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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 3 
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E. coli Growing on Alginate 
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Figure 5A 
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Figure 6B 
Pyruvate formation from alginate (enzymatic degradation route) 
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Figure 6C 
Pyruvate formation from alginate (chemical degradation route). 
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Figure 7A 
DEHU hydrogenase activity monitored by NADPH consumption 
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Figure 7B 
Mannuronate hydrogenase activity monitored by NADPH consumption 
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Figure 9A 
GC-MS chromatogram of Control 
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Figure 9B 
GC-MS chromatogram for 4-hydroxyphenylethanol and indole-3-ethanol production from 
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Figure 10A 
Mass spectrometry of isobutanal 
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Mass spectrometry of 2-methylpentanol 
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Figure 11A 
Mass spectrometry of 2-phenylethanol 
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Figure 11B 
Mass spectrometry of 4-hydroxyphenylethanol 
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Figure 11C 
Mass spectrometry of indole-3-ethanol 
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Figure 12A 
Reduction of butyroin by ddh1, ddh2, and ddh3 monitored by NADH consumption. 

1.4 

1.2 

O 8 

O. 6 

O4 

O.2 

O 5 O 15 2O 25 BO 

Time (min) 

Figure 12B 
Oxidation activity of dah3 towards 1,2-cyclopentanediol and 1,2-cyclohexanediol as 

measured by NADH production. 
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Figure 13 
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Figure 14A 
Nucleotide sequence of diol dehydrogenase DDH1 isolated from Lactobaccius 

brevis ATCC 367 

ATGGCATCAAATGGAAAAGTAGCAATGGTTACCGGTGGCGGACAAGGAATTGGTGAAGC 
CATCTCGAAACGGTTAGCTAACGACGGCT''''GCTGTGGCAATTGCTGATTTGAACTTGG 
ACAATGCCAACAAGGTCGTTTCTGATATTGAAGCTGCT(GGTG (GCAAGGCCATTGCGGTC 
AAGACCGATGTCTCTGATCGTGATAGCGTGTTTGCTGCGGT'TAATGAAGCGGCCGACAA 
GCTGGGCGGCTTTGACGTTATCGT'TAATAACGCCGGCCTTGGCCCAACCACGCCAATTG 
ACACCAT CACCCAAGAACAGTTTGATACGGTTTATCACGTTAACGTGGGTGGGGTTCTT 
TGGGGCATTCAAGCAGCCCATGCGAAGTTCAAGGAATTGGGTCATGGTGGGAAGATCAT 
TTCCGCGACGTCTCAAGCCGGGGTTGTTGGTAACCCGAACTTAGCTCTGTACAGTGGAA 

CTAAGTTTGCCATTCGTGGTGTGACCCAAGTTGCGGCGCGTGACTTAGCCGCTGAAGGT 
ATCACGGTCAATGCTTATGCACCCGGGATTGTTAAGACACCAATGATGTTTGACATCGC 
TCACAAGGTTGGT CAAAAIGCTGGTAAAGACGACGAATGGGGGATGCA AACCTTCCAA 
AGGACATCGCTTTATGTCGATTGTCAGAACCAGAAGATGTGGCTAACGGGGTGGCTTTC 
'''TAGCCGGTCCCGATTCTAACTACATTACGGGTCAAACACT'TGAAGTIGATGGTGGGAT 

GCAGTTCCACTAA (SEQ ID NO: 97) 

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

Lactobaccillus brevis ATCC 367 

MASNGKVAMVTGGGOGIGEAISKRLANDGFAVAIADLNLDNANKVVSDIEAAGGKAIAW 
KTDVSDRDSWFAAVNEAADKLGGFDWIVNNAGLGPTTPIDTITOE OFDTVYHVNVGGVL 
WGIOAAHAKFKELGHGGKIISATSOAGVWGNPNLALYSGTKFAIRGWTOVAARDLAAEG 
ITVNAYAPG IVKTPMMFDIAHKVGQNAGKDDEWGMOTFSKDIALCRLSEPEDVANGWAF 
LAGPDSNYITGQTLEVDGGMOFH (SEQ ID NO: 98) 
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Figure 15A 
Nucleotide sequence of diol dehydrogenase DDH2 isolated from Pseudomonas 

putida KT2440 

ATGAATGACCTGAGCCACACCCACATGCGCGCGGCCGTCTGGCATGGCCGCCACGATAT 
TCGTGTCGAACAGGTACCT'T'TGCCGGCCGACCCTGCGCCGGGCTGGGGCAGATCAAGG 
TGGACTGGTGCGGCATCTCCGGCTCCGACCTGCACGAATATGTTGCCGGCCCGGTGTTC 
ATCCCGGTAGAGGCCCCGCACCCGCTGACCGGCATTCAGGGCCAGTGCATCCTCGGCCA 
CGAATTCTGCGGCCA CATCGCCAAGCTTGGCGAAGGCGTGGAAGGCTATGCCGTAGGCG 
ACCCGGTGGCGGCAGACGCGTGCCAGCATTGTGGTACCTGCTATTACTGCACCCATGGC 
CTGTACAA CATCTGCGAA CGCCTGGCGTTCACCGGCCTGATGAACAACGGTG (CCTTCGC 
CGAGCTGGTCAACGTGCCCGCCAAC CTGCTCTACCGGCTGCCGCAGGGCTTCCCTGCCG 
AAGCCGGGGCACTGATCGAGCCGCTGGCGGTGGGTATGCACGCGGTGAAAAAGGCCGGC 
AGCCTGCTTGGGCAAACCGTTGTAGTGGTTGGGGCCGGCACCATCGGCCTGTG (CACCAT 
CATGTGCGCCAAGGCTGCAGGTGCGGCACAGGTCATCGCCCTTGAGATGTCCTCTGCGC 

GCAA AGCCAAGGCCAAGGAAGCGGGCGCCAA CGTGGTGCTGGACCCCAGCCAGTGCGAT 
GCCCTGGCGGAAATCCGCGCACTGACTGCTGGGCTGGGCGCCGATGTGAGTTTTGAGTG 
CATCGGCAACAAACATACGGCCAAGCTGGCCATCGACACCATCCGCAAAGCAGGCAAGT 
GCGTGCTGGTGGGTATTTTCGAAGAGCCCAGCGAGTTCAACTTCTTCGAGCTGGTGTCC 
ACCGAGAAGCAAGTGCTGGGGGCGTTGGCGTACAACGGCGAGTTTGCTGACGTGATTGC 
CTTCATTGCTGATGGTCGGCTGGATATTCGCCCGCTGGTAACCGGCCGGATCGGATTGG 
AGCAGATTGTCGAGCTGGGCTTCGAGGAACTGGTGAACAACAAAGAGGAGAA CGTGAAG 

ATCATCGTTTCACCAGGTGTGCGCTGA (SEO ID NO: 99) 

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

putida KT2440 

MNDLSHTHMRAAWWHGRHDIRVEQVPLPADPAPGWVQIKVDWCGICGSDLHEYVAGPWF 
PWEAPHPLTGIOGOCILGHEFCGHIAKLGEGWEGYAVGDPWAADACOHCGTCYYCTHG 
LYNICERLAFTGLMNNGAFAELVNWPANLLYRLPOGEPAEAGALLEPLAWGMHAWKKAG 
ST,LGOTVVVVGAGTTGT, CTTMCAKAAGAAQVTATEMSSARKAKAKEAGANVVT, DPSOCD 
AIAEIRALTAGIGADWSFECIGNKHTAKTAIDTIRKAGKCWLWGIEEE PSEENFEELWS 

TEKOWLGALAYINGEF ADVIAFIADGRLDIRPLWTGRIGLEOIVELGFEELVNNKEENVK 
VSPGVR (SEO TD NO: 100) 
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Figure 16A 
Nucleotide sequence of diol dehydrogenase DDH3 isolated from Klebsiella 

pneumoniae MGH78578 

ATGAAAAAAGTCGCACTTGTTACCGGCGCCGGCCAGGGGATTGGTAAAGCTATCGCCCT 
TCGTCTGGTGAAGGATGGATTTGCCGTGGCCATTGCCGATTATAACGACGCCACCGCCA 
AAGCGGTCGCCTCGGAAATCAACCAGGCCGGCGGACACGCCGTGGCGGTGAAAGTGGAT 
GTCTCCGACCGCGATCAGGTATTTGCCGCCGTTGAACAGGCGCGCAAAACGCTGGGCGG 
CTTCGACGTCATCGT CAATAACGCCGGTGTGGCACCGTCTACGCCGATCGAGTCCATTA 
CCCCGGAGATTGTCGACAAAGTCTACAACATCAACGTCAAAGGGGTGATCTGGGGTATT 
CAGGCGGCGGTCGAGGCCTTTAAGAAAGAGGGGCACG (GCGGGAAAATCATCAA CGCCTG 
TTCCCAGGCCGGCCACGTCGGCA ACCCGGAGCTGGCGGTGTATAGCTCCAGTAAATTCG 

CGGTACGCGGCTTAACCCAGACCGCCGCTCGCGACCTCGCGCCGCTGGGCATCACGGTC 
AACGGCTACTGCCCGGGGATTGT CAAAACGCCAATGTGGGCCGAAATTGACCGCCAGGT 

GTCCGAAGCCGCCGGTAAACCGCTGGGCTACGGTACCGCCGAGTTCGCCAAACGCATCA 
CTCTCGGTCGTCTGTCCGAGCCGGAAGATGTCGCCGCCTGCGTCTCCTATCTTGCCAGC 
CCGGATTCTGATTACATGACCGGTCAGTCGTTGCT(GATCGACGGCGGGATGGTATTTAA 

CTAA (SEO ID NO: 101) 

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

pneumoniae MGH78578 

MKKWALWTGAGQGIGKAIALRLVKDGFAWAIADYNDATAKAVASEINQAGGHAWAWKVD 
WSDRDOVFAAVEQARKTLGGFDWIVNNAGWAPST PIESITPE IVDKWYNINWKGWIWG 
QAAWEAEKKEGHGGKTINACSQAGHWGNPELAWYSSSKFAWRGLTQTAARDLAPLGITW 
NGYCPGIWKTPMWAEIDROWSEAAGKPLGYGTAEFAKRITLGRLSEPEDWAACVSYLAS 
PDSDYMT'GOSLLIDGGMV FN (SEQ ID NO: 102) 
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Figure 21A 
Detection of isohexanoin (2,9-Dimethyl-6-hydroxy-5-decanone) at 9.45 min 
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Figure 21B 
Detection of 2,9-dimethyl-5,6-decanediol at 10.38 and 10.44 min 
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Figure 22 
Detection of octanoin (9-Hydroxy-8-hexadecanone) at 12.35 min 
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Figure 23 
Detection of 3-hydroxy-2-butanone (acetoin) ?t=0.91 min 
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Figure 24A 
Detection of 4-hydroxy-3-hexanone (propioin) rt=2.62 min 
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Figure 24B 
Detection of 3,4-hexanediol t3.79 min 
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Figure 25 

Detection of 1,4-diphenyl-3-hydroxy-2-butanone ?t=13.66 min 
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Figure 26A 
GC-MS data confirming the presence of 4,5-octanediol in the sample extraction 
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Figure 26B 
GC-MS data confirming the presence of 4-octanone in the sample extraction 
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Figure 29A 
Nucleotide sequence of diol dehydratase medium subunit isolated from Klebsiella 

pneumoniae MGH78578 (pduD) 

ATGGAAATTAACGAAACGCTGCTGCGCCAGATTATCGAAGAGGTGCTGTCGGAGATGAAATCAGG 
CGCAGATAAGCCGGTCTCCTTTAGCGCGCCTGCGGCTTCTGTCGCCTCTGCCGCGCCGGTCGCCG 
TTGCGCCTGTGTCCGGCGACAGCTTCCTGACGGAAATCGGCGAAGCCAAACCCGGCACGCAGCAG 

CGGGCCAGCGTTTGGTCTGGCGCAAACCGCCAATATCGTCGGCAT 
TCCGCATAAAAATATTCTGCGCGAAGTGATCGCCGGCATTGAGGAAGAAGGCATCAAAGCCCGGG 

TCTGACGTCGCCTTCGTGGCAGTGGAAGGCA ACCGCCTGAGCGGC 
TCAGTCGAAAGGCACCACCGTCATCCACCAGCGCGGCCTGCCGCC 
TCCCGCAGGCGCCGCTGCTGACGCTGGAAACCTACCGTCAGATTG 

GCAAAAACGCCGCGCGCTACGCCAA ACGCGAGTCGCCGCAGCCGGTGCCGACGCTTAACGATCAG 
ATGGCTCGTCCCAAATACCAGGCGAAGTCGGCCATTTTGCACATTAAAGAGACCAAATAC GTGGT 

GACGGGCAAAAACCCGCAGGAACTGCGCGTGGCGCTTTAA (SEQ ID NO : 105) 

GATGAAGTCATTATTGCCG 

TGATCCGCTGCTTTAAGTC 
TCCGGCATCTCGATCGGTA 
GCTTTCCAATCTGGAACTC 

MEINETILL ROTIEEWLSEMKSGADKPWS) 
DEWIIAVG PAEGLAOTANIWGIPHKNII 

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

pneumoniae MGH78578 (pduD) 

FSAPAAS WASAAPWAWAPWSG DSFLTEIGEAKPGTQQ 
REVIAGIEEE GIKARWIRCFKSSDWAE'WAWEGNRLSG 

SGISIGIOSKGT"TWIHORGI, PEPLSNLELFPOAPLLTLETYROIGKNAARYAKRESPOPWPTLNDO 
MARPKY QAKSAILHIKETKYWWTGKNP 

ATGAATACCGACGCAATTGAATCCATGG 

ETRWAT (SEQ ID NO : 106) 

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

MGH78578 (pduE) 

ACGCGACGTGCTGAGCCGGATGAACAGCCTACAGGA 
CGGGATAACGCCCGCGCCAGCCGCGCCGACAAACGACACCGTTCGCCAGCCAAAAGTTAGCGACT 

CCGGAGTGGGTCAA AACCGCTACCAATAAAACGCTCGATGACCTG ACCCGTTAGCGACCCGCCA 
ACGCTGGAGA ACGTATTAAGCGATCGCG TACGGCGCAGGACATGCGCATCACTCCGGAAACGCT 
GCGTATGCAGGCGGCGATCGCCCAGGATGCCGGACGCGATCGGCTGGCGATGAACTTTGAGCGGG 

CCCGACGACCGAATCCTTGAGATCTACA ACGCCCTGCGCCCATAC CCGCAGAGCTCACCGCGGT 
CGTTCCACCCAGGCGGAGC ACTGGCGA CGCTGATGACCTCGAGCATCGCTACCAGGCACGACT 
CTGTGCCGCCTTTGTTCGGGAAGCGGCCGGGCTGTACATCGAGCGTAAGAAGCTGAAAGGCGACG 

ATTAA (SEQ ID NO : 107) 

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

MGH78578 (pduE) 

MNTDATESMVRDVT, SRMNSLCDGTTPAPAAPTNDTVROPKVSDYPLATRHPEWVKTATNKTLDDI, 
TLENWLSDRWTAODMRITPETLRMQAAIAQDAGRDRLAMNFERAAELTAWPDDRILEIYNALRPY 
RSTQAELLAIADDLEHRYOAR) LCAAFVREAAGLYTERKKLKGDD (SEC ID NO: 108) 
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Figure 30A 
Oxidation of 4-octanol monitored by NADH production (2ADH 1-10) 

1,6 ADH-1 

1.4 a 2ADH-2 

1.2 2ADH-3 

1. se2ADH-4 

a 2ADH-5 
O.8 

a 2ADH-6 
O.5 

-H2ADH 
O.4 

-2ADH-8 

O.2 -2ADH-9 

O f 2ADH-10 
O O 1OO 15D 

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) 
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Figure 32B 
Oxidation of 2,7-dimethyl octanol 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 - NAD(P)H Consumption via Reduction of 2,7-dimethyl 
4-octahore 

HH 2ADH1 
A NABHeontrol 

NADPH Control 

Figure 33B 
Activity of 2ADH11 and 2ADH16 Towards Various Substrates 
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Figure 34A 
Oxidation of cyclopentanol 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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Figure 35 
Calculated Rate Constants for Reduction Reactions of 2ADH16 

O OH 

l 2 NADPH) NADP+ 1. 2 
H 

R R 2ADH5 R R 

Reduction Reaction 
2-methylcyclohexanon; K = 211 secy f. 18 c 

- 4-methylcyclohexanonic: k(k-17.5 socM +/- 2.0 

- cycloheptanore: KWK = 4,08-sec"M+/- 0.62 c 

4-Octanon: k/K-44.7-seclM! 7.3.7 Fe1N1-1N1 

-4-deca Tone: kWK approx 150 socM --~~ 



Patent Application Publication Jun. 4, 2009 Sheet 44 of 81 US 2009/O139134 A1 

Figure 36 
Calculated Rate Constants for Oxidation Reactions of 2ADH16 

OH O 

11N 2 NADP+ - NADPH l 
R R 

R R ADH5 
Oxidation Reaction H 

- 4-octanol:k/K = 1430 scCM +/-200 ----- 

- 4-decanol:k/K = 1260 scCM +/- 290 ~~ 

- cycloheptanol:k/K- 198 scc.M. f. 19 (5 

-3-hexanol: kVK = 148 socM +/- 16 Hic 

- 2-methyl-3-octanol:k/K = 123 socM if 16 "--- 
CH H h 

5-methyl-3-hexanol:WK - 17.9 scCM + 3,5 -- 
H 

-2,5-dincthyl-3-hexanol: kWK = 1.55 sec"M +/-.24 e 
H H. 

-3-methyl-2-pontanol:k/k is 8.54 scCM +/- 2.04 CH 
CH 

2-mothylcyclohexanol: kWK - 97.4 scCM +/- 14.4 

- 4-mothylcyclohexanol:k/K = 10.4 socM+/- 21.1 
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Figure 37A 
Alginate Lyases 

Protein Organism GenBank GenPept 
Family 5 

Azotobacter chroococCum 
alginate lyase (Alg) ATCC 4412 A223605 || CAA1 1481.1 

AFO27499 || AACO4567.1 

alginate lyase (Alg) Azotobacter winelandii AFO376OO | AAC323.13.1 
alginate lyase (Alg) Cobetia marina N-1 ABO 18795 || BAA33966.1 

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

Pseudomonas aeruginosa 
alginate lyase (Alg) FRD1 U27829 || AAA91127.1 

Pseudomonas aeruginosa AE004775 AAGO6935.1 
alginate lyase (Algl;PA3547) PAO1 NC OO2516 || NP 252237.1 
alginate lyase (Alg) Pseudomonas sp. QD03 AY38O832 AAR23929.1 
alginate lyase (Ag) Pseudomonas sp. QDA AY 183384 AAN63147.1 

Pseudomonas syringae pv. 
alginate lyase (Alg) syringae FF5 AF222O2O | AAF32371.1 
alginate lyase (aly;A1- - || 200933OA 
I/PolyG+PolyMA1 
II/PolyG:A1-III/PolyM) Sphingomonas sp. A1 ABO 11415 || BABO33 12.1 

Family 6 
alginate lyase (AlyP) Pseudomonas sp. OS-ALG-9 D10336 || BAAO 1182.1 

Family 7 
guluronate lyase (alyPG) Corynebacterium sp. ALY-1 ABO3O481 || BAA833.39.1 

Klebsiella pneumoniae subsp. 
poly(-L-guluronate) lyase (AlyA) aerogenes L19657 AAA25049.1 
alginate lyase poly- Photobacterium sp. ATCC 
mannuronate lyase (AlxM) 43367 X7OO36 CAA49830.1 

AEOO4547 || AAGO4556.1 
Pseudomonas aeruginosa 

alginate lyase (PA 1167) PAO1 NC OO2516 || NP 249858.1 

alginate lyase (A1-II") Sphingomonas sp. A1 AB 120939 BAD16656.1 
alginate lyase (aly;A1- - || 200933OA 
I/PolyG+PolyM:A1 
II/PolyG:A1-III/PolyM) Sphingomonas sp. A1 ABO 11415 || BABO33 12.1 
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Figure 37B 
Alginate Lyases 

Protein Organism GenBank GenPept 
Family 7 
poly(a-L-guluronate) lyase 
(AlyVGl;AlyVG1) Wibrio halioticoli AM 14596T AF114039 || AAF22512.1 
alginate lyase 1 poly 
mannuronate lyase (AlyWOA) | Vibrio sp. O2 DO23516O | ABB3677.1.1 
alginate lyase 1 poly 
mannuronate lyase (AlyWOB) || Wibrio sp. O2 DC235181 | ABB36772.1 

alginate lyase (AlyWI) Vibrio sp. QY101 AY221030 AAP45155.1 
eXO-oligoalginate lyase 
(HdAlex:HdAlex-1) Haliotis discus hannai AB234872 | BAE81787.1 
alginate lyase (HdAly) Haliotis discus hannai AB1 1.OO94 || BAC8775.8.1 
polysaccharide lyase acting 
on glucuronic acid (VAL-1) Chlorella virus CWK2 ABO44791 || BAB 19127.1 
alginate lyase (Alyl) Pseudomonas sp. OS-ALG-9 ABOO3330 || BAA 19848.1 

Family.18 

alginate lyase Pseudoalteromonas sp. 272 

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

Family 15 
exotype alginate lyase Agrobacterium tumefaciens AEO09232 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 ABO 11415 || BABO3319.1 
alginate lyase (A1-IV) Sphingomonas sp. A1 AB178667 || BAD90OO6.1 
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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 - AAS292.95.1 
APOO152O BABO7538.1 

pectate lyase (BH3819) Bacillus halodurans C-125 NC OO257O NP 244.686.1 
APOO1509 BABO44 17.1 

pectate lyase (BHO698) Bacillus halodurans C-125 NC OO2570 NP 24.1584.1 
- AAE59746.1 

- AAN26179.1 

A517.194 CAD56882.1 
pectate lyase (PelA) Bacillus licheniformis 14A - AAS29293.1 

CPOOOOO2 AAU25.568.1 

Bacillus licheniformis DSM 13 AEO17333 AAU42942.1 
BLiO4129 or BL00947 (Pell) ATCC 14580 
pectate lyase (Pel) Bacillus licheniformis RN1 AB428424 || BAG 12908.1 
pectate lyase (PelB) Bacillus pumilus DKS1 EU652988 ACD 1 1362.1 
pectate lyase (fragment) Bacillus sp. KSM-P7 ABO 15043 || BAA76884.1 

- AAE59.747.1 

pectate lyase Bacillus sp. AAI12 - AAS29294.1 
- AAE59749.1 

- AAR65348.1 

pectate lyase Bacillus sp. 534 - 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 
pectate lyase (P47) Bacillus sp. TS-47 ABO45986 BAB40336.1 
pectate lyase (Pelk) Bacillus sp. YA-14 D26349 BAAO5383.1 

AX6O1431 CAD675091 

AX6O1436 CAD6751O. 1 

AX6O1448 CAD67511.1 

pectate lyase Bacillus subtilis AX951870 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) Bacillus subtilis FO 3134 D83791 || BAA12119.1 
pectate lyase (Pel) Bacillus Subtilis SO113 X7488O | CAA52866.1 

- || AAR45489.1 
D864. 17 | BAA223.13.1 
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, Pel1) Erwinia carotowora 71 L32.171 AAA73933.1 
Pel9.5 (fragment) Erwinia carotowora EC 14 X61088 CAA434O2.1 
pectin lyase (Pnl) (probable 
fragment) Erwinia Carotowora ER M65057 AAA24857.1 

M18859 AAA24845.1 

Erwinia carotowora ER f S51490 AAC60423.1 
AM 1068 atroseptica EC 1 D00217 BAAOO155.1 

pectate lyase 1 (Pel1;Pell) atroseptica C18 X81847 CAA57439.1 

Erwinia carotowora ER f M17364 AAA24848.1 
AM 1068 atroseptica EC 1 S51475 AAC60422.1 

pectate lyase 2 (Pel2, Pelll) atroseptica C18 X81847 | CAA57440.1 
Erwinia carotovora subsp. 

ECA4067 (PelA) atroseptica SCR 1043 BX950851 CAG76984.1 
pectate lyase (PelZ) Erwinia chrysanthemi 3937 X97119 CAA65785.1 
pectate lyase A (PelA) Erwinia chrysanthemi 3937 M778O8 || AAA24846.1 

CAA47821.1 
pectate lyase B (PelB) Erwinia chrysanthemi S937 X67475 S25262 
pectate lyase (PelD) Erwinia chrysanthemi 3937 A 132101 || CAA10570.1 

Erwinia chrysanthemi 3937 M33584 AAA24854.1 
pectate lyase E (PelE) B374 X17284 CAA3517.5.1 
pectate lyase D (PelD) Erwinia chrysanthemiB374 X17284 CAA35176.1 

pectate lyase (PelA) Erwinia chrysanthemi EC16 M 14509 || 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 chrysanthemi EC16 M14509 || AAA24844.1 
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Figure 38C 
Pectate Lyases 

Protein Organism GenBank | GenPept 
Erwinia chrysanthemistrain 

pectate lyase C (PelC) 3937 A 132325 | CAA10642.1 
Pectobacterium carotovorum 

pectin lyase (PnlA) Ecc/1 M599.09 || AAA24.856.1 

Pectobacterium CarotoWorum 
pectate lyase III (Pel3;PelC) Er D1 OO64 || BAAO0953.1 

Pseudoalteromonas AF278705 || AAF86343.1 
pectate lyase B (PelB) haloplanktis 505 AF278,705 || AAF86343.2 

Pseudoalteromonas 
pectate lyase A haloplanktis ANT1505 AF2787O6 AAF86344.2 

Pseudomonas fluorescens L41673 AAA93535.1 
pectate lyase (Pel) CYO91 L38902 || AAB46399.1 

Pseudomonas marginalis M84971 AAA92512.1 
pectin lyase (PnL) (fragment) || N6301 D32121 || BAAO6847.1 

Pseudomonas marginalis S65042 AAC60448.1 
pectate lyase (PeL) N6301 D32122 || BAAO6848.1 

Pseudomonas syringae pv. 
pectate lyase P (PelP) lachrymans U75414 AAB17879.1 

L38901 || AAB46398.1 
L38574 AAC41521.1 

DO273695 || ABB55454.1 
pectate lyase (Pel;Pstru-4) Pseudomonas viridiflava D44611 || BAA08077.1 
pectate lyase (Pel) Pseudonocardia sp. AFOO2241 AAC38059.1 
pectate lyase Streptomyces coelicolor AL596O3O |CAC44284.1 
(SCO2821;SCBAC 17F8.12c) | A3(2) NC OO3888 || NP 627050.1 

pectate lyase Streptomyces coelicolor AL591322 CAC38815.1 
(SCO1880;SCI39.27c) A3(2) NC OO3888 NP 626,147.1 

AEOO1722 || AAD35518.1 

pectate lyase A (PelATM0433) Thermotoga maritima MSB8 NC OOO853 NP 228243.1 
Xanthomonas campestris pv. 

XC 1298 campestris str. 8004 CPOOOO5O | AAY483.67.1 
Xanthomonas campestris pv. 

XC 3590 campestris str. 8004 CPOOOO5O | AAY50632.1 

Xanthomonas campestris pv. AEO 12162 AAM39961.1 
pectate lyase (Pel;XCC0645) campestris str. ATCC 339.13 NC OO3902 | NP 636O37.1 

pectate lyase II Xanthomonas campestris pv. AEO 12393 AAM42087.1 
(PelB;XCC2815) campestris str. ATCC 33913 NC OO3902 | NP 638163.1 
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Figure 38D 
Pectate Lyases 

Protein Organism GenBank GenPept 
pectate lyase (PelBPl,Pstru- Xanthomonas Campestris pv. 
3) malvacearum Strain B414 L38573 AAC4 1522.1 

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 DO49048O | ABF50856.1 

UO5592 AAA80568.1 

DO490468 ABF50844.1 
EF452421 ABO38859.1 

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

AACDO 1 OOO1 
Aspergillus nidulans FGSC 30. EAA61832.1 

pectate lyase (AN7646.2) A4 DO490513 ABF50889.1 

Aspergillus niger CBS 120.49 X55784 CAA39305.1 
pectin lyase A (PelA)- P1A N4OO X6O724 CAA43130.1 

Aspergillus niger CBS 120.49 
pectin lyase C (PelC) N4OO AY839647 AAWO33 13.1 

Aspergillus niger CBS 120.49 
pectin lyase F (PelF) N4OO A4899.43 CAD34589.1 

Aspergillus niger CBS 120.49 
pectate lyase A (PlyA) | N4OO AJ276331 CAC33162.1 

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 CAK48551.1 
An19g00270 (PelD) Aspergillus niger CBS 513.88 AM270415 || CAK4735O1 
pectate lyase 
(PlyA.An 10g00870) Aspergillus niger CBS 513.88 AM270216 CAK40523.1 
pectin lyase D (PelD) Aspergillus niger N756 M55657 AAA327.01.1 
pectin lyase 2 (Pel2) Aspergillus oryzae KBN616 ABO29323 BAB82468.1 
pectin lyase 1 (Pel1) Aspergillus oryzae KBN616 ABO29322 || BAB82467.1 

(Pel1;AOO90010000504) Aspergillus oryzae RIB 40 APOO7175 BAE66352.1 
pectin lyase 2 
(Pe2;AOO90010000030) Aspergillus oryzae RB40 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 (Pnl 1:Pnl-1) gloeosporioides f. sp. malvae AF158256 IAAF22244.1 
Colletotrichum 

pectin lyase 2 (Pnl2:Pnl-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 || ABG74583.1 
(Pell:PI1;MwPI1;Ban 17) Musa acuminata Williams X92943 CAA63496.1 

X61102 || CAA43414.1 
X67158 CAA47630.1 

pectate lyase Nicotiana tabacum X67159 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 
(Rhi) 3937 A438.339 CAD27359.1 
rhamnogalacturonan lyase Aspergillus aculeatus 
(RhgB) KSM 510 L355OO | AAA64368.1 

rhamnogalacturonan lyase Aspergillus nidulans AACDO 1000108 EAA58417.1 
(AN6395.2) FGSC A4 DO490501 | ABF50877.1 

rhamnogalacturonan lyase Aspergillus nidulans AACD01OOO122 EAA61387.1 
(AN7135.2) FGSC A4 DO490504 || ABF50880.1 

Bacillus subtilis Z991Of CAB 12524.1 
rhamnogalacturonan lyase subsp. subtilis str. AAA-AA AA-AA-AA 
(Yesw;BSUO7050) 168 NC OOO984 || NP 388586.1 
exo-unsaturated Bacillus subtilis Z991Of CAB 12525.1 
rhamnogalacturonan lyase subsp. subtilis str. A R4 RAAF 1 - 
(YesX;BSU07O60) 168 NC OOO984 || NP 388587.1 

Cellvibrio japonicus 
former 

rhamnogalacturonan lyase - Pseudomonas 
Rg11A cellulosa) AYO26755 AAK2O911.1 
CJA 3559 
(rhamnogalacturonan lyase) - Cellvibrio japonicus 
Rg11A Ueda 107 CPOOO934.1 | ACE83155.1 

Clostridium 
rhamnogalacturonan lyase Y cellulolyticum ATCC 
- Rg|11Y 35319 AF316823 AAG451611 

Figure 39B 
Rhamnogalacturonate Hydrolases 

Protein Organism GenBank?Gen Pept 
GH family 105 

unsaturated Bacillus subtilis 
rhamnogalacturonyl subsp. subtilis str. 
hydrolase (BSU30120; YteR) 168 Z991 19 || CAB 14990.1 
unsaturated Z991 O7 CAB 12519.1 
rhamnogalacturonyl Bacillus subtilis 
hydrolase (BSUO7000; 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 Carotowora Subsp. 

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

ECAO 107 (PmeB) atroSeptica SCR 1043 BX950851 CAG 73027.1 
Erwinia chrysanthem 

pectin methylesterase b 3937 X84665 CAA59151.1 

LOTS44 || AAA24852.1 

pectin methylesterase A Erwinia Chrysanthem - || AAR64146.1 
(PemAPem) 3937 B374 YOO549 CAA68628.1 

PseudoalterOrmonas 
pectate lyase A haloplanktis ANT1505 AF2 787O6 AAF863442 

ACOO4411 || AAC34240.1 

AYO91768 || AAM 10316.1 

BTOO112O | AAN6451 1.1 

AY830948 || AAW91508.1 

pectin methylesterase (Prme5, AJ250430 CAB58974.1 
Vgd1At2g4704O/F14M4.13) Arabidopsis thaliana NM 130272 | NP 182227.1 

pectin methylesterase (Prme1) Aspergillus aculeatus U493.78 || AAB42153.1 

pectin methyl esterase Aspergillus nidulans DC490489 || ABF50865.1 
(AN3390.2) FGSC A4 AACDO 1000055 | EAA63358.1 

A3499 || CAAO2 1981 

A35OO6 CAAO2201.1 

A350O8 CAAO22O2.1 

X529O2 CAA37084.1 

pectin methylesterase (Prme1) Aspergillus niger RH 5344 X54145 || CAA38O84.1 
Aspergillus Oryzae 

pectin methylesterase (PrmeA) KBN616 ABO11211 || BAA7544.1 
pectin methylesterase 
(PmeAAO090012000749) Aspergillus Oryzae RIB 40 APOO7161 || BAE60873.1 

Botryotinia fuckeliana 
pectin methylesterase (Bcpme2) Bd90 A428.403 || CAD21438.1 
pectin methyl esterase 
(Bcpme1) Botryotinia fuckeliana T4 AJ3901 || CAC29255.1 

pectin methylesterase 1.1 U82973 || AAB57667.1 
(PECS-11) Citrus Sinensis U82976 AAB56O1 
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Figure 40B 
Pectate Methyl Esterases 

Protein Organism GenBank GenPept 

pectin methylesterase (PME1) COchliobolus Carbonum AF159252 AAD4334O1 

pectin methylesterase Daucus Carota 

pectinesterase FaPE1 Fragaria X ananassa AY324.809 || AAO21124.1 

pectin methyl-esterase (Pef1) Medicago truncatula A249611 || CAB85291.1 

pectin methyl-esterase (Per) Medicago truncatula A249611 || CAB6529O.2 

pectin methylesterase Nicotiana benthamiana AY23.8968 || AAO857O6.1 

pectin methylesterase Nicotiana plumbaginifolia Z71752 | CAA964.34.1 
pectin methylesterase 
(NtPPME1) Nicotiana tabacum AY72945 || AAX1392.1 

pectin methylesterase Nicotiana tabacum A41158 || CAB95O25.1 
pectin methylesterase (PME 1) 
(fragment) Orobanche Cumana AYO7272O | AAL66865.1 
pectin methylesterase 
(fragment) Orobanche Cumana AF333068 AAG49395.1 

pectin methylesterase Petunia inflata L2101 || AAA33141 
pectin methyl esterase Populus tremula X 
(PttPME1) Populus tremuloides A277547 CACO1624.1 
pectin methylesterase PME1 
(fragment) Prunus armeniaca AF184O79 || AAG12248.1 
pectin methylesterase 
(SgPME1) Salix gilgiana ABO29461 || BAA894.80.1 

pectin methylesterase Stophilus oryzae AY84 1894 || AAW289281 

U5098 || AAB639.1 

- || AAO 1552.1 

A15983 || CAAO1257.1 

A1011 CAAO1315.1 

XO910 CAA3O46.1 

pectin methylesterase 2 Solanum yCOpersicum X74639 CAA527041 

U4933O | AADO928.31 

pectin methylesterase (PmelJ1) Solanum yCOpersicum AYO46596 || AALO2367.1 

U50986 || AAB6774O1 

A17010 | CAAO13141 pectin methylesterase 1 
(PME19) Solanum IyCopersicum X74638 CAA527.03.1 

pectin methyl esterase (Pest1) Solanum tuberosum AF152171 AAF23891.1 

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

pectin methylesterase (PME) Vitis riparia 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) Bacillus halodurans C-125 NC OO257O | NP 24.1981.1 
cephalosporin C 
deacetylase Bacillus sp. KCCM 10143 AF 184175 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 CAG 7615O1 
pectin acetylesterase 
(PaeY) Erwinia chrysanthemi 3937 YO9828 CAA7097.1.1 

rhamnogalacturonan Aspergillus aculeatus KSM 
acetylesterase (Rha1) 510 X897 14 CAA61858.1 
rhamnogalacturonan DC490479 |ABF50855.1 
acetylesterase Aspergillus nidulans FGSC 
(AN2528.2) A4 AACDO 1 OOOO43 EAA64633.1 
pectin acetylesterase Vigna radiata Wilzeck X993.48 CAA67728.1 
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Figure 42A 
Production of 2-phenyl ethanol (24 hrs) 
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Figure 42B 
Production of 2-(4-hydroxyphenyl)ethanol (24 hrs) 
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Figure 42C 
Production of 2-(indole-3-)ethanol (24 hrs) 
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Figure 43A 
GC-MS chromatogram for control (pBAD33 and pTrc99A) (one week) 
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Figure 43B 
GC-MS chromatogram for 2-phenylethanol (5.97 min) production from p3ADphea 

aroLAC-aroG-tktA-aroBDE and pTrcBALK (one week) 
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Figure 44 
GC-MS chromatogram for 2-(4-hydroxyphenyl)ethanol (9.36 min) and 2-(indole-3) 
ethanol (10.32 min) production from pBADtyrA-aroLAC-aroG-tktA-aroBDE and 
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Figure 57 
Production of Ethanol from Alginate 
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BOFUEL PRODUCTION 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims the benefit under 35 U.S.C. 
S 119(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 40101 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 
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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 Kiebsiella 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 Kiebsiella pneumoniae MGH 
78578 (DDH3) and a diol dehydratase pduCDE from Kieb 
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 Kiebsiella pneumoniae MGH 
78578 (DDH3) and a diol dehydratase pduCDE from Kieb 
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 Embodiments of the present invention include 
methods for converting a polysaccharide to a commodity 
chemical, comprising (a) contacting the polysaccharide, 
wherein the polysaccharide is optionally derived from biom 
ass, with a polysaccharide degrading or depolymerizing 
metabolic system, wherein the metabolic system is selected 
from: (i) enzymatic or chemical catalysis, and (ii) a microbial 
system, wherein the microbial system comprises a recombi 
nant microorganism, wherein the recombinant microorgan 
ism comprises one or exogenous genes that allow it to grow 
on the polysaccharide as a sole source of carbon, thereby 
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converting the polysaccharide to a Suitable monosaccharide 
or oligosaccharide; and (b) contacting the Suitable monosac 
charide or oligosaccharide with commodity chemical biosyn 
thesis pathway, wherein the commodity chemical biosynthe 
sis pathway comprises an aldehyde or ketone biosynthesis 
pathway, thereby converting the polysaccharide to the com 
modity chemical. 
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 polysaccharide is selected 
from alginate, agar, carrageenan, fucoidan, pectin, polygalac 
turonate, cellulose, hemicellulose, Xylan, arabinan, and man 
nan. In certain aspects, the Suitable monosaccharide or oli 
gosaccharide is selected from 2-keto-3-deoxy D-gluconate 
(KDG), D-mannitol, guluronate, mannuronate, mannitol, 
lyxose, glycerol, Xylitol, glucose, mannose, galactose, 
Xylose, arabinose, glucuronate, galacturonates, and rham 
OS. 

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 
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3-heptene, 3,6-dimethyl-3-heptene, 2,6-dimethyl-3- 
heptanol. 2,6-dimethyl-4-heptanol. 2,5-dimethyl-3-heptanol, 
2,5-dimethyl-4-heptanol. 2,6-dimethyl-3,4-heptanediol. 2.6- 
dimethyl-3,4-heptanedione, 2,5-dimethyl-3,4-heptanediol, 
2,5-dimethyl-3,4-heptanedione, 2,6-dimethyl-3-hydroxy-4- 
heptanone, 2,6-dimethyl-4-hydroxy-3-heptanone, 2,5-dim 
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, 
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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- 
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 polysaccharide to a suitable 
monosaccharide or oligosaccharide, comprising: (a) contact 
ing the polysaccharide, wherein the polysaccharide is option 
ally obtained from biomass, with a microbial system for a 
time sufficient to convert the polysaccharide to a suitable 
monosaccharide or oligosaccharide, wherein the microbial 
system comprises, (i) at least one gene encoding and express 
ing an enzyme selected from a lyase and a hydrolase, wherein 
the lyase and/or hydrolase optionally comprises at least one 
signal peptide or at least one autotransporter domain; (ii) at 
least one gene encoding and expressing an enzyme selected 
from a monosaccharide transporter, a disaccharide trans 
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porter, a trisaccharide transporter, an oligosaccharide trans 
porter, a polysaccharide transporter, and a Superchannel; and 
(iii) at least one gene encoding and expressing an enzyme 
selected from a monosaccharide dehydrogenase, an 
isomerase, a dehydratase, a kinase, and an aldolase, thereby 
converting the polysaccharide to a suitable monosaccharide 
or oligosaccharide. 
0071 Certain embodiments of the present invention 
include methods for converting a polysaccharide to a suitable 
monosaccharide or oligosaccharide, comprising: (a) contact 
ing the polysaccharide, wherein the polysaccharide is option 
ally obtained from biomass, with a chemical or enzymatic 
catalysis pathway for a time sufficient to convert the polysac 
charide to a first monosaccharide or oligosaccharide; and (b) 
contacting the first monosaccharide or oligosaccharide with a 
microbial system for a time sufficient to convert the first 
monosaccharide or oligosaccharide to the Suitable monosac 
charide or oligosaccharide, wherein the microbial system 
comprises, (i) at least one gene encoding and expressing an 
enzyme selected from a lyase and a hydrolase, (ii) at least one 
gene encoding and expressing an enzyme selected from a 
monosaccharide transporter, a disaccharide transporter, a 
trisaccharide transporter, an oligosaccharide transporter, a 
polysaccharide transporter, and a Superchannel; and (ii) at 
least one gene encoding and expressing an enzyme selected 
from a monosaccharide dehydrogenase, an isomerase, a 
dehydratase, a kinase, and analdolase, thereby converting the 
polysaccharide to the Suitable monosaccharide or oligosac 
charide. 

0072. In certain aspects, the lyase is selected from an 
alginate lyase, a pectate lyase, a polymannuronate lyase, a 
polygluronate lyase, a polygalacturonate lyase and a rham 
nogalacturonate lyase. In certain aspects, the hydrolase is 
selected from an alginate hydrolase, a rhamnogalacturonate 
hydrolase, a polymannuronate hydrolase, a pectin hydrolase, 
and a polygalacturonate hydrolase. In certain aspects, the 
transporter is selected from an ABC transporter, a symporter, 
and an outer membrane porin. In certain aspects, the ABC 
transporter is selected from Atu3021, Atu3022, Atu3023, 
Atu3024, algM1, algM2, AlgCl, AlgC2, AlgS, OG2516 
05558, OG2516 05563, OG2516 05568, OG2516 
05573, TogM, TogN. TogA, TogB, and functional variants 
thereof. In certain aspects, the symporter is selected from 
V12B01 24239 (SEQ ID NO:26), V12B01 24194 (SEQ 
ID NO:8), and TogT, and functional variants thereof. In cer 
tain aspects, the outermembrane porin comprises a porin 
selected from V12B01 24269, KdgM, and KdgN, and func 
tional variants thereof. 

0.073 Certain embodiments include a recombinant micro 
organism that is capable of growing on a polysaccharide as a 
sole source of carbon, wherein the polysaccharide is selected 
from alginate, pectin, tri-galacturonate, di-galacturonate, cel 
lulose, and hemi-cellulose. In certain aspects, the polysaccha 
ride is alginate. In certain aspects, the polysaccharide is pec 
tin. In certain aspects, the polysaccharide is tri-galacturonate. 
0.074 Certain embodiments include a recombinant 
microrganism, comprising (i) at least one gene encoding and 
expressing an enzyme selected from a lyase and a hydrolase, 
wherein the lyase or hydrolase optionally comprises at least 
one signal peptide or at least one autotransporter domain; (ii) 
at least one gene encoding and expressing an enzyme selected 
from a monosaccharide transporter, a disaccharide trans 
porter, a trisaccharide transporter, an oligosaccharide trans 
porter, a polysaccharide transporter, and a Superchannel; and 
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(iii) at least one gene encoding and expressing an enzyme 
selected from a monosaccharide dehydrogenase, an 
isomerase, a dehydratase, a kinase, and analdolase. In certain 
aspects, the microorganism is capable of growing on a 
polysaccharide as a sole source of carbon. In certain aspects, 
the polysaccharide is selected from alginate, pectin, and tri 
galacturonate. 
0075 Certain embodiments include methods for convert 
ing a suitable monosaccharide or oligosaccharide to a first 
commodity chemical comprising, (a) contacting the Suitable 
monosaccharide or oligosaccharide with a microbial system 
for a time sufficient to convert to the suitable monosaccharide 
or oligosaccharide to the commodity chemical, wherein the 
microbial system comprises a recombinant microorganism, 
wherein the microorganism comprises a commodity chemi 
cal biosynthesis pathway, thereby converting the Suitable 
monosaccharide or oligosaccharide to the first commodity 
chemical. In certain aspects, the commodity chemical path 
way comprises one or more genes encoding an aldehyde or 
ketone biosynthesis pathway. 
0076. In certain aspects, the aldehyde or ketone biosyn 
thesis pathway is selected from one or more of an acetoalde 
hyde, a propionaldehyde, a butyraldehyde, an isobutyralde 
hyde, a 2-methyl-butyraldehyde, a 3-methyl-butyraldehyde, 
a 2-phenyl acetaldehyde, a 2-(4-hydroxyphenyl)acetalde 
hyde, a 2-Indole-3-acetoaldehyde, a glutaraldehyde, a 
5-amino-pentaldehyde, a Succinate semialdehyde, and a Suc 
cinate 4-hydroxyphenyl acetaldehyde biosynthesis pathway. 
In certain aspects, the aldehyde or ketone biosynthesis path 
way comprises an acetoaldehyde biosynthesis pathway and a 
biosynthesis pathway selected from a propionaldehyde, 
butyraldehyde, isobutyraldehyde, 2-methyl-butyraldehyde, 
3-methyl-butyraldehyde, a 2-phenyl acetoaldehyde, a 2-(4- 
hydroxyphenyl)acetaldehyde, and a 2-Indole-3-acetoalde 
hyde biosynthesis pathway. 
0077. In certain aspects, the aldehyde or ketone biosyn 
thesis pathway comprises a propionaldehyde biosynthesis 
pathway and a biosynthesis pathway selected from abutyral 
dehyde, isobutyraldehyde, 2-methyl-butyraldehyde, 3-me 
thyl-butyraldehyde, and phenylacetoaldehyde biosynthesis 
pathway. In certain aspects, the aldehyde or ketone biosyn 
thesis pathway comprises abutyraldehyde biosynthesis path 
way and a biosynthesis pathway selected from an isobutyral 
dehyde, 2-methyl-butyraldehyde, 3-methyl-butyraldehyde, a 
2-phenyl acetoaldehyde, a 2-(4-hydroxyphenyl)acetalde 
hyde, and a 2-Indole-3-acetoaldehyde biosynthesis pathway. 
In certain aspects, the aldehyde or ketone biosynthesis path 
way comprises an isobutyraldehyde biosynthesis pathway 
and a biosynthesis pathway selected from a 2-methyl-butyral 
dehyde, 3-methyl-butyraldehyde, a 2-phenyl acetoaldehyde, 
a 2-(4-hydroxyphenyl)acetaldehyde, and a 2-Indole-3-ac 
etoaldehyde biosynthesis pathway. 
0078. In certain aspects, the aldehyde or ketone biosyn 
thesis pathway comprises a 2-methyl-butyraldehyde biosyn 
thesis pathway and a biosynthesis pathway selected from a 
3-methyl-butyraldehyde, a 2-phenyl acetoaldehyde, a 2-(4- 
hydroxyphenyl)acetaldehyde, and a 2-Indole-3-acetoalde 
hyde biosynthesis pathway. In certain aspects, the aldehyde or 
ketone biosynthesis pathway comprises a 3-methyl-butyral 
dehyde biosynthesis pathway and a biosynthesis pathway 
selected from a 2-phenyl acetoaldehyde, a 2-(4-hydroxyphe 
nyl)acetaldehyde, and a 2-Indole-3-acetoaldehyde biosyn 
thesis pathway. In certain aspects, the aldehyde or ketone 
biosynthesis pathway comprises a 2-phenyl acetoaldehyde 
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biosynthesis pathway and a biosynthesis pathway selected 
from a 2-(4-hydroxyphenyl)acetaldehyde and a 2-Indole-3- 
acetoaldehyde biosynthesis pathway. 
0079. In certain aspects, the aldehyde or ketone biosyn 
thesis pathway comprises a 2-(4-hydroxyphenyl)acetalde 
hyde biosynthesis pathway and a 2-Indole-3-acetoaldehyde 
biosynthesis pathway. In certain aspects, the first commodity 
chemical is further enzymatically and/or chemically reduced 
and dehydrated to a second commodity chemical. 
0080 Certain embodiments include methods for convert 
ing a Suitable monosaccharide or oligosaccharide to a com 
modity chemical comprising, (a) contacting the Suitable 
monosaccharide or oligosaccharide with a microbial system 
for a time sufficient to convert to the suitable monosaccharide 
or oligosaccharide to the commodity chemical, wherein the 
microbial system comprises: (i) one or more genes encoding 
and expressing an aldehyde biosynthesis pathway, wherein 
the aldehyde biosynthesis pathway comprises one or more 
genes encoding and expressing a decarboxylase enzyme; and 
(ii) 
0081 one or more genes encoding and expressing an alde 
hyde reductase, thereby converting the Suitable monosaccha 
ride or oligosaccharide to the commodity chemical. In certain 
aspects, the decarboxylase enzyme is an indole-3-pyruvate 
decarboxylase (IPDC). In certain aspects, the IPDC com 
prises 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:312. In certain aspects, the aldehyde reductase 
enzyme is a phenylacetaldehyde reductase (PAR). In certain 
aspects, the PAR comprises 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:313. In certain aspects, 
the commodity chemical is selected from 2-phenylethanol, 
2-(4-hydroxyphenyl)ethanol, and indole-3-ethanol. 
0082 Certain embodiments include a recombinant micro 
organism, comprising (i) one or more genes encoding and 
expressing an aldehyde biosynthesis pathway, wherein the 
aldehyde biosynthesis pathway comprises one or more genes 
encoding and expressing a decarboxylase enzyme; and (ii) 
one or more genes encoding and expressing an aldehyde 
reductase. In certain aspects, the aldehyde biosynthesis path 
way further comprises one or more genes encoding and 
expressing an enzyme selected from a CoA-linked aldehyde 
dehydrogenase, an aldehyde dehydrogenase, and an alcohol 
dehydrogenase. In certain aspects, the decarboxylase enzyme 
is an indole-3-pyruvate decarboxylase (IPDC). In certain 
aspects, the aldehyde reductase enzyme is a phenylacetoal 
dehyde reductase (PAR). In certain aspects, the microorgan 
ism is capable of converting a Suitable monosaccharide or 
oligosaccharide to a commodity chemical. In certain aspects, 
the commodity chemical is selected from 2-phenylethanol, 
2-(4-hydroxyphenyl)ethanol, and indole-3-ethanol. 
0.083 Certain embodiments include a recombinant micro 
organism, wherein the microorganism comprises reduced 
ethanol production capability compared to a wild-type micro 
organism. In certain aspects, the microorganism comprises a 
reduction or inhibition in the conversion of acetyl-coA to 
ethanol. In certain aspects, the recombinant microorganism 
comprises a reduction of an ethanol dehydrogenase, thereby 
providing a reduced ethanol production capability. In certain 
aspects, the ethanol dehydrogenase is an adhE, homolog or 
variant thereof. In certain aspects, the microorganism com 
prises a deletion or knockout of an adhE, homolog or variant 
thereof. In certain aspects, the recombinant microorganism 
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comprises one or more deletions or knockouts in a gene 
encoding an enzyme selected from an enzyme that catalyzes 
the conversion of acetyl-coA to ethanol, an enzyme that cata 
lyzes the conversion of pyruvate to lactate, an enzyme that 
catalyzes the conversion of fumarate to Succinate, an enzyme 
that catalyzes the conversion of acetyl-coA and phosphate to 
coA and acetyl phosphate, an enzyme that catalyzes the con 
version of acetyl-coA and formate to coA and pyruvate, and 
an enzyme that catalyzes the conversion of alpha-keto acid to 
branched chain amino acids. 

0084 Certain embodiments include wherein the microbial 
systems or recombinant microorganisms described herein 
comprise a microorganism selected from Acetobacter aceti, 
Achronobacter, Acidiphilium, Acinetobacter, Actinomadura, 
Actinoplanes, Aeropyrum permix, Agrobacterium, Alcali 
genes, Ananas comosus (M), Arthrobacter, Aspargillus niger, 
Aspargillus Oryze, Aspergillus melleus, Aspergillus pulveru 
lentus, Aspergillus Saitoi, Aspergillus sojea, Aspergillus 
usami, Bacillus alcalophilus, Bacillus amyloliquefaciens, 
Bacillus brevis, Bacillus circulans, Bacillus clausii, Bacillus 
lentus, Bacillus licheniformis, Bacillus macerans, Bacillus 
Stearothermophilus, Bacillus subtilis, Bifidobacterium, 
Brevibacillus brevis, Burkholderia cepacia, Candida cylin 
dracea, Candida rugosa, Carica papaya (L), Cellulosimicro 
bium, Cephalosporium, Chaetonium erraticum, Chaeto 
mium gracile, Clostridium, Clostridium butyricum, 
Clostridium acetobutylicum, Clostridium thermocellum, 
Corynebacterium (glutamicum), Corynebacterium efficiens, 
Escherichia coli, Enterococcus, Erwina chrysanthemi, Gli 
conobacter, Gluconacetobacter, Haloarcula, Humicola inso 
lens, Humicola insolens, Kitasatospora setae, Klebsiella, 
Klebsiella Oxytoca, Kluyveromyces, Kluyveromyces fragilis, 
Kluyveromyces lactis, Kocuria, Lactlactis, Lactobacillus, 
Lactobacillus fermentum, Lactobacillus sake, Lactococcus, 
Lactococcus lactis, Leuconostoc, Methylocystis, Methanolo 
bus Siciliae, Methanogenium Organophilum, Methanobacte 
rium bryantii, Microbacterium imperiale, Micrococcus lyso 
deikticus, Microlunatus, Mucor javanicus, Mycobacterium, 
Myrothecium, Nitrobacter, Nitrosomonas, Nocardia, Papaya 
carica, Pediococcus, Pediococcus halophilus, Penicillium, 
Penicillium camemberti, Penicillium citrinum, Penicillium 
emersonii, Penicillium roqueforti, Penicillum lilactinum, 
Penicillum multicolor; Paracoccus pantotrophus, Propioni 
bacterium, Pseudomonas, Pseudomonas fluorescens, 
Pseudomonas denitrificans, Pyrococcus, Pyrococcus furio 
sus, Pyrococcus horikoshii, Rhizobium, Rhizomucor miehei, 
Rhizomucor pusillus Lindt, Rhizopus, Rhizopus deleimar, 
Rhizopus japonicus, Rhizopus niveus, Rhizopus Oryzae, 
Rhizopus Oligosporus, Rhodococcus, ScCharomyces cerevi 
siae, Sclerotina libertina, Sphingobacterium multivorum, 
Sphingobium, Sphingomonas, Streptococcus, Streptococcus 
thermophilus Y-1, Streptomyces, Streptomyces griseus, 
Streptomyces lividans, Streptomyces murinus, Streptomyces 
rubiginosus, Streptomyces violaceOruber; Streptoverticillium 
mobaraense, Tetragenococcus, Thermus, Thiosphaera pan 
totropha, Trametes, Trichoderma, Trichoderma longibra 
chiatum, Trichoderma reesei, Trichoderma viride, Trichos 
poron penicillatum, Vibrio alginolyticus, Xanthomonas, 
yeast, Zygosaccharomyces rouxi, Zymomonas, and Zymomo 
nus mobilis. 

I0085 Certain embodiments include a commodity chemi 
cal produced by the methods described herein. Certain 
aspects include a blended commodity chemical comprising a 
commodity chemical produced by the methods provided 
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herein and a refinery-produced petroleum product. In certain 
aspects, the commodity chemical is selected from a C10-C12 
hydrocarbon, 2-phenylethanol, 2-(4-hydroxyphenyl)ethanol, 
and indole-3-ethanol. In certain aspects, the C10-C12 hydro 
carbon is selected from 2,7-dimethyloctane and 2,9-dimeth 
yldecane. In certain aspects, the refinery-produced petroleum 
product is selected from jet fuel and diesel fuel. 
I0086 Certain embodiments include methods of producing 
a commodity chemical enriched refinery-produced petro 
leum product, comprising (a) blending the refinery-produced 
petroleum product with the commodity chemical produced 
by the methods described herein, thereby producing the com 
modity chemical enriched refinery-produced petroleum 
product. 

DETAILED DESCRIPTION 

0087 Embodiments of the present invention relate to the 
unexpected discovery that microorganisms which are other 
wise incapable of growing on certain polysaccharides derived 
from biomass as a sole source of carbon, can be engineered to 
grow on these polysaccharides as a sole source of carbon. 
Such microorganisms can include both prokaryotic and 
eukaryotic microorganisms, such as bacteria and yeast. In 
Some aspects, certain laboratory and/or wild-type strains of E. 
coli can be engineered to grow on biomass derived from either 
alginate or pectin as a sole source of carbon to produce Suit 
able monosaccharides or other molecules. Among other uses 
apparent to a person skilled in the art, the monosaccharides 
and other molecules produced by the growth of these engi 
neered or recombinant microorganisms on alginate or pectin 
may be utilized as feedstock in the production of various 
commodity chemicals, such as biofuels. 
0088 Alginate and pectin provide advantages over other 
biomass sources in the production of biofuel feedstocks. For 
example, large-scale aquatic-farming can generate a signifi 
cant amount of biomass without replacing food crop produc 
tion with energy crop production, deforestation, and reculti 
Vating currently uncultivated land, as most of hydrosphere 
including oceans, rivers, and lakes remains untapped. As one 
particular example, the Pacific coast of North America is 
abundant in minerals necessary for large-scale aqua-farming. 
Giant kelp, which lives in the area, grows as fast as 1 m/day, 
the fastest among plants on earth, and grows up to 50 m. 
Additionally, aqua-farming has other benefits including the 
prevention of a red tide outbreak and the creation of a fish 
friendly environment. 
0089. As an additional advantage, and in contrast to ligno 
cellulolic biomass, biomass derived from aquatic, fruit, plant 
and/or vegetable sources is easy to degrade. Such biomass 
typically lacks lignin and is significantly more fragile than 
lignocellulolic biomass and canthus be easily degraded using 
either enzymes or chemical catalysts (e.g., formate). As one 
example, aquatic biomass such as seaweed may be easily 
converted to monosaccharides using either enzymes or 
chemical catalysis, as seaweed has significantly simpler 
major Sugar components (Alginate: 30%. Mannitol: 15%) as 
compared to lignocellulose (Glucose: 24.1-39%, Mannose: 
0.2–4.6%, Galactose: 0.5-2.4%, Xylose: 0.4-22.1%, Arabi 
nose 1.5-2.8%, and Uronic acids: 1.2-20.7%, and total sugar 
contents are corresponding to 36.5-70% of dried weight). 
0090. As an additional example, biomass from plants such 
as fruit and/or vegetable containspectin, a heteropolysaccha 
ride derived from the plant cell wall. The characteristic struc 
ture of pectin is a linear chain of O-(1-4)-linked D-galactur 
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onic acid that forms the pectin-backbone, a 
homogalacturonan. Pectin can be easily converted to oli 
gosaccharides or Suitable monosaccharides using either 
enzymes, chemical catalysis, and/or microbial systems 
designed to utilize pectin as a source of carbon, as described 
herein. Saccharification and fermentation using aquatic, fruit, 
and/or vegetable biomass is much easier than using lignocel 
lulose. 

0091. In this regard, embodiments of the present invention 
also relate to the Surprising discovery that certain microor 
ganisms can be engineered to produce various commodity 
chemicals, such as biofuels. In certain aspects, these biofuels 
may include alkanes, such as medium to long chain alkanes, 
which provide advantages over ethanol based biofuels. In 
certain aspects, the monosaccharides (e.g., 2-keto-3-deoxy 
D-gluconate: KDG) and other molecules produced by the 
growth of various engineered or recombinant microorgan 
isms (e.g., recombinant microorganisms growing on pectin or 
alginate as a source of carbon) may be useful in the produc 
tion of commodity chemicals, such as biofuels. As one 
example, Suitable monosaccharides Such as KDG may be 
utilized by recombinant microorganisms to produce alkanes, 
Such as medium to long chain alkanes, among other chemi 
cals. In certain aspects, such recombinant microorganisms 
may be utilized to produce Such commodity chemical as 2.7 
dimethyl octane and 2.9 dimethyl decane, among others pro 
vided herein and known in the art. 
0092 Such processes produce biofuels with significant 
advantages over other biofuels. In particular, medium to long 
chain alkanes provide a number of important advantages over 
the existing common biofuels such as ethanol and butanol, 
and are attractive long-term replacements of petroleum-based 
fuels such as gasoline, diesels, kerosene, and heavy oils in the 
future. As one example, medium to long chain alkanes and 
alcohols are major components in all petroleum products and 
jet fuel in particular, and hence alkanes we produce can be 
utilized directly by existing engines. By way of further 
example, medium to long chain alcohols are far better fuels 
than ethanol, and have a nearly comparable energy density to 
gasoline. 
0093. As another example, n-alkanes are major compo 
nents of all oil products including gasoline, diesels, kerosene, 
and heavy oils. Microbial systems or recombinant microor 
ganisms may be used to produce n-alkanes with different 
carbon lengths ranging, for example, from C7 to over C20: C7 
for gasoline (e.g., motor vehicles), C10-C15 for diesels (e.g., 
motor vehicles, trains, and ships), and C8-C16 for kerosene 
(e.g., aviations and ships), and for all heavy oils. 
0094. As one aspect of the invention, the commodity 
chemicals produced by the methods and recombinant micro 
organisms described herein may be utilized by existing petro 
leum refineries for the purposes of blending with petroleum 
products produced by traditional refinery methods. To this 
end, as noted above, fuel producers are seeking Substantially 
similar, low carbon fuels that can be blended and distributed 
through existing infrastructure (refineries, pipelines, tank 
ers). As hydrocarbons, the commodity chemicals produced 
according to the methods herein are substantially similar to 
petroleum derived fuels, reduce greenhouse gas emissions by 
more than 80% from petroleum derived fuels, and are com 
patible with existing infrastructure in the oil and gas industry. 
For instance, certain of the commodity chemicals produced 
herein, including, for example, various C10-C12 hydrocar 
bons such as 2.7 dimethyloctane, 2.7 dimethyldecanone, 
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among others, are blendable directly into refinery-produced 
petroleum products, such as jet and diesel fuels. By using 
Such biologically produced commodity chemicals as a blend 
stock for jet and diesel fuels, refineries may reduce Green 
House Gas emissions by more than 80%. 
0095 Accordingly, certain embodiments of the present 
invention relate generally to methods for converting biomass 
to a commodity chemical, comprising obtaining a polysac 
charide from biomass; contacting the polysaccharide with a 
polysaccharide degrading or depolymerizing pathway, 
thereby converting the polysaccharide to a suitable monosac 
charide. The suitable monosaccharide obtained from such as 
process may be used for any desired purpose. For instance, in 
certain aspects, the Suitable monosaccharide may then be 
converted to a commodity chemical (e.g., biofuel) by contact 
ing the suitable monosaccharide with a biofuel biosynthesis 
pathway, whether as part of a recombinant microorganism, an 
in vitro enzymatic or chemical pathway, or a combination 
thereof, thereby converting the monosaccharide to a com 
modity chemical. 
0096. In other aspects, in producing a commodity chemi 
cal Such as a biofuel, a suitable monosaccharide may be 
obtained directly from any available source and converted to 
a commodity chemical by contacting the Suitable monosac 
charide with a biofuel biosynthesis pathway, as described 
herein. Among other uses apparent to a person skilled in the 
art, such biofuels may then be blended directly with refinery 
produced petroleum products, such as jet and diesel fuels, to 
produce commodity chemical enriched, refinery-produced 
petroleum products. 

DEFINITIONS 

0097. Unless defined otherwise, all technical and scien 
tific terms used herein have the same meaning as commonly 
understood by those of ordinary skill in the art to which the 
invention belongs. Although any methods and materials simi 
lar or equivalent to those described herein can be used in the 
practice or testing of the present invention, preferred methods 
and materials are described. For the purposes of the present 
invention, the following terms are defined below. All refer 
ences referred to herein are incorporated by reference in their 
entirety. 
0098. The articles “a” and “an are used herein to refer to 
one or to more than one (i.e. to at least one) of the grammatical 
object of the article. By way of example, “an element’ means 
one element or more than one element. 
0099. By “about is meanta quantity, level, value, number, 
frequency, percentage, dimension, size, amount, weight or 
length that varies by as much as 30, 25, 20, 25, 10,9,8,7,6, 
5, 4, 3, 2 or 1% to a reference quantity, level, value, number, 
frequency, percentage, dimension, size, amount, weight or 
length. 
0100. The term “biologically active fragment, as applied 
to fragments of a reference polynucleotide or polypeptide 
sequence, refers to a fragment that has at least about 0.1, 0.5. 
1, 2, 5, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 35, 40, 45, 50, 
55,60, 65,70, 75,80, 85,90,95, 96, 97,98,99, 100, 110, 120, 
150, 200, 300, 400, 500, 600, 700, 800, 900, 1000% or more 
of the activity of a reference sequence. 
0101 The term “reference sequence” refers generally to a 
nucleic acid coding sequence, oramino acid sequence, of any 
enzyme having a biological activity described herein (e.g., 
saccharide dehydrogenase, alcohol dehydrogenase, dehy 
dratase, lyase, transporter, decarboxylase, hydrolase, etc.), 
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Such as a “wild-type' sequence, including those reference 
sequences exemplified by SEQID NOS:1-144, and 308-313. 
A reference sequence may also include naturally-occurring, 
functional variants (i.e., orthologs or homologs) of the 
sequences described herein. 
0102 Included within the scope of the present invention 
are biologically active fragments of at least about 18, 19, 20, 
21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 40, 50, 60, 70, 80, 90, 
100, 120, 140, 160, 180, 200, 220, 240, 260, 280, 300, 320, 
340,360,380, 400, 500, 600 or more contiguous nucleotides 
or amino acid residues in length, including all integers in 
between, which comprise or encode a polypeptide having an 
enzymatic activity of a reference polynucleotide or polypep 
tide. Representative biologically active fragments generally 
participate in an interaction, e.g., an intra-molecular or an 
inter-molecular interaction. An inter-molecular interaction 
can be a specific binding interaction or an enzymatic interac 
tion. Examples of enzymatic interactions or activities include 
saccharide dehydrogenase activities, alcohol dehydrogenase 
activities, dehydratases activities, lyase activities, transporter 
activities, isomerase activities, kinase activities, among oth 
ers described herein. Biologically active fragments typically 
comprise one or more active sites or enzymatic/binding 
motifs, as described herein and known in the art. 
0103). By “coding sequence' is meant any nucleic acid 
sequence that contributes to the code for the polypeptide 
product of a gene. By contrast, the term “non-coding 
sequence” refers to any nucleic acid sequence that does not 
contribute to the code for the polypeptide product of a gene. 
0104 Throughout this specification, unless the context 
requires otherwise, the words “comprise”, “comprises” and 
“comprising will be understood to imply the inclusion of a 
stated step or element or group of steps or elements but not the 
exclusion of any other step or element or group of steps or 
elements. 
0105. By “consisting of” is meant including, and limited 
to, whatever follows the phrase “consisting of Thus, the 
phrase “consisting of indicates that the listed elements are 
required or mandatory, and that no other elements may be 
present. 
0106 By “consisting essentially of is meant including 
any elements listed after the phrase, and limited to other 
elements that do not interfere with or contribute to the activity 
or action specified in the disclosure for the listed elements. 
Thus, the phrase “consisting essentially of indicates that the 
listed elements are required or mandatory, but that other ele 
ments are optional and may or may not be present depending 
upon whether or not they affect the activity or action of the 
listed elements. 
0107 The terms “complementary' and “complementar 
ity refer to polynucleotides (i.e., a sequence of nucleotides) 
related by the base-pairing rules. For example, the sequence 
“A-G-T is complementary to the sequence “T-C-A.” 
Complementarity may be “partial.” in which only some of the 
nucleic acids bases are matched according to the base pairing 
rules. Or, there may be “complete' or “total complementa 
rity between the nucleic acids. The degree of complementa 
rity between nucleic acid strands has significant effects on the 
efficiency and strength of hybridization between nucleic acid 
Strands. 
0108) By “corresponds to or “corresponding to’ is meant 
(a) a polynucleotide having a nucleotide sequence that is 
Substantially identical or complementary to all or a portion of 
a reference polynucleotide sequence or encoding an amino 
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acid sequence identical to anamino acid sequence inapeptide 
or protein; or (b) a peptide or polypeptide having an amino 
acid sequence that is Substantially identical to a sequence of 
amino acids in a reference peptide or protein. 
0109. By “derivative' is meant a polypeptide that has been 
derived from the basic sequence by modification, for example 
by conjugation or complexing with other chemical moieties 
(e.g., pegylation) or by post-translational modification tech 
niques as would be understood in the art. The term "deriva 
tive' also includes within its scope alterations that have been 
made to a parent sequence including additions or deletions 
that provide for functionally equivalent molecules. 
0110. By “enzyme reactive conditions' it is meant that any 
necessary conditions are available in an environment (i.e., 
Such factors as temperature, pH, lack of inhibiting Sub 
stances) which will permit the enzyme to function. Enzyme 
reactive conditions can be either in vitro. Such as in a test tube, 
or in Vivo, Such as within a cell. 
0111. As used herein, the terms “function' and “func 
tional and the like refer to a biological or enzymatic func 
tion. 
0112. By “gene' is meant a unit of inheritance that occu 
pies a specific locus on a chromosome and consists of tran 
Scriptional and/or translational regulatory sequences and/or a 
coding region and/or non-translated sequences (i.e., introns, 
5' and 3' untranslated sequences). 
0113 “Homology” refers to the percentage number of 
amino acids that are identical or constitute conservative Sub 
Stitutions. Homology may be determined using sequence 
comparison programs such as GAP (Deveraux et al., 1984, 
Nucleic Acids Research 12, 387-395) which is incorporated 
herein by reference. In this way sequences of a similar or 
substantially different length to those cited herein could be 
compared by insertion of gaps into the alignment, such gaps 
being determined, for example, by the comparison algorithm 
used by GAP. 
0114. The term “host cell' includes an individual cell or 
cell culture which can be or has been a recipient of any 
recombinant vector(s) or isolated polynucleotide of the 
invention. Host cells include progeny of a single host cell, and 
the progeny may not necessarily be completely identical (in 
morphology or in total DNA complement) to the original 
parent cell due to natural, accidental, or deliberate mutation 
and/or change. A host cell includes cells transfected, trans 
formed, or infected in vivo or in vitro with a recombinant 
vector or a polynucleotide of the invention. A host cell which 
comprises a recombinant vector of the invention is a recom 
binant host cell, recombinant cell, or recombinant microrgan 
1S 

0115 By "isolated' is meant material that is substantially 
or essentially free from components that normally accom 
pany it in its native state. For example, an "isolated polynucle 
otide', as used herein, refers to a polynucleotide, which has 
been purified from the sequences which flank it in a naturally 
occurring state, e.g., a DNA fragment which has been 
removed from the sequences that are normally adjacent to the 
fragment. Alternatively, an "isolated peptide' or an "isolated 
polypeptide' and the like, as used herein, refer to in vitro 
isolation and/or purification of a peptide or polypeptide mol 
ecule from its natural cellular environment, and from asso 
ciation with other components of the cell, i.e., it is not asso 
ciated with in vivo substances. 
0116. By “increased or “increasing is meant the ability 
of one or more recombinant microorganisms to produce a 
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greater amount of a given product or molecule (e.g., com 
modity chemical, biofuel, or intermediate product thereof) as 
compared to a control microorganism, Such as an unmodified 
microorganism or a differently modified microorganism. An 
“increased amount is typically a “statistically significant 
amount, and may include an increase that is 1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 15, 20, 30 or more times (including all integers and 
decimal points in between, e.g., 1.5, 1.6, 1.7. 1.8, etc.) the 
amount produced by an unmodified microorganism or a dif 
ferently modified microorganism. 
0117. By “obtained from is meant that a sample such as, 
for example, a polynucleotide extract or polypeptide extract 
is isolated from, or derived from, a particular source. Such as 
a desired organism, typically a microorganism. “Obtained 
from can also refer to the situation in which a polynucleotide 
or polypeptide sequence is isolated from, or derived from, a 
particular organism or microorganism. For example, a poly 
nucleotide sequence encoding a benzaldehyde lyase enzyme 
may be isolated from a variety of prokaryotic or eukaryotic 
microorganisms, such as Pseudomonas. 
0118. The term “operably linked as used herein means 
placing a gene under the regulatory control of a promoter, 
which then controls the transcription and optionally the trans 
lation of the gene. In the construction of heterologous pro 
moter/structural gene combinations, it is generally preferred 
to position the genetic sequence or promoter at a distance 
from the gene transcription start site that is approximately the 
same as the distance between that genetic sequence or pro 
moter and the gene it controls in its natural setting; i.e. the 
gene from which the genetic sequence or promoter is derived. 
As is known in the art, Some variation in this distance can be 
accommodated without loss of function. Similarly, the pre 
ferred positioning of a regulatory sequence element with 
respect to a heterologous gene to be placed under its control is 
defined by the positioning of the element in its natural setting: 
i.e., the genes from which it is derived. “Constitutive promot 
ers' are typically active, i.e., promote transcription, under 
most conditions. “Inducible promoters' are typically active 
only under certain conditions, such as in the presence of a 
given molecule factor (e.g., IPTG) or a given environmental 
condition (e.g., CO concentration, nutrient levels, light, 
heat). In the absence of that condition, inducible promoters 
typically do not allow significant or measurable levels of 
transcriptional activity. 
0119 The recitation “polynucleotide' or “nucleic acid as 
used herein designates mRNA, RNA, cRNA, rRNA, cDNA or 
DNA. The term typically refers to polymeric form of nucle 
otides of at least 10 bases in length, either ribonucleotides or 
deoxynucleotides or a modified form of either type of nucle 
otide. The term includes single and double stranded forms of 
DNA 

0.120. As will be understood by those skilled in the art, the 
polynucleotide sequences of this invention can include 
genomic sequences, extra-genomic and plasmid-encoded 
sequences and Smaller engineered gene segments that 
express, or may be adapted to express, proteins, polypeptides, 
peptides and the like. Such segments may be naturally iso 
lated, or modified synthetically by the hand of man. 
I0121 Polynucleotides may be single-stranded (coding or 
antisense) or double-stranded, and may be DNA (genomic, 
cDNA or synthetic) or RNA molecules. Additional coding or 
non-coding sequences may, but need not, be present within a 
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polynucleotide of the present invention, and a polynucleotide 
may, but need not, be linked to other molecules and/or Support 
materials. 

0122 Polynucleotides may comprise a native sequence 
(i.e., an endogenous sequence) or may comprise a variant, or 
a biological functional equivalent of Such a sequence. Poly 
nucleotide variants may contain one or more Substitutions, 
additions, deletions and/or insertions, as further described 
below, preferably such that the enzymatic activity of the 
encoded polypeptide is not substantially diminished relative 
to the unmodified polypeptide, and preferably such that the 
enzymatic activity of the encoded polypeptide is improved 
(e.g., optimized) relative to the unmodified polypeptide. The 
effect on the enzymatic activity of the encoded polypeptide 
may generally be assessed as described herein. 
0123. The polynucleotides of the present invention, 
regardless of the length of the coding sequence itself, may be 
combined with other DNA sequences, such as promoters, 
polyadenylation signals, additional restriction enzyme sites, 
multiple cloning sites, other coding segments, and the like, 
such that their overall length may vary considerably. It is 
therefore contemplated that a polynucleotide fragment of 
almost any length may be employed, with the total length 
preferably being limited by the ease of preparation and use in 
the intended recombinant DNA protocol. 
0.124. The terms “polynucleotide variant' and “variant” 
and the like refer to polynucleotides that display substantial 
sequence identity with any of the reference polynucleotide 
sequences or genes described herein, and to polynucleotides 
that hybridize with any polynucleotide reference sequence 
described herein, or any polynucleotide coding sequence of 
any gene or protein referred to herein, under low Stringency, 
medium stringency, high Stringency, or very high Stringency 
conditions that are defined hereinafter and known in the art. 
These terms also encompass polynucleotides that are distin 
guished from a reference polynucleotide by the addition, 
deletion or substitution of at least one nucleotide. Accord 
ingly, the terms “polynucleotide variant and “variant” 
include polynucleotides in which one or more nucleotides 
have been added or deleted, or replaced with different nucle 
otides. In this regard, it is well understood in the art that 
certain alterations inclusive of mutations, additions, deletions 
and Substitutions can be made to a reference polynucleotide 
whereby the altered polynucleotide retains the biological 
function or activity of the reference polynucleotide, or has 
increased activity in relation to the reference polynucleotide 
(i.e., optimized). Polynucleotide variants include, for 
example, polynucleotides having at least 50% (and at least 
51% to at least 99% and all integer percentages in between) 
sequence identity with a reference polynucleotide described 
herein. 

0.125. The terms “polynucleotide variant' and “variant” 
also include naturally-occurring allelic variants that encode 
these enzymes. Examples of naturally-occurring variants 
include allelic variants (same locus), homologs (different 
locus), and orthologs (different organism). Naturally occur 
ring variants such as these can be identified and isolated using 
well-known molecular biology techniques including, for 
example, various polymerase chain reaction (PCR) and 
hybridization-based techniques as known in the art. Naturally 
occurring variants can be isolated from any organism that 
encodes one or more genes having a Suitable enzymatic activ 
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ity described herein (e.g., C C ligase, diol dehyodrogenase, 
pectate lyase, alginate lyase, diol dehydratase, transporter, 
etc.). 
0.126 Non-naturally occurring variants can be made by 
mutagenesis techniques, including those applied to poly 
nucleotides, cells, or organisms. The variants can contain 
nucleotide Substitutions, deletions, inversions and insertions. 
Variation can occur in either or both the coding and non 
coding regions. In certain aspects, non-naturally occurring 
variants may have been optimized for use in a given micro 
organism (e.g., E. coli). Such as by engineering and Screening 
the enzymes for increased activity, Stability, or any other 
desirable feature. The variations can produce both conserva 
tive and non-conservative amino acid Substitutions (as com 
pared to the originally encoded product). For nucleotide 
sequences, conservative variants include those sequences 
that, because of the degeneracy of the genetic code, encode 
the amino acid sequence of a reference polypeptide. Variant 
nucleotide sequences also include synthetically derived 
nucleotide sequences, such as those generated, for example, 
by using site-directed mutagenesis but which still encode a 
biologically active polypeptide. Generally, variants of a par 
ticular reference nucleotide sequence will have at least about 
30%, 40% 50%, 55%, 60%. 65%, 70%, generally at least 
about 75%, 80%, 85%, 90% to 95% or more, and even about 
97% or 98% or more sequence identity to that particular 
nucleotide sequence as determined by sequence alignment 
programs described elsewhere herein using default param 
eters. 

I0127. As used herein, the term “hybridizes under low 
stringency, medium stringency, high Stringency, or very high 
stringency conditions' describes conditions for hybridization 
and washing. Guidance for performing hybridization reac 
tions can be found in Ausubel et al., "Current Protocols in 
Molecular Biology”, John Wiley & Sons Inc, 1994-1998, 
Sections 6.3.1-6.3.6. Aqueous and non-aqueous methods are 
described in that reference and either can be used. 

I0128 Reference herein to “low stringency' conditions 
include and encompass from at least about 1% V/v to at least 
about 15% V/v formamide and from at least about 1 M to at 
least about 2 M salt for hybridization at 42°C., and at least 
about 1 M to at least about 2 M salt for washing at 42°C. Low 
stringency conditions also may include 1% Bovine Serum 
Albumin (BSA), 1 mM EDTA, 0.5 M NaHPO (pH 7.2), 7% 
SDS for hybridization at 65° C., and (i)2XSSC, 0.1% SDS; or 
(ii) 0.5% BSA, 1 mM EDTA, 40 mM NaHPO (pH 7.2), 5% 
SDS for washing at room temperature. One embodiment of 
low stringency conditions includes hybridization in 6x 
sodium chloride/sodium citrate (SSC) at about 45° C., fol 
lowed by two washes in 0.2xSSC, 0.1% SDS at least at 50° C. 
(the temperature of the washes can be increased to 55°C. for 
low stringency conditions). 
I0129. “Medium stringency' conditions include and 
encompass from at least about 16% V/v to at least about 30% 
Viv formamide and from at least about 0.5 M to at least about 
0.9M salt for hybridization at 42°C., and at least about 0.1 M 
to at least about 0.2 M salt for washing at 55° C. Medium 
stringency conditions also may include 1% Bovine Serum 
Albumin (BSA), 1 mM EDTA, 0.5 M NaHPO (pH 7.2), 7% 
SDS for hybridization at 65° C., and (i)2XSSC, 0.1% SDS; or 
(ii) 0.5% BSA, 1 mM EDTA, 40 mM NaHPO (pH 7.2), 5% 
SDS for washing at 60-65C. One embodiment of medium 
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stringency conditions includes hybridizing in 6xSSC at about 
45° C., followed by one or more washes in 0.2xSSC, 0.1% 
SDS at 60° C. 

0130 “High stringency' conditions include and encom 
pass from at least about 31% V/v to at least about 50% V/v 
formamide and from about 0.01 M to about 0.15 M salt for 
hybridization at 42°C., and about 0.01 M to about 0.02 Msalt 
for washing at 55° C. High Stringency conditions also may 
include 1% BSA, 1 mM EDTA, 0.5 MNaHPO (pH 7.2), 7% 
SDS for hybridization at 65° C., and (i) 0.2xSSC, 0.1% SDS: 
or (ii) 0.5% BSA, 1 mM EDTA, 40 mM NaHPO, (pH 7.2), 
1% SDS for washing at a temperature in excess of 65° C. One 
embodiment of high Stringency conditions includes hybrid 
izing in 6xSSC at about 45° C., followed by one or more 
washes in 0.2xSSC, 0.1% SDS at 65° C. 
0131 One embodiment of “very high stringency' condi 
tions includes hybridizing in 0.5 M sodium phosphate, 7% 
SDS at 65° C., followed by one or more washes in 0.2xSSC, 
196 SDS at 65° C. 

0.132. Other stringency conditions are well known in the 
art and a skilled addressee will recognize that various factors 
can be manipulated to optimize the specificity of the hybrid 
ization. Optimization of the stringency of the final washes can 
serve to ensure a high degree of hybridization. For detailed 
examples, see Ausubel et al., Supra at pages 2.10.1 to 2.10.16 
and Sambrook et al., Current Protocols in Molecular Biology 
(1989), at sections 1.101 to 1.104. 
0.133 While stringent washes are typically carried out at 
temperatures from about 42°C. to 68°C., one skilled in the art 
will appreciate that other temperatures may be suitable for 
stringent conditions. Maximum hybridization rate typically 
occurs at about 20°C. to 25°C. below the T for formation of 
a DNA-DNA hybrid. It is well known in the art that the T is 
the melting temperature, or temperature at which two 
complementary polynucleotide sequences dissociate. Meth 
ods for estimating T are well known in the art (see Ausubel 
et al., Supra at page 2.10.8). 
0134. In general, the T of a perfectly matched duplex of 
DNA may be predicted as an approximation by the formula: 
T81.5+16.6 (logoM)+0.41 (% G+C)-0.63 (% forma 
mide)-(600/length) wherein: M is the concentration of Na", 
preferably in the range of 0.01 molar to 0.4 molar; % G+C is 
the Sum of guano sine and cytosine bases as a percentage of 
the total number of bases, within the range between 30% and 
75% G+C; % formamide is the percent formamide concen 
tration by volume; length is the number of base pairs in the 
DNA duplex. The T of a duplex DNA decreases by approxi 
mately 1° C. with every increase of 1% in the number of 
randomly mismatched base pairs. Washing is generally car 
ried out at T-15°C. for high stringency, or T-30°C. for 
moderate stringency. 
0135) In one example of a hybridization procedure, a 
membrane (e.g., a nitrocellulose membrane or a nylon mem 
brane) containing immobilized DNA is hybridized overnight 
at 42°C. in a hybridization buffer (50% deionizer formamide, 
5xSSC, 5x Reinhardt's solution (0.1% fecal, 0.1% polyvi 
nylpyrollidone and 0.1% bovine serum albumin), 0.1% SDS 
and 200 mg/mL denatured salmon sperm DNA) containing a 
labeled probe. The membrane is then subjected to two 
sequential medium stringency washes (i.e., 2xSSC, 0.1% 
SDS for 15 min at 45° C., followed by 2xSSC, 0.1% SDS for 
15 min at 50° C.), followed by two sequential higher strin 
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gency washes (i.e., 0.2xSSC, 0.1% SDS for 12 min at 55° C. 
followed by 0.2xSSC and 0.1% SDS solution for 12 min at 
65-689 C. 
0.136 Polynucleotides and fusions thereof may be pre 
pared, manipulated and/or expressed using any of a variety of 
well established techniques known and available in the art. 
For example, polynucleotide sequences which encode 
polypeptides of the invention, or fusion proteins or functional 
equivalents thereof, may be used in recombinant DNA mol 
ecules to direct expression of a selected enzyme in appropri 
ate host cells. Due to the inherent degeneracy of the genetic 
code, other DNA sequences that encode substantially the 
same or a functionally equivalent amino acid sequence may 
be produced and these sequences may be used to clone and 
express a given polypeptide. 
0.137 As will be understood by those of skill in the art, it 
may be advantageous in some instances to produce polypep 
tide-encoding nucleotide sequences possessing non-naturally 
occurring codons. For example, codons preferred by a par 
ticular prokaryotic or eukaryotic host can be selected to 
increase the rate of protein expression or to produce a recom 
binant RNA transcript having desirable properties, such as a 
half-life which is longer than that of a transcript generated 
from the naturally occurring sequence. Such nucleotides are 
typically referred to as “codon-optimized.” Any of the nucle 
otide sequences described herein may be utilized in Such a 
“codon-optimized' form. For example, the nucleotide coding 
sequence of the benzaldehyde lyase from Pseudomonas fluo 
rescens may be codon-optimized for expression in E. coli. 
0.138 Moreover, the polynucleotide sequences of the 
present invention can be engineered using methods generally 
known in the art in order to alter polypeptide encoding 
sequences for a variety of reasons, including but not limited 
to, alterations which modify the cloning, processing, expres 
sion and/or activity of the gene product. 
0.139. In order to express a desired polypeptide, a nucle 
otide sequence encoding the polypeptide, or a functional 
equivalent, may be inserted into appropriate expression vec 
tor, i.e., a vector that contains the necessary elements for the 
transcription and translation of the inserted coding sequence. 
Methods which are well known to those skilled in the art may 
be used to construct expression vectors containing sequences 
encoding a polypeptide of interest and appropriate transcrip 
tional and translational control elements. These methods 
include invitro recombinant DNA techniques, synthetic tech 
niques, and in vivo genetic recombination. Such techniques 
are described in Sambrook et al., Molecular Cloning, A Labo 
ratory Manual (1989), and Ausubel et al., Current Protocols in 
Molecular Biology (1989). 
0140) “Polypeptide,” “polypeptide fragment,” “peptide' 
and “protein’ are used interchangeably herein to refer to a 
polymer of amino acid residues and to variants and synthetic 
analogues of the same. Thus, these terms apply to amino acid 
polymers in which one or more amino acid residues are syn 
thetic non-naturally occurring amino acids. Such as a chemi 
cal analogue of a corresponding naturally occurring amino 
acid, as well as to naturally-occurring amino acid polymers. 
In certain aspects, polypeptides may include enzymatic 
polypeptides, or “enzymes, which typically catalyze (i.e., 
increase the rate of) various chemical reactions. 
0.141. The recitation polypeptide “variant” refers to 
polypeptides that are distinguished from a reference polypep 
tide sequence by the addition, deletion or substitution of at 
least one amino acid residue. In certain embodiments, a 
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polypeptide variant is distinguished from a reference 
polypeptide by one or more Substitutions, which may be 
conservative or non-conservative. In certain embodiments, 
the polypeptide variant comprises conservative Substitutions 
and, in this regard, it is well understood in the art that some 
amino acids may be changed to others with broadly similar 
properties without changing the nature of the activity of the 
polypeptide. Polypeptide variants also encompass polypep 
tides in which one or more amino acids have been added or 
deleted, or replaced with different amino acid residues. 
0142. The present invention contemplates the use in the 
methods described herein of variants of full-length polypep 
tides having any of the enzymatic activities described herein, 
truncated fragments of these full-length polypeptides, Vari 
ants of truncated fragments, as well as their related biologi 
cally active fragments. Typically, biologically active frag 
ments of a polypeptide may participate in an interaction, for 
example, an intra-molecular or an inter-molecular interac 
tion. An inter-molecular interaction can be a specific binding 
interaction or an enzymatic interaction (e.g., the interaction 
can be transient and a covalent bond is formed or broken). 
Biologically active fragments of a polypeptide? enzyme an 
enzymatic activity described herein include peptides com 
prising amino acid sequences sufficiently similar to, or 
derived from, the amino acid sequences of a (putative) full 
length reference polypeptide sequence. Typically, biologi 
cally active fragments comprise a domain or motif with at 
least one enzymatic activity, and may include one or more 
(and in some cases all) of the various active domains. A 
biologically active fragment ofaan enzyme can be a polypep 
tide fragment which is, for example, 10, 11, 12, 13, 14, 15, 16, 
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 40, 50, 60, 
70, 80,90, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 
200, 220, 240, 260, 280, 300, 320, 340, 360, 380, 400, 450, 
500, 600 or more contiguous amino acids, including all inte 
gers in between, of a reference polypeptide sequence. In 
certain embodiments, a biologically active fragment com 
prises a conserved enzymatic sequence, domain, or motif, as 
described elsewhere herein and known in the art. Suitably, the 
biologically-active fragment has no less than about 1%, 10%, 
25%, 50% of an activity of the wild-type polypeptide from 
which it is derived. 

0143. The term “exogenous” refers generally to a poly 
nucleotide sequence or polypeptide that does not naturally 
occur in a wild-type cell or organism, but is typically intro 
duced into the cell by molecular biological techniques, i.e., 
engineering to produce a recombinant microorganism. 
Examples of “exogenous' polynucleotides include vectors, 
plasmids, and/or man-made nucleic acid constructs encoding 
a desired protein or enzyme. The term “endogenous” refers 
generally to naturally occurring polynucleotide sequences or 
polypeptides that may be found in a given wild-type cell or 
organism. For example, certain naturally-occurring bacterial 
or yeast species do not typically contain a benzaldehyde lyase 
gene, and, therefore, do not comprise an "endogenous' poly 
nucleotide sequence that encodes a benzaldehyde lyase. In 
this regard, it is also noted that even though an organism may 
comprise an endogenous copy of a given polynucleotide 
sequence or gene, the introduction of a plasmid or vector 
encoding that sequence, Such as to over-express or otherwise 
regulate the expression of the encoded protein, represents an 
“exogenous copy of that gene or polynucleotide sequence. 
Any of the of pathways, genes, or enzymes described herein 
may utilize or rely on an “endogenous” sequence, or may be 
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provided as one or more "exogenous' polynucleotide 
sequences, and/or may be utilized according to the endog 
enous sequences already contained within a given microor 
ganism. 
0144. A “recombinant microorganism typically com 
prises one or more exogenous nucleotide sequences, such as 
in a plasmid or vector. 
0145 The recitations “sequence identity” or, for example, 
comprising a "sequence 50% identical to.” as used herein, 
refer to the extent that sequences are identical on a nucleotide 
by-nucleotide basis or an amino acid-by-amino acid basis 
over a window of comparison. Thus, a "percentage of 
sequence identity” may be calculated by comparing two opti 
mally aligned sequences over the window of comparison, 
determining the number of positions at which the identical 
nucleic acid base (e.g., A, T, C, G, I) or the identical amino 
acid residue (e.g., Ala, Pro, Ser, Thr, Gly, Val, Leu, Ile, Phe, 
Tyr, Trp, Lys, Arg, His, Asp, Glu, ASn, Gln, Cys and Met) 
occurs in both sequences to yield the number of matched 
positions, dividing the number of matched positions by the 
total number of positions in the window of comparison (i.e., 
the window size), and multiplying the result by 100 to yield 
the percentage of sequence identity. 
0146 Terms used to describe sequence relationships 
between two or more polynucleotides or polypeptides include 
“reference sequence”, “comparison window', 'sequence 
identity”, “percentage of sequence identity” and “substantial 
identity. A “reference sequence' is at least 12 but frequently 
15 to 18 and often at least 25 monomer units, inclusive of 
nucleotides and amino acid residues, in length. Because two 
polynucleotides may each comprise (1) a sequence (i.e., only 
a portion of the complete polynucleotide sequence) that is 
similar between the two polynucleotides, and (2) a sequence 
that is divergent between the two polynucleotides, sequence 
comparisons between two (or more) polynucleotides are typi 
cally performed by comparing sequences of the two poly 
nucleotides over a “comparison window” to identify and 
compare local regions of sequence similarity. A "comparison 
window' refers to a conceptual segment of at least 6 contigu 
ous positions, usually about 50 to about 100, more usually 
about 100 to about 150 in which a sequence is compared to a 
reference sequence of the same number of contiguous posi 
tions after the two sequences are optimally aligned. The com 
parison window may comprise additions or deletions (i.e., 
gaps) of about 20% or less as compared to the reference 
sequence (which does not comprise additions or deletions) 
for optimal alignment of the two sequences. Optimal align 
ment of sequences for aligning a comparison window may be 
conducted by computerized implementations of algorithms 
(GAP, BESTFIT. FASTA, and TFASTA in the Wisconsin 
Genetics Software Package Release 7.0, Genetics Computer 
Group, 575 Science Drive Madison, Wis., USA) or by inspec 
tion and the best alignment (i.e., resulting in the highest 
percentage homology over the comparison window) gener 
ated by any of the various methods selected. Reference also 
may be made to the BLAST family of programs as for 
example disclosed by Altschul et al., 1997, Nucl. Acids Res. 
25:3389. A detailed discussion of sequence analysis can be 
found in Unit 19.3 of Ausubel et al., “Current Protocols in 
Molecular Biology”, John Wiley & Sons Inc, 1994-1998, 
Chapter 15. 
0.147. “Transformation” refers generally to the permanent, 
heritable alteration in a cell resulting from the uptake and 
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incorporation of foreign DNA into the host-celligenome; also, 
the transfer of an exogenous gene from one organism into the 
genome of another organism. 
0148. By “vector is meant a polynucleotide molecule, 
preferably a DNA molecule derived, for example, from a 
plasmid, bacteriophage, yeast or virus, into which a poly 
nucleotide can be inserted or cloned. A vector preferably 
contains one or more unique restriction sites and can be 
capable of autonomous replication in a defined host cell 
including a target cell or tissue or a progenitor cell or tissue 
thereof, or be integrable with the genome of the defined host 
Such that the cloned sequence is reproducible. Accordingly, 
the vector can be an autonomously replicating vector, i.e., a 
vector that exists as an extra-chromosomal entity, the repli 
cation of which is independent of chromosomal replication, 
e.g., a linear or closed circular plasmid, an extra-chromo 
Somal element, a mini-chromosome, or an artificial chromo 
some. The vector can contain any means for assuring self 
replication. Alternatively, the vector can be one which, when 
introduced into the host cell, is integrated into the genome and 
replicated together with the chromosome(s) into which it has 
been integrated. Such a vector may comprise specific 
sequences that allow recombination into a particular, desired 
site of the host chromosome. A vector system can comprise a 
single vector or plasmid, two or more vectors or plasmids, 
which together contain the total DNA to be introduced into 
the genome of the host cell, or a transposon. The choice of the 
vector will typically depend on the compatibility of the vector 
with the host cell into which the vector is to be introduced. In 
the present case, the vector is preferably one which is oper 
ably functional in a bacterial cell. Such as a cyanobacterial 
cell. The vector can include a reporter gene. Such as a green 
fluorescent protein (GFP), which can be either fused in frame 
to one or more of the encoded polypeptides, or expressed 
separately. The vector can also include a selection marker 
Such as an antibiotic resistance gene that can be used for 
selection of Suitable transformants. 
014.9 The terms “wild-type' and “naturally occurring are 
used interchangeably to refer to a gene or gene product that 
has the characteristics of that gene or gene product when 
isolated from a naturally occurring source. A wild type gene 
or gene product (e.g., a polypeptide) is that which is most 
frequently observed in a population and is thus arbitrarily 
designed the “normal” or “wild-type' form of the gene. 
0150. Examples of “biomass” include aquatic or marine 
biomass, fruit-based biomass Such as fruit waste, and Veg 
etable-based biomass such as Vegetable waste, among others. 
Examples of aquatic or marine biomass include, but are not 
limited to, kelp, giant kelp, seaweed, algae, and marine micro 
flora, microalgae, sea grass, and the like. In certain aspects, 
biomass does not include fossilized sources of carbon, Such as 
hydrocarbons that are typically found within the top layer of 
the Earth's crust (e.g., natural gas, nonvolatile materials com 
posed of almost pure carbon, like anthracite coal, etc). 
0151 Examples of fruit and/or vegetable biomass include, 
but are not limited to, any source of pectin Such as plant peel 
and pomace including citrus, orange, grapefruit, potato, 
tomato, grape, mango, gooseberry, carrot, Sugar-beet, and 
apple, among others. 
0152 Examples of polysaccharides, oligosaccharides, 
monosaccharides or other Sugar components of biomass 
include, but are not limited to, alginate, agar, carrageenan, 
fucoidan, pectin, gluronate, mannuronate, mannitol, lyxose, 
cellulose, hemicellulose, glycerol. Xylitol, glucose, mannose, 
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galactose, Xylose, Xylan, mannan, arabinan, arabinose, glu 
curonate, galacturonate (including di- and tri-galactur 
onates), rhamnose, and the like. 
0153. Certain examples of alginate-derived polysaccha 
rides include Saturated polysaccharides. Such as B-D-mannu 
ronate, C-L-gluronate, dialginate, trialginate, pentalginate, 
hexylginate, heptalginate, octalginate, nonalginate, decalgi 
nate, undecalginate, dodecalginate and polyalginate, as well 
as unsaturated polysaccharides Such as 4-deoxy-L-erythro-5- 
hexoseulose uronic acid, 4-(4-deoxy-beta-D-mann-4-enu 
ronosyl)-D-mannuronate or L-guluronate, 4-(4-deoxy-beta 
D-mann-4-enuronosyl)-dialginate, 4-(4-deoxy-beta-D- 
mann-4-enuronosyl)-trialginate, 4-(4-deoxy-beta-D-mann 
4-enuronosyl)-tetralginate, 4-(4-deoxy-beta-D-mann-4- 
enuronosyl)-pentalginate, 4-(4-deoxy-beta-D-mann-4- 
enuronosyl)-hexylginate, 4-(4-deoxy-beta-D-mann-4- 
enuronosyl)-heptalginate, 4-(4-deoxy-beta-D-mann-4- 
enuronosyl)-octalginate, 4-(4-deoxy-beta-D-mann-4- 
enuronosyl)-nonalginate, 4-(4-deoxy-beta-D-mann-4- 
enuronosyl)-undecalginate, and 4-(4-deoxy-beta-D-mann-4- 
enuronosyl)-dodecalginate. 
0154 Certain examples of pectin-derived polysaccharides 
include Saturated polysaccharides, such as galacturonate, 
digalacturonate, trigalacturonate, tetragalacturonate, penta 
galacturonate, hexagalacturonate, heptagalacturonate, octa 
galacturonate, nonagalacturonate, decagalacturonate, 
dodecagalacturonate, polygalacturonate, and rhamnopolyga 
lacturonate, as well as saturated polysaccharides such as 
4-deoxy-L-threo-5-hexoSulose uronate, 4-(4-Deoxy-alpha 
D-gluc-4-enuronosyl)-D-galacturonate, 4-(4-Deoxy-alpha 
D-gluc-4-enuronosyl)-D-digalacturonate, 4-(4-Deoxy-al 
pha-D-gluc-4-enuronosyl)-D-trigalacturonate, 4-(4-Deoxy 
alpha-D-gluc-4-enuronosyl)-D-tetragalacturonate, 4-(4- 
Deoxy-alpha-D-gluc-4-enuronosyl)-D-pentagalacturonate, 
4-(4-Deoxy-alpha-D-gluc-4-enuronosyl)-D-hexagalactur 
onate, 4-(4-Deoxy-alpha-D-gluc-4-enuronosyl)-D-heptaga 
lacturonate, 4-(4-Deoxy-alpha-D-gluc-4-enuronosyl)-D-oc 
tagalacturonate, 4-(4-Deoxy-alpha-D-gluc-4-enuronosyl)- 
D-nonagalacturonate, 4-(4-Deoxy-alpha-D-gluc-4- 
enuronosyl)-D-decagalacturonate, and 4-(4-Deoxy-alpha-D- 
gluc-4-enuronosyl)-D-dodecagalacturonate. 
0155 These polysaccharide or oligosaccharide compo 
nents may be converted into “suitable monosaccharides’ or 
other “suitable saccharides, such as “suitable oligosaccha 
rides.” by the microorganisms described herein which are 
capable of growing on Such polysaccharides or other Sugar 
components as a source of carbon (e.g., a sole Source of 
carbon). 
0156. A “suitable monosaccharide' or “suitable saccha 
ride' refers generally to any saccharide that may be produced 
by a recombinant microorganism growing on pectin, alginate, 
or other saccharide (e.g., galacturonate, cellulose, hemi-cel 
lulose etc.) as a source or sole source of carbon, and also 
refers generally to any saccharide that may be utilized in a 
biofuel biosynthesis pathway of the present invention to pro 
duce hydrocarbons such as biofuels or biopetrols. Examples 
of suitable monosaccharides or oligosaccharides include, but 
are not limited to, 2-keto-3-deoxy D-gluconate (KDG), 
D-mannitol, gluronate, mannuronate, mannitol, lyxose, glyc 
erol. Xylitol, glucose, mannose, galactose, Xylose, arabinose, 
glucuronate, galacturonates, and rhamnose, and the like. As 
noted herein, a "suitable monosaccharide' or 'suitable sac 
charide' as used herein may be produced by an engineered or 
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recombinant microorganism of the present invention, or may 
be obtained from commercially available sources. 
0157. The recitation “commodity chemical as used 
herein includes any saleable or marketable chemical that can 
be produced either directly or as a by-product of the methods 
provided herein, including biofuels and/or biopetrols. Gen 
eral examples of “commodity chemicals' include, but are not 
limited to, biofuels, minerals, polymer precursors, fatty alco 
hols, Surfactants, plasticizers, and solvents. The recitation 
“biofuels' as used herein includes solid, liquid, or gas fuels 
derived, at least in part, from a biological source, such as a 
recombinant microorganism. 
0158 Examples of commodity chemicals include, but are 
not limited to, 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 
tanone, 1-(4-hydroxyphenyl) pentane, 1-(4-hydroxyphenyl)- 
1-pentene, 1-(4-hydroxyphenyl)-2-pentene, 1-(4- 
hydroxyphenyl)-3-pentene, 1-(4-hydroxyphenyl)-2- 
pentanol, 1-(4-hydroxyphenyl)-3-pentanol, 1-(4- 
hydroxyphenyl)-2-pentanone, 1-(4-hydroxyphenyl)-3- 
pentanone, 1-(4-hydroxyphenyl)-2,3-pentanediol. 1-(4- 
hydroxyphenyl)-2-hydroxy-3-pentanone, 1-(4- 
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hydroxyphenyl)-3-hydroxy-2-pentanone, 1-(4-hydroxyphe 
nyl)-2,3-pentanedione, 4-methyl-1-(4-hydroxyphenyl) pen 
tane, 4-methyl-1-(4-hydroxyphenyl)-2-pentene, 4-methyl-1- 
(4-hydroxyphenyl)-3-pentene, 4-methyl-1-(4- 
hydroxyphenyl)-1-pentene, 4-methyl-1-(4-hydroxyphenyl)- 
3-pentanol, 4-methyl-1-(4-hydroxyphenyl)-2-pentanol, 
4-methyl-1-(4-hydroxyphenyl)-3-pentanone, 4-methyl-1-(4- 
hydroxyphenyl)-2-pentanone, 4-methyl-1-(4-hydroxyphe 
nyl)-2,3-pentanediol, 4-methyl-1-(4-hydroxyphenyl)-2,3- 
pentanedione, 4-methyl-1-(4-hydroxyphenyl)-3-hydroxy-2- 
pentanone, 4-methyl-1-(4-hydroxyphenyl)-2-hydroxy-3- 
pentanone, 1-indole-3-pentane, 1-(indole-3)-1-pentene, 
1-(indole-3)-2-pentene, 1-(indole-3)-3-pentene, 1-(indole 
3)-2-pentanol, 1-(indole-3)-3-pentanol, 1-(indole-3)-2-pen 
tanone, 1-(indole-3)-3-pentanone, 1-(indole-3)-2,3-pen 
tanediol. 1-(indole-3)-2-hydroxy-3-pentanone, 1-(indole-3)- 
3-hydroxy-2-pentanone, 1-(indole-3)-2,3-pentanedione, 
4-methyl-1-(indole-3-)pentane, 4-methyl-1-(indole-3)-2- 
pentene, 4-methyl-1-(indole-3)-3-pentene, 4-methyl-1-(in 
dole-3)-1-pentene, 4-methyl-2-(indole-3)-3-pentanol, 4-me 
thyl-1-(indole-3)-2-pentanol, 4-methyl-1-(indole-3)-3- 
pentanone, 4-methyl-1-(indole-3)-2-pentanone, 4-methyl-1- 
(indole-3)-2,3-pentanediol, 4-methyl-1-(indole-3)-2,3- 
pentanedione, 4-methyl-1-(indole-3)-3-hydroxy-2- 
pentanone, 4-methyl-1-(indole-3)-2-hydroxy-3-pentanone, 
n-hexane, 1-hexene, 1-hexanol, hexanal, hexanoate, 2-hex 
ene, 3-hexene, 2-hexanol, 3-hexanol, 2-hexanone, 3-hex 
anone, 2.3-hexanediol. 2.3-hexanedione, 3,4-hexanediol. 
3,4-hexanedione, 2-hydroxy-3-hexanone, 3-hydroxy-2-hex 
anone, 3-hydroxy-4-hexanone, 4-hydroxy-3-hexanone, 
2-methylhexane, 3-methylhexane, 2-methyl-2-hexene, 
2-methyl-3-hexene, 5-methyl-1-hexene, 5-methyl-2-hexene, 
4-methyl-1-hexene, 4-methyl-2-hexene, 3-methyl-3-hexene, 
3-methyl-2-hexene, 3-methyl-1-hexene, 2-methyl-3-hex 
anol, 5-methyl-2-hexanol, 5-methyl-3-hexanol, 2-methyl-3- 
hexanone, 5-methyl-2-hexanone, 5-methyl-3-hexanone, 
2-methyl-3,4-hexanediol, 2-methyl-3,4-hexanedione, 5-me 
thyl-2,3-hexanediol, 5-methyl-2,3-hexanedione, 4-methyl-2, 
3-hexanediol, 4-methyl-2,3-hexanedione, 2-methyl-3-hy 
droxy-4-hexanone, 2-methyl-4-hydroxy-3-hexanone, 
5-methyl-2-hydroxy-3-hexanone, 5-methyl-3-hydroxy-2- 
hexanone, 4-methyl-2-hydroxy-3-hexanone, 4-methyl-3-hy 
droxy-2-hexanone, 2,5-dimethylhexane, 2,5-dimethyl-2- 
hexene, 2,5-dimethyl-3-hexene, 2,5-dimethyl-3-hexanol, 
2,5-dimethyl-3-hexanone, 2,5-dimethyl-3,4-hexanediol. 2.5- 
dimethyl-3,4-hexanedione, 2,5-dimethyl-3-hydroxy-4-hex 
anone, 5-methyl-1-phenylhexane, 4-methyl-1-phenylhex 
ane, 5-methyl-1-phenyl-1-hexene, 5-methyl-1-phenyl-2- 
hexene, 5-methyl-1-phenyl-3-hexene, 4-methyl-1-phenyl-1- 
hexene, 4-methyl-1-phenyl-2-hexene, 4-methyl-1-phenyl-3- 
hexene, 5-methyl-1-phenyl-2-hexanol, 5-methyl-1-phenyl 
3-hexanol, 4-methyl-1-phenyl-2-hexanol, 4-methyl-1- 
phenyl-3-hexanol, 5-methyl-1-phenyl-2-hexanone, 
5-methyl-1-phenyl-3-hexanone, 4-methyl-1-phenyl-2-hex 
anone, 4-methyl-1-phenyl-3-hexanone, 5-methyl-1-phenyl 
2,3-hexanediol, 4-methyl-1-phenyl-2,3-hexanediol, 5-me 
thyl-1-phenyl-3-hydroxy-2-hexanone, 5-methyl-1-phenyl-2- 
hydroxy-3-hexanone, 4-methyl-1-phenyl-3-hydroxy-2- 
hexanone, 4-methyl-1-phenyl-2-hydroxy-3-hexanone, 
5-methyl-1-phenyl-2,3-hexanedione, 4-methyl-1-phenyl-2, 
3-hexanedione, 4-methyl-1-(4-hydroxyphenyl)hexane, 
5-methyl-1-(4-hydroxyphenyl)-1-hexene, 5-methyl-1-(4-hy 
droxyphenyl)-2-hexene, 5-methyl-1-(4-hydroxyphenyl)-3- 
hexene, 4-methyl-1-(4-hydroxyphenyl)-1-hexene, 4-methyl 
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hydroxy decane, 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, phosphate, 
and the like. 

0159. The recitation “optimized as used herein refers to a 
pathway, gene, polypeptide, enzyme, or other molecule hav 
ing an altered biological activity, such as by the genetic alter 
ation of a polypeptide's amino acid sequence or by the alter 
ation/modification of the polypeptide's Surrounding cellular 
environment, to improve its functional characteristics in rela 
tion to the original molecule or original cellular environment 
(e.g., a wild-type sequence of a given polypeptide or a wild 
type microorganism). Any of the polypeptides or enzymes 
described herein may be optionally “optimized, and any of 
the genes or nucleotide sequences described herein may 
optionally encode an optimized polypeptide or enzyme. Any 
of the pathways described herein may optionally contain one 
or more "optimized enzymes, or one or more nucleotide 
sequences encoding for an optimized enzyme or polypeptide. 
0160 Typically, the improved functional characteristics of 
the polypeptide, enzyme, or other molecule relate to the Suit 
ability of the polypeptide or other molecule for use in a 
biological pathway (e.g., a biosynthesis pathway, a C-C 
ligation pathway) to convert a monosaccharide or oligosac 
charide into a biofuel. Certain embodiments, therefore, con 
template the use of “optimized' biological pathways. An 
exemplary "optimized polypeptide may contain one or more 
alterations or mutations in its amino acid coding sequence 
(e.g., point mutations, deletions, addition of heterologous 
sequences) that facilitate improved expression and/or stabil 
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ity in a given microbial system or microorganism, allow regu 
lation of polypeptide activity in relation to a desired substrate 
(e.g., inducible or repressible activity), modulate the local 
ization of the polypeptide within a cell (e.g., intracellular 
localization, extracellular secretion), and/or effect the 
polypeptide's overall level of activity in relation to a desired 
Substrate (e.g., reduce or increase enzymatic activity). A 
polypeptide or other molecule may also be “optimized for 
use with a given microbial system or microorganism by alter 
ing one or more pathways within that System or organism, 
Such as by altering a pathway that regulates the expression 
(e.g., up-regulation), localization, and/or activity of the “opti 
mized polypeptide or other molecule, or by altering a path 
way that minimizes the production of undesirable by-prod 
ucts, among other alterations. In this manner, a polypeptide or 
other molecule may be “optimized with or without altering 
its wild-type amino acid sequence or original chemical struc 
ture. Optimized polypeptides or biological pathways may be 
obtained, for example, by direct mutagenesis or by natural 
selection for a desired phenotype, according to techniques 
known in the art. 
0.161. In certain aspects, “optimized genes or polypep 
tides may comprise a nucleotide coding sequence or amino 
acid sequence that is 50% to 99% identical (including all 
integeres in between) to the nucleotide or amino acid 
sequence of a reference (e.g., wild-type) gene or polypeptide. 
In certain aspects, an “optimized polypeptide or enzyme 
may have about 1, 2,3,4,5,6,7,8,9, 10, 20, 30, 40, 50, 100 
(including all integers and decimal points in between e.g., 1.2. 
1.3, 1.4, 1.5, 5.5, 5.6, 5.7, 60, 70, etc.), or more times the 
biological activity of a reference polypeptide. 
0162 Certain aspects of the invention also include a com 
modity chemical, such as a biofuel, that is produced accord 
ing to the methods and recombinant microorganisms 
described herein. Such a biofuel (e.g., medium to long chain 
alkane) may be distinguished from other fuels, such as those 
fuels produced by traditional refinery from crude carbon 
Sources, by radio-carbon dating techniques. For instance, car 
bon has two stable, nonradioactive isotopes: carbon-12 ('C), 
and carbon-13 ('C). In addition, there are trace amounts of 
the unstable isotope carbon-14 (''C) on Earth. Carbon-14 has 
a half-life of 5730 years, and would have long ago vanished 
from Earth were it not for the unremitting impact of cosmic 
rays on nitrogen in the Earth's atmosphere, which create more 
of this isotope. The neutrons resulting from the cosmic ray 
interactions participate in the following nuclear reaction on 
the atoms of nitrogen molecules (N) in the atmospheric air: 

n + N ? C+p 

0163 Plants and other photosynthetic organisms take up 
atmospheric carbon dioxide by photosynthesis. Since many 
plants are ingested by animals, every living organism on 
Earth is constantly exchanging carbon-14 with its environ 
ment for the duration of its existence. Once an organism dies, 
however, this exchange stops, and the amount of carbon-14 
gradually decreases over time through radioactive beta decay. 
0164. Most hydrocarbon-based fuels, such as crude oil 
and natural gas derived from mining operations, are the result 
of compression and heating of ancient organic materials (i.e., 
kerogen) over geological time. Formation of petroleum typi 
cally occurs from hydrocarbon pyrolysis, in a variety of 




























































































































































































































































































































































































































































































































