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(57) ABSTRACT 

Methods, enzymes, recombinant microorganism, and micro 
bial systems are provided for converting polysaccharides, 
Such as those derived from biomass, into Suitable monosac 
charides or oligosaccharides, as well as for converting Suit 
able monosaccharides or oligosaccharides into commodity 
chemicals, such as biofuels. Commodity chemicals produced 
by the methods described herein are also provided. Commod 
ity chemical enriched refinery-produced petroleum products 
are also provided, as well as methods for producing the same. 
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Figure 4 
E. coli Growing on Aginate 
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Figure 6C 
Pyruvate formation from alginate (chemical degradation route). 
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Figure 12A 
Reduction of butyroin by ddh1, ddh2, and ddh3 monitored by NADH consumption. 
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Figure 12B 
Oxidation activity of dch3 towards 1,2-cyclopentanediol and 1,2-cyclohexanediol as 

measured by NADH production. 
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Figure 14A 
Nucleotide sequence of diol dehydrogenase DDH1 isolated from Lactobaccilus 

brevis ATCC 367 

ATGGCATCAAATGGAAAAGTAGCAATGGTTACCGGTGGCGGACAAGGAATTGGTGAAGC 
CATCTCGAAACGGTTAGCTAACGACGGCTTTGCTGTGGCAATTGCTGATTTGAACTTGG 
ACAATGCCAACAAGGTCGTTTCTGATATTGAAGCTGCTGGTGGCAAGGCCATTGCGGTC 
AAGACCGATGTCTCTGATCGTGATAGCGTGTTTGCTGCGGTTAATGAAGCGGCCGACAA 
GCTGGGCGGCTTTGACGTTATCGT'TAATAACGCCGGCCTTGGCCCAACCACGCCAATTG 
ACACCAT CACCCAAGAACAGTTTGATACGGTTTATCACGTTAACGTGGGTGGGGTTCTT 
TGGGGCATTCAAGCAGCCCATGCGAAGTTCAAGGAATTGGGTCATGGTGGGAAGATCAT 
TTCCGCGACGTCT CAAGCCGGGGTTGTTGGTAACCCGAACTTAGCTCTGTACAGTGGAA 
CTAAGTTTGCCATTCGTGGTGTGACCCAAGTTGCGGCGCGTGACTTAGCCGCTGAAGGT 
ATCACGGTCAATGCTTATGCACCCGGGATTGTTAAGACACCAATGATGTTTGACATCGC 
TCACAAGGTTGGTCAAAATGCTGGTAAAGACGACGAATGGGGGATGCAAACCTTCTCAA 
AGGACATCGCTTTATGTCGATTGTCAGAACCAGAAGATGTGGCTAACGGGGTGGCTTTC 
TTAGCCGGTCCCGATTCTAACTACATTACGGGT CAAACACTTGAAGTTGATGGTGGGAT 

GCAGTTCCACTAA (SEQ ID NO: 97) 

Figure 14B 
Polypeptide primary sequence of diol dehydrogenase DDH1 isolated from 

LactobacCilus brevis ATCC 367 

MASNGKVAMVTGGGOGIGEAISKRLANDGFAVAIADLNLDNANKVVSDIEAAGGKAIAV 
KTDVSDRDSVFAAVNEAADKLGGFDWIVNNAGLGPTTPIDTITOEQEDTVYHVNVGGVL 
WGIOAAHAKFKELGHGGKIISATSOAGVVGNPNLALYSGTKFAIRGVTOVAARDLAAEG 
ITVNAYAPGIVKTPMMFDIAHKVGONAGKDDEWGMOTFSKDIALCRLSEPEDVANGVAF 
LAGPDSNYITGOTLEVDGGMOFH (SEO ID NO: 98) 
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Figure 15A 
Nucleotide sequence of diol dehydrogenase DDH2 isolated from Pseudomonas 

putida KT2440 

ATGAATGACCTGAGCCACACCCACATGCGCGCGGCCGTCTGGCATGGCCGCCACGATAT 
TCGTGTCGAACAGGTACCTTTGCCGGCCGACCCTGCGCCGGGCTGGGTGCAGATCAAGG 
TGGACTGGTGCGGCATCTGCGGCTCCGACCTGCACGAATATGTTGCCGGCCCGGTGTTC 
ATCCCGGTAGAGGCCCCGCACCCGCTGACCGGCATTCAGGGCCAGTGCATCCTCGGCCA 
CGAATTCTGCGGCCACATCGCCAAGCTTGGCGAAGGCGTGGAAGGCTATGCCGTAGGCG 
ACCCGGTGGCGGCAGACGCGTGCCAGCATTGTGGTACCTGCTATTACTGCACCCATGGC 
CTGTACAACATCTGCGAACGCCTGGCGTTCACCGGCCTGATGAACAACGGTGCCTTCGC 
CGAGCTGGTCAAC GTGCCCGCCAAC CTGCTCTACCGGCTGCCGCAGGGCTTCCCTGCCG 
AAGCCGGGGCACTGATCGAGCCGCTGGCGGTGGGTATGCACGCGGTGAAAAAGGCCGGC 
AGCCTGCTTGGGCAAACCGTTGTAGTGGTTGGGGCCGGCACCATCGGCCTGTGCACCAT 
CATGTGCGCCAAGGCTGCAGGTGCGGCACAGGTCATCGCCCTTGAGATGTCCTCTGCGC 
GCAAAGCCAAGGCCAAGGAAGCGGGCGCCAACGTGGTGCTGGACCCCAGCCAGTGCGAT 
GCCCTGGCGGAAATCCGCGCACTGACTGCTGGGCTGGGCGCCGATGTGAGTTTTGAGTG 
CATCGGCAACAAACATACGGCCAAGCTGGCCATCGACACCATCCGCAAAGCAGGCAAGT 
GCGTGCTGGTGGGTATTTTCGAAGAGCCCAGCGAGTTCAACTTCTTCGAGCTGGTGTCC 
ACCGAGAAGCAAGTGCTGGGGGCGTTGGCGTACAACGGCGAGTTTGCTGACGTGATTGC 
CTTCATTGCTGATGGTCGGCTGGATATTCGCCCGCTGGTAACCGGCCGGATCGGATTGG 
AGCAGATTGTCGAGCTGGGCTTCGAGGAACTGGTGAACAACAAAGAGGAGAACGTGAAG 

ATCATCGTTTCACCAGGTGTGCGCTGA (SEO ID NO: 99) 

Figure 15B 
Polypeptide sequence of diol dehydrogenase DDH2 isolated from Pseudomonas 

putida KT2440 

MNDLSHTHMRAAVWHGRHDIRVEOVPLPADPAPGWVOIKVDWCGICGSDLHEYVAGPWF 
IPVEAPHPLTGIOGOCILGHEFCGHIAKLGEGVEGYAVGDPVAADACOHCGTCYYCTHG 
LYNICERLAFTGLMNNGAFAELVNVPANLLYRLPOGFPAEAGALIEPLAVGMHAVKKAG 
SLLGOTVVV VGAGTIGLCTTMCAKAAGAAOVTALEMSSARKAKAKEAGANVVLDPSOCD 
ALAEIRALTAGLGADVSFECIGNKHTAKLAIDTIRKAGKCVLVGIFEEPSEFNFFELVS 
TEKOVLGALAYNGEFADVIAFIADGRLDIRPLVTGRIGLEOIVELGFEELVNNKEENVK 
VSPGVR (SEO ID NO: 1 OO) 
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Figure 16A 
Nucleotide sequence of diol dehydrogenase DDH3 isolated from Klebsiella 

pneumoniae MGH78578 

ATGAAAAAAGTCGCACTTGTTACCGGCGCCGGCCAGGGGATTGGTAAAGCTATCGCCCT 
TCGTCTGGTGAAGGATGGATTTGCCGTGGCCATTGCCGATTATAACGACGCCACCGCCA 
AAGCGGTCGCCTCGGAAATCAACCAGGCCGGCGGACACGCCGTGGCGGTGAAAGTGGAT 
GTCTCCGACCGCGATCAGGTATTTGCCGCCGTTGAACAGGCGCGCAAAACGCTGGGCGG 
CTTCGACGTCATCGT CAATAACGCCGGTGTGGCACCGTCTACGCCGATCGAGTCCATTA 
CCCCGGAGATTGTCGACAAAGTCTACAACATCAACGTCAAAGGGGTGATCTGGGGTATT 
CAGGCGGCGGTCGAGGCCTTTAAGAAAGAGGGGCACGGCGGGAAAATCATCAACGCCTG 
TTCCCAGGCCGGCCACGTCGGCAACCCGGAGCTGGCGGTGTATAGCTCCAGTAAATTCG 
CGGTACGCGGCTTAACCCAGACCGCCGCTCGCGACCTCGCGCCGCTGGGCATCACGGTC 
AACGGCTACTGCCCGGGGATTGTCAAAACGCCAATGTGGGCCGAAATTGACCGCCAGGT 
GTCCGAAGCCGCCGGTAAACCGCTGGGCTACGGTACCGCCGAGTTCGCCAAACGCATCA 
CTCTCGGTCGTCTGTCCGAGCCGGAAGATGTCGCCGCCTGCGTCTCCTATCTTGCCAGC 
CCGGATTCTGATTACATGACCGGTCAGTCGTTGCTGATCGACGGCGGGATGGTATTTAA 
CTAA (SEO ID NO : 101) 

Figure 16B 
Polypeptide sequence of diol dehydrogenase DDH3 isolated from Klebsiella 

pneumoniae MGH78578 

MKKVALVTGAGOGIGKAIALRLVKDGFAVAIADYNDATAKAVASEINOAGGHAVAVKVD 
VSDRDOVFAAVEOARKTLGGFDVIVNNAGVAPST PIESITPE IVDKWYNINVKGVIWG 
OAAVEAFKKEGHGGKIINACSOAGHVGNPELAVYSSSKFAVRGLTOTAARDLAPLGITV 
NGYCPGIVKTPMWAEIDROVSEAAGKPLGYGTAEFAKRITLGRLSEPEDVAACVSYLAS 
PDSDYMTGOSLLIDGGMVFN (SEO ID NO : 102) 
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Figure 29A 
Nucleotide sequence of diol dehydratase medium subunit isolated from Klebsiella 

pneumoniae MGH78578 (pduD) 

ATGGAAATTAACGAAACGCTGCTGCGCCAGATTATCGAAGAGGTGCTGTCGGAGATGAAATCAGG 
CGCAGATAAGCCGGTCTCCTTTAGCGCGCCTGCGGCTTCTGTCGCCTCTGCCGCGCCGGTCGCCG 
TTGCGCCTGTGTCCGGCGACAGCTTCCTGACGGAAATCGGCGAAGCCAAACCCGGCACGCAGCAG 
GATGAAGTCATTATTGCCGTCGGGCCAGCGTTTGGTCTGGCGCA AACCGCCAATATCGTCGGCAT 
TCCGCATAAAAATATTCTGCGCGAAGTGATCGCCGGCATTGAGGAAGAAGGCATCAAAGCCCGGG 
TGATCCGCTGCTTTAAGTCTTCTGACGTCGCCTTCGTGGCAGTGGAAGGCAACCGCCTGAGCGGC 
TCCGGCATCTCGATCGGTATTCAGTCGAAAGGCACCACCGTCATCCACCAGCGCGGCCTGCCGCC 
GCTTTCCAATCTGGAACTCTTCCCGCAGGCGCCGCTGCTGACGCTGGAAACCTACCGTCAGATTG 
GCAAAAACGCCGCGCGCTACGCCAAACGCGAGTCGCCGCAGCCGGTGCCGACGCTTAACGATCAG 
ATGGCTCGTCCCAAATACCAGGCGAAGTCGGCCATTTT GCACATTAAAGAGACCAAATACGTGGT 

GACGGGCAAAAACCCGCAGGAACTGCGCGTGGCGCTTTAA (SEO ID NO : 105) 

Figure 29B 
Polypeptide sequence of diol dehydratase medium subunit isolated from Klebsiella 

pneumoniae MGH78578 (pduD) 

MEINETLLROIIEEVLSEMKSGADKPVSFSAPAASVASAAPVAVAPVSGDSFLTEIGEAKPGTOO 
DEVIIAVGPAFGLAOTANIWGIPHKNILREVIAGIEEEGIKARVIRCFKSSDVAFVAVEGNRLSG 
SGISIGIOSKGTTVIHORGLPPLSNLELFPOAPLLTLETYROIGKNAARYAKRESPOPVPTLNDO 
MARPKYOAKSAILHIKETKYVVTGKNPOELRVAL (SEO ID NO : 1 O6) 

Figure 29C 
Nucleotide sequence of diol dehydratase small subunit isolated from Klebsiella pneumoniae 

MGH78578 (pduE) 

ATGAATACCGACGCAATTGAATCCATGGTACGCGACGTGCTGAGCCGGATGAACAGCCTACAGGA 
CGGGATAACGCCCGCGCCAGCCGCGCCGACAAACGACACCGTTCGCCAGCCAAAAGTTAGCGACT 
ACCCGTTAGCGACCCGCCATCCGGAGTGGGT CAAAACCGCTACCAATAAAACGCTCGATGACCTG 
ACGCTGGAGAACGTATTAAGCGATCGCGTTACGGCGCAGGACATGCGCAT CACTCCGGAAACGCT 
GCGTATGCAGGCGGCGATCGCCCAGGATGCCGGACGCGATCGGCTGGCGATGAACTTTGAGCGGG 
CCGCAGAGCT CACCGCGGTTCCCGACGACCGAATCCTTGAGATCTACAACGCCCTGCGCCCATAC 
CGTTCCACCCAGGCGGAGCTACTGGCGATCGCTGATGACCTCGAGCATCGCTACCAGGCACGACT 
CTGTGCCGCCTTTGTTCGGGAAGCGGCCGGGCTGTACATCGAGCGTAAGAAGCTGAAAGGCGACG 

ATTAA (SEO ID NO: 107) 

Figure 29D 
Polypeptide sequence of diol dehydratase small subunit isolated from Klebsiella pneumoniae 

MGH78578 (pduE) 

MNTDAIESMVRDVLSRMNSLODGITPAPAAPTNDTVROPKVSDY PLATRHPEWVKTATNKTLDDL 
TLENVLSDRVTAODMRITPETLRMOAAIAQDAGRDRLAMNFERAAELTAVPDDRILEIYNALRPY 
RSTOAELLAIADDLEHRYOARLCAAFVREAAGLYIERKKLKGDD (SEO ID NO : 108) 
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Figure 30A 

US 2009/O155873 A1 

Oxidation of 4-octanol monitored by NADH production (2ADH 1-10) 
x-M. 

i.S. ------------------------------ 

x2A-4- 

2ADE-3- 

& AD --3 

E-3-2 

s 

AE)-4-3 

Or: - 

xi):--8 

A 3-3 

Figure 30B 
Oxidation of 4-octanol monitored by NADPH production (2ADH 1-10) 
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Figure 31A 
Oxidation of 4-octanol monitored by NADH production (2ADH11-18) 
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Figure 31B 
Oxidation of 4-octanol monitored by NADPH production (2ADH 11-18) 
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Figure 32A 
Oxidation of 2,7-dimethyl octanol monitored by NADH production (2ADH 11-18) 

8 

8 
8 
8 
8 
8 

ox-2ADH-11 
8 
8 

- x2A 4-i2 3. 

x2AD-1-3 
8 
8 

O. : 5 x A 
8 

m ' S x2AD84-16 

2AD-17 
8 
8 

0.12 or 4-18 
: 
8 
8 

O. :----------------------------------------------------------------- ------------------------------------------------------------------ 
8 

i) 2.) 30 40 
8 

Figure 32B 
Oxidation of 2,7-dimethyl octano monitored by NADPH production (2ADH 11-18) 
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Figure 33A 
Reduction of of 2,7-dimethyl octanol monitored by NADPH consumption 

Figure 4 - NADPH consumption via Reduction of 2,7-dimethyl 
4-octade 

C 5. . 5. R}} :S g 35g. 

Figure 33B 
Activity of 2ADH11 and 2ADH16 Towards Various Substrates 

re-rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr. 

Activity of 2ADH11 and 16 toward Warious Substrates 
~8. 

- Ath: 3. i-Otagg 

x3Aikii, cyclips&EE and 31: . 
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Figure 34A 
Oxidation of cyclopentano catalyzed by 2ADH as monitored by NADH or NADPH formation 
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Figure 34B 
Reduction of cyclopentanonone catalyzed by 2ADH as monitored by NADPH consumption 
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Calculated Rate Constants for Oxidation Reactions of 2ADH16 
OH O 

--N 2 NADP+ 9 NADPH l 2 
N --> R R r R - 2ADH16 

e Oxidation Reaction . . . . qh 
-4-Octanol: ka/K = 1430 socM- +/-200 le 

- 4-docanol:k/K = 1260 sect M +/- 290 te 

- cyclohcptanol: k/K - 198 scc.M +/- 19 CS 

-3-hexanol: k/K = 148 scCM +/- 16 e--- 
-2-methyl-3-octanol:k/K = 123 sec-M-4/. 16 *- N11c. 

Hy 

-2,5-dimethyl-3-hexanol:k/Km = 1.55 sec"M+/-.24 's- 
GH 

-3-methyl-2-pentanol: koku 8.54 scc. M +/- 2.04 ---, 
- . Chs . . 

2-methylcyclohexanol:ka/k. - 97.4 sccM-l +/- 14.4 m 

5-methyl-3-hexanol:ka/k. - 17.9 scCM +/- 3.5 

4-methylcyclohexanol:ka/k. = 104 sec"M" +/- 21.1 

FIG 36 
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Figure 37A 
Alginate Lyases 

Protein Organism GenBank/ GenPept 
Family 5 

AZOtobacter chroOCOCCum 
alginate lyase (Ag) ATCC 4412 AJ2236O5 CAA11481.1 

AFO27499 AAC04567.1 
alginate lyase (Ag) AZOtobacter vinelandii AFO376OO AAC323 13.1 
alginate lyase (Ag) CObetia marina N-1 ABO18795 || BAA33966.1 

Pseudomonas aeruginosa 
alginate lyase (Ag) 883O L14597 AAA71990.1 

Pseudomonas aeruginosa 
alginate lyase (AlgL) FRD1 U27829 AAA91127.1 

Pseudomonas aeruginosa AEOO4775 AAGO6935.1 
alginate lyase (Algl;PA3547) PAO1 NC OO2516 NP 252237.1 
alginate lyase (Ag) Pseudomonas Sp. QD03 AY38O832 AAR23929.1 
alginate lyase (AlgL) Pseudomonas sp. QDA AY163384 AAN63147.1 

Pseudomonas Syringae pv. 
aldinate vase (AldL SVrindae FF5 AF222020 AAF32371.1 
alginate lyase (aly;A1- - 200933OA 
l/PolyG+PolyMA 1 
I/PolyG,A1-II/PolyM) Sphingomonas sp. A1 ABO11415 || BABO3312.1 

Family 6 

alginate lyase (AlyP) Pseudomonas Sp. OS-ALG-9 D10336 BAAO 1182.1 

Family 7 
guluronate lyase (alyPG) Corynebacterium sp. ALY-1 ABO3O481 BAA83339.1 

Klebsiella pneumoniae subsp. 
poly(-L-guluronate) lyase (AlyA) aerogenes 19657 AAA25049.1 
alginate lyase 1 poly- Photobacterium Sp. ATCC 
mannuronate lyase (AlxM) 43367 X7OO36 CAA4963.O. 1 

AEOO4547 AAGO4556.1 
Pseudomonas aeruginosa 

alginate lyase (PA 1167) PAO1 NC OO2516 NP 249858.1 

alginate lyase (A1-II") Sphingomonas Sp. A1 AB120939 BAD 16656.1 
alginate lyase (aly;A1- - 200933OA 
I/PolyG+PolyM;A1 
II/PolyGA1-III/PolyM) SphingOmonas Sp. A1 ABO11415 || BABO33121 
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Figure 37B 
Alginate Lyases 

Protein Organism GenBank GenPept 
Family 7 
poly(a-L-guluronate) lyase 
(AlyVG|AlyVG1) Vibrio halioticoli AM 14596T AF114039 || AAF22512.1 
alginate lyase 1 poly 
mannuronate lyase (AlyVOA) Vibrio sp. O2 DO23516O | ABB3677.1.1 
alginate lyase 1 poly 
mannuronate vase (AVVOB) Vibrio Sp. O2 DO235 161 ABB36772.1 

alginate lyase (AlyVI) Vibrio Sp. QY101 AY221030 AAP45155.1 
exo-oligoaiginate lyase 
(HdAlex:HdAlex-1) Haliotis discus hannai AB234872 BAE81787.1 
alginate lyase (HdAly) Haliotis discus hannai AB1 10094 || BAC87758.1 
polysaccharide lyase acting 
on glucuronic acid (VAL-1) Chorella virus CVK2 ABO44791 BAB19127.1 
alginate lyase (Alyl) Pseudomonas Sp. OS-ALG-9 ABOO333O || BAA 19848.1 

Family18 

alginate lyase Pseudoalteromonas Sp. 272 

Pseudoalteromonas Sp. 
alginate lyase (Aly) AM 14594 AFO82561 AAD 16034.1 

Family 15 
eXotype alginate lyase Agrobacterium tumefaciens AEOO9232 AAL43841.1 
(Atu3025) Str. C58 NC OO3305 NP 533525.1 

exotype alginate lyase Agrobacterium tumefaciens AE0O8381 AAK90358.1 
(AGR L. 3558p) Str. C58 (Cereon) NC OO3063 NP 357573.1 
oligo alginate lyase (A1-IV) Sphingomonas sp. A1 ABO11415 || BABO3319.1 
alginate lyase (A1-IV) Sohind Omonas SO. A1 AB176667 BAD900O6.1   
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Figure 38A 
Pectate Lyases 

Protein Organism GenBank/GenPept 
Family1 

- AAE59.745.1 
pectate lyase Bacillus agaradhaerens - AAS29292.1 

- AAE59748.1 
pectate lyase Bacillus halodurans - AAS29295.1 

APOO152O BABO7538.1 
pectate lyase (BH3819) Bacillus halodurans C-125 NC OO257O NP 2446861 

APOO1509 BABO44 17.1 
pectate lyase (BH0698) Bacillus halodurans C-125 NC OO257O NP 24.1564.1 

- AAE59746.1 
- AAN26 1791 

AU517 194 CAD56882.1 
pectate lyase (PelA) Bacillus licheniformis 14A - AAS29293.1 

CPOOOOO2 AAU25568.1 

Bacillus licheniformis DSM 13 || AE017333 || AAU42942.1 
BLi04129 or BL00947 (Pell) ATCC 14580 
pectate lyase (Pel) Bacillus licheniformis RN1 AB428424 BAG12908.1 
pectate lyase (PelB) Bacillus pumilus DKS1 EU652988 ACD 1 1362.1 
pectate lyase (fragment) Bacillus sp. KSM-P7 ABO15043 BAA76884.1 

- AAE59.747.1 

pectate lyase Bacillus Sp. AAI12 - AAS29294.1 
- AAE59749.1 
- AAR65348.1 

pectate lyase Bacillus sp. 1534 - AAS29296.1 
pectate lyase (Pel-103) Bacillus sp. KSM-P103 ABO 15044 BAA76885.1 

pectate lyase (Pel-34K) Bacillus Sp. P-2850 ABO80666 || BAC 11 OO8.1 
pectate lyase (Pel-4A) Bacillus sp. P-4-N ABO41769 BAA96477.1 
pectate lyase (Pel-4B) Bacillus sp. P-4-N ABO421 OO BAA96478.1 
ectate vase (P47 Bacillus SO. TS-47 ABO45986 BAB40336.1 

pectate lyase (Pelk) Bacillus Sp. YA-14 D26349 BAAO5383.1 
AX601431 CAD675091 
AX6O1436 CAD6751O.1 
AX6014.48 CAD675111 

pectate lyase Bacillus Subtilis AX95187O CAFO5441.1 
pectate lyase (Pel) Bacillus Subtilis AC327 D864. 17 | BAA223.13.1 
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Figure 38B 
Pectate Lyases 

Protein Organism GenBank GenPept 
pectin lyase (Ppr) Bacilius Subtilis FO 3134 D83791 BAA12119.1 
pectate lyase (Pel) Bacilius Subtilis SO113 X74880 CAA52866.1 

- AAR45489.1 
D864. 17 | BAA22313.1 

X74880 CAA52866.1 

pectate lyase Bacillus subtilis Subsp. Z991.08 CAB 12585.1 
(Pel;BSUO7560) Subtilis Str. 168 NC OOO964 NP 388637.1 
pectate lyase (Pel-1, Pe1) Erwinia CarotoVOra 71 L32171 AAA73933.1 
Pel9.5 (fragment) Erwinia Carotovora EC14 X61088 CAA43402.1 
pectin lyase (Pnl) (probable 
fragment) Erwinia CarotoVOra ER M65057 AAA24857.1 

M18859 AAA24845.1 

Erwinia CarotoVOra ER / S51490 AAC60423.1 
AM 1068 I atrOSeptica EC 1 D00217 BAA00155.1 

pectate lyase 1 (Pel1, Pell) atrOSeptica C18 X81847 CAA57439.1 

Erwinia CarotovOra ER / M17364 AAA24848.1 
AM1068 I atrOSeptica EC 1 S51475 AAC60422.1 

pectate lyase 2 (Pel2:Pelll) atrOSeptica C18 X81847 CAA57440.1 
Erwinia Carotovora Subsp. 

ECA4067 (PelA) atrOSeptica SCR 1043 BX95O851 CAG76964. 1 
pectate lyase (PelZ) Erwinia Chrysanthemi 3937 X97119 CAA65785.1 
pectate lyase A (PeA) Erwinia Chrysanthemi 3937 M778O8 AAA24846.1 

CAA47821.1 

pectate lyase B (PelB) Erwinia chrysanthemi 3937 X67475 S25262 
pectate lyase (PelD) Erwinia Chrysanthemi 3937 AJ1321 O1 CAA10570.1 

Erwinia Chrysanthemi 3937 I M33584 AAA24854.1 
pectate lyase E (PelE) B374 X17284 CAA351 75.1 
pectate lyase D (PelD) Erwinia Chrysanthemi B374 X17284 CAA351 76.1 

pectate lyase (PelA) Erwinia Chrysanthemi EC16 M14509 AAA24843.1 
M19411 AAA24849.1 

- AAR45490.1 

pectate lyase (PelC) Erwinia Chrysanthemi EC16 - AAW1 1900.1 
pectate lyase (PelB:PIB) Erwinia Chrysanthemi EC16 M1451O AAA24847.1 
pectate lyase (PelE) Erwinia ChrysanthemiBC16 M14509 AAA24844.1 
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Figure 38C 
Pectate Lyases 

Protein Organism GenBank Genpept 
Erwinia Chrysanthemistrain 

pectate lyase C (PelC) 3937 A 132325 CAA 10642. 
Pectobacterium carotovorum 

pectin lyase (PniA) ECC71 M59909 AAA24856, 1 

Pectobacterium Carotovorum 
pectate lyase III (Pel3;PelC) Er DOO64 || BAAO0953.1 

Pseudoalteromonas AF278,705 IAAF86343. 
pectate lyase B (PelB) haloplanktis 505 AF278,705 AAF863.432 

Pseudoalteromonas 
pectate lyase A haloplanktis ANT1505 AF2 787O6 AAF8634.42 

Pseudomonas fluorescens 41673 AAA93535.1 
pectate lyase (Pel) CYO91 38.902 AAB46399.1 

Pseudomonas marginalis M8497 AAA92512.1 
pectin lyase (Pni) (fragment) N630 D3212 BAAO6847.1 

Pseudomonas marginalis S65042 AAC60448.1 
pectate lyase (PeL) N63O D32122 || BAAO6848. 

Pseudomonas Syringae pv. 
pectate lyase P (PelP) achrymans U75414 AAB17879.1 

3890 AAB46398, 1 

38574 AAC41521.1 
DC273695 ABB55454.1 

pectate lyase (Pel:Pstru-4) Pseudomonas viridiflava D44611 || BAA080771 
pectate lyase (Pel) PseudonoCardia Sp. AFOO224 AAC38059. 
pectate lyase Streptomyces Coelicolor At 596.030 CAC44284.1 
(SCO2821;SCBAC17F8.12c) A3(2) NC 003888 NP 6270501 

pectate lyase Streptomyces Coelicolor A591322 CAC3885.1 
(SCO1880;SC39.27c) A3(2) NC 003888 NP 62647.1 

.. AEOO 1722 AAD355181 

pectate lyase A (PelAM033). Thermotoga maritima MSB8 NC 000853 NP 228243.1 
Xanthomonas Campestris pv. 

XC 1298 Campestris Str., 8004 CPOOOO50 AAY48387, 1 
Xanthomonas Campestris pv. 

XC 3590 Campestris str. 8004 CPOOOO50 AAY50632.1 

Xanthomonas Campestris pv. AEO 1262 AAM3996.1 
pectate lyase (Pel;XCC0645) campestris str. ATCC 33913 NC OO3902 NP 636037, 1 
pectate lyase I Xanthomonas Campestris pV. AEO 12393 AAM42087.1 
(PetB;XCC2815) Campestris str. ATCC 33913 NC OO3902 NP 638163.1 
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Figure 38D 
Pectate Lyases 

Protein Organism GenBank GenPept 
pectate lyase (PelB;Pl:Pstru- Xanthomonas Campestris pv. 
3) malvacearum strain B414 L38573 AAC41522.1 

DO490478 ABF50854.1 
Aspergillus nidulans FGSC AACDO 1 OOOO 

pectin lyase (AN2331.2) A4 38 EAA64442.1 
AACDO 1 OOOO 

Aspergillus nidulans FGSC 43 EAA64674.1 
pectin lyase (AN2569.2) A4 DO490480 ABF50856.1 

U05592 AAA30568.1 
DQ490468 ABF50844.1 
EF452421 ABO38859.1 

pectate lyase Aspergillus nidulans FGSC AACDO 1 OOOO 
(PelAANO741.2) A4 12 EAA65383.1 

AACDO1 OOO1 
Aspergillus nidulans FGSC 3O EAA61832.1 

pectate lyase (AN7646.2) A4 DO490513 ABF50889.1 
ASpergillus niger CBS 120.49 X55784 CAA39305.1 

pectin lyase A (PelA) - P1A 1 N4OO X6O724 CAA43130.1 
ASperdillus nider CBS 120.49 

pectin lyase C (PelC) 1 N4OO AY839647 AAWO3313.1 
ASpergillus niger CBS 120.49 

pectin lyase F (Pelf) 1 N4OO AJ489943 CAD34589.1 
ASpergillus niger CBS 120.49 

pectate lyase A (PlyA) 1 N4OO AJ276331 CAC331 62.1 

Aspergillus niger CBS 120.49 A12248 |CAA01023.1 
pectin lyase B (PelB) | N4OO X65552 CAA46521.1 
An 14g04370 (PelA) Aspergillus niger CBS 513.88 AM270321 CAK48529.1 
Ano3g00190 (PelB) Aspergillus niger CBS 513.88 AM27OO43 CAK37997.1 
An 15g07160 (Pelf) ASpergillus niger CBS 513.88 AM270351 CAK485511 
An 19g00270 (PelD) Aspergillus niger CBS 513.88 AM270415 CAK47350.1 
pectate lyase 
(PlyA;An 10g00870) ASpergillus niger CBS 513.88 AM270216 CAK40523.1 
pectin lyase D (PelD) Aspergillus niger N766 M55657 AAA327.01.1 
pectin lyase 2 (Pe2) ASOerdillus OrVZae KBN616 ABO29323 BAB82468.1 
pectin lyase 1 (Pel1) ASperdillus OrVZae KBN616 ABO29322 BAB82467.1 
pectin lyase 1 EF452419 ABO38857.1 
(Pel1;AO090010000504) Aspergillus Oryzae RIB 40 APOO7175 BAE66352.1 
pectin lyase 2 
(Pel2AO090010000030) Aspergillus oryzae RIB 40 APOO7175 BAE65949.1 
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Figure 38E 
Pectate Lyases 

Protein Organism GenBank GenPept 
Colletotrichum 

pectate lyase (PelB) gloeosporioides AFO52632 AADO9857.1 
Colletotrichum 

pectin lyase (PnlA) gloeosporioides L22857 AAA21817.1 
Colletotrichum 

pectate lyase 2 (Pel-2) gloeosporioides f. sp. malvae AF156985 AAD43566.1 
Colletotrichum 

pectin lyase (Pnl1;Pn-1) gloeosporioides f. sp. malvae AF158256 AAF222441 
Colletotrichum 

pectin lyase 2 (Pn2;Pn-2) gloeoSporioides f. sp. malvae AF156984 AAD43565.1 
ColletOtrichum 

pectate lyase 1 (Pel-1) gloeosporioides f. sp. malvae AF156983 AAD43564.1 
L18911 AAA33398.1 

EFO26O17 ABM68553.1 

pectate lyase (LLP-52) Lilium longiflorum Z17328 CAA78976.1 
AF2O6319 AAF 1919.5.1 

pectate lyase DO663594 ABG745831 
(Pell;PI1;MWPI1;Ban17) Musa acuminata Williams X92943 CAA63496.1 

X61102 CAA43414.1 

X67158 |CAA47630.1 
pectate lyase Nicotiana tabacum X67,159 CAA47631.1 

YO9541 CAA70735.1 
pectate lyase Zinnia elegans AXOO5936 CACO5181.1 
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Figure 39A 
Rhamnogalacturonases 

Protein Organism GenBank/GenPept 
rhamnogalacturonate lyase Erwinia Chrysanthemi 
(RhiE) 3937 AJ4383.39 CAD27359.1 
rhamnogalacturonan lyase Aspergillus aculeatuS 
(RhgB) KSM 510 L355OO | AAA64368.1 

rhamnogalacturonan lyase Aspergillus nidulans AACD01 000108 EAA58417.1 
(AN6395.2) FGSC A4 DO490501 || ABF50877.1 

rhamnogalacturonan lyase Aspergillus nidulans AACD01 0001.22 EAA61387.1 
(AN7135.2) FGSC A4 DO490504 || ABF50880.1 

rhamnogalacturonan lyase Subsp. Subtilis Str. As an A 
(YesW:BSUO7050) 168 NC OOO964 || NP 388586.1 
exo-unsaturated Bacilius Subtilis Z991 O7 | CAB 12525.1 
rhamnogalacturonan lyase Subsp. subtilis Str. AA 
(YesX;BSU07060) 168 NC OOO964 || NP 388587.1 

Cellvibrioiaponicus 
former 

rhamnogalacturonan lyase - Pseudomonas 
RC1 1A Cellulosa AYO26755 AAK2O911.1 
CJA 3559 
(rhamnogalacturonan lyase) - Cellvibrio japonicus 
Rg111A Ueda 107 CPOOO934.1 | ACE83155.1 

Clostridium 
rhamnogalacturonan lyase Y Cellulolyticum ATCC 
- Rg11Y 35319 AF316823 || AAG45 1611 

Figure 39B 
Rhamnogalacturonate Hydrolases 

Protein Organism GenBank/GenPept 
GH family 105 

unsaturated Bacius Subtilis 
rhamnogalacturony Subsp. subtilis str. 
hydrolase (BSU3O120; YteR) 168 Z991. 19 CAB 14990.1 
unsaturated Z991 O7 CAB 12519.1 
rhamnogalacturony Bacillus Subtilis 
hydrolase (BSU07000; Subsp. Subtilis Str. 
YesR) 168 NC OOO964 NP 388581.1 
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Figure 40A 
Pectate Methyl Esterases 

Protein Organism GenBank/GenPept 

Family 8 
Erwinia Carotovora Subsp. 

ECA3253 (PemA) atrOSeptica SCR 1043 BX950851 CAG761511 
Erwinia Carotovora Subsp. 

ECAO107 (PrmeB) atroseptica SCR 1043 BX950851 CAG73027.1 
Erwinia Chrysanthemi 

pectin methylesterase b 3937 X84665 CAA59151.1 

LO7644 AAA24852.1 

pectin methylesterase A Erwinia chrysanthem - AAR64146.1 
(PemA:Pem) 3937 B374 YOO549 CAA68628.1 

PseudoalterOrmonas 
pectate lyase A haloplanktis ANT1505 AF2 787O6 AAF86344.2 

ACOO4411 AAC34240.1 
AYO91768 AAM 103.16.1 

BTOO112O AAN6451 11 

AY83O948 AAW91508.1 

AJ2504 AB58974.1 pectin methylesterase (Pme5; AJ250430 CAB58974.1 
Vgd1;At2g47040/F14M4.13) Arabidopsis thaliana NM 130272 NP 182227.1 

pectin methylesterase (Pme1) ASOerCillus aculeatuS U49378 AAB42153.1 

pectin methyl esterase Aspergillus nidulans DQ490489 ABF50865. 1 
(AN3390.2) FGSC A4 AACDO 1000055 EAA63358.1 

A34997 CAA02198.1 

A35006 CAAO2201.1 

A35008 CAA022O2.1 
X529O2 CAA37084.1 

pectin methylesterase (Pme1) Aspergillus niger RH 5344 X54145 CAA38O84.1 
Aspergillus Oryzae 

pectin methylesterase (PimeA) KBN616 ABO11211 BAA75474.1 
pectin methylesterase 
(PmeAAO090012000749) ASpergillus Oryzae RIB 40 APOO7161 BAE60873.1 

Botryotinia fuckeliana 
pectin methylesterase (Bcpme2) Bd90 AJ4284.03 CAD21438.1 
pectin methyl esterase 
(Bcpme1) Botryotinia fuckeliana T4 AJ3097O1 CAC29255.1 

pectin methylesterase 1.1 U82973 AAB57667.1 
(PECS-11) Citrus Sinensis U82976 AAB5767O.1 
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Figure 40B 
Pectate Methyl Esterases 

Protein Organism GenBank GenPept 

pectin methylesterase (PME 1) Cochliobolus carbonum AF159252 || AAD4334.0.1 

pectin methylesterase Daucus Carota 

pectinesterase FapE1 Fradaria xananassa AY324.809 || AACR21124.1 

pectin methyl-esterase (Pef1) Medicado truncatula AU24961 1 || CAB65291.1 

pectin methyl-esterase (Per) Medicago truncatula AJ24961 1 || CAB6529O.2 

pectin methylesterase Nicotiana benthamiana AY238968 AAO857O6.1 

pectin methylesterase Nicotiana plumbaginifolia Z71752 | CAA964.34.1 
pectin methylesterase 
(NtPPME 1) Nicotiana tabaCum AY772945 AAX13972.1 

pectin methylesterase Nicotiana tabacum AJ4O1158 CAB95025.1 
pectin methylesterase (PME 1) 
(fragment) Orobanche Cumana AYO72720 AAL66865.1 
pectin methylesterase 
(fragment) Orobanche Cumana AF333068 || AAG49395.1 

pectin methylesterase Petunia inflata L27 101 | AAA33714.1 
pectin methyl esterase Populus tremula X 
(PttPME1) Populus tremuloides AJ277547 CACO 1624.1 
pectin methylesterase PME1 
(fragment) PrunuS armeniaCa AF184O79 AAG12248.1 
pectin methylesterase 
SOPME1 Salix dilaiana ABO294.61 || BAA8948O1 

pectin methylesterase (PME) Vitis riparia 

pectin methylesterase Sitophilus orvzae AY84 1894 || AAW289281 

U50985 AAB67739.1 
- AAO71552.1 

A15983 || CAAO1257.1 

A1701 1 CAAO 1315.1 

XO7910 CAA30746.1 
pectin methylesterase 2 Solanum lyCOpersicum X74639 CAA52704.1 

U4933O | AADO9283.1 
pectin methylesterase (Pmeu1) Solanum lyCOpersicum AYO46596 || AALO2367.1 

U50986 || AAB6774O1 

pectin methylesterase 1 A17010 CAAO 1314.1 
(PME1.9) Solanum lyCOpersicum X74638 || CAA527O3.1 

pectin methyl esterase (Pest1) Solanum tuberosum AF1521 71 | AAF238911 

pectin methyl esterase (Pest2) Solanum tuberosum AF152172 AAF23892.1 
pectin methylesterase isoform 
alpha (PME2) (fragment Viana radiata AF229849 AAF35897. 

AF178989 AAD51853.1 
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Figure 41 
Pectate Acetyl Esterases 

Protein Organism GenBank/GenPept 
Family12 
acetyl Xylan esterase APOO1511 || BABO4834.1 
(Rgae;BH 1115) Bacilius halodurans C-125 NC OO257O | NP 24.1981.1 
cephalosporin C 
deacetylase Bacillus sp. KCCM 10143 AF184175 || AAF25818.1 

acetyl Xylan esterase Bacillus Subtilis Subsp. Z991 07 CAB 12521.1 
(YesT:BSU07020) Subtilis Str. 168 NC OOO964 NP 388583. 1 

Erwinia Carotovora Subsp. 
ECA3252 (PaeY) atroseptica SCR 1043 BX950851 | CAG76150.1 
pectin acetylesterase 
(Paey) Erwinia Chrysanthem 3937 YO9828 CAA7O9711 

rhamnogalacturonan ASpergillus aculeatuS KSM 
acetylesterase (Rha1) || 510 X89714 || CAA61858.1 
rhamnogalacturOnan DO490479 || ABF50855.1 
acetylesterase Aspergillus nidulans FGSC 
(AN2528.2) A4 AACDO 1 OOOO43 EAA64633.1 
pectin acetylesterase Vigna radiata WiZeck X99348 || CAA67728.1 
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Production of 2-phenyl ethanol (24 hrs) 
g 

t 

dic Pat We ach 

FIG 42A 

  



Patent Application Publication Jun. 18, 2009 Sheet 65 of 92 US 2009/O155873 A1 

i s 
C O O O O O O 
f O O) t N 

WO2npOld J0% 

  



Patent Application Publication Jun. 18, 2009 Sheet 66 of 92 US 2009/O155873 A1 

i 
uoponpold go 9% 

  



Patent Application Publication Jun. 18, 2009 Sheet 67 of 92 US 2009/O155873 A1 

O 
(N 
ve 

5 O 
VH 

E v 
O 
O 
H 
O 
E als 
o E. S 
g 5 

2 8 S SS 
O H Y 
S 

-C 
O S 
UM) E 

E 
O 

O g 
o 

O OO O S (N O 
v 

eouepund Wenlee 

  



{{{# "OIH 

US 2009/O155873 A1 

|}} ? —————————========H==================== 0 

Z 

Jun. 18, 2009 Sheet 68 of 92 

8 

Patent Application Publication 

edu epundW emihee 



US 2009/O155873 A1 Patent Application Publication 

  



Patent Application Publication Jun. 18, 2009 Sheet 70 of 92 US 2009/O155873 A1 

3 s 3 

S. 
?us. 

. . . 

O 
s 
O 

S i S 

S 

S 

C 
O m 

ve Lr O w Ln O w un O 
eouepundW eNhee eouepunaw enlee eouepunw ownee 

3 H 

  

  



Patent Application Publication Jun. 18, 2009 Sheet 71 of 92 US 2009/O155873 A1 

- SS & S. a 
O C 

V QS 
S 

O 
VO 

Oo 
O . . 

.9 O 

C - H 

C 

9 
N to t 

O d O 
O s (N 

ve 
as . asa 

E e n C 
S 5 5 
O N 

al . S o E 
H He : S 

O 
s 

N 

O 
C OO 
O 

S N 
U cs 

P E 
Dis O 
N D 
C 
LL 

O 
Z 

C. O 
O Y r frt4 PV fis r 

wis f O V Ln O t O 

eOuepunqv empe|ey eOuepunqv emperey eOuepunuvi-Allee) 

  



Patent Application Publication Jun. 18, 2009 Sheet 72 of 92 US 2009/O155873 A1 

o S NS 
Vd N 
O Y 

o Q 
s 

8', ) 
... ". 

... 
H . S. 

y 

f 

O 
C 

O O 

S : N 
. 
N : O 

V st p 

O 
es es 

O 
2 E S O 

s se s 

O O) O) N 
S E S S 
p. H H 

- m 
O O 
O 
O . . . . ... O 

s 8 CO 

5 M 

O . . . . 
O . . . . 
k 
O 
O N : 

N 
S N n 

M s O ... O 
s U c O 

> C) 
1. 

O O 

H H O. 
O a 1 a A" "t": c rS 

O w f O w O 

aouepunqv enlee eouepundV enjee eouepunuiv onneley 

  



Patent Application Publication Jun. 18, 2009 Sheet 73 of 92 US 2009/O155873 A1 

NCS 
Ln W. we ra. N 

----------- O QS 
N 

. . " SN 
N 

o . . ." 
C * . . . . . 

2 s S 
al 

... O 
on 
N O) ... 
d s SR 

2 

E - O 3. 
S r ... : .. 
CU g E. 
5 5 5 
s N 
E. S E E 
P H He 

N r : 
O O V 
C 
O 

U 

9 S 
O 

N S N 
S CN th 
S. M O s 
s O C 

D ? O 
V 1. N 

O O 

d O 
O Sir 

f O re- un O w Cu 

epuepunqv e^peed eouepunqv enlae|ey eouepunqvonneley 

  



Patent Application Publication Jun. 18, 2009 Sheet 74 of 92 US 2009/O155873 A1 

S 
N N 

- QS 
CN N 
N 

.9 
C 
O) 
C 
? 

E O 
O) (d N 

O 
O 

i O 
r N 
t . SR 

Us 

Lr 
E 
S - 

al g S3 
C 
2 5 5 N 

OU CU N 

E E E S 
3. - . . . . H O 
O : st 
ma 

s ) 
O 
H 
O 

5 
a O 

t O 
s V 
C N 
O N 

N 
O 
S C 
'S > O 

V o N S. ? 

Ol O 

N O 
S 

y O V Ln O Cu 

eouepunqv e^nee eouepunqvenueley eouepunavonneley 

  



US 2009/0155873 A1 Jun. 18, 2009 Sheet 75 of 92 Patent Application Publication 

Figure 47 
iobarbituric acid (TBA) Assay Th 
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Figure 57 
Production of Ethanol from Alginate 

140 cc 

-- 

pBBRPcio-AchAfB pBBRPic-Act. AfB + 1.5 Fos 
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BOFUEL PRODUCTION 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims the benefit under 35 U.S.C. 
S119(e) of U.S. Provisional Patent Application No. 60/977, 
628 filed Oct. 4, 2007, which application is incorporated 
herein by reference in its entirety. 

STATEMENT REGARDING SEQUENCE 
LISTING 

0002 The Sequence Listing associated with this applica 
tion is provided in text format in lieu of a paper copy, and is 
hereby incorporated by reference into the specification. The 
name of the text file containing the Sequence Listing is 
150097 4.0102 SEQUENCE LISTING..txt. The text file is 
519 KB, was created on Oct. 3, 2008, and is being submitted 
electronically via EFS-Web. 

TECHNICAL FIELD 

0003. The present application relates generally to the use 
of microbial and chemical systems to convert biomass to 
commodity chemicals, such as biofuels/biopetrols. 

BACKGROUND 

0004 Petroleum is facing declining global reserves and 
contributes to more than 30% of greenhouse gas emissions 
driving global warming. Annually 800 billion barrels of trans 
portation fuel are consumed globally. Diesel and jet fuels 
account for greater than 50% of global transportation fuels. 
0005 Significant legislation has been passed, requiring 
fuel producers to cap or reduce the carbon emissions from the 
production and use of transportation fuels. Fuel producers are 
seeking Substantially similar, low carbon fuels that can be 
blended and distributed through existing infrastructure (e.g., 
refineries, pipelines, tankers). 
0006 Due to increasing petroleum costs and reliance on 
petrochemical feedstocks, the chemicals industry is also 
looking forways to improve margin and price stability, while 
reducing its environmental footprint. The chemicals industry 
is striving to develop greener products that are more energy, 
water, and CO efficient than current products. Fuels pro 
duced from biological sources, such as biomass, represent 
one aspect of process. 
0007 Presents method for converting biomass into biofu 
els focus on the use of lignocellulolic biomass, and there are 
many problems associated with using this process. Large 
scale cultivation of lignocellulolic biomass requires Substan 
tial amount of cultivated land, which can be only achieved by 
replacing food crop production with energy crop production, 
deforestation, and by recultivating currently uncultivated 
land. Other problems include a decrease in water availability 
and quality and an increase in the use of pesticides and fer 
tilizers. 
0008. The degradation of lignocellulolic biomass using 
biological systems is a very difficult challenge due to its 
Substantial mechanistic strength and the complex chemical 
components. Approximately thirty different enzymes are 
required to fully convert lignocellulose to monosaccharides. 
The only available alternate to this complex approach 
requires a Substantial amount of heat, pressure, and strong 

Jun. 18, 2009 

acids. The art therefore needs an economic and technically 
simple process for converting biomass into hydrocarbons for 
use as biofuels or biopetrols. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 FIG. 1 shows the Vibrio splendidus genomic region 
of the fosmid clone described in Example 1. Genes are indi 
cated with orange arrows. Labels show the numerical gene 
indices and the predicted function of the proteins. 
0010 FIG. 2 illustrates the pathways involved in certain 
embodiment in which E. coli may be engineered to grow on 
alginate as a sole source of carbon. 
0011 FIG. 3 illustrates the pathways involved in certain 
embodiment in which E. coli may be engineered to grow on 
pectin as a sole source of carbon. 
0012 FIG. 4 shows the results of engineered or recombi 
nant E. coli growing on alginate as a sole source of carbon 
(see Solid circles). Agrobacterium tumefaciens cells provide a 
positive control (see hatched circles). The well to the imme 
diate left of the of the A. tumefaciens positive control contains 
DH1 OBE. coli cells, which provide a negative control. 
0013 FIG. 5 shows the growth of recombinant strain of E. 
coli on galacturonates and pectin. FIG. 5A shows the growth 
of E. coli on various lengths of galacturonate after 24hr. The 
recombinant strain in FIG. 5A is the E. coli BL21 (DE3) strain 
harboring pTrilogl-kdgR+pBBRGal3P, and the control strain 
is the BL21 (DE3) strain harboring pTrc99A+pBBR1MCS-2, 
as described in Example 2. FIG. 5B shows the growth of 
recombinant E. coli on pectin after 3-4 days. The recombinant 
strain in FIG. 5B is E. coli DH5a strain containing pPEL74 
(Ctrl) and pPEL74 and pROU2, as described in Example 2. 
0014 FIG. 6 shows the degradation of alginate to form 
pyruvate. FIG. 6A illustrates a simplified metabolic pathway 
for alginate degradation and metabolism. FIG. 6B shows the 
results of in vitro degradation of alginate to form pyruvate by 
an enzymatic degradation route. FIG. 6C shows the results of 
in vitro degradation of alginate to form pyruvate by a chemi 
cal degradation route. 
0015 FIG. 7 shows the biological activity of various alco 
hol dehydrogenases isolated from Agrobacterium tumefa 
ciens C58. FIG. 7A shows DEHU hydrogenase activity as 
monitored by NADPH consumption, and FIG. 7B shows 
mannuronate hydrogenase activity as monitored by NADPH 
consumption. 
0016 FIG. 8 shows the GC-MS chromatogram results for 
the control sample (FIG.8A) and for isobutyraldehyde, 3-me 
thylpentanol, and 2-methylpentanal production from pBAD 
alsS-ilvCD-leuABCD2 and pTrcBALK (FIG. 8B). 
(0017 FIG.9 shows the GC-MS chromatogram results for 
the control sample (FIG. 9A) and for 4-hydroxyphenyletha 
nol and indole-3-ethanol production from pBADtyra-aro 
LAC-aroG-tktA-aroBDE and pTrcBALK (FIG.9B). 
0018 FIG. 10 shows the mass spectrometry results for 
isobutanal (FIG. 10A), 3-methylpentanol (FIG. 10B), and 
2-methylpentanol (FIG. 10C). 
0019 FIG. 11 shows the mass spectrometry results for 
phenylethanol (FIG. 11A), 4-hydroxyphenylethanol (FIG. 
11B), and indole-3-ethanol (FIG. 11C). 
0020 FIG. 12 shows the biological activity of diol dehy 
dratases. FIG. 12A shows the reduction of butyroin by ddh1. 
ddh2, and ddh3 as monitored by NADH consumption. FIG. 
12B shows the oxidation activity of ddh3 towards 1,2-cyclo 
pentanediol and 1.2-cyclohexanediol as measured by NADH 
production. 
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0021 FIG.13 summarizes the results of kinetic studies for 
various Substrates in the oxidation reactions catalyzed by the 
DDH polypeptides. These reactions were NAD+ dependent. 
0022 FIG. 14 shows the nucleotide sequence (FIG. 14A) 
(SEQID NO:97) and polypeptide sequence (FIG. 14B) (SEQ 
ID NO: 98) of diol dehydrogenase DDH1 isolated from Lac 
tobaccillus brevis ATCC 367. 
0023 FIG. 15 shows the nucleotide sequence (FIG. 15A) 
(SEQID NO:99) and polypeptide sequence (FIG. 15B) (SEQ 
ID NO:100) of diol dehydrogenase DDH2 isolated from 
Pseudomonas putida KT2440. 
0024 FIG. 16 shows the nucleotide sequence (FIG. 16A) 
(SEQ ID NO:101) and polypeptide sequence (FIG. 16B) 
(SEQ ID NO:102) of diol dehydrogenase DDH3 isolated 
from Klebsiella pneumoniae MGH78578. 
0025 FIG. 17 shows the sequential in vivo biological 
activity of a benzaldehyde lyase (bal) gene isolated from 
Pseudomonas fluorescens (codon usage was optimized for E. 
coli protein expression) and addh gene isolated from Kleb 
siella pneumoniae subsp. pneumoniae MGH 78578 (DDH3). 
This reaction illustrates the sequential conversion of butanal 
into 5-hydroxy-4-octanone and then 4,5-octanonediol. FIG. 
17A shows the detection ofbutyroin (5-hydroxy-4-octanone) 
at 5.36 minutes, and FIG. 17B shows the detection of 4,5- 
octanediol at 6.49 and 6.65 minutes. 
0026 FIG. 18 shows the sequential in vivo biological 
activity of a benzaldehyde lyase (bal) gene isolated from 
Pseudomonas fluorescens (codon usage was optimized for E. 
coli protein expression) and addh gene isolated from Kleb 
siella pneumoniae subsp. pneumoniae MGH 78578 (DDH3). 
This Figure illustrates the sequential conversion of n-pentanal 
into 6-hydroxy-5-decanone and then 5,6-decanediol. FIG. 
18A shows the detection of valeroin (6-hydroxy-5-decanone) 
at 8.22 minutes, and FIG. 18B shows the detection of 5,6 
decanediol at 9.22 and 9.35 minutes. 
0027 FIG. 19 shows the sequential in vivo biological 
activity of a benzaldehyde lyase (bal) gene isolated from 
Pseudomonas fluorescens (codon usage was optimized for E. 
coli protein expression) and addh gene isolated from Kleb 
siella pneumoniae subsp. pneumoniae MGH 78578 (DDH3). 
This Figure illustrates the sequential conversion of 3-meth 
ylbutanal into 2,7-dimethyl-5-hydroxy-4-octanone and then 
2,7-dimethyl-4,5-octanediol. FIG. 19A shows the detection 
of isoveraloin (2,7-dimethyl-5-hydroxy-4-octanone) at 6.79 
minutes, and FIG. 19B shows the detection of 2,7-dimethyl 
4,5-octanediol at 7.95 and 8.15 minutes. 
0028 FIG. 20 shows the sequential in vivo biological 
activity of a benzaldehyde lyase (bal) gene isolated from 
Pseudomonas fluorescens (codon usage was optimized for E. 
coli protein expression) and addh gene isolated from Kleb 
siella pneumoniae subsp. pneumoniae MGH 78578 (DDH3). 
This Figure illustrates the sequential conversion of n-hexanal 
into 7-hydroxy-6-dodecanone and then 6,7-dodecanediol. 
FIG. 20A shows the detection of hexanoin (7-hydroxy-6- 
decanone) at 10.42 minutes, and FIG. 20B shows the detec 
tion of 6.7 dodecanediol at 10.89 and 10.95 minutes. 
0029 FIG. 21 shows the sequential in vivo biological 
activity of a benzaldehyde lyase (bal) gene isolated from 
Pseudomonas fluorescens (codon usage was optimized for E. 
coli protein expression) and addh gene isolated from Kleb 
siella pneumoniae subsp. pneumoniae MGH 78578 (DDH3). 
This Figure illustrates the sequential conversion of 4-meth 
ylpentanal into 2,9-dimethyl-6-hydroxy-5-decanone and 
then 2,9-dimethyl-5,6-decanediol. FIG.21A shows the detec 
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tion of isohexanoin (2.9-Dimethyl-6-hydroxy-5-decanone) at 
9.45 minutes, and FIG. 21B shows the detection of 2,9-dim 
ethyl-5,6-decanediol at 10.38 and 10.44 minutes. 
0030 FIG. 22 shows the in vivo biological activity of a 
benzaldehyde lyase (bal) gene isolated from Pseudomonas 
fluorescens (codon usage was optimized for E. coli protein 
expression) and addh gene isolated from Klebsiella pneumo 
niae subsp. pneumoniae MGH 78578 (DDH3). This Figure 
illustrates the conversion of n-octanal into 9-hydroxy-8-hexa 
decanone by showing the detection of detection of octanoin 
(9-hydroxy-8-hexadecanone) at 12.35 minutes. 
0031 FIG. 23 shows the in vivo biological activity of a 
benzaldehyde lyase (bal) gene isolated from Pseudomonas 
fluorescens (codon usage was optimized for E. coli protein 
expression) and addh gene isolated from Klebsiella pneumo 
niae subsp. pneumoniae MGH 78578 (DDH3). This Figure 
illustrates the conversion of acetaldehyde into 3-hydroxy-2- 
butanone by showing the detection of acetoin (3-hydroxy-2- 
butanone) at rt=0.91 minutes. 
0032 FIG. 24 shows the sequential in vivo biological 
activity of a benzaldehyde lyase (bal) gene isolated from 
Pseudomonas fluorescens (codon usage was optimized for E. 
coli protein expression) and addh gene isolated from Kleb 
siella pneumoniae subsp. pneumoniae MGH 78578 (DDH3). 
This Figure illustrates the sequential conversion of n-propa 
nal into 4-hydroxy-3-hexanone and then 3.4-hexanediol. 
FIG.24A shows the detection of propioin (4-hydroxy-3-hex 
anone) at rt=2.62 minutes, and FIG.24B shows the detection 
of 3,4-hexanediol at rt=3.79 minutes. 
0033 FIG. 25 the in vivo biological activity of a benzal 
dehyde lyase (bal) gene isolated from Pseudomonas fluore 
scens (codon usage was optimized for E. coli protein expres 
sion) and a ddh gene isolated from Klebsiella pneumoniae 
subsp. pneumoniae MGH 78578 (DDH3). This Figure illus 
trates the conversion of phenylacetoaldehyde into 1,4-diphe 
nyl-3-hydroxy-2-butanone by showing the detection of 1,4- 
diphenyl-3-hydroxy-2-butanone at rt=13.66 minutes. 
0034 FIG. 26 shows the sequential biological activity of a 
diol dehydrogenase ddh from Klebsiella pneumoniae MGH 
78578 (DDH3) and a diol dehydratase pduCDE from Kleb 
siella pneumoniae MGH 78578. FIG. 26A shows GC-MS 
data which confirms the presence of 4.5-octanediol in the 
sample extraction, which is the expected product resulting 
from the reduction of butyroin by ddh3. FIG. 26B shows 
GC-MS data confirming the presence of 4-octanone in the 
sample extraction, which is the expected product resulting 
from the sequential dehydrogenation of butyroin and dehy 
dration of 4.5-octanediol by ddh3 and pduCDE, respectively. 
0035 FIG. 27 shows the sequential biological activity of a 
diol dehydrogenase ddh from Klebsiella pneumoniae MGH 
78578 (DDH3) and a diol dehydratase pduCDE from Kleb 
siella pneumoniae MGH 78578. FIGS. 27A and 27B show 
comparisons between the sample extraction gas chromato 
graph/mass spectrum and the 4-octanone standard gas chro 
matograph/mass spectrum, confirming that 4-octanone was 
produced from butyroin using the enzymes diol dehydroge 
nase (ddh3) and a diol dehydratase (pduCDE). 
0036 FIG. 28 shows the nucleotide sequence (FIG. 28A) 
(SEQ ID NO:103) and polypeptide sequence (FIG. 28B) 
(SEQID NO:104) of a diol dehydratase large subunit (pduC) 
isolated from Klebsiella pneumoniae MGH78578. 
0037 FIG. 29 shows the nucleotide sequence (FIG. 29A) 
(SEQ ID NO:105) and polypeptide sequence (FIG. 29B) 
(SEQ ID NO:106) of a diol dehydratase medium subunit 
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isolated from Klebsiella pneumoniae MGH78578 (pdul)), in 
addition to the nucleotide sequence (FIG. 29C) (SEQ ID 
NO:107) and polypeptide sequence (FIG. 29D) (SEQ ID 
NO:108) of a diol dehydratase small subunit isolated from 
Klebsiella pneumoniae MGH78578 (pduE). 
0038 FIG.30 shows the oxidation of 4-octanol by second 
ary alcoholdehydrogenases as monitored by NADH produc 
tion (FIG.30A) and NADPH production (FIG. 30B). 
0039 FIG.31 shows the oxidation of 4-octanol by second 
ary alcoholdehydrogenases as monitored by NADH produc 
tion (FIG.31A) and NADPH production (FIG. 31B). 
0040 FIG.32 shows the oxidation of 2,7-dimethyl octanol 
by secondary alcohol dehydrogenases as monitored by 
NADH production (FIG.32A)and NADPH production (FIG. 
32B). 
0041 FIG. 33 shows the oxidation and reduction activity 
of 2ADH11 and 2ADH16. FIG. 33A shows the reduction of 
2,7-dimethyl-4-octanone as measured by NADPH consump 
tion. FIG. 33B shows the reduction of 2,7-dimethyl-4-oc 
tanone, 4-octanone, and cyclolypentanone. 
0042 FIG.34 shows the oxidation and reduction of cyclo 
pentanol by secondary alcohol dehydrogenases. FIG. 34A 
shows the oxidation of cyclopentanol as monitored by NADH 
or NADPH formation. FIG. 34B shows the reduction of 
cyclopentanol as monitored by NADPH consumption. 
0.043 FIG. 35 shows the calculated rate constants for the 
illustrated reduction reactions for each substrate catalyzed by 
secondary alcohol dehydrogenase ADH-16 (SEQ ID 
NO:138). 
0044 FIG. 36 shows the calculated rate constants for the 
illustrated oxidation reactions for each substrate catalyzed by 
secondary alcohol dehydrogenase ADH-16 (SEQ ID 
NO:138). 
0045 FIG. 37 shows a list of alginate lyases genes/pro 
teins that may be utilized according to the methods and 
recombinant microorganisms described herein. 
0046 FIG.38 shows a list of pectate lyase genes/proteins 
that may be utilized according to the methods and recombi 
nant microorganisms described herein. 
0047 FIG. 39A shows a list of rhamnogalacturonan lyase 
genes/proteins that may be utilized according to the methods 
and recombinant microorganisms described herein. FIG. 39B 
shows a list of rhamnogalacturonate hydrolase genes/proteins 
that may be utilized according to the methods and recombi 
nant microorganisms described herein. 
0048 FIG. 40 shows a list of pectin methyl esterase genes/ 
proteins that may be utilized according to the methods and 
recombinant microorganisms described herein. 
0049 FIG. 41 shows a list of pectin acetyl esterase genes/ 
proteins that may be utilized according to the methods and 
recombinant microorganisms described herein. 
0050 FIG. 42 shows the production of 2-phenyl ethanol 
(FIG. 42A), 2-(4-hydroxyphenyl)ethanol (FIG. 42B), and 
2-(indole-3-)ethanol (FIG. 42C) at 24 hours from the recom 
binant microorganisms described in Example 4, which com 
prise functional 2-phenylethanol, 2-(4-hydroxyphenyl)etha 
nol, and 2-(indole-3-)ethanol biosynthesis pathways. 
0051 FIG. 43 shows the GC-MS chromatogram results 
that confirm the production of 2-phenyl ethanol (FIG. 43B) at 
one week from the recombinant microorganisms described in 
Example 4 (p3ADphe A-aroLAC-aroG-tktA-aroBDE and 
pTrch3ALK). FIG. 43A shows the negative control cells 
(pBAD33 and pTrc99A). 
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0.052 FIG. 44 shows the GC-MS chromatogram results 
that confirm the production of 2-(4-hydroxyphenyl)ethanol 
(9.36 min) and 2-(indole-3) ethanol (10.32 min) at one week 
from the recombinant microorganisms described in Example 
4 (p3ADtyra-aroLAC-aroG-tktA-aroBDE and pTrcBALK). 
0053 FIG. 45 confirms both the formation of 1-propanal 
from 1,2-propanediol (FIG. 45A), and the formation of 2-bu 
tanone from meso-2,3-butanediol (FIG. 45B), both of which 
were catalyzed in vitro by an isolated B12 independent diol 
dehydratase, as described in Example 9. 
0054 FIG. 46A shows the in vivo production of 1-pro 
panol from 1,2-propanediol. FIG. 46B shows the in vivo 
production of 2-butanol from meso-2.3 butanediol. FIG. 46C 
shows the in vivo production of cyclopentanone from trans 
1.2-cyclopentanediol. These experiments were performed as 
described in Example 9. 
0055 FIG. 47 shows the results of the TBA assay, as 
performed in Example 10. The left tube in FIG. 47 represents 
media taken from an overnight culture of cells expressing 
Vs24254, showing secretion of an alginate lyase, while the 
right hand tube shows the TBA reaction using media from 
cells expressing Vs24259 (negative control). The lack of pink 
coloration in the negative control indicates that little or no 
cleavage of the alginate polymer has occurred. 
0056 FIG. 48 shows the in vivo biological activity of a 
C-C ligase isolated from Pseudomonas fluorescens and 
cloned into E. coli. The GC-MS chromatogram results show 
that codon-optimized benzaldehyde lyase (BAL) catalyzed 
the in vivo production of 3-hydroxy-2-pentanone and 2-hy 
droxy-3-pentanone from a ligation reaction between acetal 
dehyde and propionaldehyde (FIG. 48A), and catalyzed the in 
vivo production of 4-hydroxy-3-heptanone and 3-hydroxy-4- 
heptanone from a ligation reaction between propionaldehyde 
and butyraldehyde (FIG. 48B). 
0057 FIG. 49 shows the in vivo biological activity of a 
C-C ligase isolated from Pseudomonas fluorescens and 
cloned into E. coli. The GC-MS chromatogram results show 
that codon-optimized BAL catalyzed the in vivo production 
of 3-hydroxy-2-heptanone from a ligation reaction between 
acetaldehyde and pentanal (FIG. 49A), and catalyzed the in 
Vivo production of 4-hydroxy-3-octanone and 3-hydroxy-4- 
octanone from a ligation reaction between pentanal and pro 
pionaldehyde (FIG. 49B). 
0058 FIG. 50 shows the in vivo biological activity of a 
C-C ligase isolated from Pseudomonas fluorescens and 
cloned into E. coli. The GC-MS chromatogram results show 
that codon-optimized BAL catalyzed the in vivo production 
of 5-hydroxy-4-nonanone from ligation reaction between 
butyraldehyde and pentanal (FIG.50A), and catalyzed the in 
Vivo production of 2-methyl-5-hydroxy-4-decanone and 
2-methyl-4-hydroxy-5-decanone from ligation reaction 
between hexanal and 3-methylbutyraldehyde (FIG.50B). 
0059 FIG. 51 shows the in vivo biological activity of a 
C-C ligase isolated from Pseudomonas fluorescens and 
cloned into E. coli. The GC-MS chromatogram results show 
that codon-optimized BAL catalyzed the in vivo production 
of 6-methyl-3-hydroxy-2-heptanone from ligation reaction 
between acetaldehyde and 4-methylhexanal (FIG. 51A), and 
catalyzed the in vivo production of 7-methyl-4-hydroxy-3- 
octanone from a ligation reaction between 4-methylhexanal 
and propionaldehyde (FIG. 51B). 
0060 FIG. 52 shows the in vivo biological activity of a 
C-C ligase isolated from Pseudomonas fluorescens and 
cloned into E. coli. The GC-MS chromatogram results show 
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that codon-optimized BAL catalyzed the in vivo production 
of 8-methyl-5-hydroxy-4-nonanone from ligation reaction 
between 4-methylhexanal and butyraldehyde (FIG. 52A), 
and catalyzed the in vivo production of 3-hydroxy-2-de 
canone from a ligation reaction between acetaldehyde and 
octanal (FIG. 52B). 
0061 FIG. 53 shows the in vivo biological activity of a 
C-C ligase isolated from Pseudomonas fluorescens and 
cloned into E. coli. The GC-MS chromatogram results show 
that codon-optimized BAL catalyzed the in vivo production 
of 4-hydroxy-3-undecanone from ligation reaction between 
octanal and propionaldehyde (FIG.53A), and catalyzed the in 
Vivo production of 5-hydroxy-4-dodecanone from a ligation 
reaction between octanal and butyraldehyde (FIG. 53 B). 
0062 FIG. 54 shows the in vivo biological activity of a 
C-C ligase isolated from Pseudomonas fluorescens and 
cloned into E. coli. The GC-MS chromatogram results show 
that codon-optimized BAL catalyzed the in vivo production 
of 6-hydroxy-5-tridecanone (FIG. 54A) from ligation reac 
tion between octanal and pentanal, and catalyzed the in vivo 
production of 2-methyl-5-hydroxy-4-dodecanone and 2-me 
thyl-4-hydroxy-5-decanone from a ligation reaction between 
octanal and 3-methylbutyraldehyde (FIG. 54B). 
0063 FIG.55 shows the in vivo biological activity of a 
C-C ligase isolated from Pseudomonas fluorescens and 
cloned into E. coli. The GC-MS chromatogram results show 
that codon-optimized BAL catalyzed the in vivo production 
of 2-methyl-6-hydroxy-5-tridecanone from a ligation reac 
tion between octanal and 4-methylpentanal. 
0064 FIG. 56 shows the growth of recombinant E. coli on 
alginate as a sole source of carbon (FIG. 56A), as described in 
Example 10. Growth on glucose (FIG. 56B) provides a posi 
tive control. The cells were transformed with either no plas 
mid (BL21—negative control), one plasmid (e.g., Da or 3a), 
or two plasmids (e.g., Dk3a and Da3k). The plasmids are 
indicated by the lower case letter: “a” refers to the pET 
DEST42 plasmid backbone and “k” refers to the pENTR/D/ 
TOPO backbone. “D’ indicates that the plasmid contains the 
genomic region Vs24214-24249, while '3' indicates that the 
plasmid contains the genomic region Vs24189-24209. Thus, 
Dawould be pET-DEST42-Vs24214-24249, Da3k would be 
pET-DEST42-Vs24214-24249 and pENTR/D/TOPO 
Vs24189-24209 and so on. These results show that the com 
bined genomic regions Vs24214-24249 and Vs24189-24209 
are sufficient to confer on E. coli the ability to grow on 
alginate as a sole source of carbon. 
0065 FIG. 57 shows the production of ethanol by E. coli 
growing on alginate, as performed in Example 11. E. coli was 
transformed with either pBBRPdc-Adha/B or pBBRPdc 
Adha/B+1.5 FOS and allowed to grow in m9 media contain 
ing alginate. 

BRIEF SUMMARY 

0066 Certain embodiments of the present invention relate 
to methods for converting a suitable monosaccharide or oli 
gosaccharide to a commodity chemical, comprising: (a) con 
tacting the Suitable monosaccharide or oligosaccharide with a 
commodity chemical biosynthesis pathway, wherein the 
commodity chemical biosynthesis pathway comprises an 
aldehyde or ketone biosynthesis pathway, a C-C ligation 
pathway, and/or a dehydration and reduction pathway, 
thereby converting the Suitable monosaccharide or oligosac 
charide to the commodity chemical. 
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0067. In certain aspects, the biomass is selected from 
marine biomass and vegetable/fruit/plant biomass. In certain 
aspects, the marine biomass is selected from kelp, giant kelp, 
Sargasso, Seaweed, algae, marine microflora, microalgae, and 
seagrass. In certain aspects, the vegetable/fruit/plant biomass 
comprises plant peel or pomace. In certain aspects, the Veg 
etable/fruit/plant biomass is selected from citrus, potato, 
tomato, grape, gooseberry, carrot, mango, Sugar-beet, apple, 
Switchgrass, wood, and stover. 
0068. In certain aspects, the suitable monosaccharide or 
oligosaccharide is obtained from a biomass-derived polysac 
charide, wherein the polysaccharide is selected from alginate, 
agar, carrageenan, fucoidan, pectin, polygalacturonate, cel 
lulose, hemicellulose, Xylan, arabinan, and mannan. In cer 
tain aspects, the Suitable monosaccharide or oligosaccharide 
is selected from 2-keto-3-deoxy D-gluconate (KDG) glur 
onate, mannuronate, mannitol, lyxose, glycerol. Xylitol, glu 
cose, mannose, galactose, Xylose, arabinose, glucuronate, 
galacturonates, and rhamnose, and D-mannitol. 
0069. In certain aspects, the commodity chemical is 
selected from methane, methanol, ethane, ethene, ethanol, 
n-propane, 1-propene, 1-propanol, propanal, acetone, propi 
onate, n-butane, 1-butene, 1-butanol, butanal, butanoate, 
isobutanal, isobutanol, 2-methylbutanal, 2-methylbutanol, 
3-methylbutanal, 3-methylbutanol, 2-butene, 2-butanol, 
2-butanone, 2,3-butanediol, 3-hydroxy-2-butanone, 2,3-bu 
tanedione, ethylbenzene, ethenylbenzene, 2-phenylethanol, 
phenylacetaldehyde, 1-phenylbutane, 4-phenyl-1-butene, 
4-phenyl-2-butene, 1-phenyl-2-butene, 1-phenyl-2-butanol, 
4-phenyl-2-butanol, 1-phenyl-2-butanone, 4-phenyl-2-bu 
tanone, 1-phenyl-2,3-butandiol, 1-phenyl-3-hydroxy-2-bu 
tanone, 4-phenyl-3-hydroxy-2-butanone, 1-phenyl-2,3-bu 
tanedione, n-pentane, ethylphenol, ethenylphenol, 2-(4- 
hydroxyphenyl)ethanol, 4-hydroxyphenylacetaldehyde, 
1-(4-hydroxyphenyl)butane, 4-(4-hydroxyphenyl)-1-butene, 
4-(4-hydroxyphenyl)-2-butene, 1-(4-hydroxyphenyl)-1- 
butene, 1-(4-hydroxyphenyl)-2-butanol, 4-(4-hydroxyphe 
nyl)-2-butanol. 1-(4-hydroxyphenyl)-2-butanone, 4-(4-hy 
droxyphenyl)-2-butanone, 1-(4-hydroxyphenyl)-2,3- 
butandiol, 1-(4-hydroxyphenyl)-3-hydroxy-2-butanone, 
4-(4-hydroxyphenyl)-3-hydroxy-2-butanone, 1-(4-hydrox 
yphenyl)-2,3-butanonedione, indolylethane, indolylethene, 
2-(indole-3-)ethanol, n-pentane, 1-pentene, 1-pentanol, pen 
tanal, pentanoate, 2-pentene, 2-pentanol, 3-pentanol. 2-pen 
tanone, 3-pentanone, 4-methylpentanal, 4-methylpentanol, 
2,3-pentanediol, 2-hydroxy-3-pentanone, 3-hydroxy-2-pen 
tanone, 2.3-pentanedione, 2-methylpentane, 4-methyl-1- 
pentene, 4-methyl-2-pentene, 4-methyl-3-pentene, 4-me 
thyl-2-pentanol, 2-methyl-3-pentanol, 4-methyl-2- 
pentanone, 2-methyl-3-pentanone, 4-methyl-2,3- 
pentanediol, 4-methyl-2-hydroxy-3-pentanone, 4-methyl-3- 
hydroxy-2-pentanone, 4-methyl-2,3-pentanedione, 
1-phenylpentane, 1-phenyl-1-pentene, 1-phenyl-2-pentene, 
1-phenyl-3-pentene, 1-phenyl-2-pentanol. 1-phenyl-3-pen 
tanol. 1-phenyl-2-pentanone, 1-phenyl-3-pentanone, 1-phe 
nyl-2,3-pentanediol. 1-phenyl-2-hydroxy-3-pentanone, 
1-phenyl-3-hydroxy-2-pentanone, 1-phenyl-2,3-pentanedi 
one, 4-methyl-1-phenylpentane, 4-methyl-1-phenyl-1-pen 
tene, 4-methyl-1-phenyl-2-pentene, 4-methyl-1-phenyl-3- 
pentene, 4-methyl-1-phenyl-3-pentanol, 4-methyl-1-phenyl 
2-pentanol, 4-methyl-1-phenyl-3-pentanone, 4-methyl-1- 
phenyl-2-pentanone, 4-methyl-1-phenyl-2,3-pentanediol. 
4-methyl-1-phenyl-2,3-pentanedione, 4-methyl-1-phenyl-3- 
hydroxy-2-pentanone, 4-methyl-1-phenyl-2-hydroxy-3-pen 





US 2009/O 155873 A1 

ethyl-3-hydroxy-4-heptanone, 2,5-dimethyl-4-hydroxy-3- 
heptanone, n-octane, 1-octene, 2-octene, 1-octanol, octanal, 
octanoate, 3-octene, 4-octene, 4-octanol, 4-octanone, 4.5- 
octanediol. 4.5-octanedione, 4-hydroxy-5-octanone, 2-me 
thyloctane, 2-methyl-3-octene, 2-methyl-4-Octene, 7-me 
thyl-3-octene, 3-methyl-3-octene, 3-methyl-4-octene, 
6-methyl-3-octene, 2-methyl-4-Octanol, 7-methyl-4-octanol, 
3-methyl-4-Octanol, 6-methyl-4-Octanol, 2-methyl-4-Oc 
tanone, 7-methyl-4-Octanone, 3-methyl-4-Octanone, 6-me 
thyl-4-Octanone, 2-methyl-4,5-octanediol, 2-methyl-4,5-oc 
tanedione, 3-methyl-4,5-octanediol, 3-methyl-4,5- 
octanedione, 2-methyl-4-hydroxy-5-octanone, 2-methyl-5- 
hydroxy-4-octanone, 3-methyl-4-hydroxy-5-octanone, 
3-methyl-5-hydroxy-4-octanone, 2,7-dimethyloctane, 2.7- 
dimethyl-3-octene, 2,7-dimethyl-4-octene, 2,7-dimethyl-4- 
octanol. 2,7-dimethyl-4-octanone, 2,7-dimethyl-4,5-oc 
tanediol. 2,7-dimethyl-4,5-octanedione, 2,7-dimethyl-4- 
hydroxy-5-octanone, 2,6-dimethyloctane, 2,6-dimethyl-3- 
octene, 2,6-dimethyl-4-octene, 3,7-dimethyl-3-octene, 2.6- 
dimethyl-4-Octanol, 3,7-dimethyl-4-octanol. 2,6-dimethyl-4- 
octanone, 3.7-dimethyl-4-octanone, 2,6-dimethyl-4,5- 
octanediol. 2,6-dimethyl-4,5-octanedione, 2,6-dimethyl-4- 
hydroxy-5-octanone, 2,6-dimethyl-5-hydroxy-4-octanone, 
3,6-dimethyloctane, 3,6-dimethyl-3-octene, 3,6-dimethyl-4- 
octene, 3,6-dimethyl-4-Octanol. 3,6-dimethyl-4-octanone, 
3,6-dimethyl-4,5-octanediol. 3,6-dimethyl-4,5-octanedione, 
3,6-dimethyl-4-hydroxy-5-octanone, n-nonane, 1-nonene, 
1-nonanol, nonanal, nonanoate, 2-methylnonane, 2-methyl 
4-nonene, 2-methyl-5-nonene, 8-methyl-4-nonene, 2-me 
thyl-5-nonanol, 8-methyl-4-nonanol, 2-methyl-5-nonanone, 
8-methyl-4-nonanone, 8-methyl-4,5-nonanediol, 8-methyl 
4.5-nonanedione, 8-methyl-4-hydroxy-5-nonanone, 8-me 
thyl-5-hydroxy-4-nonanone, 2,8-dimethylnonane, 2,8-dim 
ethyl-3-nonene, 2,8-dimethyl-4-nonene, 2,8-dimethyl-5- 
nonene, 2,8-dimethyl-4-nonanol. 2,8-dimethyl-5-nonanol, 
2,8-dimethyl-4-nonanone, 2,8-dimethyl-5-nonanone, 2.8- 
dimethyl-4,5-nonanediol. 2,8-dimethyl-4,5-nonanedione, 
2,8-dimethyl-4-hydroxy-5-nonanone, 2,8-dimethyl-5-hy 
droxy-4-nonanone, 2,7-dimethylnonane, 3,8-dimethyl-3- 
nonene, 3,8-dimethyl-4-nonene, 3.8-dimethyl-5-nonene, 
3.8-dimethyl-4-nonanol, 3.8-dimethyl-5-nonanol, 3.8-dim 
ethyl-4-nonanone, 3.8-dimethyl-5-nonanone, 3,8-dimethyl 
4.5-nonanediol. 3,8-dimethyl-4,5-nonanedione, 3.8-dim 
ethyl-4-hydroxy-5-nonanone, 3.8-dimethyl-5-hydroxy-4- 
nonanone, n-decane, 1-decene, 1-decanol, decanoate, 2.9- 
dimethyldecane, 2,9-dimethyl-3-decene, 2,9-dimethyl-4- 
decene, 2,9-dimethyl-5-decanol, 2.9-dimethyl-5-decanone, 
2.9-dimethyl-5,6-decanediol. 2,9-dimethyl-6-hydroxy-5-de 
canone, 2.9-dimethyl-5,6-decanedionen-undecane, 1-un 
decene, 1-undecanol, undecanal. undecanoate, n-dodecane, 
1-dodecene, 1-dodecanol, dodecanal, dodecanoate, n-dode 
cane, 1-decadecene, 1-dodecanol, ddodecanal, dodecanoate, 
n-tridecane, 1-tridecene, 1-tridecanol, tridecanal, tride 
canoate, n-tetradecane, 1-tetradecene, 1-tetradecanol, tet 
radecanal, tetradecanoate, n-pentadecane, 1-pentadecene, 
1-pentadecanol, pentadecanal, pentadecanoate, n-hexade 
cane, 1-hexadecene, 1-hexadecanol, hexadecanal, hexade 
canoate, n-heptadecane, 1-heptadecene, 1-heptadecanol, 
heptadecanal, heptadecanoate, n-octadecane, 1-octadecene, 
1-octadecanol, octadecanal, octadecanoate, n-nonadecane, 
1-nonadecene, 1-nonadecanol, nonadecanal, nonadecanoate, 
eicosane, 1-eicosene, 1-eicosanol, eicosanal, eicosanoate, 
3-hydroxy propanal, 1,3-propanediol, 4-hydroxybutanal, 
1,4-butanediol, 3-hydrxy-2-butanone, 2,3-butandiol, 1.5- 
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pentane diol, homocitrate, homoisocitorate, b-hydroxy adi 
pate, glutarate, glutarsemialdehyde, glutaraldehyde, 2-hy 
droxy-1-cyclopentanone, 1.2-cyclopentanediol, 
cyclopentanone, cyclopentanol, (S)-2-acetolactate, (R)-2,3- 
Dihydroxy-isovalerate, 2-oxoisovalerate, isobutyryl-CoA, 
isobutyrate, isobutyraldehyde, 5-amino pentaldehyde, 1.10 
diaminodecane, 1,10-diamino-5-decene, 1,10-diamino-5- 
hydroxydecane, 1,10-diamino-5-decanone, 1,10-diamino-5, 
6-decanediol. 1,10-diamino-6-hydroxy-5-decanone, 
phenylacetoaldehyde, 1,4-diphenylbutane, 1,4-diphenyl-1- 
butene, 1,4-diphenyl-2-butene, 1,4-diphenyl-2-butanol, 1,4- 
diphenyl-2-butanone, 1,4-diphenyl-2,3-butanediol. 1,4- 
diphenyl-3-hydroxy-2-butanone, 1-(4-hydeoxyphenyl)-4- 
phenylbutane, 1-(4-hydeoxyphenyl)-4-phenyl-1-butene, 
1-(4-hydeoxyphenyl)-4-phenyl-2-butene, 1-(4-hydeoxyphe 
nyl)-4-phenyl-2-butanol. 1-(4-hydeoxyphenyl)-4-phenyl-2- 
butanone, 1-(4-hydeoxyphenyl)-4-phenyl-2,3-butanediol. 
1-(4-hydeoxyphenyl)-4-phenyl-3-hydroxy-2-butanone, 
1-(indole-3)-4-phenylbutane, 1-(indole-3)-4-phenyl-1- 
butene, 1-(indole-3)-4-phenyl-2-butene, 1-(indole-3)-4-phe 
nyl-2-butanol, 1-(indole-3)-4-phenyl-2-butanone, 1-(indole 
3)-4-phenyl-2,3-butanediol, 1-(indole-3)-4-phenyl-3- 
hydroxy-2-butanone, 4-hydroxyphenylacetoaldehyde, 1,4-di 
(4-hydroxyphenyl)butane, 1,4-di(4-hydroxyphenyl)-1- 
butene, 1,4-di(4-hydroxyphenyl)-2-butene, 1,4-di(4- 
hydroxyphenyl)-2-butanol, 1,4-di(4-hydroxyphenyl)-2- 
butanone, 1,4-di(4-hydroxyphenyl)-2,3-butanediol. 1,4-di(4- 
hydroxyphenyl)-3-hydroxy-2-butanone, 1-(4- 
hydroxyphenyl)-4-(indole-3-)butane, 1-(4-hydroxyphenyl)- 
4-(indole-3)-1-butene, 1-di(4-hydroxyphenyl)-4-(indole-3)- 
2-butene, 1-(4-hydroxyphenyl)-4-(indole-3)-2-butanol, 1-(4- 
hydroxyphenyl)-4-(indole-3)-2-butanone, 1-(4- 
hydroxyphenyl)-4-(indole-3)-2,3-butanediol, 1-(4- 
hydroxyphenyl-4-(indole-3)-3-hydroxy-2-butanone, indole 
3-acetoaldehyde, 1,4-di(indole-3-)butane, 1,4-di(indole-3)- 
1-butene, 1,4-di(indole-3)-2-butene, 1,4-di(indole-3)-2- 
butanol, 1,4-di(indole-3)-2-butanone, 1,4-di(indole-3)-2,3- 
butanediol, 1,4-di(indole-3)-3-hydroxy-2-butanone, 
Succinate semialdehyde, hexane-1,8-dicarboxylic acid, 
3-hexene-1,8-dicarboxylic acid, 3-hydroxy-hexane-1,8-di 
carboxylic acid, 3-hexanone-1,8-dicarboxylic acid, 3.4-hex 
anediol-1,8-dicarboxylic acid, 4-hydroxy-3-hexanone-1.8- 
dicarboxylic acid, fucoidan, iodine, chlorophyll, carotenoid, 
calcium, magnesium, iron, Sodium, potassium, and phos 
phate. 
0070 Certain embodiments of the present invention 
include methods for converting a Suitable monosaccharide or 
oligosaccharide to a commodity chemical comprising, (b) 
contacting the Suitable monosaccharide or oligosaccharide 
with a microbial system for a time sufficient to convert to the 
Suitable monosaccharide or oligosaccharide to the commod 
ity chemical, wherein the microbial system comprises: (i) one 
or more genes encoding and expressing a biosynthesis path 
way; (ii) one or more genes encoding and expressing a C-C 
ligation pathway; and (iii) a reduction and dehydration path 
way, comprising one or more genes encoding and expressing 
an enzyme selected from a diol dehydrogenase, a diol dehy 
dratase, and a secondary alcohol dehydrogenase, thereby 
converting the Suitable monosaccharide or oligosaccharide to 
the commodity chemical. In certain aspects, the biosynthesis 
pathway is selected from (a) an aldehyde biosynthesis path 
way, (b) a ketone synthesis pathway, and (c) both (a) and (b). 
0071. In certain aspects, the biosynthesis pathway com 
prises an acetoaldehyde biosynthesis pathway, and wherein 
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the acetoaldehyde biosynthesis pathway converts the suitable 
monosaccharide or oligosaccharide to an acetoaldehyde. In 
certain aspects, the biosynthesis pathway comprises a propi 
onaldehyde biosynthesis pathway, and wherein the propi 
onaldehyde biosynthesis pathway converts the suitable 
monosaccharide or oligosaccharide to a propionaldehyde. In 
certain aspects, the biosynthesis pathway comprises a 
butyraldehyde biosynthesis pathway, and wherein the 
butyraldehyde biosynthesis pathway converts the suitable 
monosaccharide or oligosaccharide to a butyraldehyde. 
0072. In certain aspects, the biosynthesis pathway com 
prises a isobutyraldehyde biosynthesis pathway, and wherein 
the isobutyraldehyde biosynthesis pathway converts the suit 
able monosaccharide or oligosaccharide to a isobutyralde 
hyde. In certain aspects, the biosynthesis pathway comprises 
a 2-methylbutyraldehyde biosynthesis pathway, and wherein 
the 2-methylbutyraldehyde biosynthesis pathway converts 
the Suitable monosaccharide or oligosaccharide to a 2-meth 
ylbutyraldehyde. In certain aspects, the biosynthesis pathway 
comprises a 3-methylbutyraldehyde biosynthesis pathway, 
and wherein the 3-methylbutyraldehyde biosynthesis path 
way converts the Suitable monosaccharide or oligosaccharide 
to a 3-methylbutyraldehyde. 
0073. In certain aspects, the biosynthesis pathway com 
prises a 4-methylpentaldehyde biosynthesis pathway, and 
wherein the 4-methylpentaldehyde biosynthesis pathway 
converts the Suitable monosaccharide or oligosaccharide to a 
4-methylpentaldehyde. In certain aspects, the biosynthesis 
pathway comprises a phenylacetaldehyde biosynthesis path 
way, and wherein the phenylacetaldehyde biosynthesis path 
way converts the Suitable monosaccharide or oligosaccharide 
to a phenylacetaldehyde. In certain aspects, the biosynthesis 
pathway comprises a 5-amino pentaldehyde biosynthesis 
pathway, and wherein the 5-amino pentaldehyde biosynthesis 
pathway converts the Suitable monosaccharide or oligosac 
charide to a 5-amino pentaldehyde. 
0074. In certain aspects, the biosynthesis pathway com 
prises a 2-(4-hydroxyphenyl)acetaldehyde biosynthesis path 
way, and wherein the 2-(4-hydroxyphenyl)acetaldehyde bio 
synthesis pathway converts the Suitable monosaccharide or 
oligosaccharide to a 204-hydroxyphenyl)acetaldehyde. In 
certain aspects, the biosynthesis pathway comprises an 2-(In 
dole-3-)acetaldehyde biosynthesis pathway, and wherein the 
2-(Indole-3) acetaldehyde biosynthesis pathway converts the 
Suitable monosaccharide or oligosaccharide to a 2-(Indole 
3-)acetaldehyde. 
0075. In certain aspects, the C C ligation pathway com 
prises at least one enzyme selected from an acetoaldehyde 
lyase, a propionaldehyde lyase, a butyraldehyde lyase, an 
isobutyraldehyde lyase, a 2-methyl-butyraldehyde lyase, a 
3-methyl-butyraldehyde lyase, a phenylacetaldehyde lyase, 
an oxaloacetate decarboxylase, an O-keto glutarate decar 
boxylyase, an O-keto adipate decarboxylyase, a pentaldehyde 
lyase, a 4-methyl-pentaldehyde lyase, a hexaldehyde lyase, a 
heptaldehyde lyase, an octaldehyde lyase, a 4-hydroxyphe 
nylacetaldehyde lyase, an indoleacetaldehyde lyase, an 
indolephenylacetaldehyde lyase, a benzaldehyde lyase, a 
pyruvate decarboxylase, a benzformate lyase, and a 2-keto 
isovalerate decarboxylase. In certain aspects, the C-C liga 
tion pathway comprises a C-C ligase oran optimized C-C 
ligase. 
0076. In certain aspects, the C C ligase or optimized 
C-C ligase comprises at least one enzymatic activity 
selected from an acetoaldehyde lyase activity, a propionalde 
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hyde lyase activity, a butyraldehyde lyase activity, an isobu 
tyraldehyde lyase activity, a 2-methyl-butyraldehyde lyase 
activity, a 3-methyl-butyraldehyde lyase activity, a phenylac 
etaldehyde lyase activity, an oxaloacetate decarboxylase 
activity, an O-keto glutarate decarboxylyase activity, an 
C.-keto adipate decarboxylyase activity, a pentaldehyde lyase 
activity a 4-methyl-pentaldehyde lyase activity, a hexalde 
hyde lyase activity, a heptaldehyde lyase activity, an octalde 
hyde lyase activity, a 4-hydroxyphenylacetaldehyde lyase 
activity, an indoleacetaldehyde lyase activity, an indolephe 
nylacetaldehyde lyase activity, a benzaldehyde lyase activity, 
a pyruvate decarboxylase activity, a benzformate lyase activ 
ity, and a 2-keto isovalerate decarboxylase activity. 
0077. In certain aspects, the C C ligation pathway com 
prises a benzaldehyde lyase, or a biologically active variant or 
fragment thereof. In certain aspects, the benzaldehyde lyase 
is derived from Pseudomonas fluorescens. In certain aspects, 
the benzaldehyde lyase comprises a polypeptide having an 
amino acid sequence that is at least 80%, 90%. 95%, 98%, or 
99% identical to the amino acid sequence set forth in SEQID 
NO: 144. In certain aspects, the amino acid sequence of the 
benzaldehyde lyase comprises one or more conserved resi 
dues selected from G27, E50, A57. G155, P162, P234, D271, 
G277, G422, G447, D448, and G512. 
0078. In certain aspects, the dehydration and reduction 
pathway comprises a diol dehydrogenase selected from 2,3- 
butanediol dehydrogenase, 3,4-hexanediol dehydrogenase, 
4.5-octanediol dehydrogenase, 5,6-decanediol dehydroge 
nase, 6,7-dodecanediol dehydrogenase, 7,8-tetradecanediol 
dehydrogenase, 8.9-hexadecanediol dehydrogenase, 2.5- 
dimethyl-3,4-hexanediol dehydrogenase, 3,6-dimethyl-4,5- 
octanediol dehydrogenase, 2,7-dimethyl-4,5-octanediol 
dehydrogenase, 2,9-dimethyl-5,6-decanediol dehydroge 
nase, 1,4-diphenyl-2,3-butanediol dehydrogenase, bis-1,4- 
(4-hydroxyphenyl)-2,3-butanediol dehydrogenase, 1,4-diin 
dole-2,3-butanediol dehydrogenase, 1.2-cyclopentanediol 
dehydrogenase, 2,3-pentanediol dehydrogenase, 2.3-hex 
anediol dehydrogenase, 2.3-heptanediol dehydrogenase, 2.3- 
octanediol dehydrogenase, 2.3-nonanediol dehydrogenase, 
4-methyl-2,3-pentanediol dehydrogenase, 4-methyl-2,3- 
hexanediol dehydrogenase, 5-methyl-2,3-hexanediol dehy 
drogenase, 6-methyl-2,3-heptanediol dehydrogenase, 1-phe 
nyl-2,3-butanediol dehydrogenase, 1-(4-hydroxyphenyl)-2, 
3-butanediol dehydrogenase, 1-indole-2,3-butanediol 
dehydrogenase, 3,4-heptanediol dehydrogenase, 3,4-oc 
tanediol dehydrogenase, 3,4-nonanediol dehydrogenase, 3,4- 
decanediol dehydrogenase, 3,4-undecanediol dehydroge 
nase, 2-methyl-3,4-hexanediol dehydrogenase, 5-methyl-3, 
4-heptanediol dehydrogenase, 6-methyl-3,4-heptanediol 
dehydrogenase, 7-methyl-3,4-octanediol dehydrogenase, 
1-phenyl-2,3-pentanediol dehydrogenase, 1-(4-hydroxyphe 
nyl)-2,3-pentanediol dehydrogenase, 1-indole-2,3-pen 
tanediol dehydrogenase, 4.5-nonanediol dehydrogenase, 4.5- 
decanediol dehydrogenase, 4,5-undecanediol 
dehydrogenase, 4.5-dodecanediol dehydrogenase, 2-methyl 
3,4-heptanediol dehydrogenase, 3-methyl-4,5-octanediol 
dehydrogenase, 2-methyl-4,5-octanediol dehydrogenase, 
8-methyl-4,5-nonanediol dehydrogenase, 1-phenyl-2,3-hex 
anediol dehydrogenase, 1-(4-hydroxyphenyl)-2,3-hex 
anediol dehydrogenase, 1-indole-2,3-hexanediol dehydroge 
nase, 5,6-undecanediol dehydrogenase, 5.6-undecanediol 
dehydrogenase, 5,6-tridecanediol dehydrogenase, 2-methyl 
3,4-octanediol dehydrogenase, 3-methyl-4,5-nonanediol 
dehydrogenase, 2-methyl-4,5-nonanediol dehydrogenase, 




























































































































































































































































































































































































































































































































































