegaat-csggito®  
eiggagctggcaatitC'iggatissaa&atgateeagtctg.tebccagGgigatei:gsglgaaaGg.feci:gttggi-ggc.gitegigtgggtotg 
gGg.ac£aaaGtgGaGtttg-GtGgigaecgcctgattgagag£nciaGigggGGgtgggtgtag.cgttcgaaG£gcaalactGegaetgecg 
metee.gi£geaaaaa{gittict£fcgtaais;atiategacgataici&cg®igiatacggcacG©lggaGgaactggagc.ig{ttactgaige 
agttgagcgfigggaegtaa.acgccatcaacgaccigccggaitacaiga8.acigtgcUWg£tcigiaiaaGaGtattaaegaaategce  
aicgaaaii.cctgaaagaiaaaggigagaa£aWgeGgfeMgacmagGGtgggGigaGGtg^GaaGgetttcGlgeaag:i®gcca 
agig^gtacaaeaaatciactesgaecmgasgaGracttcggcaacgcaiggaaaiCGtetetggECGgGtgcaaetggtgttcgGna 
ct&^ctgtcgtgcagaaeat
Ige^tgaiiciggpiagcgfcg&igc 
gaactgg£ta£CgiaaagGgtgatgaateig.afegaigaaaeGtggsaaaagalgaacaagg.aaaaaetgggtggtagcctgttGgcgaaa 
ccgttogtggaaaC'Cgcgaiea.aectggcacgteaatGte.aagcacnatcsiaacggcgacgcgcawetetGeggatgag.ctgaccc 
geaaattgc
am&#C3&t$8gaag&ggatcte£
gaigsxgagaagaatfmsi'
ggteccaceigacc£caig£icg.aaelcag»gtgfma&gKcgSagegcegaigg.tagigigg.ggtetccccalgcgagagiagggBaci
gecaggcaiGaEiataaaacgaaaggatGagie.gaaagaGtgggGGtiwgitttaicigagmgtGggtgaacgGtatcct.gagfeggacaa
at.£CgecgggagcggatttgaEcg«gcga^gGaacggeceggagggiggGgggca.ggaGgcccgcGateaaGlgccaggcat£saat
tgagxagg.aggec.atetitgacggatggc.etWgcgthetacaaactetrtttgtttaUUteimiaeaiicaaaiatglateegctoigag.a
GCtteetgfifitgdcacceaga&asgclggtgaaagSaaa^igdgaagatcsgUggglgcai^agtgggiuica&gLctggafeto
aac^cggta^tcettgagag;

ggatggcatgaeagtaagagaatiaigcsg^ctgGcatoccalgagigatsac-actgcggccaacttocitcigacaaegatcgg&gga  
ccg3agg.ageteaccgefififigc&caaGatgggggateatgtasclcgccfigategttgggaa&cggagct:gaalgsiagccatacGaua. 
cg3£gagcgtgacaec^gatgccigtagcaatggGaacaacgttgcgcaaaciaita3ciggGg.wtoctwcUgGitccGggce3e· 
aattaatagactggaiggaggGgga^iiagttgcaggac-c^tcigcgeteggecctte'CggGlggetggittatigeigataaatetggag 
c£ggtgag£glgggtetcgcggtaieattgcagc.ai:tggggec3gatggt3ageGeteccgMGgiagttaifctaeacgacggggaglfc:G- 
,g:gcaactatggatg&aGgmisg^agatcgfctgagataggtgGCty3GtgaiteagG3ttggiaaGtgteagacG3agtttaeicaiatate. 
dfiagaitga
cc&ctgagcgtca^
GGgclaGGagcggtggt-ttgmgeGggaicaagagctac.c3aetemfiecg8agg&aGtggc{icagcagagcgcagatacGaaaiaet
gteettctag^tagccgtagtia
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tgccagiggcgataagtcgtgtcttawgggttggacto^gacgatagttaccggaiaaggcgcagcggtcgggctgaacgggg^tto
gigcaeacagcccagcttggagcgaaegaectacaccgaactgagatacciacagcgtgagctaigagaaagegGcaegctteecgaag
ggag^aggcggacaggiaiccgglaageggcagggicggaacaggagagcgeacgagggagGtieeagggggaaaegcctggtat
c{ttaiagtcetgtcgggtticgc.cacctoigacttgagcgtegattHtgtgatgctegteaggggggcggagcc.tatggaaaaacgceagca
aegeggcetmiacggttcctggecitttgctggGCttttgctcaeaigttctttcclgcgfctalcccctgattctgtggataaccgtattaccgcct

ttgagtgagctgataccgctcgccgcagocgaacgaccgagcgcagcgaglcagtgagcgaggaagcggaagagcgcctgatgcggt
aiittctecttacgcaicigtgcggia-tttcaeaccgcataiggigcactelcagtaeaatcigctctgatgccgcaiagtiaagceagiaiacaci
ccgctatcgctacgtgactgggtcatggctgcgccccgacaccc-gecaacaccegcigacgcgecctgacgggcttgictgcteccggca
tacgettacagacaagetgtgaccgtctccgggagetgcatgtgteagaggtMeaccgfcatoacegaaacgcgcgaggcagcagatea
attegegcgcgaaggegaagc-ggcatgcatttacgtigacaccatcgaatggtgcaaaacctttcgcggtaiggcsLgatagcgcceggaa
gagagicaattcagggtggtgaatgtgaaaccagiaacgtiaiacgaigiegcagagtatgceggtgtetcttatcagaccgWcccgcgig
gtgaaccaggccagccaogitictgcgaaaacgcgggaaaaagiggaagcggcgaiggeggagctgaattacattcccaacegcgtgge
acaacaactggcgggcaaacagicgtigGigaitggcgttgccacetccagtctggGccigeacgcgccgtcgcaaatigiegcggegati
aaatetegegecgateaaeigggtgGcagcglggtggtgtcgatggiagaacgaagoggegtogaagcctgtaaagcggeggtgcacaa
teiictegcgeaacgegteagigggcigateattaaetatecgciggatgaccaggatgccattgotgtggaagGigcctgcactaatgttceg
gGgaatttettgaigtctctgaccagacaGccateaacagtattattttctccealgaagaGggiacgcgactgggegtggageaiciggtcgc
attgggicaccagcaaatogcgctgtiagcgggcccattaagttcigtcicggcgegtctgcgtciggciggctggcataaaiatcieacteg
eaateaaaitcagGegatagcggaaegggaaggcggetggagtgccaigtccggittteaacaaaecatgeaaa'tgcigaatgagggcatc
gtteccactgcgatgctggttgccaacgateagatggcgctgggcgcaatgGgcgccattaecgagtcegggctgcgcgttggfgcggst
atcfcggiagtgggatacgaegataecgaagacagciciiigttatatcccgc.cgieaaccaccatcaaaeaggattttegectgctggggca
aaccagcgtggaccgcitgcigcaactcicteagggcoaggeggigaagggeaatcagcigtigcccgtctcadggtgaaaagaaaaac
caccciggegeccaaiaegcaaaccgcctctocccgcgegttggcegaitcattaaigcagctggcacgacaggtttcecgactggaaagG
gggcagtgagcgcaacgcaattaatgigagttagegcgaaltgaictg (SEQ ID NO:44)



WO 2010/148256 PCT/US2010/039088
300/328

Figure 157

co

OL
CO
Q.



WO 2010/148256 PCT/US2010/039088
301/328

Figure 158

pBR322

lac operator

rrn terminator



WO 2010/148256 PCT/US2010/039088
302/328

Figure 159 A

1»

eac^eamitcgtgtogctc^ggcgcacfcccgassigg&iaaigitKtigcgcegacaicaiaac^ltetggcaaatettc^aat^g
£tgftg:.acssKaatcafoeggctegiaiaaigigiggaattgigagcg.gatecaatttcaatcag.gaaacagcgceg,cigagaaaais.gcg

aagsggcactgetcHlaacaamatcsgacag&tgigggge^stegaceggaamegatiaaetitattamaaaiteaagaggfetei
&ita^gtaicgamaataaggaggasi8aa«<5Mgag»igt«gcgtgtcca€€gS9a8fgtgfe5ttteaccgaasctg8awgaagcicg
lcgUctgc^actaegisacctoe«gc^gggaclatga«acctgci§tccicegasa€ggaegagtccatigaagiatacaaaga8mg
cgaaataag€tggaa.gccgaagttcgteg€gagatiaaiaa&gasaaagc.agaantcSgacocigetggaaagattgaeaaGgiccagcg
cctgggcetgggtmcc.gtttegagtctgs<afoegtggigcgetggafogcitcgttwcfocggeggcitcgaige.ggtaascaagacttcc
cigcasggtasggcactgietttcegfotgctgcglcaaeseggttttgaggtticfoaggaagcgxtcagcggctisaaagascaaaacggc
aifoUcciggagaac.agaagga8gaiaicmgeta£cetg:ageclgiaegagg®sags&ctggGietggaagg€gasaa.i:at£otgg
a£gaggcgaagg11ttcgeaatcicteatelgiiaagaa£tgfctgaag:am^tc-ggtaaagag.aggi;agiaacaggigaaecaigcad

ggaaeigccacigcatcgccgtaacagGgWigg3agca;gSaiggicwgaggeclsccgi.aaaaaggaggacgvgaateaggttcig
cWW:i^eaaiWg^acaaeaigatccaglcigtefeccag£gtgatcigegtgaaacgii:csgttggi;ggcgtcgigigggteig
gcgaccaaactgeacmgciegtgaccgcctgafigagagcttetacigggesgtggglgtagcaUcgaifocgmiacfcGgacigceg

agttgagegngggaegtaaafcgccafoaacgacclgecggaifsca^aaaetg’EgeJltetggmctgiMaaGa.ciattaaogaaaicgGO
iasgaeaaec^aa^atmgg^g^aics^^atetgaswtagcet^g^aojtgigcaiKi^tttecigca^iageo
agtggcigtacaaeaaatctaGtcegacfctngaGgacUcttoggcaacgGatggaaafoctelietggcccgctgcaactggtgttcgaiia

t.gca.atgae€tgg£ragegcgtctg€g^®atigcgcgtggtgaaacegea,aaugegmcagiiacatgcgeact'aaaggiafetecgaa
gaaciggctac©gaa»gcgt§atg«fflt€igaicgaigaaacĉ aaaa^«tga5ea^gi>aaaactgggi^t^€ctgitcgcgaaa
GcgttegtggaaacGgcga^aaectggcac-gteaateWac-tgcactiateataaeggcgaijgcgGaiacGtctecggatgagGtg^cG
gcaaa^cgttcigiagiaateaetgaaGcgaltetgccgittgaaog'ctaactgcataaaggaggiagaaaaacaiggtatccigitctgcg
Gcgggtaa.gatitacGigttcggtgaacacg(xgtsgtti.aigg0gaaaetgc-aattgcgigtgc.ggiggaacigegtacccgtglwgegcg
gaacicaatgaeictateaeteti®sgagGcaga.foggi.sGgcaceggfotggaittcg8aitagGacGciiatgtgtetgcggl.aai^agaaa

atgivgeaaaictatiGGtattaacggigttnmg.accgicgaitecgacgi^cggrggg,ctC€ggtclgggiagcagGg^gccgttaciat
cgcgtetaftg8.igcgclgaacgagGigttcggGWggceteagGagc£iagaa^cgciaaaclgggcGacgavWtcgaaaimagiae
agxggtgGCgsgtceccaaccgafo.cgiaigUtetsecUc.ggcggGgtggnaccateceggsacgtegcs.aais.tgaaaaeiccggaGig
GiSdattgtgafrggcgataccggegfttfctGctoGcwgagttagl^et.aaGgfMgfoagstgcgcgaaagcUcceggamgai

cgwcgGtgMgaccUta«.ggcaiVW.cwtegiatcgg.egaacaaciggttsigiciggcgacUcgGSW«3teggecgcagaigi5a
cgtefiaecagggtetcctgg.acgG£«tgggCgnaa^foiWg,aactgagGcagetg.Metattecgctogtg£ggeaggigcgttiggcg
ctsa«atcaegggegctggcggsggiggctgtMggitgc@etgaeegfttecggaaaaatgea8Ccaagtgg'cag.ijagcgglag£sggG
g®W^gg^aa.gtgaGtstCiaGlaaaecgacsg.agcaaggicigaaa.giagatoaKgtcUgit;iiaag.maiaaeggfetG£agcitggct
gattggGggal.g£gagaag:attttcagc&tgataeagafraaateagaacgGagiS8gGggfcigMiiaaacagaat£tg«c^gcggGagi
.a.gcgeggi:ggteccacctgaGCCGaigocgaaGte-agaagtgiW£i£-CBtagc.gocgatggUgtgiggggteicGeGatg:cgagagt
ag^aactgccaggc^Mame|^ggcicagto^aa^cigggectt^tt8aiclgttjg^gtcgg|gaaegcicte«tg»g

taggs.eaaatecgccgggagcggamgwgttgGgaagmeggccc;ggagggtggcgggcaggacgccegcfcatoaaetgGcag
geafoaaat?aagC!&ga8ggecat€etgacggaiggecttifct:gGgfttGiasaaacfcGUaigliig.tttttGiaaalai5e.ttcagataigtal:ccg;
cfoalgagacaab&cGctgafeaa.tgstiiiaatetaliga.aaaaggsagagiatgagtaUGaasaittccgtgicgeeGtt£ticGcttfifi.g
cggcaUttgccficctgtttttgcteacGcagaaac-getggtgagagtaaaagaigctgaa-gateagngggtgGacgagtgggSacaicga
actgg:ateicaacagcggUagatecttgagagtttfegcceegaagaacgttilcca8tgatga.gcaci.ltteaagltcig.claigiggegcg
giaitatcccgtgagacgfc,cgggcaag.agcaacfoggtcgc«g£arac.at:«tefo.agaatgaatggttgagtaetcaGcagtcacagaa
KagcafottscggstggciitgacagteagagaaaaigcagtgctgceataacGgtgsgiga:a8cactgeggccaa£ttactfcigacaacg
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atcggaggaccgaaggagctaaccgettttttgcacaacaigggggatcaigtaactegccttgategttgggsaccggageigaatgaag
ccataccaaacgaegagcgigacaccacgatgecigtagcaatggcaacaaegttgcgcaasctattaaciggcgaactaeiiaetctagcf
tcccggeaacaattaaiagaoiggatggaggcggatmgftgcaggaccacttetgcgctcggeccttceggctggeiggtttattgcigat

aaatetggagccggtgagcgtgggtetcgcggtatcattgcagcaotggggeeagatggtaagewtoecgtaicgtagttetetacacgac
ggggagicaggcaaetaiggaigaacgaaatagacagatcgcigagateggtgcctoacigattaagcattggtaactgtcagaccaagtit
acteaiatataetttagattgaittaaaacttcatttftaaittaaaaggateiaggtgaagatectttttgataateieatgaceaaaateecttaa&gi
gagttttcgttccacigagcgteagaccocgtagaaaagateaaaggatettcttgagatectttttttetgcgcgiaatctgctgaitgcaaaea
aaaaaaccaccgctaccagcggfggttigittgecggatcaagagetaceaactetltticegaaggtaactggctteagcagagcgcagat
aecaaaiacigteetteiagigtagecgiagttaggocaccactteaagaacicigtagcacegcctacatacctegctcigetaaiccigitac
cagtggctgctgccagtggcgataagtcg^tcttaccgggttggactcaagacgatagttaccggataaggcgeagfcggtcgggotgaa
cggggggttegigcacaeagcccageitggagcgaacgacctacaccgaacigagateeetaeagcglgagctaigagaaagcgecae
gettccegaagggagasaggcggaeaggiatccggiaagcggcagggteggaacaggagagcgeaegagggagctiecagggggaa
acgcciggtatciiiatagicctgtegggtticgecscctctgacttgagcgicgaiiffigtgatgctcgtcag^ggggcggagaetatggaaa
aaegccagcaa6gcggcctttttacggttcctggccttttgci.ggccttitgctsacatgttetttccigcgttafcpcctgattctgiggaiaacc

gtattaccgecittgagtgagetgatgeegctcgccgcagecgaaegaccgagcgcagegagtcagigagegaggaageggaagagcg
cetgatgeggiattttctcc.ttaegeatotgtgeggtatttcaoacegeatatggtgeBCtetcagiaca^tctgctctgatgccgcatagttaag

ceagiaiacaciccgctaicgciacgigaeigggicatggctgcgccccgacacecgceaacaeccgetgacgcgccctgacgggctigt
ctgctcccggcatcegcttaeagacaagctgigaccgtctecgggagcigeatgtgieagaggtttteaecgteatcaccgaaacgcgcga
ggcagcagaieaaiiegcgegcgaaggcgaagcggcatgeatttaegttgaoaceatcgaalggigcaaaacetitogcggiatggeaiga
iagcgcccggaagagagtEaa.ttcagggiggtgaaigigaaaccagiaaagttaiacgatgtcgcagag{atgccggtgte{cttaicagac
cgtttccegcgiggigaaccaggccagccaogtticigcgaaaacgcgggaaaaagtggaagcggcgatggcggagcigaattacaiicc
caaccgcgtggcacaacaactggegggcaaacagtcgttgetgaiiggcgttgeeacctecagtotggeaetgcacgegeegtegcaaatt
gtcgcggcgattaaatclcgcgccgatoaactgggtgocagcgtggtggtgicgatggtagaaegaageggcgtcgaagcctgUaageg
gcggigcacaatciictcgcgcaacgcgteagigggcigatcattaactatecgciggatgaccaggaigecattgcigiggaagctgccig
caciaatgticcggcgttatttettgaigtctctgsfioagacaGCcatcaas^gtattattttcicceatgaagacggiacgcgacxgggcglgg
agcatciggtegcattgggicaccagcaaaicgcgetgttagcggge«attaagiicigicteggegegtetgcgteiggctggciggcata
aaiaicieactcgcaateaaattcagccgaiagcggaacgggaaggcgactggagigceatgtecggttttcaacaaaceatgcaaaXgcig
aatgagggGategttcccactgcgatgctgg^ccaacgalcagatggcgctgggcgcaatgcgcgccattaccgagtccgggctgcgc
gttggigcggatatetcggiagigggaiaegacgaiaccgaagacagcteatgttatateecgGcgteaaeeaccatcaaacaggaitttcgc
ctgctggggcaaaccagcgiggaccgcfigcigeaseicictcagggccaggcggigaagggcaatcagctgttgcccgteteactggig
flaaag^aaaccaecciggcgeccaatacgcaaaccgectetceecgcgcgttggcGgaitcattaatgcagctggcacgacaggtttocc
gaciggaeagcgggcagigagcgcaacgGaattaaigigagttagegcgaattgatctg (SEQ ID NO:45)
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Figure 160 A
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Figure 160B

catgglateetguclgcgc£gggiaagatttetgttcggfgaacacgccgiagmaiggegs«;tg;casitgcgig'ig£..ggt
gg.aactgcgiacccgiglicgcge^a.acieastg3etemteactsttcagagiccagatcggCGgGa0c.ggtctggattl£gAa
aagcaccfctiatgigteigeggteaitgagaaaa-lgcgcaaawttefctattaacggtgittwgaccgtogatieegacatecfi
ggtgggctccggtetgggTagi:«g£gcagec.gHaaa&gegtmttggigcgctgaacgag£tgttcggctnggwt£agc
elgeaagaaatcgclaaacigggecacgaaaicgaafttiaaagiac^gg'igcc-gcgtoixcaaccga.lafcgiatgmciacGt
icggeggcgtggttaecatcccggaaegtegeaaaetgiiaaaciceggaeigcggcgttgigattggcgatesggcgitttcfc
ctecac€«aagRgt^gt^»t8acgU»giBagc^cg^®agetecccg^tt^icg88S5cgiftptgecaciattgg«'
aaa3tcicte@tatoggcgaacaaclggttctgtclggegactacgcatccategg£egcctgMgaac.gtcaa£Qagggtewct
ggaegecvlgggcgttaaeatetogisaetgagGGag^igatotettecgategtgcggcaggtgiSgtttggcgctaaaateacg
ggcgctggcggcggtggctgi«^ewctgaeegetce^a^atgaBacc^g^geegaa§oggtag€«ggcgct
gg.cggtaaagtgac'taicactaasecgacfcgageaaggtcl^aagiagasa^ocligac'ttaatagetgcttauic.gcccite
tggteK»tagiag^ggamai^^iggmtg8gteaaecggstg{cgc»g^mttcWiCcacigcgttgegag^ae«i
ggmacg^ctgsaacgct^ttegaaggectgga^ilccgega8casgaagtgisigggcgc^tgtecgcaa.gccggt
i'.atatgtactciggcaaagitgcg.gcgcaagteteigccaeictgcoggaagatgatasetaegtaaicttcggeccgaascaca.c
eggctacggtagccct^ctot^g^cgtgsa^ttgg^gasscecgttgggisaahitcgatgagafictggsact^egga
cggetie£tgggtt£eaicgtagatgcggatgaaacgg{caeaaataagaa.caeiciatcgsagttcsgctgecgtttetgcaata
^cglittga£!£gcg@ttUaaaatifctgc£aaictgGaigggiatgcaagaegaagaaafcegcggtogaagtaggiaacctgctg
gcggatclgai.cagag.agieeggiiasacglgetgtgateafcg£5®gctetgatt&asc'cactatgsgaeggctgaai;gtgcca
aagaaalegattcegaagttattgattctatectgaacttigacaietctggcaigfecgatcgcctgiategefcgtaacgcctctgttt
gcggttacggcccgatcaccgctaigag.aeggcaagi;aiiaaagcigggcggfctfcicgtg£gacittgd.gaaataeg£aaae
ag5;gg,tgaegtgtcoggigataaaga«gatgtggtgggGtaGg.cc.gcaaicatGgttgagiaag:ctgatiaaaiggltgaacagat
aggstttegtcatggatcctacaa.ggaggaaaaaaaoatgaatgetl.cm-tgsace^tgasetgaaaclgggiggcfetg£b
itaccgaaaaagg'tgectaGgaa^cgfegttaaggaagctgattigcfg.£geategaa&aggaagitagc.ggtttocgt^ca
agatgategiggtt«ttggtgciggtagctteggccatacgiacg£gaagaaaiacggcctggaec.giac«Ucgaeccagag.g
gog£aattgtectestgaaicigtfeaaaagC'tog:eci£:i5aaagttgiaggtg£tctgaategeiicggi;gtg0gigc.tai£gcgg
igeateclaiggacigcgc^.tatgcegtaacggtegiaicgaaiwgatgtaietggac&catcsagiUatgciggaaaaaggt
^8€tgW^GliCxaGggeg^cgtcgmatggalaiig.aaetggig:caeIigtateagteeggtgateaaate.gtiecWetg:
geea.aagaactgggtatetecagcctcggi’ctg^eagGgc^aggatggtgtgciggataiggagggcaaaiaGtgtawgg
aaat^ecccagaaactttegaagagfteegcssetgcategglggt&tggtWfi^MgteSi^-ggtggfcatgcigggma
gigctgg,aacttctggaa'ttgagaxa^asth^£cattacfegctacaltttcaacgctggtaaagcagasaacatcia.cc:g£tttct
gaatggtgagUeateggcac&gcatcagcscggacaagcgtgUtaagtttagltaitaacctaaatgcWIaaaccagttatga
ge'tc&caaggaggaasaaaacatgattaacaei£ccagGsgcegcaaaaagaacac£tgaaaetctg£gcagaatcc«cgg
ttgaag£gGgicaggiaic?g£cgg£tttgaagaegtlactelgaliX,a£cg£gcitiaG£gg.agc4gaa£;atggatgaai:tgga
©e&agcgUgat«ectgggte8ae^<aic®a8^gG«g«e«sigaf5gegicWacggglggtca©ecagWcc8tcccgg
ttaacgctgcgct^cagctgctg^aggsge^tgttggeafe^egt^gctctoegcgcgeggccattgatgatecga
g£caggaaga&agcticcglgiagtg6gtgatga.agceceagsi.gcgUtgtttatggcaaegtegg£gcag:Ci5cagatGCgte
agtatggtgttgaagg.igtt^aaaae^Mtcg«aatgattgacgc^aigccttggmfccwtgaaciUcigcaa^agcg
gtemc«ggaaggtgaccgegacg.cgaccggtigcciggasatgg.Wcgmtitgcteti;ttgattaaaacic£.ggisatcg
tgaaagaaac«ggigcaggi:attagccgigKag'atgcgattctgttce.agaaBgciggegtgag€gc>aategacgttggcgge
gWS^W^tectgSgetggfcgtcgaggtetaccgtgciaaagiiaagscgig'acfcigti^cgagcgttta.ggtgaget
gttttgggai.ttcggcattcegacggtagctt£tctgaagaa.tccegcglti:ccttgi:£geigs.tcgcaaccggeggtatci:gtaac
ggtoiggaaittgcfai«g®ttg£WggcgiaagcgctgscagcgccgctctgccgacgttggtesgWc£iggagggc
se.agaafci;gligiafigigtgctgagctgssigciggaa.gaataaaagcag,caatgittitgigcggS.gcgg£aaGak:-aaa.ga
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Figure 160C

ectgeaeaactotccagiagiggtaaciggttggaeecgegaatacciggagcagcgcggtittaacgttaaggacctctccctg 
ccgggcaacgctcigtaagcttcaacg.cgtctacaaataaaaaaggcacg{cagatgacgig€cmttteiigtotaga 
(SEQ ID NO:46)
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Figure 161A

MVK NP 633786

MCM376»MVK from M. rrazei artheal Lowerin pET200D 
664?fcp
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Figure 161B

cantsGcecttggggcctotaaAcgggicttgaggagtHttigctgga.sggaggaaeUtaiccgggtatGccgcsiagaggcec
ggcagtaccg^aac<aagcctatgeciacagcatccagggigacggtgccgsggatgacgfttgagcgcaftgit8gaiac
8Ue^eggtgectgacigcgttagca£i.UtaaoigigMaaas;ia©GgcstoaagcUalcgaiga.ta£igc£gk,aaseaig.agg.a
ttaattet^aag»pg^«gggecicgtg8tac^j6tatmiataggtta&tgieatg8^ateatggtticBtagacgtc8ggtggca
citUeggggaaetgt.gcg€ggsa€€«cteatigttiatttactaaa.taeattoaaaf^gtaioogctcatga^caaiaaecctgai
aaaigcttcaalaatattgaaaaagg.gagagtaig.aUgaacaagaiggaUg.caGgeaggttci.c-eggccgGUgggiggagag
g©Wcgg&UtgaC'tggg«&m«t-gacsatGggGigetetgatgGcgcsgtgfteegga.gicaga.gcaggggcgcceg.gi
tettEttgtGaagaecgacctgtGCgglgccctgaaigaaclgeaggacga^cagegaggstetegiggctggGcaagaEgg
gcgUceagegcsgctgtgctagacgttglca®ttaagcgggaagggaciggafgGWtiggg£gaagt-geeggggc£sggaE
clwtgtesieteac&tigcWgccgiagaaagiatecaicatgg^tg.algfeaatgcggcggc.tg&KtaegcRgate.Gggeiac
etgGGcaUGgaecaceaagGgaaaGaiicgcaicgagGgggcacgtactcggaitggaagcoggliJttgtegatcaggatgatet
ggacgaagagcaicaggggctegcgccagecgaactgttegccaggcteaag.@.egcgcatgiXGgacggegagg.atetegt
egigacacatggegatgcctge«gccg?aaiaWatggi^atwtgg.ceg:cttiietggaticatcg3ctgtggcfcggetgggig
tgWga«cgMa&aggacaiag€gttggctacccgtgaWgciga&gagcaggeggttgaaigggctgaGcgam.tegi
getha£ggiaiGgccg.cic©cgattegcagcgGategcctt«tatcgci;tteftgaagagUc:ttctgagcggga(stetggggttc
gaaaigacegaocaagcgiwgcciaaetgti^gacceagtttaeicatataiacUfegst^irtKitsaacttcgttttta&masas
g.ggtctaggtgaagaw©tuttgaiaatcmgaccaaa3tcecttsacgtgagttttGgH5Wtgagcgtcaga.ee&cg£ag8
aaagatea;aaggalc4teiigagatectiiUitci.gagEgtaatetgGigcttgcaaiiGaaaaaaacci4ccgciatca.@i'.ggtggtt
igmgceggaicaagaget^mctt«tecgaagg^aotggcttcagcagsgegcegata©eaaatac4gto©ttctâ gt
agccgtagfcSsjggccaccaciteagaactUgtagcaccgcciaeatacdGgciiCtgfiXMtecigttsccsgfggct^tgcc
agtg.gG@ataagt©gtgteftac£gggtiggaGtcaagiiegatagftascggataaggcgGagcgg'tegggeigaacggggg
gftcgtgcacmagcccag.cftggagcgaaGgaccta.ca£GgaactgagameetacagcglgagGiatgag.aaagGgc£aG
gcftcecgaaggga^a4ggs;-ggac8ggteiecggtaag£ggea.g^tegg;aaGaggagage.gcacgagggagcttcea
gggggaaa©gedggWtttatagi£etgteggBttfcgccaee4c4gaeiigagcgtcgaW.tigigatgelcgteagggggg:
cggagecmiggaaaaaegccagcaacgcggcGWacggttsGtggGGftiigctggiWlgdcaGatfimnGctgcgtl
8teccsst^itti^t8g^aftecgteataccgcictfi^agtgag<sigat8ccgcft^«cgeageegaacgaccgagegeagc|a
gtcsgigagegaggaagcggaagagGgccigaigcggtaltWfcsUacgcatclgigcggtattteacaixgcaatggigca
ct.Gtoag:imatetgdctgstg©cgcaiagiiaagsesgtataawiG©getaiPgct©cgigaclg_ggteatggagcgeGC€
gacae«cgc€sa«4cccgcigafcoccetggcgggcttgtcigcteccggc«ti;cgcftmgafiaagdgtg.accgtete«
gg:Sagctgcaigtgtc3gaggmieaccgtealcaccg8aacgegGg&ggeagGtgcggtaaagctcstGsgcgtggicgig
aagcgaftcaeagaigicigcC'tgUeateegcgteC'ageiegitgagtiteteeagaagcgtWigiciggetto^amagegg
gccatgttaa^gcggiUtttectgntggieactgatgcclccg^taagggggamctgacai^gggWiga'teccgs.tga
wgsgsgsggatgsjteacgatacgggttaetga^a^acaigixcggaa^ggwg^tgsgggtaaacaaciggcg
gta£ggaig£ggcgggs.ecagagaaaaateafiieagggkaatgecagcgd:i©gttaatocaiMgt8ggig£tc«a.cs.gggt
agceagi^eatedgsgsigcagatwgai^<aat@gtg©a.ggg^gctgaeWgcgttteigacitia«gaa8caGgg
aaac-cgaagaecatt^gSg.«gcteaggtegeaga«-g.mtg:cageageiagtcgeteegticgclcg0g!atcggtg8ftca
ttc1gciaa£€agiaaggcaaecccgceagGcteg©Ggggtce:toacgacagga-gGWgaicaWgcaeccgtggi‘cagg
.accfcaacgcig£ceg.agatgegccgcgtgcgg-ci^ctggaga5ggGggaG^:ga£ggatstgt!:etg©caggggUggmg6
gcsiWacagftctccgc«tg«gaftggciGG3attGl^gagtgg.tgaatecgit3gegaggtgocgGCggcnceaUeagg
tcgaggtggcccggcicc^igeaqcgcgacgeaacg&ggggeggcagacaaggiatsgggcggcgcctaesaicea^co
3a©ccgttGcatgtgcicgccg,aggeggc;aUaa£cgecgigac.gatcagcggte£;m.gatcgaa.Eitaggcfgg{aagagc
cgcgagc:gateetigaagetgfccetgat^lcgte&tGt3GWc«fggaeagc3i.ggectgcaac§cgggcatGccgaLgcc
gCG.ggaagGgsgaagaM«aiaatggggaaggeeawcagcetcg»gfcg©gaa£;gseBgcaagiicgtagcc£:agcgcgt



WO 2010/148256 PCT/US2010/039088
309/328

Figure MIC

cggccgccatgccggcgataatggectgcttctcgccgaaacgttiggtggcgggaceagtgaegaaggcUgagcgagggc
gtgcaagattcegaataccgcaagcgacaggccgataategicgcgciccagcgaaagcggtecicgccgaaaaigacccag
agegetgccggcaccigieeiacgagtigcaigaiaaagaagacagtcataagigcggcgacgatagicaEgccccgegccca
ccggaaggagctgaatgggttgaaggctotcsjagggeateggtegagateccggtgcctaatgagtgagetaacttaeaaaatt
gcgltgcgcteacigcccgctttccagtcgggaaacctgtogtgeGagctgeattaatgaateggccaacgcgcggggagagg

cggtttgcgtatigggcg'ccagggtggtttitotiticaccagt'gagacgggcaacagctgattgcccttcaccgcctggccctga
gagagttgcageaagcggteoacgdggmgceccageaggegaaaaicctgtttgatggtggftaacggcgggstataacat
gagctgidtcggiategteglatcce^aecgagaiaiecgcaecaacgcgcagcccggactcggiaatggcgcgeattgcg
cccagcgGcatotgategttggcaaGcageaicgeagtgggaacgatgccetcatteagcatttgcatggiitgttgaaaaecgg
acatggcaciccagtcgccttccegttcegctatoggctgaatttgattgcgagtgagatattiaigccagccagccagaGgeaga
cgcgccgagacagaaettaatgggeccgctaacagcgcgaittgotggtgaceeaaigegaocagaigctoeacgceeagieg
egtaecgteiteatgggagaaaataaiacigttgatgggtgtctggteagagacaiGaagaaaiaacgeoggaseattagtgeag
gcagcttGcaeagcaatggcatoctggtcaiecagcggatagitaatgaicageceactgacgcgiigcgcgagaagattgtge
accgeegctttacaggcJtegaGgeegeiteg-itotaccatcgacaecaccacgciggeacecagttgaieggegcgagaitfaa
tcgccgcgacaatttgcgacg'gcgcgtgcagggccagactggaggtggcaaegccsateagcaacgactgtttgcccgecag
ttgttgtgccacgcggttgggaatgtaaiicageiccgccatcgccgcttecacittttcccgcgttttcgcagaaacgtggciggc
Giggticaccacgcgggaaacggtetgaiaagagaeaccggcatactctgcgacategtataacgttactggtttc.acattcacea
ccctgaattgaetctcttecgggcgctatcatgccatacegegaaaggtittgegccsticgaiggtgtccgggatc'tcgacgetct
cec.ttstgcgactccigcaftsggaagcsgcccagtagtaggttgaggccgttgagcaccgeegecgcaaggaatggtgcaig
caaggagaiggcgcccaacagtcecccggccacggggcDigccaccatacceacgccgaaacaagcgcteaigagcccga
agtggegageccgatettccccatcggtgatgicggcgatataggcgceagoaaccgcacetgfggegccggtgaigccggc
cacgatgcgtccggcgtagaggatcgagatctcgaicccgegaaatta'aiacgaetcactatsggggaatigigagcggataac

BattcccGietegaaaiaattiigttiaaetteiagaaggagatatacaiatgcggggttctcaieateateatGaiealggtaiggcta
gcatgaciggiggacagcaaatgggfegggaictgiacgacgatgacgaiaaggateatccctteaceatggEatccigttetgc
gccgggtasgattmectgttcggtgaacacgcegtagtiiatggegaaactgcaattgcgtgtgcggtggaactgcgtacccgi
gttcgGgcggaaGicasitgactctaieactattcagagccagaicggcogcaecggtctggatttegaaaageacecttatgtgtc
tgcggtaattgagaaaaigcgGaaatctattectatiaaeggigttttctigaecgfegatteegaeaicccggigggctecggtetg
ggtagcagcgcagccg'ttactategcgietaiigg^cgcigaaegagcigttcggctiiggcctcagGcigCaagaaategcta
aaetgggccaegaaatcgaaattaaagiacagggtgecgegtcGecaaccgaiaegUtgtttetecctteggcggcgtggttac
Gateceggaacgicgcaa4Gigaaaactocggae(gcggcattglgaaggcgataccggcgtatetectceacGaaagagaa
gtagctaacgiacgicagctgcgegaaagciac.ccggatttgatcgaaccgctgatgacctGtatlggcaaaaictctcglfifcgg

c-gaacaactggttcigtctggcgaciacgcatoc.atcggccgGctgaigaacgieaaccagggtcteetggaGgcccigggcgt
taaeatcitagaaetgagccageigaiciattccgctcgtgoggcaggtgegtttggcgetaaaatcaegggcgctggcggGggt
ggetgtatggttgegctgaccgctceggaaaaatgmccaagtggcagaagcggtegeaggcgetggcggfeaagigactat

eactaaaecgaecgagcaaggictgaaagtagattaa

(SEQ ID NO:47)
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Figure 162

CDS 2: Gentamycin resistance gene; CDS: 1 E. coli replication protein
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Figure 163 A

V

ctBgggcc^ct^tgggi^atcggecit^cgc t̂etcaegcgciw^cggqgscictgtagggsaggctciaiewccigccgaacc
gctmglcagccggtcggccacg|cttGC.ggcgtcte»egcgcnigagattc«c3gcttU<^gcc^aic«ctgeggtgcata.ggcgsgl
ggctcgacGgcttgegggcigatggigacgiggixc8Otggtggfeeg.dGoago^lcgtag:wgG£igaatgegcgtgtg0cglgc
cfigctgccacgaigccc-cgtig.cagi;cci0gMcggccaeagcggcegcsaaegtggtctggicgfigggmtctgcge:ntgitgccga
t.gaactcGiiggCGgacsgctigecgtcc4gcgicagcggcaceacgaacgeggtcatgtgsgggctggifiGgtca£ggiggai@etggc
sgtcaeg.atgcgfitccge-ccGgWtgtGegC£agCGaciiglgegcaiieiegaagaacgGc,gG£tgtM:gtieitggctgg&egactti;Ga
ccaitecgggetggG®gteaigacgtactcgaGe.g,cGaacacag£gicftitgiigccg0ttctciggGagcaactcgcgcagtegge-tcaic

gaga£tggccg&cscgtfcgc£Gatttt£gccagcttG^categsaSgategfcgia£gGegG€aiget;lgfii:€GtocctUtgglgieca£s.cc

gg.ci£ga£gggggeagtg£aaggGggtgccliscggcgggcGac-teaa1geflgag$atafitoaiitagactt£g«ttegestBagtcgtgaa
cgcctaeggt@gctgcggGgGgaUcggg^gctetegggGttcgec«i.gcgcgg&geig£getGceag^ag£gcg£ggMttgig
gacgatggccg:cgagcggeqaCGggGlggctcgetttgcmggccc-giggacaaceclg£iggacaagetgatggacaggc.tgcgeet
gccGacgagctigaccacagggatigcccaccggftiaeGaageeltcgaGsaoatacC'CaceggtieGaaGtgsgGggecigcgicctt
gctGGateaattUiiiaafitW.iggg^iaaagG££cc-gg£cigcggcctgggcgettcgcttgcc.g.gitggacaGGaagtggaagg&gg
gtoaaggeicgcgcagc8.accg£gfcageggGiiggcetig.acgcgcctgg.aacgaeccasgceW®gagtggggge3gtogaagg.

eg(aag^cgc®cgccigccccccga.gcctcacggcggegagtgcgggggttccaagggggoagcg:cc3ccitgggc:aaggc£gaag
gccgGgcagtcgateaacaagG£eGggsg^gccac®Sgccggaggggg.agGtgG.gtGgaaggcgtg.ggggaaeecsgciiggg
gigccctteWggg.Gacaaasgaaclagaiataggg®gaaaigcgaaa.gacliaaaaaicaacaaiitiaaaas.aggggggtaGgcsacag
ctcaagcggEa.eccc'ccgaa8tegGtoatigegiaggttaaa.gaaaatetgiaailgactgcc£tGtttiacgeaaGgGatea.ttgtigicgGgc
tgccgaa®8ghgtagci®aUgcgcatggtgc.cgcaaccgigcggcaGcetascgeaiggagataagcat.ggctacgGagteeagaga
aiitGggcai5fcaageGaagaaGaag££&ggtcacigggtgGaaiaGgga^gcaaagcgmigaggag£gggc;eggg£iXa.Kgcgagg
8aac.Gcacggcggcaatg:©tgatgeateaGctegtgg.cgcagatgggcGa.ecag:saeg.c£gtggtggiiKigc-esgaagai58cfttcc8a
gcieaicggstgltctttgcggaeggteGsaiaGgcagtoaaggiietiggtggccgagcgGtggatetefegfcgtgaagctcaa.cggccGe
gg©ac£giglcggtWGgig,g(®aaigaccgcglggcgtggggccxgficc.cgcgaceagttgegcagieggtgacag£g£Gg€Ggt
ggtggt^cs<^«fegaec6ftgga©gas!»i;c'^̂ ggea^gaectgcg«cgcst©ccgHcc^Bicc§ggcgagcagmc

t0ccgaGGggec£Cggcgagga:gecgc.©csgccagecGggiaWcegggfi&iggaaeGagaGctgccagccttgaccgaaiWggag
g8aigggaacggcgcgggcagcsagcg«Gtgecga!®e£Ggatgag©£gigUmggacg8tggcgagccgli^.agccgce^GaG
gggtca®gmgccgcg£eggiagcact£gggttgcge-ag©aa£e©gt8agtgcgctgfieca.gaeta(cggcigtagc«geGteg£©gc(;
ciatacettgi&tgcsicGGcgcgitgagtagtggtgcatggagGe^gccacctegacGtgaatggaagGGg.gGggeaceicgciaseg

gaiteaccgmtlatcaggctcigggaggcagaataaatgaicatategtcaa.i.tatUcetetacggggagagaclgagaaaaclggciica
gg£atfigagaagca-cacgg-£c:acaGtgGttGGggiagtGaataaatcggbaac«agaaaiag.ac'ataagGg.gGtaitoaegaG©ctgcc
ctg:aacegaegaiXgggi£gaatitgeiUcgaaW£gceattcat©£gettaaateaGtiM£caggcgta.gsaG£aggGgUlaaggg£a
ccagtaacigcGftaaaaaaattacgeWgcccigGGacicaiegcagtGggceiaitggitaaaaaaigagcigatmacaaaasWac
gegaattttaa©aa»tatteaegettacaa.iiicGaiicg;ccatieaggctgcgm£tgttgggaa.gggegateggtgcgg@CGteti£gei
a.ttaegceagetggcgaaag.ggggaig{gGtgGaaggega.ttaagligggia£WgasagggtttteGcagtea.cgacgttg.tsaaiwgaeg
g,ccagtg^cgcgcgtaate€gaei.eaciaiaggg©giaatiggagcie«a£;Gg£ggtggegg©Qg©tGt:3@aa£taglggatcccccgg
gc^c8sgctegag«®g«c'gcca^^^fggataictg^^t<{;g0cewgatatc^tgtgcgttoacabcacc^caitggte

ec£gc<iegaGGgcatagcggectfiuc.aig©aglagccc£lg£tcgccaacaatttcgtata!i«gagalgtggtgagaWtgGGc.g8cgg
Cfiatcagataeftgcagct8,ig.atcaacattgaagt;egcgeggetggguieiigttggGtgga0gcc.ncutaei.eaa.cacgcig©catete
cgaaaegcig8aaaeggta8tcaggc£ggegg£acggtcgcaggcgtaiaaal:ggega«aiccggggtgaiat.gaatateagc.Ggccc

sacgggt0cggagaagttttccggeatetfiatecagGgktggmGa:ltegaWa.GCgtgcggatciticagttoceagaeaiceactga
getgutaaetcattgacg[:aa:i.acgcaiat£gUegtttggaiggaataccataigaeg.cgggccggcsccltcaacggtggtGaGticcgea
ggg£cctgegecacgagatgac«<catcgcigaccgMsacaggcaaâ GgatettgeWatgccggaacccaeagcgta©ggftgi
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Figure 163B

ccggtgagaiattggcggaaiggeaaccgteeagecccicgaccacaicgacgasgceeaetggcaggccatcttccagacgcgttacgc
tcaegUaceegcaagtaagaaeetaeaaagaeaaactgeccGtggtgaieggfggaaatatgcgtGggactecceggcagcgcagactc
tgcggeaaaggteagtgegeeategtccggggcgatacgatacgceaggacgcgsaaetcagggegaaeaecaac-atagagataaegt
itgtccgggctgaccaccatcggcigcacctgccccggcacatcgacaacotgtgtcagegtcagigcgecttcaigattcagattcGagac
gigaaittgctggctcieagggciggcgatataaactgittgctteatgaaigcicctttgggttaoetocgggaaacgcggttgatttgttiagtg
gitgaattetttgctcaggatgtggcetagtcaagggcgtgaeggcicgciaatacaactcactata^gctcgaggaagttcctatactttcta
gagaaiaggaaettecgogccgcacaeasaaaceaacaeacsgaicatgaaaaiaaagcteimattggiaccgaatfcgccagggagct
ctoagacgtegcttggtcggtcttUtiegaacsccagagteccgcitacgcGccgccctgceactcategcagtactgttgtaattcaaaagc
attctgccgacatggaagccaicacaaacggcatgaigaacctgaatcgccagcggcaicagciiccttgtcgcciigcgtaiaaiattigccc
atggtgaaaacgggggcgaagaagttgiccatattggeeacgtttaaaicaaaactggtgaaacicacccagggaUggctgagacgaaaa
acatattctoaaiaaaccctttaggg&aataggccaggttticaccgiaacaogccaeatcttgcgaataiatgigtagaaactgccggaaatc
gtcgiggtattcactccagagcgaigaaaacgtttcagttigcteaiggaaaaeggigiaacaagggigaacaotateccatatcaccagctc
accgtctttcattgcca{acggaattcoggaigagcat{cateaggsgggcaag®igigaataaaggccggataaaacttgtgcttatttttct
tiacg^etttaaaaaggccgtaatatccagctgaacggietggttataggtacattgagcaacigaeigaaatgccteaaaatgitcttiacgat
gccattgggatatatoaacggtggtatatc&agtgattitttteiccatggtttagttcetcacctigtagiattaiaciatgccgaiaiactetgccg
atgattaangtcaacacgtgc^ctgcaggtcgaaaggcccggagatgaggaagag^igaacagcgcggcagacgtgcgciittgaag
egtgcagaatgccgggcctecggaggaccttcgggcgcccgceccgcccetgagcccgcecctgagcccgcccccggacccacccctt
occageetoigagcccagaaagcgaaggagcaaagctgctattggccgcigccccaaaggcciacecgcttccattgctcagcggtgctg
tceatctgcacgagactagtgagscgtgciajcttccaitigtcacgicctgcaegacgcgagcigcggggcgggggggaacttcctgacia
ggggaggagtggaaggtggcge^aggggccaccaaagaacggagcc^ttggcgcciaccggtggBlgtggaetgtgtgcgaggc
cagaggccaeilgigiagcgccaagtgcccagcggggctgctaaagcgcatgctecagactgcctigggaaaagcgcctocceiacecg
gtagaatgaagttcctetactttetagagaataggaacttcgcggccgccctaagtgagggtmttoaactgactgiaacagciaaaattagt
cgctttiggcggtaagggcgaattccagcacactggcggccgttaciagtggatecgagctcgglaccaagctiga'igcaggaattcgatat
caagcttatogataccgtegaccicgagg^gggGccggta.cccagciiltgaccciitagtgagggttaattgcgcgcttggcgtaaicatg
gteatagctgtitoctgtgigaaattgtiatccgctcacaattccacacaacatacgagccggaagcataaagtgtaaagceiggggigcctaa
tgagtgagctaactcacsttaattgogtlgegcteaotgeccgctttccagtogggsaacctgtcgigcoageigcaitaatgaatcggecaac
gcgcggggagaggcggtngcgtattgggcgcatgcaiaaaaacigttgtaattcattaagcaUcigccgacatggaagccaioacaaacg
gcatgatgaaccigaatcgecagcggeaicagcacvftgtogcettgcgtataatatitgcecatggacgcacaccgtggaaacggaigaa
ggcacgaa.eceagt{gaGataagcGtgtteggtiegiaa9Cigt3atgcaagtagcgiatgcgctcacgcaaetggteeagaaectigaccg
aacgcagcggtggiaacggcgcagtggcggttttcaiggcttgifatgactgitttttigtacaglGtatgcctcgggcaiccaagGagcaagc

gcgttacgccgtgggtcgatgtttgatgriatggagcagcaacgaiguacgcagcagcaacgatgttacgcagcagggcagicgccciaa
aacaaagtLagglggctcTOgtatgggcatcaitcgcac8tgiaggctcggccetgacc.aagtcaaatGi;9igQgggcigctcttgatettttc
ggtcgtgagStcggiigacgtagccacctecicccaacatcagccggectecgatiaccicgggaactigciccgjagtaagacaUcatcgc
gettgctgccitcgaccaagaagcggltgi^gcgcictcgcggeiiacgiictgcGcaggtttgagcagccgcgtiigtgagatetsiaictat
gatctcgcagictccggcgagcaGcggaggcagggcattgccaccgcgetcatcaAictcc-tcaiigcatgaggGGaacgcgfittggtgct
iaigtgaictacgigcaagcagatiaeggtgacgaicccgcagtggcietciatacaaagttgggcatacigggaagsagigatgeactttgai
ategacecaagtaccgccacciaacaattcgttcaagccgagaicggcttccsggccgcggagtigifcggiaaattgtcacaaegccgcc
aggtggcacttttcggggaaMg£gcgcgcccgcg£tccigctggcgctgggc.ctgtttctggcgctgg8Cttccegctg®cgtcagcag
cttttcgGCcacggccitgatgaicgcggcggccttggccigeaiateccgattcaacggccccagggcgtccagaitcgggcticaggcgc
tcccgaaggt (SEQ ID NO :48) .
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Figure 164 A
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Figure 164B
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Figure 164C
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Figure 164D
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Figure 164F
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Figure 165A-B
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Figure 166 A
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Figure 166B

Steam sn

Water-cooled
condenser

(40°C)

Carbon filter Steam
condenser

Isoprene
collection

Glycol-cooled 
condenser 

(0°C)

Cold trap 
(-78°C)

δ Carbon
trap

Gas out



WO 2010/148256 PCT/US2010/039088
322/328

Figure 167
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Figure 168A-C
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Figure 169
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Figure 170
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Figure 171
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Figure 173
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