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Figure 1
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Figure 3
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E. coli Growing on Alginate

FIG. 4
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Figure 5A

ODB00NmM

08

0.8

0.7

08

0.5

u Ctrl

® Engineered Strain

Digalacturonate

Trigalacturonate Polygalacturonate

Figure 5B

OD600NM

1.4

1.2

0.8

0.6

0.4

0.2

pPEL74

pPEL74+pROU2




Patent Application Publication Jun. 4, 2009 Sheet 6 of 81 US 2009/0139134 A1

- Pyruvate +63P

KdgA

KDGP

K

Kd

{Uqu
KDG—
FIG. 6A

-

Atu3026 or 3027
Mannuronare-Mannonate

dh

Form

Alginate Lak\ Atu3026 or 3027
DEHU ===



Patent Application Publication

Figure 6B

Jun. 4,2009 Sheet 7 of 81 US 2009/0139134 A1l

Pyruvate formation from alginate (enzymatic degradation route)
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Pyruvate formation from alginate (chemical degradation route).
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Figure 7A
DEHU hydrogenase activity monitored by NADPH consumption
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Mannuronate hydrogenase activity monitored by NADPH consumption
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Figure 2A
GC-MS chromatogram of Control
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Figure 2B

GC-MS chromatogram for 4-hydroxyphenylethanol and indole-3-ethanol production from
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Figure 10A

Mass spectrometry of isohutanal
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Mass spectrometry of 3-methylpentanol
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Mass spectrometry of 2-methylpentanol
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Figure 11A

Mass spectrometry of 2-phenylethanol

D15 #4806 RT. 596 AV. 1 8B 11.09 NL 15368 H
T + ¢ Full ms [40.00-250.00] o
o0 e
e
a0
o T
o
2 a0
g
2w
£
T‘i 40 1205
* »
20
10 o
o '!23 14303 15405 16814 ‘IB?_e 19903 20700 219.3% 1027
™ 140 18 1% P = 240
miz
Figure 11B
Mass spectrometry of 4-hydroxyphenylethanol
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Mass spectrometry of indole-3-ethanol
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Figure 12A
Reduction of butyroin by ddh1, ddh2, and ddh3 monitored by NADH consumption.
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Figure 12B

Oxidation activity of ddh3 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 Lacfobaccilus
brevis ATCC 367

ATGGCATCAAATGGAAAAGTAGCAATGGTTACCGGTGGCGGACAAGGAATTGGTGAAGC
CATCTCGAAACGGTTAGCTAACGACGGCTTTGCTGTGGCAATTGCTGATTTGAACTTGG
ACAATGCCAACAAGGTCGTTTCTGATATTGAAGCTGCTGGTGGCAAGGCCATTGCGGTC
AAGACCGATGTCTCTGATCGTGATAGCGTGTTTGCTGCGGTTAATGAAGCGGCCGACAA
GCTGGGCGGCTTTGACGTTATCGTTAATAACGCCGGCCTTGGCCCAACCACGCCAATTG
ACACCATCACCCAAGAACAGTTTGATACGGTTTATCACGTTAACGTGGGTGGGGETTCTT
TGGGGCATTCAAGCAGCCCATGCGAAGTTCAAGGAATTGGGTCATGGTGGGAAGATCAT
TTCCGCGACGTCTCAAGCCGGGGETTGTTGGTAACCCGAACTTAGCTCTGTACAGTGGAA
CTAAGTTTGCCATTCGTGGTGTGACCCAAGTTGCGGCGCGTGACTTAGCCGCTGAAGGT
ATCACGGTCAATGCTTATGCACCCGGGATTGTTAAGACACCAATGATGTTTGACATCGC
TCACAAGGTTGGTCAAAATGCTGGTAAAGACGACGAATGGGGCGATGCAAACCTTCTCAA
AGGACATCGCTTTATGTCGATTGTCAGAACCAGAAGATGTGGCTAACGGGGTGGCTTTC
TTAGCCGGTCCCGATTCTAACTACATTACGGGTCAAACACTTGAAGTTGATGGTGGGAT
GCAGTTCCACTAA (SEQ ID NO:97)

Figure 14B
Polypeptide primary sequence of diol dehydrogenase DDH1 isolated from
Lactobaccilus brevis ATCC 367

MASNGEVAMVTGGGOGIGEATSKRLANDGFAVATADLNLDNANKVVSDIEAAGGKATAY
KTDVSDRDSVFAAVNEAADKLGGFDVIVNNAGLGPTTPIDTITQEQFDTVYHVNVGGVL
WGIQAAHAKFKELGHGGKITISATSQAGVVGNPNLALY SGTKFATIRGVTOVAARDLAAEG
ITVNAYAPGIVKTPMMFDIAHKVGONAGKDDEWGMOTFSKDIALCRLSEPEDVANGVAF
LAGPDSNY ITGQTLEVDGGMQFH  (SEQ ID NO:98)
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Figure 15A
Nucleotide sequence of diol dehydrogenase DDH?2 isolated from Pseudomonas
putida KT2440

ATGAATGACCTGAGCCACACCCACATGCGCGCGGCCGETCTGGCATGGCCGCCACGATAT
TCGTGTCGAACAGGTACCTTTGCCGGCCGACCCTGCGCCGGGCTGGEGTGCAGATCAAGG
TGGACTGGTGCGGCATCTGCGGCTCCGACCTGCACGAATATGTTGCCGGCCCGGTGTTC
ATCCCGGTAGAGGCCCCGCACCCGCTGACCGGCATTCAGGGCCAGTGCATCCTCGGCCA
CGAATTCTGCGGCCACATCGCCAAGCTTGGCGAAGGCGTGGAAGGCTATGCCGTAGGCG
ACCCGGTGGCGGCAGACGCGTGCCAGCATTGTGGTACCTGCTATTACTGCACCCATGGC
CTGTACAACATCTGCGAACGCCTGGCGTTCACCGGCCTGATGAACAACGGTGCCTTCGC
CGAGCTGGTCAACGTGCCCGCCAACCTGCTCTACCGGCTGCCGCAGGGCTTCCCTGCCG
AAGCCGGGGCACTGATCGAGCCGCTGGCGGETGGGETATGCACGCGGTGAAAAAGGCCGGC
AGCCTGCTTGGGCAAACCGTTGTAGTGGTTGGGGCCGGCACCATCGGCCTGTGCACCAT
CATGTGCGCCAAGGCTGCAGGTGCGGCACAGGTCATCGCCCTTGAGATGTCCTCTGCGC
GCAAAGCCAAGGCCAAGGAAGCGGGCGCCAACGTGGETGCTGGACCCCAGCCAGTGCGAT
GCCCTGGCGGAAATCCGCGCACTGACTGCTGGGCTGGGCGCCGATGTGAGTTTTGAGTG
CATCGGCAACAAACATACGGCCAAGCTGGCCATCGACACCATCCGCAAAGCAGGCAAGT
GCGTGCTGGETGGGTATTTTCGAAGAGCCCAGCGAGTTCAACTTCTTCGAGCTGGETGTCC
ACCGAGAAGCAAGTGCTGGEGEGCETTGGCGTACAACGGCGAGTTTGCTGACGTGATTGC
CTTCATTGCTGATGGTCGGCTGGATATTCGCCCGCTGGTAACCGGCCGGATCGGATTGG
AGCAGATTGTCGAGCTGGGCTTCGAGGAACTGGTGAACAACAAAGAGGAGAACGTGAAG
ATCATCGTTTCACCAGGTGTGCGCTGA {SEQ ID NO:99)

Figure 15B

Polypeptide sequence of diol dehydrogenase DDH?2 isolated from Pseudomonas
putida KT2440

MNDLSHTHMRAAVWHGROADIRVEQVPLPADPAPGWVOIKVDWCGICGSDLEEYVAGPVE
IPVEAPHPLTGIQGQCILGHEFCGHIAKLGEGVEGYAVGDPVAADACQHCGTCYYCTHG
LYNICERLAFTGLMNNGAFAELVNVPANLLYRLPQGFPAEAGALIEPLAVGMHAVKKAG
SLLGOTVVVVGAGTIGLCTIMCAKAAGAAQVIALEMS SARKAKAKEAGANVVLDPSQCD
ALAEIRALTAGLGADVSFECIGNKHTAKLAIDT IRKAGKCVLVGIFEEPSEFNFFELVS
TEKOVLGALAYNGEFADVIAFIADGRLDIRPLVTGRIGLEQIVELGFEELVNNKEENVE
TTVSPGVR (SEQ ID NO:100)
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Figure 16A
Nucleotide sequence of diol dehydrogenase DDH3 isolated from Klebsiella
pneumoniae MGH78578

ATGAAAAAAGTCGCACTTGT TACCGGCGCCGCECCAGGGGATTGCTARAGCTATCGCCCT
TCGTCTGGTGAAGGATGGATTTGCCGTGGCCATTGCCGATTATAACGACGCCACCGCCA
AAGCGGTCGCCTCGGAAATCAACCAGGCCGGCGCGACACGCCGTGGCGGTCGAAAGTGGAT
GTCTCCGACCGCGATCAGGTATTTGCCGCCGTTGAACAGGCGCGCARAACGCTGGGCGR
CTTCGACGTCATCGTCAATAACGCCGGTGTGGCACCGTCTACGCCGATCGAGTCCATTA
CCCCGGAGATTGTCGACAAAGTCTACAACATCAACCTCAAAGGGCTGATCTGGGGTATT
CAGGCGGCGGTCGAGGCCTTTAAGAAAGAGGGGCACGGCGGGAAAATCATCAACGCCTG
TTCCCAGGCCGGCCACGTCGGCAACCCGGAGCTGGCGGTGTATAGCTCCAGTAAATTCG
CGGTACGCGGCTTAACCCAGACCGCCGCTCGCGACCTCGCGCCGCTGGGCATCACGGTC
AACGGCTACTGCCCGGGGATTGTCAAAACGCCAATGTGGGCCGAAATTGACCGCCAGGT
GTCCGAAGCCGCCGGTARACCGCTGGEGCTACGGTACCGCCGAGTTCGCCARACGCATCA
CTCTCGGTCGTCTGTCCGAGCCGGAAGATGTCGCCGCCTGCGTCTCCTATCTTGCCAGE
CCGGATTCTGATTACATGACCGGTCAGTCGTTGCTGATCGACGGCCGCGATGGTATTTAA
CTAA (SEQ TID NO:101)

Figure 16B
Polypeptide sequence of diol dehydrogenase DDH3 isolated from Klebsiella
pneumoniae MGH78578

MEKKVALVTGAGQGIGKATALRLVKDGFAVATIADYNDATAKAVASE INQAGGHAVAVKVD
VSDRDOVEAAVEQARKTLGGFDVIVNNAGVAPSTPIESITPEIVDKVYNINVKGVIWGI
QAAVEAFKKEGHGGK I INACSQAGHVGNPELAVYSSSKEFAVRGLTOTAARDLAPLGITV
NGYCPGIVKTPMWALE IDROVSEAAGKPLGYGTAEFAKRITLGRLSEPEDVAACVSYLAS
PDSDYMTGOSLLIDGGMVEN (SEQ ID NO:102)
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FIG. 15A
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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) rt=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 t=3.79 min
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Figure 25

Detection of 1,4-diphenyl-3-hydroxy-2-butanone rnt=13.66 min
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Figure 26A

US 2009/0139134 A1l

GC-MS data confirming the presence of 4,5-octanediol in the sample extraction
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Figure 28A

Nucleotide sequence of diol dehydratase large subunit (pduC) isolated from Klebsiella
pneumoniae MGH78578

ATGAGATCGAAAAGATTTGAAGCACTGGCGAAACGCCCTGTGAATCAGCGATGGTTTCGTTAAGGA
GTGGATTGAAGAGGGCTTTATCGCGATGGAAAGCCCTAACCGATCCCAAACCTTCTATCCGCATCG
TCAACGGCGCGGTGACCGAACTCGACGATAAACCGGTTGAGCAGTTCGACCTGATTGACCACTTT
ATCGCGCGCTACGGCATTAATCTCGCCCGGGCCEAACGAAGTGATGGCCATGCGATTCGGTTAAGCT
CGCCAACATGCTCTGCGACCCGAACGTTAAACGCAGCGACATCGTGCCGCTCACTACCGCGATGA
CCCCGGCGAAAATCGTGGAAGTGGTGTCGCATATGAACGTGGTCGAGATGATGATGGCGATGCAA
AMAATGCGCGCCCGCCGCACGCCGTCCCAGCAGGCGCATGTCACTAATATCAAAGATAATCCGGT
ACAGATTGCCGCCGACGCCGCTGAAGGCGCATGGCGCGGCTTTGACGAGCAGGAGACCACCGETCG
CCGTGGCGCGCTACGCGCCGTTCAACGCCATCGCCCTGCTGGTCGGTTCACAGGTTGGCCGCCCC
GGCGTCCTCACCCAGTGTTCGCTGGAAGAAGCCACCGAGCTGAAACTGGGCATGCTGGGCCACAC
CTGCTATGCCGAAACCATTTCGGTATACGGTACGGAACCGGTGTTTACCGATGGCGATGACACCC
CGTGGTCGAAAGGCTTCCTCGCCTCCTCCTACGCCTCGCGCGGCCTGAAAATGCGCTTTACCTCC
GGTTCCGGCTCGGAGGTGCAGATGGGCTATGCCGAAGGCAAATCGATGCTTTATCTCGAAGCGCG
CTGCATCTACATCACCAAAGCCGCCGGGGETGCAAGGCCTGCAGAATGGCTCCGTCAGCTGTATCG
GCGTGCCGETCCGCCGTGCCGTCCGGGATCCGCGCCGTACTGGCGGAAAACCTGATCTGCTCAGCG
CTGGATCTGGAGTGCGCCTCCAGCAACGATCAAACCTTTACCCACTCGGATATGCGGCGTACCGEC
GCGTCTGCTGATGCAGTTCCTGCCAGGTACCGACTTTATCTCCTCCGGTTACTCGGCGGTGCCGA
ACTACGACAACATGTTCGCCGGTTCCAACGAAGATGCCGAAGACTTCGATGACTACAACGTGATC
CAGCGCGACCTGAAGGTCGATGGCGGCCTGCGGCCEETGCETCGAAGAGGACGTGATCGCCATTCG
CAACAAAGCCGCCCGCGCGCTGCAGGCGETATTTGCCGGCATGGETTTGCCGCCTATTACGGATG
AAGAAGTAGAAGCCGCCACCTACGCCCACGGTTCAAAAGATATGCCTGAGCGCAATATCGTCGAG
GACATCAAGTTTGCTCAGGAGATCATCAACAAGAACCGCAACGGCCTGGAGGTGGETGAAAGCCCT
GGCGAAAGGCGGCTTCCCCGATGTCGCCCAGGACATGCTCAATATTCAGAAAGCCAAGCTCACCG
GCGACTACCTGCATACCTCCGCCATCATTGTTGGCGAGGGCCAGGTGCTCTCGGCCGTGAATGAC
GTGAACGATTATGCCGGTCCGGCAACAGGCTACCGCCTGCAAGGCGAGCGCTGGGAAGAGATTAA
AAATATCCCGGGCGCGCTCGATCCCAATGAACTTGGCTAA (SEQ ID NO:103)

Figure 288
Polypeptide sequence of diol dehydratase large subunit was isolated from Klebsiella
pneumoniae MGH78578 (pduC)

MRSKRFEALAKRPYVNODGEFVKEWIEEGFIAMESPNDPKPS TRIVNGAVTELDDKPVEQFDL IDHE
TARYGINLARAEEVMAMDSVKLANMLCDPNVKRSDIVPLTTAMT PAKIVEVVSHMNVVEMMMAMO
KMRARRTPSQQAHVTNIKDNPVQIAADAAEGAWRGEDEQETTVAVARYAPEFNATALLVGSQVGRP
GVLTQCSLEEATELKLGMLGHTCYAETISVYGTEPVETDGDDTPWSKGFLASSYASRGLKMRETS
GEGSEVOMGYARGKSMLYLEARCTIY ITKAAGVOGLONGSVSCIGVPSAVPSGIRAVLAENLICSA
LDLECASSNDQTETHSDMRRTARLLMOFLPGTDEISSGY SAVPNY DNMEAGSNEDAEDFDDYNV T
OQRDLKVDGGLRPVREEDVIATRNKAARALOQAVEAGMGLPP ITDEEVEAATYAHGSKDMPERNIVE
DIKFAQEIINKNRNGLEVVKALAKGGEFPDVAQDMINIQKAKLTGDYLHTSATIVGEGOVLSAVND
VNDYAGPATGYRLOGERWEETKNIPGALDPNELG  (SEQ ID NO:104)
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Figure 29A
Nucleotide sequence of diol dehydratase medium subunit isolated from Klebsiella
pneumoniae MGH78578 (pduD)

ATGGAAATTAACGAAACGCTGCTGCGCCAGATTATCGAAGAGGTGCTGTCGGAGATGAAATCAGG
CGCAGATAAGCCGGTCTCCTTTAGCGCGCCTGCGGCTTCTGTCGCCTCTGCCGCGCCEGGTCGCCE
TTGCGCCTGTGTCCGGCGACAGCTTCCTGACGGAAATCGGCGAAGCCAAACCCGGCACGCAGCAG
GATGAAGTCATTATTGCCGTCGGGCCAGCGTTTGETCTGGCGCAAACCGCCAATATCGTCGGCAT
TCCGCATAAAAATATTCTGCGCGAAGTGATCGCCGGCATTGAGGAAGAAGGCATCAAAGCCCGEGE
TGATCCGCTGCTTTAAGTCTTCTGACGTCGCCTTCGTGGCAGT GGAAGGCAACCGCCTGAGCGEL
TCCGGCATCTCGATCGGTATTCAGTCGAAAGGCACCACCGTCATCCACCAGCGCGGCCTGCCGCC
GCTTTCCAATCTGGAACTCTTCCCGCAGGCGCCGCTGCTGACGCTGGAAACCTACCGTCAGATTG
GCAAAAACGCCGCGCGCTACGCCAAACGCGAGTCGCCGCAGCCGETGCCGACGCTTAACGATCAG
ATGGCTCGTCCCAAATACCAGGCGAAGTCGGCCATTTTGCACATTAAAGAGACCAAATACGTGGET
GACGGGCAAAAACCCGCAGCGAACTGCGCGTGGCGCTTTAA (SEQ ID NO:105)

Figure 29B
Polypeptide sequence of diol dehydratase medium subunit isolated from Klebsiella
pneumoniae MGH78578 (pduD)

MEINETLLROITEEVLSEMKSGADKPVSEFSAPAASVASAAPVAVAPVSGDSEFLTEIGEAKPGTOO
DEVIIAVGPAFGLAQTANIVGIPHKNILREVIAGIEEEGIKARVIRCFKS SDVAFVAVEGNRLSG
SGISIGIOSKGTTVIHQRGLPPLENLELFPOAPLLTLETYROIGKNAARYAKRESPOQPVPTLNDO
MARPKYQAKSATITHIKETKYVVTGKNPOELRVAL (SEQ ID NO:106)

Figure 29C
Nucleotide sequence of diol dehydratase small subunit isolated from Klebsielfa pneumoniae
MGH78578 (pduE)

ATGAATACCGACGCAATTGAATCCATGGTACGCGACGTGCTGAGCCGGATGAACAGCCTACAGGA
CGGGATAACGCCCGCGCCAGCCGCGCCGACAAACGACACCGTTCGCCAGCCAAAAGTTAGCGACT
ACCCGTTAGCGACCCGCCATCCGGAGTGEGTCAAAACCGCTACCAATAAAACGCTCGATGACCTG
ACGCTGGAGAACGTATTAAGCGATCGCGTTACGGCGCAGGACATGCGCATCACTCCGGAAACGCT
GCGTATGCAGGCGGCGATCGCCCAGCGATGCCEGACGCGATCGGCTGGCGATGAACTTTGAGCGEGG
CCGCAGAGCTCACCGCGGETTCCCGACGACCGAATCCTTGAGATCTACAACGCCCTGCGCCCATAC
CGTTCCACCCAGGCGGAGCTACTGGCGATCGCTGATGACCTCGAGCATCGCTACCAGGCACGACT
CTGTGCCGCCTTTGTTCGEEAAGCGGCCEGECTGTACATCCGAGCGTAAGAAGCTGAAAGGCGACEG
ATTAA (SEQ ID NO:107)

Figure 29D
Polypeptide sequence of diol dehydratase small subunit isolated from Klebsiella pneumoniae
MGH78578 (pduE)

MNTDAIESMVRDVLSRMNSLODGITPAPAAPTNDTVROPKVSDYPLATRHPEWVKTATNKTLDDL
TLENVLSDRVTAQDMRITPETLRMQAATAQDAGRDRLAMNEERAAELTAVPDDRILEIYNALRPY
RSTQAELLATADDLEHRYQARLCAAFVREAAGLY IERKKLKGDD (SEQ ID NG:108)
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Figure 30A
Oxidation of 4-octanol monitored by NADH production (2ADH 1-10)
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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 (2ZADH11-18)
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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-octanone
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Figure 33B

Activity of 2ADH11 and 2ADH16 Towards Various Substrates

Activity of 2ADH11 and 16 Toward Various Substrates
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—f— 2ADH2

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 2ZADH16

OH

O
J\ NADPH -» NADP+ J\
1 2 > o1 2

R R ZADH16 R R

¢ Reduction Reaction
- 2-methylcyclohexanone: k.. /Ka = 211 sec*M +/- 18 T

- §-methylcyclohexanone: k.., - 17.5 seciM- +/- 2.0

- cycloheptanonce: K. Ky = 4.08 —seetM +/- 0,62 6

- 4-octanonc: boofKug = 44.7 = S0CIM™ +/-3.7 o™ o

<4-decanone: K./ Kia approx 150 seciM-L H,pf\/ﬂ\/\/\-’c"’
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Figure 36
Calculated Rate Constants for Oxidation Reactions of 2ADH16
OH O
1J\ 2 NADP+ > NADPH 1J-|\ 2
> R R
R R 2ADH186

s Oxidation Reaction H
- 4-actanol: K /K = 1430 sectML +/- 200 HF/\/T\/\,%
- 4-decanol: k,,,/Kyy = 1260 sectMt +/- 290 H,c’\/t/\/\’c"'

- cycloheptanol: k. /Ky - 198 seciMt +/- 19

- 3-hexanol: k. ./K, = 148 seciM +/- 16 "ﬁ\i/\%
- 2-mothyl-3-octanol: k. /Ky = 123 scc'M-! +/- 16 “"’\IL\/\

- 5-methyl-3-hexanol: k,,/Ky - 17.9 sectM +/- 3,5 H,cJJ\
- 2,5-dimethyl -3-hexanol: K,, /Ky = 1.55 sectM4 +/- .24 """\I/t/i‘

= 3-methyl-2-pentanol: k,,./Ky = 8.54 scciM- +/-2.04 40 CH

CH,
- 2-mcthylcyclohexanol: k. /Ky - 97.4 secitM-L +/- 14,4 6"»

- 4-methylcyclohexanol: K., /Ky = 10.4 seciM- +/-21.1

CHy
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Figure 37A
Alginate Lyases
Protein Organism GenBank/ GenPept
Family &
Azotobacter chroococcum
alginate lyase (AlgL) ATCC 4412 AJ223605 | CAA11481.1
AF027499 | AAC04567.1
alginate lyase (AlglL) Azotobacter vinelandii AF037600 | AAC32313.1
alginate lyase (Alg) Cobetia marina N-1 ABO018795 | BAA33966.1
Pseudomonas aeruginosa
alginate lyase (AlgL) 8830 L14597 | AAA71990.1
Pseudomonas aeruginosa
alginate lyase (AlgL) FRD1 U27829 | AAAS1127.1
Pseudomonas aeruginosa AE004775 | AAG06935.1
alginate lyase (AlgL;PA3547) | PAO1 NC 002516 | NP_252237.1
alginate lyase (Algl) Pseudomonas sp. QD03 AY380832 | AAR23929.1
| alginate lyase (AlgL) Pseudomonas sp. QDA AY163384 | AAN63147.1
Pseudomonas syringae pv.
alginate lyase (Algl) syringae FF5 AF222020 | AAF32371.1
alginate lyase (aly;A1- - | 2009330A
I/PolyG+PolyM;A1-
[I/PolyG;A1-1l/PolyM) Sphingomonas sp. Al AB011415 | BAB03312.1
Family 6
alginate lyase (AlyP} Pseudomonas sp. OS-ALG-9 D10336 | BAAD1182.1
Family 7
guluronate lyase (alyPG) Corynebacterium sp. ALY-1 AB030481 | BAA83339.1
Klebsiella pneumoniae subsp.
poly(-L-guluronate) lyase (AlyA) acrogenes L19657 | AAA25049 1
alginate lyase / poly- Photobacterium sp. ATCC
mannuronate lyase (AlxM} 43367 X70036 | CAA49630.1
AE004547 | AAGD4556.1
Pseudomonas aeruginosa
alginate lyase (PA1167) PAO1 NC 002516 | NP_249858.1
alginate lyase (A1-II") Sphingemonas sp. A1 AB120939 BAD16656.1
alginate lyase (aly;A1- - | 2009330A
I/PelyG+PolyM;A1-
[I/PolyG;A1-1lI/PolyM) Sphingomonas sp. A1l AB011415 | BAB03312.1
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Figure 37B
Alginate Lyases
Protein Organism GenBank | GenPept
Family 7
poly(a-L-guluronate} lyase
(AlYWGLAIYWG1) Vibrio halioticoli IAM14596T AF114038 | AAF22512.1
alginate lyase / poly-
mannurcnate lyase (AlyVOA) | Vibrio sp. 02 DQ235160 | ABB36771.1
alginate lyase / poly-
mannurcnate lyase (AlyVOB) | Vibrio sp. 02 DQ235161 | ABB36772.1
alginate lyase (AlyVI) Vibrio sp. QY101 AY221030 | AAP45155.1
exo-oligoalginate lyase
(HdAlex;HdAlex-1} Haliotis discus hannai AB234872 | BAEB1787 1
alginate lyase (HdAly) Haliotis discus hannai AB110094 | BAC87758.1
polysaccharide lyase acting
on glucuronic acid (vAL-1) Chlorella virus CVKZ AB044791 | BAB19127 1
alginate lyase (Alyll} Pseudomoenas sp. OS-ALG-9 AB003330 | BAA19848 .1
Family18
alginate lyase Pseudoalteromonas sp. 272
Pseudoalteromonas sp.
alginate lyase (Aly) IAM14594 AF082561 | AAD16034.1
Family15
exotype alginate lyase Agrobacterium tumefaciens AE009232 | AAL43841.1
(Atu3025) str. C58 NC 003305 | NP_533525.1
exotype alginate lyase Agrobacterium tumefaciens AEQ08381 | AAK90356.1
(AGR_L_3558p) str. C58 (Cereon) NC 003063 | NP 3575731
olige alginate lyase (A1-1V) Sphingomonas sp. A1l AB011415 | BAB03319.1
alginate lyase (A1-1V") Sphingomonas sp. A1l AB176667 | BADS0006.1
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Figure 38A
Pectate Lyases
Protein Organism GenBank/GenPept
Family1
- | AAES9745.1
pectate lyase Bacillus agaradhaerens - | AAS29292.1
- | AAE5S9748.1
pectate lyase Bacillus halodurans - | AAS29295 .1
AP0D1520 | BABO7538.1
pectate lyase (BH3819) Bacillus halodurans C-125 NC 002570 | NP_244686.1
AP001508 | BABD4417 .1
pectate lyase (BH0698) Bacillus halodurans C-125 NC 002570 | NP 241564.1
- | AAES9746 .1
- | AAN26179.1
AJ517194 | CAD56882.1
pectate lyase (PelA) Bacillus licheniformis 14A - | AAS29293.1
CP0O00002 | AAU25568.1
Bacillus licheniformis DSM 13 AE017333 | AAU42942.1
BLi04129 or BLO0D947 (Pelll) | ATCC 14580
pectate lyase (Pel) Bacillus licheniformis RN1 AB428424 | BAG12908.1
pectate lyase (PelB) Bacillus pumilus DK&1 EU652988 | ACD11362.1
pectate lyase (fragment) Bacillus sp. KSM-P7 AB015043 | BAA76884 .1
- | AAESS747 1
pectate lyase Bacillus sp. AAI12 - | AAS29294 1
- | AAES9749.1
- | AARB5348.1
pectate lyase Bacillus sp. 1534 - | AAS292096 .1
pectate lyase (Pel-103) Bacillus sp. KSM-P103 AB015044 | BAA76885.1
pectate lyase (Pel-34K) Bacillus sp. P-2850 AB080666 | BAC11008.1
pectate lyase (Pel-4A) Bacillus sp. P-4-N AB041769 | BAA96477 1
pectate lyase (Pel-4B) Bacillus sp. P-4-N AB042100 | BAA96478 1
pectate lyase (Pl47) Bacillus sp. TS-47 AB045986 | BAB40336.1
pectate lyase (PelK) Bacillus sp. YA-14 D26349 | BAADS383.1
AX601431 | CADE7509.1
AX601436 | CADE7510.1
AX601448 | CADE7511.1
pectate lyase Bacillus subtilis AX951870 | CAF05441 1
pectate lyase (Pel) Bacillus subtilis AC327 D86417 | BAA22313.1




Patent Application Publication Jun. 4, 2009 Sheet 48 of 81 US 2009/0139134 A1
Figure 38B
Pectate Lyases
Protein Organism GenBank | GenPept
pectin lyase (Ppr) Bacillus subtilis IFO 3134 D83791 | BAA12119.1
pectate lyase (Pel) Bacillus subtilis SO113 X74880 | CAAS52866.1
- | AAR45489.1
D86417 | BAA22313.1
X74880 | CAA52866.1
pectate lyase Bacillus subtilis subsp. £99108 | CAB12585.1
(Pel;BSU07560) subtilis str. 168 NC 000964 | NP 388637.1
pectate lyase (Pel-1;Pel1) Erwinia carotovora 71 L32171 | AAA73933.1
Pel9.5 (fragment) Erwinia carotovora EC14 X61088 | CAA43402 1
pectin lyase (Pnl) (probable
fragment) Erwinia carotoveora ER M65057 | AAA24857 .1
M18858 | AAA24845.1
Erwinia carotovora ER / 551490 | AACED423.1
IAM1068 / atroseptica EC / D00217 | BAAQO155.1
pectate lyase 1 (Pel1;Pell} atroseptica C18 X81847 | CAAS7439.1
Erwinia carotovora ER / M17364 | AMAA24848.1
IAM1068 / atroseptica EC / S51475 | AACE0422.1
pectate lyase 2 (Pel2;Pelll) atroseptica C18 X81847 | CAAS7440.1
Erwinia carotovora subsp.
ECA4067 (PelA) atroseptica SCR11043 BX950851 | CAG76964.1
pectate lyase (PelZ) Erwinia chrysanthemi 3937 X97118 | CAAB5785.1
pectate lyase A (PelA) Erwinia chrysanthemi 3937 M77808 | AAA24846.1
CAA47821.1
pectate lyase B (PelB) Erwinia chrysanthemi 3937 XB7475 | £§25262
pectate lyase (PelD) Erwinia chrysanthemi 3937 AJ132101 | CAA10570.1
Erwinia chrysanthemi 3937 / M33584 | AAA24854.1
pectate lyase E (PelE) B374 X17284 | CAA35175.1
pectate lyase D (PelD) Erwinia chrysanthemi B374 X17284 | CAA35176.1
pectate lyase (PelA) Erwinia chrysanthemi EC16 M14509 | AAA24843.1
M19411 | AAA24849.1
- | AAR45490.1
pectate lyase (PelC) Erwinia chrysanthemi EC16 - | AAW11900.1
pectate lyase (PelB;PIB} Erwinia chrysanthemi EC16 M14510 | AAA24847 1
pectate lyase (PelE) Enwinia chrysanthemi EC16 M14509 | AAA24844 .1
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Figure 38C
Pectate Lyases
Protein Organism GenBank | GenPept
Erwinia chrysanthemi strain
pectate lyase C (PelC) 3937 AJ132325 | CAA10642.1
Pectobacterium carotovorum
pectin lyase (PnlA)} Ecc?1 M59909 | AAA24856.1
Pectobacterium carotovorum
pectate lyase Il (Pel3;PelC) Er D10064 | BAADO0953.1
Pseudoalteromonas AF278705 AAF863431
pectate lyase B (PelB) haloplanktis 505 AF278705 | AAFB86343.2
Pseudoalteromecnas
pectate lyase A haloplanktis ANT/505 AF278706 | AAF86344.2
Pseudomonas flucrescens L41673 | AAA93535.1
pectate lyase (Pel) CY091 L38902 | AAB46399.1
Pseudomonas marginalis M84971 | AAAD2512.1
pectin lyase (PnL) (fragment) | N6301 D32121 | BAAD6847.1
Pseudomonas marginalis 565042 | AAC60448.1
pectate lyase (Pel) N6301 D32122 | BAAD6848 .1
Pseudomonas syringae pv.
pectate lyase P (PelP) lachrymans U75414 | AAB17879.1
L38901 | AAB46398.1
L38574 | AAC41521.1
DQ273695 | ABB55454.1
pectate lyase (Pel;Pstru-4) Pseudomonas viridiflava D44611 | BAAD8SO77 1
pectate lyase (Pel) Pseudonocardia sp. AF002241 | AAC38059.1
pectate lyase Streptomyces coelicolor AL596030 | CACA44284 1
(SC0O2821;SCBAC17F8.12¢c) | A3(2) NC 003888 | NP_627050.1
pectate lyase Streptomyces coelicolor | ALS91322 CAC38815.1 |
(5C0O1880;5CI39.27¢c) A3(2) NC 003888 | NP_626147.1
% AE001722 | AAD35518.1
pectate lyase A (PelA;TMO433) Thermotoga maritima MSB8 NC 000853 | NP_228243.1
Xanthomonas campestris pv.
XC_1298 campestris str. 8004 CP000050 | AAY48367.1
Xanthomonas campestris pv.
XC_3590 campestris str. 8004 CP000050 | AAY50632.1
Xanthomonas campestris pv. AE012162 | AAM39961.1
pectate lyase (Pel;XCC0645) | campestris str. ATCC 33913 NC 003902 | NP_636037.1
pectate lyase || Xanthomonas campestris pv. AE012393 | AAM42087 .1
(PelB;XCC2815) campestris str. ATCC 33913 NC 003902 | NP_638163.1
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Figure 38D
Pectate Lyases
Protein Organism GenBank | GenPept
pectate lyase (PelB;PI;Pstru- | Xanthomonas campestris pv.
3) malvacearum strain B414 L38573 | AAC41522.1
DQ490478 | ABF50854.1
Aspergillus nidulans FGSC AACD010000
pectin lyase (AN2331.2) Ad 38 | EAAB4442.1
AACD010000
Asperqillus nidulans FGSC 43 | EAAG4674.1
pectin lyase (AN2569.2) Ad DQ490480 | ABF50856.1
uU05592 | AAAB0568.1
DQ490468 | ABF50844.1
EF452421 | ABO38859.1
pectate lyase Aspergillus nidulans FGSC AACDO10000
(PelA;AND741.2) Ad 12 | EAAB5383.1
AACDO10001
Aspergillus nidulans FGSC 30 | EAAB1832.1
pectate lyase (AN7646.2) Ad DQ490513 | ABF50889.1
Aspergillus niger CBS 120.49 X55784 | CAA39305.1
pectin lyase A (PelA)} - PMA { N400 X60724 | CAA43130.1
Aspergillus niger CBS 120.49
pectin lyase C (PelC) { N400 AYB839647 | AAW03313.1
Aspergillus niger CBS 120.49
pectin lyase F (PelF} { N400 AJ489943 | CAD34589.1
Aspergillus niger CBS 120.49
pectate lyase A (PlyA) { N400 AJ276331 | CAC33162.1
Aspergillus niger CBS 120.49 A12248 | CAAD1023.1
pectin lyase B (PelB} { N400 X65552 | CAA46521.1
An14g04370 (PelA) Aspergillus niger CBS 513.88 AM270321 | CAK48529.1
An03g00190 (PelB) Aspergillus niger CBS 513.88 AM270043 | CAK37997.1
An15g07160 (PelF) Aspergillus niger CBS 513.88 AM270351 | CAK48551.1
An19g00270 (PelD) Aspergillus niger CBS 513.88 AM270415 | CAK47350.1
pectate lyase |
(PlyA;An10g00870) Aspergillus niger CBS 513.88 AM270216 | CAK40523.1
pectin lyase D (PelD) Aspergillus niger N756 M55657 | AAA32701.1
pectin lyase 2 (Pel2) Aspergillus oryzae KBN616 AB029323 | BAB82468.1
pectin lyase 1 (Pel1) Aspergillus oryzae KBN616 AB029322 | BAB82467 .1
(Pel1;A0090010000504) Aspergillus oryzae RIB 40 AP007175 | BAE66352.1
pectin lyase 2
(Pel2;A0080010000030) Aspergillus oryzae RIB 40 AP007175 | BAE65949.1
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Figure 38E
Pectate Lyases
Protein Organism GenBank | GenPept

Colletotrichum

pectate lyase (PelB} gloecsporicides AF052632 | AADQS857 .1
Colletotrichum

pectin lyase (PnlA)} gloeosporicides L22857 | AAAZ21817 1
Colletotrichum

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

pectin lyase (Pnl1;Pnl-1} gloecsporioides f. sp. malvae AF158256 | AAF22244 1
Colletotrichum

pectin lyase 2 (Pnl2;Pnl-2) gloeosporioides f. sp. malvae AF156984 | AAD43565.1
Colletotrichum

pectate lyase 1 (Pel-1) gloecsporioides f. sp. malvae AF156983 | AAD43564 .1

L18911 | AAA33398.1

EF026017 | ABM68553.1

pectate lyase {LLP-52) Lilium longiflorum 217328 | CAAT8976.1

AF206319 | AAF19195.1

pectate lyase DQ663594 | ABG74583.1

(Pell;PI11;MwPI1;Ban17) Musa acuminata Williams X92943 | CAAB3496.1

X61102 | CAA434141

X67158 | CAA47630.1

pectate lyase Nicotiana tabacum X67159 | CAA47631.1

Y09541 | CAATD735.1

pectate lyase Zinnia elegans AX005936 | CACD5181.1
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Figure 39A
Rhamnogalacturonases
Protein Organism GenBank/GenPept
rhamnogalacturonate lyase Erwinia chrysanthemi
(RhiE) 3937 AJ438339 | CAD27359.1
rhamnogalacturonan lyase Aspergillus aculeatus
(RhgB) KSM 510 L35500 | AAAB4368.1
rhamnogalacturonan lyase Aspergillus nidulans AACD01000108 | EAAS8417.1
(ANB395.2) FGSC A4 DQ490501 | ABF50877.1
rhamnogalacturonan lyase Aspergillus nidulans | AACDO01000122 | EAAG1387.1
(AN7135.2) FGSC A4 DQ490504 | ABF50880.1
Bacillus subtilis 299107 | CAB12524.1
rhamnogalacturonan lyase subsp. subtilis str.
(YesW;BSU07050) 168 NC 000964 | NP 388586.1
exo-unsaturated Bacillus sub_t_llls 799107 | CAB12525 1
rhamnogalacturonan lyase subsp. subtilis str.
(YesX;BSUD7060) 168 NC 000964 | NP 388587.1
Cellvibrio japonicus
formerl
rhamnogalacturonan lyase - Pseudomcnas
Rgl11A cellulosa) AY026755 | AAK20911.1
CJA_3559
(rhamnogalacturonan lyase) - | Cellvibrio japonicus
| Rgl11A Uedal107 CP000934.1 | ACE83155.1
Clostridium
rhamnogalacturonan lyase Y | cellulolyticum ATCC
- Rgi11Y 35319 AF316823 | AAG45161.1
Figure 39B
Rhamnogalacturonate Hydrolases
Protein Organism GenBank/GenPept
GH family 105
unsaturated Bacillus subtilis
rhamnogalacturonyl subsp. subtilis str.
hydrolase (BSU30120; YteR) | 168 299119 | CAB14990.1
unsaturated _ . 799107 | CAB12519.1
rhamnogalacturonyl Bacillus subtilis
hydrolase (BSU07000; subsp. subtilis str.
YesR) 168 NC 000964 | NP_388581.1
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Figure 40A
Pectate Methyl Esterases
Protein Organism GenBank/GenPept
Family 8
Erwinia carotovora subsp.
ECA3253 (PemA) atroseptica SCRI1043 BX950851 | CAG76151.1
Erwinia carotovora subsp.
ECAQ107 {(PmeB) atroseptica SCRI1043 BX950851 | CAG73027.1
Erwinia chrysanthemi
pectin methylesterase b 3937 X84665 | CAA581511
L 07644 | AAA24852 1
pectin methylesterase A Erwinia chrysanthemi - | AAR64146.1
{PemA;Pem) 3937 /B374 Y00549 | CAA68628 1
Pseudoalteromonas
pectate lyase A haloplanktis ANT/505 AF278706 | AAF86344.2
AC004411 | AAC34240.1
AY081768 | AAM10316.1
BT001120 | AAN64511.1
AY830948 | AAV91508.1
pectin methylesterase (Pme5; AJ250430 | CABS6974.1
Vgd1;At2g47040/F14M4.13) Arabidopsis thaliana NM 130272 | NP 182227 1
pectin methylesterase (Pme1) Aspergillus aculeatus U49378 | AAB42153.1
pectin methyl esterase Asperqillus nidulans DQ490489 | ABF50865.1
{AN3390.2) FGSC A4 AACD0O1000055 | EAAB3358 1
A34997 | CAA021981
A35006 | CAA02201.1
A35008 | CAA02202.1
X52902 | CAA37084.1
pectin methylesterase (Pme1) Aspergillus niger RH 5344 X54145 | CAA38084 .1
Aspergillus oryzae
pectin methylesterase (PmeA) KBN616 ABO11211 | BAATH54741
pectin methylesterase
{PmeA:AC090012000749) Aspergillus oryzae RIB 40 APQ07161 | BAEG0873.1
Botryotinia fuckeliana
pectin methylesterase (Bcpme2) | BdS0 AJ428403 | CAD21438.1
pectin methy| esterase
{Bcpme1) Botryotinia fuckeliana T4 AJ309701 | CAC29255.1
pectin methylesterase 1.1 U82973 | AMBO7667.1
{PECS-1.1) Citrus sinensis UB82976 | AAB57670.1
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Figure 40B
Pectate Methyl Esterases
Protein Organism GenBank | GenPept
pectin methylesterase (PME1) Cochliobolus carbonum AF159252 | AAD43340.1
pectin methylesterase Daucus carota
pectinesterase FaPE1 Fragaria x ananassa AY324809 | AAQ21124 1
pectin methyl-esterase {Pef1) Medicago truncatula AJ249611 | CABB5261.1
pectin methyl-esterase {Per) Medicago truncatula AJ249611 | CAB65280.2
pectin methylesterase Nicotiana benthamiana AY238968 | AAO85706.1
pectin methylesterase Nicotiana plumbaginifolia Z71752 | CAA964341
pectin methylesterase
(NtPPME1) Nicotiana tabacum AYT772845 | AAX13972.1
pectin methylesterase Nicotiana tabacum AJ401158 | CAB95025.1
pectin methylesterase (PME1)
{fragment} Orobanche cumana AYQ72720 | AALB6865.1
pectin methylesterase
(fragment} Orobanche cumana AF333068 | AAG49395.1
pectin methylesterase Petunia inflata L27101 | AAA33714.1
pectin methyl esterase Populus tremula x
(PItPME1) Populus tremuloides AJ277547 | CAC01624.1
pectin methylesterase PME1
(fragment} Prunus armeniaca AF184079 | AAG12248.1
pectin methylesterase
(SgPME1) Salix gilgiana AB029461 | BAA89480.1
pectin methylesterase Sitophilus oryzae AY841894 | AAW28928 1
U50985 | AAB67739.1
- | AAQ715521
A15983 | CAAD1257 1
A17011 | CAAD13151
X07910 | CAA30746.1
pectin methylesterase 2 Solanum lycopersicum X74639 | CAA52704 1
U49330 | AAD09283.1
pectin methylesterase (PmeU1) Solanum lycopersicum AY046596 | AAL02367 1
U50986 | AAB67740.1
! A17010 | CAAD013141
pectin methylesterase 1
(PME1.9) Solanum lycopersicum X74638 | CAA52703.1
pectin methyl esterase {Pest1) Solanum tuberosum AF152171 | AAF23891.1
pectin methyl esterase {(Pest2) Solanum tuberosum AF152172 | AAF23892.1
pectin methylesterase isoform
alpha {PMEZ2) (fragment) Vigna 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 AP001511 | BAB04834 .1
(Rgae;BH1115) Bacillus halodurans C-125 NC 002570 | NP 241981.1
cephalosporin C
deacetylase Bacillus sp. KCCM10143 AF184175 | AAF25818.1
acetyl xylan esterase Bacillus subtilis subsp. £99107 | CAB12521.1
(YesT;BSU07020) subtilis str. 168 NC 000964 | NP 388583.1
Erwinia carotovora subsp.

ECA3252 (PaeY) atroseptica SCRI1043 BX950851 | CAG76150.1
pectin acetylesterase
(PaeY) Erwinia chrysanthemi 3937 Y09828 | CAA70971.1
rhamnogalacturonan Asperqillus aculeatus KSEM
acetylesterase (Rha1t) 510 X89714 | CAAB1858.1
rhamnogalacturenan DQ490479 | ABF50855.1
acetylesterase Asperdgillus nidulans FGSC
(AN2528.2) A4 AACD01000043 | EAAB4633.1
pectin acetylesterase Vigna radiata Wilzeck X99348 | CAAB7728.1
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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 pBADpheA-
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

pTrcBALK (one week)
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FIG. 52B
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Figure 57

Production of Ethanol from Alginate
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BIOFUEL PRODUCTION

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit under 35 U.S.C.
§ 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 for ways to improve margin and price stability, while
reducing its environmental footprint. The chemicals industry
is striving to develop greener products that are more energy,
water, and CO, efficient than current products. Fuels pro-
duced from biological sources, such as biomass, represent
one aspect of process.

[0007] Presents method for converting biomass into biofu-
els focus on the use of lignocellulolic biomass, and there are
many problems associated with using this process. Large-
scale cultivation of lignocellulolic biomass requires substan-
tial amount of cultivated land, which can be only achieved by
replacing food crop production with energy crop production,
deforestation, and by recultivating currently uncultivated
land. Other problems include a decrease in water availability
and quality and an increase in the use of pesticides and fer-
tilizers.

[0008] The degradation of lignocellulolic biomass using
biological systems is a very difficult challenge due to its
substantial mechanistic strength and the complex chemical
components. Approximately thirty different enzymes are
required to fully convert lignocellulose to monosaccharides.
The only available alternate to this complex approach
requires a substantial amount of heat, pressure, and strong

Jun. 4, 2009

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

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 shows the Vibrio splendidus genomic region
of the fosmid clone described in Example 1. Genes are indi-
cated with orange arrows. Labels show the numerical gene
indices and the predicted function of the proteins.

[0010] FIG. 2 illustrates the pathways involved in certain
embodiment in which E. coli may be engineered to grow on
alginate as a sole source of carbon.

[0011] FIG. 3 illustrates the pathways involved in certain
embodiment in which E. coli may be engineered to grow on
pectin as a sole source of carbon.

[0012] FIG. 4 shows the results of engineered or recombi-
nant F. 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
DHI10B E. coli cells, which provide a negative control.
[0013] FIG. 5 shows the growth of recombinant strain of £.
coli on galacturonates and pectin. FIG. 5A shows the growth
of E. coli on various lengths of galacturonate after 24 hr. The
recombinant strain in FIG. 5A is the . coli BL21(DE3) strain
harboring pTrlogl-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 £. coli on pectin after 3-4 days. The recombinant
strain in FIG. 5B is E. coli DHS5a 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. 6 A 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-1lvCD-leuABCD2 and pTreBALK (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 pTrceBALK (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-cthanol (FIG. 11C).

[0020] FIG. 12 shows the biological activity of diol dehy-
dratases. FIG. 12A shows the reduction of butyroin by ddhl,
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)
(SEQ ID NO:97) and polypeptide sequence (FIG. 14B) (SEQ
1D NO:98) of diol dehydrogenase DDH1 isolated from Lac-
tobaccilus brevis ATCC 367.

[0023] FIG. 15 shows the nucleotide sequence (FIG. 15A)
(SEQ ID 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 preumoniae 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 a ddh 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.
17 A shows the detection of butyroin (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 a ddh 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 a ddh 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 a ddh 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 a ddh 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. 21 A shows the detec-
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tion ofisohexanoin (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
fuorescens (codon usage was optimized for E. coli protein
expression) and a ddh gene isolated from Klebsiella prneumo-
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
fuorescens (codon usage was optimized for E. coli protein
expression) and a ddh gene isolated from Klebsiella prneumo-
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 F.
coli protein expression) and a ddh 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. 24 A 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. preumoniae 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 ppeumoniae 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 ppeumoniae 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)
(SEQ ID NO:104) of a diol dehydratase large subunit (pduC)
isolated from Klebsiella preumoniae 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 (pduD), 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.30shows the oxidation of4-octanol by second-
ary alcohol dehydrogenases as monitored by NADH produc-
tion (FIG. 30A) and NADPH production (FIG. 30B).

[0039] FIG. 31 shows the oxidation of4-octanol by second-
ary alcohol dehydrogenases as monitored by NADH produc-
tion (FIG. 31A) and NADPH production (FIG. 31B).

[0040] FIG. 32 shows the oxidation of2,7-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 2ADHI11 and 2ADH16. FIG. 33 A 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.
[0043] 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 rthamnogalacturonate 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 (pBADpheA-arol.AC-aroG-tktA-aroBDE and
pTrcBALK). FIG. 43A shows the negative control cells
(pBAD33 and pTrc99A).
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[0052] 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 (pBADtyrA-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
V24254, 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. 53 A), and catalyzed the in
vivo production of 5-hydroxy-4-dodecanone from a ligation
reaction between octanal and butyraldehyde (FIG. 53B).
[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 £. coli on
alginate as a sole source of carbon (FIG. 56 A), 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,
Da would be pET-DEST42-Vs24214-24249, Da3k would be
pET-DEST42-Vs24214-24249 and pENTR/D/TOPO-
V524189-24209 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 pPBBRPdc-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
sea grass. 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-
nose.

[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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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-
hydroxyphenyl)-3-hydroxy-2-pentanone, 1-(4-

hydroxyphenyl)-2,3-pentanedione, 4-methyl-1-(4-
hydroxyphenyl) pentane, 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-hydroxyphe-
nyl)-2-pentanol, 4-methyl-1-(4-hydroxyphenyl)-3-pen-
tanone, 4-methyl-1-(4-hydroxyphenyl)-2-pentanone,
4-methyl-1-(4-hydroxyphenyl)-2,3-pentanediol, 4-methyl-
1-(4-hydroxyphenyl)-2,3-pentanedione, 4-methyl-1-(4-hy-
droxyphenyl)-3-hydroxy-2-pentanone,  4-methyl-1-(4-hy-
droxyphenyl)-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-pen-
tanol, 1-(indole-3)-2-pentanone, 1-(indole-3)-3-pentanone,
1-(indole-3)-2,3-pentanediol, 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-me-
thyl-1-(indole-3)-2-pentene, 4-methyl-1-(indole-3)-3-
pentene, 4-methyl-1-(indole-3)-1-pentene,  4-methyl-2-
(indole-3)-3-pentanol,  4-methyl-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-me-
thyl-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-hexene, 3-hexene, 2-hexanol, 3-hexanol, 2-hex-
anone, 3-hexanone, 2,3-hexanediol, 2,3-hexanedione, 3,4-
hexanediol, 3,4-hexanedione, 2-hydroxy-3-hexanone, 3-hy-
droxy-2-hexanone, 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-
hexanol, 5-methyl-2-hexanol, 5-methyl-3-hexanol,
2-methyl-3-hexanone, 5-methyl-2-hexanone, S5-methyl-3-
hexanone, 2-methyl-3,4-hexanediol, 2-methyl-3,4-hexanedi-
one, 5-methyl-2,3-hexanediol, 5-methyl-2,3-hexanedione,
4-methyl-2,3-hexanediol, 4-methyl-2,3-hexanedione, 2-me-
thyl-3-hydroxy-4-hexanone,  2-methyl-4-hydroxy-3-hex-
anone, 5-methyl-2-hydroxy-3-hexanone, 5-methyl-3-hy-
droxy-2-hexanone, 4-methyl-2-hydroxy-3-hexanone,
4-methyl-3-hydroxy-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-hex-
anediol, 2,5-dimethyl-3,4-hexanedione, 2,5-dimethyl-3-
hydroxy-4-hexanone, 5-methyl-1-phenylhexane, 4-methyl-
1-phenylhexane, 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-
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1-phenyl-3-hexanol, 4-methyl-1-phenyl-2-hexanol, 4-me-
thyl-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-
1-(4-hydroxyphenyl)-2-hexene, 4-methyl-1-(4-
hydroxyphenyl)-3-hexene, S5-methyl-1-(4-hydroxyphenyl)-
2-hexanol, 5-methyl-1-(4-hydroxyphenyl)-3-hexanol,
4-methyl-1-(4-hydroxyphenyl)-2-hexanol, 4-methyl-1-(4-
hydroxyphenyl)-3-hexanol, 5-methyl-1-(4-hydroxyphenyl)-
2-hexanone,  5-methyl-1-(4-hydroxyphenyl)-3-hexanone,
4-methyl-1-(4-hydroxyphenyl)-2-hexanone, 4-methyl-1-(4-
hydroxyphenyl)-3-hexanone,  5-methyl-1-(4-hydroxyphe-
nyl)-2,3-hexanediol,  4-methyl-1-(4-hydroxyphenyl)-2,3-

hexanediol,  5-methyl-1-(4-hydroxyphenyl)-3-hydroxy-2-
hexanone, 5-methyl-1-(4-hydroxyphenyl)-2-hydroxy-3-
hexanone, 4-methyl-1-(4-hydroxyphenyl)-3-hydroxy-2-
hexanone, 4-methyl-1-(4-hydroxyphenyl)-2-hydroxy-3-

hexanone, 5-methyl-1-(4-hydroxyphenyl)-2,3-hexanedione,
4-methyl-1-(4-hydroxyphenyl)-2,3-hexanedione, 4-methyl-
1-(indole-3-)hexane, 5-methyl-1-(indole-3)-1-hexene, 5-me-
thyl-1-(indole-3)-2-hexene,  5-methyl-1-(indole-3)-3-hex-
ene, 4-methyl-1-(indole-3)-1-hexene, 4-methyl-1-(indole-
3)-2-hexene, 4-methyl-1-(indole-3)-3-hexene, S-methyl-1-
(indole-3)-2-hexanol, 5-methyl-1-(indole-3)-3-hexanol,
4-methyl-1-(indole-3)-2-hexanol, 4-methyl-1-(indole-3)-3-
hexanol, 5-methyl-1-(indole-3)-2-hexanone, 5-methyl-1-(in-
dole-3)-3-hexanone, 4-methyl-1-(indole-3)-2-hexanone,
4-methyl-1-(indole-3)-3-hexanone, 5-methyl-1-(indole-3)-
2,3-hexanediol, 4-methyl-1-(indole-3)-2,3-hexanediol,
5-methyl-1-(indole-3)-3-hydroxy-2-hexanone, S5-methyl-1-
(indole-3)-2-hydroxy-3-hexanone, 4-methyl-1-(indole-3)-3-
hydroxy-2-hexanone, 4-methyl-1-(indole-3)-2-hydroxy-3-
hexanone, 5-methyl-1-(indole-3)-2,3-hexanedione,
4-methyl-1-(indole-3)-2,3-hexanedione, n-heptane, 1-hep-
tene, 1-heptanol, heptanal, heptanoate, 2-heptene, 3-heptene,
2-heptanol, 3-heptanol, 4-heptanol, 2-heptanone, 3-hep-
tanone, 4-heptanone, 2,3-heptanediol, 2,3-heptanedione, 3,4-
heptanediol, 3,4-heptanedione, 2-hydroxy-3-heptanone,
3-hydroxy-2-heptanone, 3-hydroxy-4-heptanone, 4-hy-
droxy-3-heptanone, 2-methylheptane, 3-methylheptane,
6-methyl-2-heptene, 6-methyl-3-heptene, 2-methyl-3-hep-
tene, 2-methyl-2-heptene, 5-methyl-2-heptene, 5-methyl-3-
heptene, 3-methyl-3-heptene, 2-methyl-3-heptanol, 2-me-
thyl-4-heptanol, 6-methyl-3-heptanol, 5-methyl-3-heptanol,
3-methyl-4-heptanol, 2-methyl-3-heptanone, 2-methyl-4-
heptanone, 6-methyl-3-heptanone, S5-methyl-3-heptanone,
3-methyl-4-heptanone, 2-methyl-3,4-heptanediol, 2-methyl-
3,4-heptanedione, 6-methyl-3,4-heptanediol, 6-methyl-3,4-
heptanedione, 5-methyl-3,4-heptanediol, 5-methyl-3,4-hep-
tanedione, 2-methyl-3-hydroxy-4-heptanone, 2-methyl-4-
hydroxy-3-heptanone,  6-methyl-3-hydroxy-4-heptanone,
6-methyl-4-hydroxy-3-heptanone, 5-methyl-3-hydroxy-4-
heptanone, 5-methyl-4-hydroxy-3-heptanone, 2,6-dimethyl-
heptane, 2,5-dimethylheptane, 2,6-dimethyl-2-heptene, 2,6-
dimethyl-3-heptene, 2,5-dimethyl-2-heptene, 2,5-dimethyl-
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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, (1) 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 an aldolase, 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, Atw3022, Atu3023,
Atu3024, algM1, algM2, AlgQ1, AlgQ2, AlgS, OG2516__
05558, 0OG2516_05563, OG2516_05568, 0OG2516__
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
1D 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.

[0073] 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-
Iulose, 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.
[0074] 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)
atleast 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 an aldolase. 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
S-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 a butyral-
dehyde, isobutyraldehyde, 2-methyl-butyraldehyde, 3-me-
thyl-butyraldehyde, and phenylacetoaldehyde biosynthesis
pathway. In certain aspects, the aldehyde or ketone biosyn-
thesis pathway comprises a butyraldehyde 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
(i)

[0081] one ormore 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
SEQ ID 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 SEQ ID 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.

[0083] 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,
Achromobacter, Acidiphilium, Acinetobacter, Actinomadura,
Actinoplanes, Aeropyrum pernix, Agrobacterium, Alcali-
genes, Ananas comosus (M), Arthrobacter, Aspargillus niger,
Aspargillus oryze, Aspergillus melleus, Aspergillus pulveru-
lentus, Aspergillus saitoi, Aspergillus sojea, Aspergillus
usamii, 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, Chaetomium 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 nsolens, 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 delemar,
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 rouxii, Zymomonas, and Zymomo-
nus mobilis.

[0085] 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.

[0086] Certainembodiments 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 .
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 can thus 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 anadditional example, biomass from plants such
as fruit and/or vegetable contains pectin, a heteropolysaccha-
ride derived from the plant cell wall. The characteristic struc-
ture of pectin is a linear chain of a-(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] Inthis 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 green house 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 meant a 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, or amino 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 SEQ ID 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 ofthe
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 an amino acid sequence in a peptide
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-
ism.

[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 thatis 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
respectto aheterologous 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.

[0120] 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.

[0121] Polynucleotides may be single-stranded (coding or
antisense) or double-stranded, and may be DNA (genomic,
c¢DNA 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.

[0124] 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.

[0125] 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.).

[0126] 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., F. 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.

[0127] 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.

[0128] 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
(i) 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).

[0129] “Medium stringency” conditions include and
encompass from at least about 16% v/v to at least about 30%
v/v formamide and from at least about 0.5 M to at least about
0.9 M 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
(i) 0.5% BSA, 1 mM EDTA, 40 mM NaHPO,, (pH 7.2), 5%
SDS for washing at 60-65° C. 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 M salt
for washing at 55° C. High stringency conditions also may
include 1% BSA, 1 mM EDTA, 0.5 M NaHPO.,, (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,
1% SDS at 65° C.

[0132] 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 t0 2.10.16
and Sambrook et al., Current Protocols in Molecular Biology
(1989), at sections 1.101 to 1.104.

[0133] 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:
T,=81.5+16.6 (log,,\M)+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
at42° C.in ahybridization 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
65-68° C.

[0136] 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.

[0137] 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.
[0138] 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.

[0139] 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 in vitro 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.

[0141] 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



US 2009/0139134 Al

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 of a an 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, 1) 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.

[0147] “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-cell genome; 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.

[0149] Theterms “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,

Jun. 4, 2009

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 $-D-mannu-
ronate, a-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-
Iulose 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, S5-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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1-(4-hydroxyphenyl)-2-hexene, 4-methyl-1-(4-
hydroxyphenyl)-3-hexene, S5-methyl-1-(4-hydroxyphenyl)-
2-hexanol, 5-methyl-1-(4-hydroxyphenyl)-3-hexanol,
4-methyl-1-(4-hydroxyphenyl)-2-hexanol, 4-methyl-1-(4-
hydroxyphenyl)-3-hexanol, 5-methyl-1-(4-hydroxyphenyl)-
2-hexanone,  5-methyl-1-(4-hydroxyphenyl)-3-hexanone,
4-methyl-1-(4-hydroxyphenyl)-2-hexanone, 4-methyl-1-(4-
hydroxyphenyl)-3-hexanone,  5-methyl-1-(4-hydroxyphe-
nyl)-2,3-hexanediol,  4-methyl-1-(4-hydroxyphenyl)-2,3-

hexanediol,  5-methyl-1-(4-hydroxyphenyl)-3-hydroxy-2-
hexanone, 5-methyl-1-(4-hydroxyphenyl)-2-hydroxy-3-
hexanone, 4-methyl-1-(4-hydroxyphenyl)-3-hydroxy-2-
hexanone, 4-methyl-1-(4-hydroxyphenyl)-2-hydroxy-3-

hexanone, 5-methyl-1-(4-hydroxyphenyl)-2,3-hexanedione,
4-methyl-1-(4-hydroxyphenyl)-2,3-hexanedione, 4-methyl-
1-(indole-3-)hexane, 5-methyl-1-(indole-3)-1-hexene, 5-me-
thyl-1-(indole-3)-2-hexene,  5-methyl-1-(indole-3)-3-hex-
ene, 4-methyl-1-(indole-3)-1-hexene, 4-methyl-1-(indole-
3)-2-hexene, 4-methyl-1-(indole-3)-3-hexene, S-methyl-1-
(indole-3)-2-hexanol, 5-methyl-1-(indole-3)-3-hexanol,
4-methyl-1-(indole-3)-2-hexanol, 4-methyl-1-(indole-3)-3-
hexanol, 5-methyl-1-(indole-3)-2-hexanone, 5-methyl-1-(in-
dole-3)-3-hexanone, 4-methyl-1-(indole-3)-2-hexanone,
4-methyl-1-(indole-3)-3-hexanone, 5-methyl-1-(indole-3)-
2,3-hexanediol, 4-methyl-1-(indole-3)-2,3-hexanediol,
5-methyl-1-(indole-3)-3-hydroxy-2-hexanone, 5-methyl-1-
(indole-3)-2-hydroxy-3-hexanone, 4-methyl-1-(indole-3)-3-
hydroxy-2-hexanone, 4-methyl-1-(indole-3)-2-hydroxy-3-
hexanone, 5-methyl-1-(indole-3)-2,3-hexanedione,
4-methyl-1-(indole-3)-2,3-hexanedione, n-heptane, 1-hep-
tene, 1-heptanol, heptanal, heptanoate, 2-heptene, 3-heptene,
2-heptanol, 3-heptanol, 4-heptanol, 2-heptanone, 3-hep-
tanone, 4-heptanone, 2,3-heptanediol, 2,3-heptanedione, 3,4-
heptanediol, 3,4-heptanedione, 2-hydroxy-3-heptanone,
3-hydroxy-2-heptanone, 3-hydroxy-4-heptanone, 4-hy-
droxy-3-heptanone, 2-methylheptane, 3-methylheptane,
6-methyl-2-heptene, 6-methyl-3-heptene, 2-methyl-3-hep-
tene, 2-methyl-2-heptene, 5-methyl-2-heptene, 5-methyl-3-
heptene, 3-methyl-3-heptene, 2-methyl-3-heptanol, 2-me-
thyl-4-heptanol, 6-methyl-3-heptanol, 5-methyl-3-heptanol,
3-methyl-4-heptanol, 2-methyl-3-heptanone, 2-methyl-4-
heptanone, 6-methyl-3-heptanone, 5-methyl-3-heptanone,
3-methyl-4-heptanone, 2-methyl-3,4-heptanediol, 2-methyl-
3,4-heptanedione, 6-methyl-3,4-heptanediol, 6-methyl-3,4-
heptanedione, 5-methyl-3,4-heptanediol, 5-methyl-3,4-hep-
tanedione, 2-methyl-3-hydroxy-4-heptanone, 2-methyl-4-
hydroxy-3-heptanone,  6-methyl-3-hydroxy-4-heptanone,
6-methyl-4-hydroxy-3-heptanone, 5-methyl-3-hydroxy-4-
heptanone, S-methyl-4-hydroxy-3-heptanone, 2,6-dimethyl-
heptane, 2,5-dimethylheptane, 2,6-dimethyl-2-heptene, 2,6-
dimethyl-3-heptene, 2,5-dimethyl-2-heptene, 2,5-dimethyl-
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,
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3-methyl-4-octanol, 6-methyl-4-octanol, 2-methyl-4-oc-
tanone, 7-methyl-4-octanone, 3-methyl-4-octanone, 6-me-
thyl-4-octanone, 2-methyl-4,5-octanediol, 2-methyl-4,5-oc-
tanedione, 3-methyl-4,5-octanediol, 3-methyl-4,5-
octanedione, 2-methyl-4-hydroxy-5-octanone, 2-methyl-5-
hydroxy-4-octanone, 3-methyl-4-hydroxy-5-octanone,
3-methyl-5-hydroxy-4-octanone, 2,7-dimethyloctane, 2,7-
dimethyl-3-octene, 2,7-dimethyl-4-octene, 2,7-dimethyl-4-
octanol, 2,7-dimethyl-4-octanone, 2,7-dimethyl-4,5-oc-
tanediol, 2,7-dimethyl-4,5-octanedione, 2,7-dimethyl-4-
hydroxy-5-octanone, 2,6-dimethyloctane, 2,6-dimethyl-3-
octene, 2,6-dimethyl-4-octene, 3,7-dimethyl-3-octene, 2,6-
dimethyl-4-octanol, 3,7-dimethyl-4-octanol, 2,6-dimethyl-4-
octanone,  3,7-dimethyl-4-octanone,  2,6-dimethyl-4,5-
octanediol, 2,6-dimethyl-4,5-octanedione, 2,6-dimethyl-4-
hydroxy-5-octanone, 2,6-dimethyl-5-hydroxy-4-octanone,
3,6-dimethyloctane, 3,6-dimethyl-3-octene, 3,6-dimethyl-4-
octene, 3,6-dimethyl-4-octanol, 3,6-dimethyl-4-octanone,
3,6-dimethyl-4,5-octanediol, 3,6-dimethyl-4,5-octanedione,
3,6-dimethyl-4-hydroxy-5-octanone, n-nonane, 1-nonene,
1-nonanol, nonanal, nonanoate, 2-methylnonane, 2-methyl-
4-nonene, 2-methyl-5-nonene, 8-methyl-4-nonene, 2-me-
thyl-5-nonanol, 8-methyl-4-nonanol, 2-methyl-5-nonanone,
8-methyl-4-nonanone, 8-methyl-4,5-nonanediol, 8-methyl-
4,5-nonanedione, 8-methyl-4-hydroxy-5-nonanone, 8-me-
thyl-5-hydroxy-4-nonanone, 2,8-dimethylnonane, 2,8-dim-
ethyl-3-nonene, 2,8-dimethyl-4-nonene, 2.8-dimethyl-5-
nonene, 2,8-dimethyl-4-nonanol, 2,8-dimethyl-5-nonanol,
2,8-dimethyl-4-nonanone, 2,8-dimethyl-5-nonanone, 2,8-
dimethyl-4,5-nonanediol,  2,8-dimethyl-4,5-nonanedione,
2,8-dimethyl-4-hydroxy-5-nonanone,  2,8-dimethyl-5-hy-
droxy-4-nonanone, 2,7-dimethylnonane, 3,8-dimethyl-3-
nonene, 3,8-dimethyl-4-nonene, 3,8-dimethyl-5-nonene,
3,8-dimethyl-4-nonanol, 3,8-dimethyl-5-nonanol, 3,8-dim-
ethyl-4-nonanone, 3,8-dimethyl-5-nonanone, 3,8-dimethyl-
4,5-nonanediol, 3,8-dimethyl-4,5-nonanedione, 3,8-dim-
ethyl-4-hydroxy-5-nonanone, 3,8-dimethyl-5-hydroxy-4-
nonanone, n-decane, 1-decene, 1-decanol, decanoate, 2,9-
dimethyldecane, 2,9-dimethyl-3-decene, 2,9-dimethyl-4-
decene, 2,9-dimethyl-5-decanol, 2,9-dimethyl-5-decanone,
2,9-dimethyl-5,6-decanediol, 2,9-dimethyl-6-hydroxy-5-de-
canone, 2,9-dimethyl-5,6-decanedionen-undecane, 1-un-
decene, 1-undecanol, undecanal. undecanoate, n-dodecane,
1-dodecene, 1-dodecanol, dodecanal, dodecanoate, n-dode-
cane, 1-decadecene, 1-dodecanol, ddodecanal, dodecanoate,
n-tridecane, 1-tridecene, 1-tridecanol, tridecanal, tride-
canoate, n-tetradecane, 1-tetradecene, 1-tetradecanol, tet-
radecanal, tetradecanoate, n-pentadecane, 1-pentadecene,
1-pentadecanol, pentadecanal, pentadecanoate, n-hexade-
cane, 1-hexadecene, 1-hexadecanol, hexadecanal, hexade-
canoate, n-heptadecane, 1-heptadecene, 1-heptadecanol,
heptadecanal, heptadecanoate, n-octadecane, 1-octadecene,
1-octadecanol, octadecanal, octadecanoate, n-nonadecane,
1-nonadecene, 1-nonadecanol, nonadecanal, nonadecanoate,
eicosane, 1-eicosene, 1-eicosanol, eicosanal, eicosanoate,
3-hydroxy propanal, 1,3-propanediol, 4-hydroxybutanal,
1,4-butanediol, 3-hydrxy-2-butanone, 2,3-butandiol, 1,5-
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-
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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, 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.

[0161] 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 areference (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 inbetweene.g., 1.2,
13,14, 1.5, 55,5.6,5.7, 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 (*2C),
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 S Boyp

[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



US 2009/0139134 Al

mostly endothermic reactions at high temperature and/or
pressure. Today’s oil formed from the preserved remains of
prehistoric zooplankton and algae, which had settled to a sea
orlake bottom in large quantities under anoxic conditions (the
remains of prehistoric terrestrial plants, on the other hand,
tended to form coal). Over geological time the organic matter
mixed with mud, and was buried under heavy layers of sedi-
ment resulting in high levels of heat and pressure (known as
diagenesis). This process caused the organic matter to chemi-
cally change, first into a waxy material known as kerogen
which is found in various oil shales around the world, and
then with more heat into liquid and gaseous hydrocarbons in
a process known as catagenesis. Most hydrocarbon based
fuels derived from crude oil have been undergoing a process
of carbon-14 decay over geological time, and, thus, will have
little to no detectable carbon-14. In contrast, certain biofuels
produced by the living microorganisms of the present inven-
tion will comprise carbon-14 at a level comparable to all other
presently living things (i.e., an equilibrium level). In this
manner, by measuring the carbon-12 to carbon-14 ratio of a
hydrocarbon-based biofuel ofthe present invention, and com-
paring that ratio to a hydrocarbon based fuel derived from
crude oil, the biofuels produced by the methods provided
herein can be structurally distinguished from typical sources
of hydrocarbon based fuels.

[0165] Embodiments of the present invention include
methods for converting a polysaccharide to a suitable
monosaccharide comprising, (a) obtaining the polysaccha-
ride; and (b) contacting the polysaccharide with a recombi-
nant microorganism or microbial system comprising such a
microorganism for a time sufficient to convert the polysac-
charide to a suitable monosaccharide, wherein the microbial
system comprises, (1) 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-
porter, a trisaccharide transporter, an oligosaccharide trans-
porter, and a polysaccharide transporter; and (iii) at least one
gene encoding and expressing an enzyme selected from a
monosaccharide dehydrogenase, an isomerase, a dehy-
dratase, a kinase, and an aldolase, thereby converting the
polysaccharide to a suitable monosaccharide.

[0166] Alternatively, certain aspects may include methods
for converting a polysaccharide to a suitable monosaccharide
comprising, (a) obtaining the polysaccharide; and (b) con-
tacting the polysaccharide with a microbial system for a time
sufficient to convert the polysaccharide to a suitable
monosaccharide, wherein the microbial system comprises, (i)
atleast one gene encoding and expressing an enzyme selected
from a lyase and a hydrolase; (ii) at least one gene encoding
and expressing a superchannel; and (iii) at least one gene
encoding and expressing an enzyme selected from a
monosaccharide dehydrogenase, an isomerase, a dehy-
dratase, a kinase, and an aldolase, thereby converting the
polysaccharide to a suitable monosaccharide.

[0167] In certain embodiments, a microbial system or iso-
lated microorganism is capable of growing using a polysac-
charide (e.g., alginate, pectin, etc.) as a sole source of carbon
and/or energy. A “sole source of carbon” refers generally to
the ability to grow on a given carbon source as the only carbon
source in a given growth medium.
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[0168] Withregard to alginate, approximately 50 percent of
seaweed dry-weight comprises various sugar components,
among which alginate and mannitol are major components
corresponding to 30 and 15 percent of seaweed dry-weight,
respectively. With regard to pectin, although microorganisms
such as F. coli are generally considered as a host organisms in
synthetic biology, and although such microorganism are able
to metabolize mannitol, they completely lack the ability to
degrade and metabolize alginate. In this regard, many labo-
ratory or wild-type microorganisms, such as E. coli, are
unable to grow on alginate as a sole source of carbon. Simi-
larly, many organisms such as E. coli are unable to degrade
and metabolize pectin, a polysaccharide found in many food
waste products, and, thus are unable to grown on pectin as a
sole source of carbon. Accordingly, embodiments of the
present application include engineered microorganisms, such
as E. coli, or microbial systems containing such engineered
microorganisms, that are capable of using polysaccharides,
such as alginate and pectin, as a sole source of carbon and/or
energy.

[0169] Alginate is a block co-polymer of f-D-mannuronate
(M) and a-D-gluronate (G) (M and G are epimeric about the
CS5-carboxyl group). Each alginate polymer comprises
regions of all M (polyM), all G (polyG), and/or the mixture of
M and G (polyMG). To utilize alginate to produce one or
more suitable monosaccharides, certain aspects ofthe present
invention provide an engineered or recombinant microorgan-
ism or microbial system that is able to degrade or de-poly-
merize alginate and to use it as a source of carbon and/or
energy. As one means of accomplishing this purpose, such
recombinant microorganisms may incorporate a set of
polysaccharide degrading or depolymerizing enzymes such
as alginate lyases (ALs) to the microbial system.

[0170] ALs are mainly classified into two distinctive sub-
families depending on their acts of catalysis: endo-(EC 4.2.
2.3) and exo-acting (EC 4.2.2.-) ALs. Endo-acting ALs are
further classified based on their catalytic specificity; M spe-
cific and G specific ALs. The endo-acting AlLs randomly
cleave alginate via a 1-elimination mechanism and mainly
depolymerize alginate to di-, tri- and tetrasaccharides. The
uronate at the non-reducing terminus of each oligosaccharide
are converted to unsaturated sugar uronate, 4-deoxy-a-L-
erythro-hex-4-ene pyranosyl uronates. The exo-acting ALs
catalyze further depolymerization of these oligosaccharides
and release unsaturated monosaccharides, which may be non-
enzymatically converted to monosaccharides, including
a-keto acid, 4-deoxy-a-L-erythro-hexoselulose uronate
(DEHU). Certain embodiments of an engineered microbial
system or isolated, engineered microorganism may include
endoM-, endoG- and exo-acting ALs to degrade or depoly-
merize aquatic or marine-biomass polysaccharides such as
alginate to a monosaccharide such as DEHU.

[0171] Embodiments of the present invention may also
include lyases such as alginate lyases isolated from various
sources, including, but not limited to, marine algae, mollusks,
and wide varieties of microbes such as genus Pseudomonas,
Vibrio, and Sphingomonas. Many alginate lyases are endo-
acting M specific, several are G specific, and few are exo-
acting. For example, ALs isolated from Sphingomonas sp.
strain Al include five endo-acting ALs, Al-I, Al-II, Al-IT,
AI-III, and Al-IV' and an exo-acting AL, Al-IV.

[0172] Typically, Al-1, Al-II, and AI-III have molecular
weights of 66 kDa, 25 kDa, and 40 kDa, respectively. Al-II
and AI-IIT are self-splicing products of Al-1. AI-II may be
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more specific to G and Al-III may be specific to M. Al-I may
have high activity for both M and G. Al-IV has molecular
weight of about 85 kDa and catalyzes exo-lytic depolymer-
ization of oligoalginate. Although both Al-II' and AI-IV' are
functional homologues of Al-II and Al-IV. AI-II' has endo-
Iytic activity and may have no preference to M or G. Al-IV has
primarily endo-lytic activity. In addition to these ALs, exo-
Iytic AL Atu3025 derived from Agrobacterium tumefaciens
has high activity for depolymerization of oligoalginate, and
may be used in certain embodiments of the present invention.
Certain embodiments may incorporate into the microbial sys-
tem or isolated microorganism the genes encoding Al-1, Al-
1I', Al-IV, and Atu3025, and may include optimal codon usage
for the suitable host organisms, such as E. coli.

[0173] Certain examples of alginate lyases or oligoalginate
lyases that may be utilized herein include enzymes or
polypeptides sharing at least 60%, 70%, 80%, 90%, 95%,
98%, or more sequence identity (including all integers in
between) to SEQ ID NOS:67-68, which show the nucleotide
(SEQ ID NO:67) and polyeptide (SEQ ID NO:68) sequences
of oligoalginate lyase Atu3025 isolated from Agrobacterium
tumefaciens. Certain examples of alginate lyases that may be
utilized herein include enzymes or polypeptides sharing at
least 60%, 70%, 80%, 90%, 95%, 98%, or more sequence
identity (including all integers in between) to the alginate
lyase enyzmes described in FIG. 37, as well as the secreted
alginate lyase encoded by Vs24254 from Vibrio splendidus.
[0174] In certain embodiments, a microbial system or
recombinant microorganism may be engineered to secrete or
display the lyases or alginate lyases (ALs) to the culture
media, such as by incorporating a signal peptide or autotrans-
porter domain into the lyase. In this regard, it is typically
understood that bacteria have at least four different types of
protein secretion machinery (type I, II, III and IV). For
example, in E. coli, the type Il secretion machinery is used for
the secretion of recombinant proteins. The type II secretion
machinery may comprise a two-step process: the transloca-
tion of premature proteins tagged with signal peptides to the
periplasm fraction and processing to the mature proteins fol-
lowed by secretion to media.

[0175] The first process may proceed by any of three dif-
ferent pathways: secB-dependent pathway, signal recogni-
tion particle (SRP) pathway, or twin-arginine translocation
(TAT) pathway. Recombinant proteins may be secreted into
periplasm fraction. The fates of the mature proteins vary
dependent on the type of proteins. For example, some pro-
teins are secreted spontaneously by diffusion or passively by
a secretion apparatus named secretion that consists of 12-16
proteins, and others stay in periplasm fraction and are even-
tually degraded.

[0176] Some proteins may also be secreted by an autotrans-
porter apparatus, such as by utilizing an autotransporter
domain. The proteins secreted by autotransporter domains
typically comprise an N-terminal signal peptide that plays a
role in translocation to the periplasm, which may be mediated
by secB or SRP pathways, passenger domain, and/or C-ter-
minal translocation unit (UT) having a characteristic f-barrel
structure. The p-barrel portion of the UT builds an aqueous
pore channel across the outer membrane and helps the trans-
portation of passenger domain to media. Autodisplayed pas-
senger proteins are often cleaved by the autotransporter and
set free to media.

[0177] Thetype I secretion machinery may also be used for
the secretion of recombinant proteins in E. coli. The type |
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secretion machinery may be used for the secretion of high-
molecular-weight toxins and exoenzymes. The type I secre-
tion machinery consist of two inner membrane proteins
(HlyB and HlyD) that are the member of the ATP binding
cassette (ABC) transporter family, and an endogenous outer
membrane protein (TolC). The secretion of recombinant pro-
teins based on type I secretion machinery may utilize the
C-terminal region of o-haemolysin (HlyA) as a signal
sequence. The recombinant proteins may readily pass
through the inner membrane, periplasm, and outer membrane
through the type I secretion machinery.

[0178] Depending on the types of linker and signal peptides
utilized by various embodiments of the present application,
both autotransporter and type I secretion machinery can be
altered to the cell surface display machinery. Alternatively, a
system specific to cell surface display may be used. For
example, in this system, target proteins may be fused to PgsA
protein (a poly-y-glutamate synthetase complex) that is
natively displayed on the surface of Bacillus subtilis.

[0179] Certain embodiments may include lyases such as
alginate lyases fused with various signal peptides and/or
autotransporter domains found in proteins secreted by both
type I and type I secretion machinery. Other embodiments
may include lyases such as alginate lyases fused with any
combination of signal peptides and or autotransporter
domains found in proteins secreted transport machinery as
described herein or known to a person skilled in the art.
Embodiments may also include signal peptides or autotrans-
porter domains that are experimentally redesigned to maxi-
mize the secretion of lyases such as alginate lyases to the
culture media, and may also include the use of many different
linker sequences that fuse signal peptides, lyases, and
autotransporters that improve the efficiency of secretion or
the cell surface presentation of lyases.

[0180] Certain embodiments may include a microbial sys-
tem or isolated microorganism that comprise saccharide
transporters, which are able to transport monosaccharides
(e.g., DEHU) and oligosaccharides from the media to the
cytosol to efficiently utilize these monosaccharides as a
source of carbon and/or energy. For instance, genes encoding
monosaccharide permeases (i.e., monosaccharide transport-
ers) such as DEHU permeases may be isolated from bacteria
that grow on polysaccharides such as alginate as a source of
carbon and/or energy, and may be incorporated into embodi-
ments of the present microbial system or isolated microor-
ganism. As an additional example, embodiments may also
include redesigned native permeases or transporters with
altered specificity for monosaccharide (e.g., DEHU) trans-
portation.

[0181] In this regard, E. coli contains several permeases
able to transport monosaccharides, which include, but are not
limited to, KdgT for 2-keto-3-deoxy-D-gluconate (KDG)
transporter, ExuT for aldohexuronates such as D-galactur-
onate and D-glucuronate transporter, GntT, GntU, GntP, and
GntT for gluconate transporter, and KgtP for proton-driven
a-ketoglutarate transporter. Microbial systems or recombi-
nant microorganisms described herein may comprise any of
these permeases, in addition to those permeases known to a
person of skill in the art and not mentioned herein, and may
also include permease enzymes redesigned to transport other
monosaccharides, such as DEHU.

[0182] A microbial system or recombinant microorganism
according to the present invention may also comprise per-
meases/transporters/superchannels/porins that catalyze the
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transport of monosaccharides (e.g., D-mannuronate and
D-lyxose) from media to the periplasm or cytosol of a micro-
organism. For example, genes encoding the permeases of
D-mannuronate in soil Aeromonas may be incorporated into
a microbial system as described herein.

[0183] As one alternative example, a microbial system or
microorganism may comprise native permeases/transporters
that are redesigned to alter their specificity for efficient
monosaccharide transportation, such as for D-mannuronate
and D-lyxose transportation. For instance, E. coli contains
several permeases that are able to transport monosaccharides
or sugars such as D-mannonate and D-lyxose, including
KdgT for 2-keto-3-deoxy-D-gluconate (KDG) transporter,
ExuT for aldohexuronates such as D-galacturonate and
D-glucuronate transporter, GntPTU for gluconate/fructur-
onate transporter, uidB for glucuronide transporter, fucP for
L-fucose transporter, galP for galactose transporter, yghK for
glycolate transporter, dgoT for D-galactonate transporter,
uhpT for hexose phosphate transporter, dctA for orotate/cit-
rate transporter, gntUT for gluconate transporter, malEGF for
maltose transporter: alsABC for D-allose transporter, idnT
for L-idonate/D-gluconate transporter, KgtP for proton-
driven a-ketoglutarate transporter, lacY for lactose/galactose
transporter, xyl[EFGH for D-xylose transporter, araEFGH for
L-arabinose transporter, and rbsABC for D-ribose trans-
porter. In certain embodiments, a microbial system or recom-
binant microorganism may comprise permeases or transport-
ers as described above, including those that are re-designed or
optimized for improvided transport of certain monosaccha-
rides, such as D-mannuronate, DEHU, and D-lyxose.

[0184] Certain aspects may employ a recombinant micro-
organism that comprises a “superchannel,” by which aquatic
or marine-biomass polysaccharides such as alginate poly-
mers, or fruit or vegetable biomass such as pectin polymers,
may be directly incorporated into the cytosol and degraded
inside the microbial system. For instance, a group of bacteria
characterized as Sphingomonads have a wide range in capa-
bility of degrading environmentally hazardous compounds
such as polychlorinated polycyclic aromatics (dioxin). These
bacteria contain characteristic large pleat-like molecules on
their cell surfaces. In this regard, certain Sphingomonads
have structures characterized as “superchannels” that enable
the bacteria to directly take up macromolecules.

[0185] As one particular example of a microorganism com-
prising a superchannel, Sphingomonas sp. strain Al directly
incorporates polysaccharides such as alginate through a
superchannel. Such superchannels may consist of a pit on the
outer membrane (e.g., AlgR), alginate-binding proteins in the
periplasm (e.g., AlgQ1l and Alg Q2), and an ATP-binding
cassette (ABC) transporter (e.g., AlgM1, AlgM2, and AlgS).
Incorporated polysaccharides such as alginate may be readily
depolymerized by lyases such as alginate lyases produced in
the cytosol. Thus, certain embodiments may incorporate
genes encoding a superchannel (e.g., ccpA, algS, algM1,
algM?2, algQ1, algQQ2) to introduce this ability to the micro-
bial system or recombinant microorganism. Other embodi-
ments may include microorganisms such as Sphingomonas
subarctica IFO 160587, which harbor the plasmid containing
genes that encode a superchannel, and which have signifi-
cantly improved ability to utilize marine or aquatic biomass
polysaccharides such as alginate as a source of carbon and/or
energy. Certain recombinant microorganisms may employ
these superchannel encoding plasmid sequences contained
within Sphingomonas subarctica IFO 16058~
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[0186] Certain examples of alginate ABC transporters that
may be utilized herein, include ABC transporters Atu3021,
Atu3022, Atu3023, Atu3024, algM1, algM2, AlgQ1, AlgQ2,
AlgS, 0G2516_ 05558, 0G2516_ 05563, OG2516_ 05568,
and OG2516_ 05573, including functional variants thereof.
Certain examples of alginate symporters that may be utilized
herein include symporters V12B01_ 24239 and V12B01__
24194, among others, including functional variants thereof.
One additional example of an alginate porin includes
V12B01_ 24269, and variants thereof.

[0187] As noted above, certain embodiments may include
recombinant microorganisms that comprise one or more
monosaccharide dehydrogenases, isomerases, dehydratases,
kinases, and aldolases. With regard to monosaccharide dehy-
drogenases, certain microbial systems or recombinant micro-
organism may incorporate enzymes that reduce various
monosaccharides (e.g., DEHU, mannuronate) to a monosac-
charide that is suitable for biofuel biosynthesis, such as
2-keto-3-deoxy-D-gluconate (KDG) or D-mannitol. Such
exemplary enzymes, include, for example, DEHU hydroge-
nases and mannuronate hydrogenases, in addition to various
alcohol dehydrogenases having DEHU hydrogenase and/or
mannuronate dehydrogenase activity, such as the novel
ADHI1 through ADHI12 enzymes isolated from Agrobacte-
rium tumefaciens C58 (see, e.g., SEQ ID NOS:69-92).
[0188] For more detail on the ADHI1 through ADHI12
enzymes, SEQ ID NO:69 shows the nucleotide and SEQ ID
NO:70 shows the polypeptide sequence of ADH1 Atul557
isolated from Agrobacterium tumefaciens C58. SEQ ID
NO:71 shows the nucleotide and SEQ ID NO:72 shows the
polypeptide sequence of ADH2 Atu2022 isolated from Agro-
bacterium tumefaciens C58. SEQ ID NO:73 shows the nucle-
otide and SEQ 1D NO:74 shows the polypeptide sequence of
ADH3 At0626 isolated from Agrobacterium tumefaciens
Cs8.

[0189] SEQ ID NO:75 shows the nucleotide and SEQ ID
NO:76 shows the polypeptide sequence of ADH4 Atu5240
isolated from Agrobacterium tumefaciens C58. SEQ ID
NO:77 shows the nucleotide and SEQ ID NO:78 shows the
polypeptide sequence of ADHS Atu3163 isolated from Agro-
bacterium tumefaciens C58. SEQ ID NO:79 shows the nucle-
otide and SEQ 1D NO:80 shows the polypeptide sequence of
ADH6 At2151 isolated from Agrobacterium tumefaciens
Cs8.

[0190] SEQ ID NO:81 shows the nucleotide and SEQ ID
NO:82 shows the polypeptide sequence of ADH7 Atu2814
isolated from Agrobacterium tumefaciens C58. SEQ ID
NO:83 shows the nucleotide and SEQ ID NO:84 shows the
polypeptide sequence of ADHS8 Atu5447 isolated from Agro-
bacterium tumefaciens C58. SEQ ID NO:85 shows the nucle-
otide and SEQ 1D NO:86 shows the polypeptide sequence of
ADH9 At4087 isolated from Agrobacterium tumefaciens
Cs8.

[0191] SEQ ID NO:87 shows the nucleotide and SEQ ID
NO:88 shows the polypeptide sequence of ADH10 Atu4289
isolated from Agrobacterium tumefaciens C58.

[0192] SEQ ID NO:89 shows the nucleotide and SEQ ID
NO:90 shows the polypeptide sequence of ADH11 Atu3027
isolated from Agrobacterium tumefaciens C58. SEQ ID
NO:91 shows the nucleotide and SEQ ID NO:92 shows the
polypeptide sequence of ADHI12 Atu3026 isolated from
Agrobacterium tumefaciens C58.

[0193] Further examples of enzymes having dehydroge-
nase activity include Atu3026, Atu3027, OG2516_ 05543,



US 2009/0139134 Al

0G2516_05538 and V12B01_24244. The microorganisms
and methods of the present invention may also utilize biologi-
cally active fragments and variants of these hydrogenase
enzymes, including optimized variants thereof.

[0194] As a further example, Pseudomonas grown using
alginate as a sole source of carbon and energy comprises a
DEHU hydrogenase enzyme that uses NADPH as a co-factor,
is more stable when NADP™ is present in the solution, and is
active at ambient pH. Thus, certain embodiments of a micro-
bial system or a recombinant microorganism as described
herein may incorporate genes encoding hydrogenases such as
DEHU or mannuronate hydrogenase derived or obtained
from various microbes, in which these microbes may be
capable of growing on polysaccharides such as alginate or
pectin as a source of carbon and/or energy.

[0195] Certain embodiments may incorporate components
of a microbial system or isolated microorganism that is
capable of efficiently growing on monosaccharides such as
D-mannuronate or D-lyxose as a source of carbon and energy.
For instance, both Aeromonas and Aerobacter aerogenes
PRL-R3 comprise genes encoding monosaccharide dehydro-
genases such as D-mannuronate hydrogenase and D-lyxose
isomerase. Thus, certain microbial systems or recombinant
microorganisms may comprise monosaccharide dehydroge-
nases such as D-mannuronate hydrogenase and D-lyxose
isomerase from Aeromonas, Aerobacter aerogenes PRL-R3,
or various other suitable microorganisms, including those
microorganisms capable of growing on D-mannuronate or
D-lyxose as a source of carbon and energy.

[0196] Certain embodiments may include a microbial sys-
tem or isolated microorganism with enhanced efficiency for
converting monosaccharides such as D-mannonate and D-xy-
Iulose into monosaccharides suitable for a biofuel biosynthe-
sis pathway such as KDG. Merely by way of explanation,
D-mannonate and D-xylulose are metabolites in microbes
such as E. coli. D-mannonate is converted by a D-mannonate
dehydratase to KDG. D-xylulose enters the pentose phos-
phate pathway. Thus, to increase conversion of D-mannonate
to KDG, an exogenous or endogenous D-mannonate dehy-
dratase (e.g., uxuA) gene may be over-expressed an a recom-
binant microorganism of the invention. Similarly, in other
embodiments, suitable endogenous or exogenous genes such
as kinases (e.g., kdgK), nad, as well as KDG aldolases (e.g.,
kdgA and eda) may be either incorporated or overexpressed
in a given recombinant microorganism (see SEQ ID NOS:93-
96), including biologically active variants or fragments
thereof, such as optimized variants of these genes. SEQ ID
NO:93 shows the nucleotide sequence and SEQ ID NO:94
shows the polypeptide sequence of a 2-keto-deoxy gluconate
kinase (KdgK) from FEscherichia coli DH10B. SEQ ID
NO:95 shows the nucleotide sequence and SEQ ID NO:96
shows the polypeptide sequence of a 2-keto-deoxy gluconate-
6-phosphate aldorase (KdgA) from Escherichia coli DH10B.

[0197] In certain aspects, as noted above, a recombinant
microorganism that is capable of growing on alginate or pec-
tin as a sole source of carbon may utilize a naturally-occurring
or endogenous copy of a dehyradratase, kinase, and/or aldo-
lase. For instance, E. coli contains endogenous dehydratases,
kinases, and aldolases that are capable of catalyzing the
appropriate steps in the conversion of polysaccharides to a
suitable monosaccharide. In these and other related aspects,
the naturally-occurring dehydratase or kinase may also be
over-expressed, such as by providing an exogenous copy of
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the naturally-occurring dehydratase, kinase or aldolase oper-
able linked to a highly constitutive or inducible promoter.
[0198] As one exemplary source of enzymes for engineer-
ing a recombinant microorganism to grow on alginate as a
sole source of carbon, Vibrio splendidus is known to be able
to metabolize alginate to support growth. For example, SEQ
ID NO:1 shows a secretome region carrying certain Vibrio
splendidus genes (V12B01_02425 to V12B01_02480),
which encodes a type II secretion apparatus. SEQ 1D NO:2
shows the nucleotide sequence of an entire genomic region
between V12B01_ 24189 to V12B01_ 24249, which was
derived from Vibrio splendidus, and which when transformed
into E. coli as a fosmid clone was sufficient to confer the
ability to grow on alginate as a sole source of carbon. SEQ ID
NOS:3-64 show the individual putative genes contained
within SEQ ID NO:2. Thus, in certain aspects, a recombinant
microorganism (e.g., £. coli) that is able to grow on alginate
as a sole source of carbon and/or energy may comprise one or
more nucleotide or polypeptide reference sequences
described in SEQ ID NOS:1-64, including biologically active
fragments or variants thereof, such as optimized variants.
[0199] In certain aspects, a recombinant microorganism
that is able to grow on alginate as a sole source of carbon may
contain certain coding nucleotide or polypeptide sequences
contained within SEQ ID NO:2, such as the sequences in SEQ
ID NOS:3-64, or biologically active fragments or variants
thereof, including optimized variants. These sequences are
described in further detail below.

[0200] SEQ ID NO:3 shows the nucleotide coding
sequence of the putative protein V12B01 24184. This puta-
tive coding sequence is contained within the polynucleotide
sequence of SEQ ID NO:2, and encodes a polypeptide that is
similar to an autotransporter adhesion or type I secretion
target ggxgxdxxx (SEQ ID NO:145) repeat. SEQ ID NO:4
shows the polypeptide sequence of putative protein
V12B01_24184, encoded by the polynucleotide of SEQ ID
NO:3. This putative polypeptide is similar to autotransporter
adhesion or type | secretion target ggxgxdxxx (SEQ ID
NO:145) repeat.

[0201] SEQ ID NO:5 shows the nucleotide sequence that
encodes the putative protein V12B01_24189. SEQ ID NO:6
shows the polypeptide sequence of the putative protein
V12B01_ 24189, which is similar to cyclohexadienyl dehy-
dratase.

[0202] SEQ ID NO:7 shows the nucleotide sequence that
encodes the putative protein V12B01_24194. SEQ ID NO:8
shows the polypeptide sequence of the putative protein
V12B01_24194, which is similar to a Na/proline transporter.
[0203] SEQ ID NO:9 shows the nucleotide sequence that
encodes the putative protein V12BO1_ 24199. SEQ ID
NO:10 shows the polypeptide sequence of the putative pro-
tein V12B01 24199, which is similar to a keto-deoxy-phos-
phogluconate aldolase.

[0204] SEQ ID NO:11 shows the nucleotide sequence that
encodes the putative protein V12BO1 24204. SEQ ID
NO:12 shows the polypeptide sequence of the putative pro-
tein V12B01 24204, which is similar to 2-dehydro-3-deoxy-
gluconokinase.

[0205] SEQ ID NO:13 shows the nucleotide sequence that
encodes the putative protein V12B01 241209. SEQ ID
NO:14 shows the polypeptide sequence of the putative pro-
tein V12B01_ 241209.

[0206] SEQ ID NO:15 shows the nucleotide sequence that
encodes the putative protein V12BO1_24214. SEQ ID
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NO:16 shows the polypeptide sequence of the putative pro-
teinV12B01__ 24214, which is similar to a chondroitin AC/al-
ginate lyase.

[0207] SEQ ID NO:17 shows the nucleotide sequence that
encodes the putative protein V12BO1_24219. SEQ ID
NO:18 shows the polypeptide sequence of the putative pro-
teinV12B01__ 24219, which is similar to a chondroitin AC/al-
ginate lyase.

[0208] SEQ ID NO:19 shows the nucleotide sequence that
encodes the putative protein V12BO1_24224. SEQ ID
NO:20 shows the polypeptide sequence of the putative pro-
tein V12B01_ 24224, which is similar to a 2-keto-4-pen-

tenoate hydratase/2-oxohepta-3-ene-1,7-dioic acid
hydratase.
[0209] SEQ ID NO:21 shows the nucleotide sequence that

encodes the putative protein V12BO1 24229. SEQ ID
NO:22 shows the polypeptide sequence of the putative pro-
tein V12BO01_ 24229, which is similar to a GntR-family tran-
scriptional regulator.

[0210] SEQ ID NO:23 shows the nucleotide sequence that
encodes the putative protein V12BO1 24234. SEQ ID
NO:24 shows the polypeptide sequence of the putative pro-
tein V12B01 24234, which is similar to a Na*/proline sym-
porter.

[0211] SEQ ID NO:25 shows the nucleotide sequence that
encodes the putative protein V12BO1 24239. SEQ ID
NO:26 shows the polypeptide sequence of the putative pro-
tein V12B01 24239, which is similar to an oligoalginate
lyase.

[0212] SEQ ID NO:27 shows the nucleotide sequence that
encodes the putative protein V12BO1 24244. SEQ ID
NO:28 shows the polypeptide sequence of putative protein
V12B01_ 24244, which is similar to a 3-hydroxyisobutyrate
dehydrogenase.

[0213] SEQ ID NO:29 shows the nucleotide sequence that
encodes the putative protein V12BO1_24249. SEQ ID
NO:30 shows the polypeptide sequence of the putative pro-
tein V12B01_ 24249, which is similar to a methyl-accepting
chemotaxis protein.

[0214] SEQ ID NO:31 shows the nucleotide sequence that
encodes the putative protein V12BO1_24254. SEQ ID
NO:32 shows the polypeptide sequence of putative protein
V12B01_ 24254, which is similar to an alginate lyase.
[0215] SEQ ID NO:33 shows the nucleotide sequence that
encodes the putative protein V12BO1_24259. SEQ ID
NO:34 shows the polypeptide sequence of putative protein
V12B01_24259, which is similar to an alginate lyase.
[0216] SEQ ID NO:35 shows the nucleotide sequence that
encodes the putative protein V12BO1_24264. SEQ ID
NO:36 shows the polypeptide sequence of putative protein
V12B01_24264.

[0217] SEQ ID NO:37 shows the nucleotide sequence that
encodes the putative protein V12BO1 24269. SEQ ID
NO:38 shows the polypeptide sequence of putative protein
V12B01_ 24269, which is similar to a putative oligogalactu-
ronate specific porin.

[0218] SEQ ID NO:39 shows the nucleotide sequence that
encodes the putative protein V12BO1 24274. SEQ ID
NO:40 shows the polypeptide sequence of putative protein
V12B01_ 24274, which is similar to an alginate lyase.
[0219] FIG. 32 shows the nucleotide coding sequence and
polypeptide sequence of putative protein V12B01_02425.
FIG. 32A shows the nucleotide sequence that encodes the
putative protein V12B01_ 02425 (SEQ ID NO:41). FIG. 32B
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shows the polypeptide sequence of putative protein
V12B01_02425 (SEQ ID NO:42), which is similar to a type
11 secretory pathway component EpsC.

[0220] SEQ ID NO:43 shows the nucleotide sequence that
encodes the putative protein V12B0O1_02430. SEQ ID
NO:44 shows the polypeptide sequence of putative protein
V12B01_02430, which is similar to a type II secretory path-
way component EpsD.

[0221] SEQ ID NO:45 shows the nucleotide sequence that
encodes the putative protein V12BO1_02435. SEQ ID
NO:46 shows the polypeptide sequence of putative protein
V12B01_02435, which is similar to a type II secretory path-
way component EpsE.

[0222] SEQ ID NO:47 shows the nucleotide sequence that
encodes the putative protein V12BO1_02440. SEQ ID
NO:48 shows the polypeptide sequence of putative protein
V12B01_02440, which is similar to a type II secretory path-
way component EpsF.

[0223] SEQ ID NO:49 shows the nucleotide sequence that
encodes the putative protein V12B0O1_02445. SEQ ID
NO:50 shows the polypeptide sequence of putative protein
V12B01_02445, which is similar to a type II secretory path-
way component EpsG.

[0224] SEQ ID NO:51 shows the nucleotide sequence that
encodes the putative protein V12B0O1_02450. SEQ ID
NO:52 shows the polypeptide sequence of putative protein
V12B01_02450, which is similar to a type II secretory path-
way component EpsH.

[0225] SEQ ID NO:53 shows the nucleotide sequence that
encodes the putative protein V12B0O1_02455. SEQ ID
NO:54 shows the polypeptide sequence of putative protein
V12B01_02455, which is similar to a type II secretory path-
way component Epsl.

[0226] SEQ ID NO:55 shows the nucleotide sequence that
encodes the putative protein V12B01_02460. SEQ ID
NO:56 shows the polypeptide sequence of putative protein
V12B01_02460, which is similar to a type II secretory path-
way component EpsJ.

[0227] SEQ ID NO:57 shows the nucleotide sequence that
encodes the putative protein V12B0O1_02465. SEQ ID
NO:58 shows the polypeptide sequence of putative protein
V12B01_02465, which is similar to a type II secretory path-
way component EpsK.

[0228] SEQ ID NO:59 shows the nucleotide sequence that
encodes the putative protein V12B0O1_02470. SEQ ID
NO:60 shows the polypeptide sequence of putative protein
V12B01_02470, which is similar to a type II secretory path-
way component EpsL.

[0229] SEQ ID NO:61 shows the nucleotide sequence that
encodes the putative protein V12BO1_02475. SEQ ID
NO:62 shows the polypeptide sequence of putative protein
V12B01_02475, which is similar to a type II secretory path-
way component EpsM.

[0230] SEQ ID NO:63 shows the nucleotide sequence that
encodes the putative protein V12BO1_ 02480. SEQ ID
NO:64 shows the nucleotide sequence that encodes the puta-
tive protein V12B01_ 02480, which is similar to a type 11
secretory pathway component EpsC.

[0231] As a further exemplary source of enzymes for engi-
neering a microorganism to grow on alginate, Agrobacterium
tumefaciens C58 is able to metabolize relatively small sizes of
alginate molecules (1000 mers) as a sole source of carbon and
energy. Since 4. tumefaciens C58 has long beenused for plant
biotechnology, the genetics of this organism has been rela-
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tively well studied, and many genetic tools are available and
compatible with other gram-negative bacteria such as E. coli.
Thus, certain aspects may employ this microbe, or the genes
therein, for the production of suitable monosaccharides. For
instance, as noted above, the present disclosure provides a
series of novel ADH genes having both DEHU and mannur-
onate hydrogenase activity that were obtained from Agrobac-
terium tumefaciens C58 (see SEQ ID NOS: 67-92).

[0232] As noted above, certain aspects may include a
recombinant microorganism or microbial system that is
capable of growing on pectin as a sole source of carbon and/or
energy. Pectin is a linear chain of a-(1-4)-linked D-galactur-
onic acid that forms the pectin-backbone, a homogalactur-
onan. Into this backbone, there are regions where galactur-
onic acid is replaced by (1-2)-linked L-rhamnose. From
rhamnose, side chains of various neutral sugars typically
branch off. This type of pectin is called rhamnogalacturonan
1. Over all, about up to every 25th galacturonic acid in the
main chain is exchanged with rhamnose. Some stretches con-
sisting of alternating galacturonic acid and rhamnose—
“hairy regions”, others with lower density of rhamnose—
“smooth regions.” The neutral sugars mainly comprise
D-galactose, L-arabinose and D-xylose; the types and pro-
portions of neutral sugars vary with the origin of pectin. In
nature, around 80% of carboxyl groups of galacturonic acid
are esterified with methanol. Some plants, like sugar-beet,
potatoes and pears, contain pectins with acetylated galactur-
onic acid in addition to methyl esters. Acetylation prevents
gel-formation but increases the stabilising and emulsifying
effects of pectin. Certain pectin degradation and metabolic
pathways are exemplified in FIG. 3.

[0233] In addition to the genes, enzymes, and biological
pathways described above, certain recombinant microorgan-
isms may incorporate features that are useful for growth on
pectin as a sole source of carbon. For instance, to degrade and
metabolize pectin as a sole source of carbon, pectin methyl
and acetyl esterases first catalyze the hydrolysis of methyl and
acetyl esters on pectin. Examples of pectin methyl esterases
include, but are not limited to, pemA and pmeB. Examples of
pectin acetyl esterases include, but are not limited to, PaeX
and PaeY. Further examples of pectin methyl esterases that
may be utilized herein include enzymes or polypeptides shar-
ing at least 60%, 70%, 80%, 90%, 95%, 98%, or more
sequence identity (including all integers in between) to the
pectate methyl esterases in FIG. 40. Further examples of
pectate acetyl esterases that may be utilized herein include
enzymes or polypeptides sharing at least 60%, 70%, 80%,
90%, 95%, 98%, or more sequence identity (including all
integers in between) to the pectate acetyl esterases described
in FIG. 41.

[0234] Further to this end, pectate lyases and hydrolases
may catalyze the endolytic cleavage of pectate via [-elimi-
nation and hydrolysis, respectively, to produce oligopectates.
Other enzymes that may be utilized to metabolize pectin
include Examples of pectate lyases include, but are not lim-
ited to, PelA, PelB, PelC, PelD, PelE, Pelf, Pell, Pell, and
PelZ. Examples of pectate hydrolases include, but are not
limited to, PehA, PehN, PehV, PehW, and PehX. Further
examples of pectate lyases include polypeptides or enzymes
sharing at least 60%, 70%, 80%, 90%, 95%, 98%, or more
sequence identity (including all integers in between) to the
pectate lyases described in FIG. 38.

[0235] Polygalacturonases, rhamnogalacturonan lyases,
and rhamnogalacturonan hydrolyases may also be utilized
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herein to degrade and metabolize pectin. Examples of rham-
nogalacturonan lyases include polypeptides or enzymes shar-
ing at least 60%, 70%, 80%, 90%, 95%, 98%, or more
sequence identity (including all integers in between) to the
rhamnoglacturonan lyases (i.e., rhamnogalacturonases)
described in FIG. 39A. Examples of rhamnogalacturonate
hydrolyases include polypeptides or enzymes sharing at least
60%, 70%, 80%, 90%, 95%, 98%, or more sequence identity
(including all integers in between) to the rhamnogalactur-
onate hydrolases described in FIG. 39B.

[0236] Thus, to degrade and metabolize pectin, certain of
the recombinant microorganisms and methods of the present
invention may incorporate one or more of the above noted
methy and acetyl esterases, lyases, and/or hydrolases, among
others known in the art. These may enzymes may be encoded
and expressed by endogenous or exogenous genes, and may
also include biologically active fragments or variants thereof,
such as homologs, orthologs, and/or optimized variants of
these enzymes.

[0237] To further metabolize the degradation products of
pectin, oligopectates may be transported into the periplasm
fraction of gram-negative bacteria by outer membrane porins,
where they are further degraded into such components as di-
and tri-galactonurates. Examples of outer membrane porins
include that can transport oligopectates into the periplasm
include, but are not limited to, kdgN and kdgM. Certain
recombinant microorganism may incorporate these or similar
genes.

[0238] Di- and tri-galactonurates may then be transported
into the cytosol for further degradation. Bacteria contain at
least two different transporter systems responsible for di- and
tri-galacturonate transportation, including symporter and
ABC transporter (e.g., TogT and TogMNAB, respectively).
Thus, certain of the recombinant microorganisms provided
herein may comprise one or more a di- or tri-galacturonate
transoporter systems, such as TogT and/or TogMNAB.
[0239] Once di- and trigalacturonate are incorporated into
the cytosol, short pectate or galacturonate lyases, break them
down to D-galacturonate and (4S)-4,6-dihydroxy-2,5-dioxo-
hexuronate. Examples of short pectate or galacturonate lyases
include, but are not limited to, PelW and Ogl, which genes
may be either endogenously or exogenously incorporated
into certain recombinant microorganisms provided herein.
D-galacturonate and (4S)-4,6-dihydroxy-2,5-dioxohexur-
onate are then converted to 5-dehydro-4-deoxy-D-glucur-
onate and further to KDG, which steps may be catalyzed by
Kdul and KduD, respectively. The Kdul enzyme has an
isomerase activity, and the KduD enzyme has a dehydroge-
nase activity, such as a 2-deoxy-D-gluconate 3-dehydroge-
nase activity. Accordingly, certain recombinant microorgan-
sms provided herein may comprise one or more short pectate
or galacturonate lyases, such as PelW and/or Ogl, and may
optionally comprise one or more isomerases, such as Kdul, as
well as one or more dehydrogenases, such as KduD, to con-
vert di- and trigalacturonates into a suitable monosaccharide,
such as KDG.

[0240] In certain aspects, a recombinant microorganism,
such as E. coli, that is able to grown on pectin or tri-galactu-
ronate as a sole source of carbon and/or energy may comprise
one or more of the gene sequences contained within SEQ ID
NOS:65 and 66, including biologically active fragments or
variants thereof, such as optimized variants. SEQ ID NO:65
shows the nucleotide sequence of the kdgF-PaeX region from
Erwinia carotovora subsp. Atroseptica SCRI1043. SEQ 1D
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NO:66 shows the nucleotide sequence of ogl-kdgR from
Erwinia carotovora subsp. Atroseptica SCRI1043.

[0241] In certain aspects, a recombinant microorganism,
such as E. coli, that is able to grown on pectin or tri-galactu-
ronate as a sole source of carbon and/or energy may comprise
one or more genomic regions of Erwinia chrysanthemi, com-
prising several genes (kdgF, kdul, kduD, pelW, togM, togN,
togA, togB, kdgM, paeX, ogl, and kdgR) encoding enzymes
(kdul, kduD, ogl, pel W, and paeX), transporters (togM, togN,
togA, togB, and kdgM), and regulatory proteins (kdgR)
responsible for degradation of di- and trigalacturonate, as
well as several genes (pelA, pelE, paeY, and pem) encoding
pectate lyases (pelA and pelE), pectin acetylesterases (paeY),
and pectin methylesterase (pem) (see Example 2).

[0242] Additional examples of isomerases that may be uti-
lized herein include glucoronate isomerases, such as those in
the family uxaC, as well as 4-deoxy-L-threo-5-hexylose
uronate isomerases, such as those in the family Kdul. Addi-
tional examples of reductases that may be utilized herein
include tagaturonate reductases, such as those in the family
uxaB. Additional examples of dehyadratases that may be
utilized herein include altronate dehydratases, such as those
in the family uxaA. Additional examples of dehydrogenases
that may be utilized herein include 2-deoxy-D-gluconate
3-dehydrogenases, such as those in the family kduD.

[0243] Certain aspects my also utilize recombinant micro-
organisms engineered to enhance the efficiency of the KDG
degradation pathway. For instance, in bacteria, KDG is a
common metabolic intermediate in the degradation of hexu-
ronates such as D-glucuronate and D-galacturonate and
enters into Entner Doudoroft pathway where it is converted to
pyruvate and glyceraldehyde-3-phosphate (G3P). In this
pathway, KDG is first phosphorylated by KDG kinase
(KdgK) followed by its cleavage into pyruvate and glyceral-
dehyde-3-phosphate  (G3P) using 2-keto-3-deoxy-D-6-
posphate-gluconate (KDPG) aldolase (KdgA). The expres-
sion of these enzymes concurrently with KDG permease
(e.g., KdgT) is negatively regulated by KdgR and is almost
none at basal level. The expression is dramatically (3-5-fold)
induced upon the addition of hexuronates, and a similar result
has been reported in Pseudomonas grown on alginate. Hence,
to increase the conversion of KDG to pyruvate and G3P, the
negative regulator KdgR may be removed. To further improve
the pathway efficiency, exogenous copies of KdgK and KdgA
may also be incorporated into a given recombinant microor-
ganism.

[0244] In certain aspects, a recombinant microorganism
that is able to grow on a polysaccharide (e.g., alginate, pectin,
etc) as a sole source of carbon may be capable of producing an
increased amount of a given commodity chemical (e.g., etha-
nol) while growing on that polysaccharide. For example, E.
coli engineered to grown on alginate may be engineered to
produced an increased amount of ethanol from alginate as
compared to E. coli that is not engineered to grown on algi-
nate (see Example 11). Thus, certain aspects include a recom-
binant microorganism that is capable of growing on alginate
or pectin as a sole source carbon, and that is capable of
producing an increased amount of ethanol, such as by com-
prising one or more genes encoding and expressing a pyru-
vate decarboxylase (pdc) and/or an alcohol dehydrogenase,
including functional variants thereof. In certain aspects, such
a recombinant microorganism may comprise a pyruvate
decarboxylase (pdc) and two alcohol dehydrogenases (adhA
and adhB) obtained from Zymomonas mobilis.
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[0245] Embodiments of the present invention also include
methods for converting polysaccharide to a suitable
monosaccharide comprising, (a) obtaining a polysaccharide;
(b) contacting the polysaccharide with a chemical catalysis or
enzymatic pathway, thereby converting the polysaccharide to
a first monosaccharide or oligosaccharide; and (c) contacting
the first monosaccharide with a microbial system for a time
sufficient to convert the first monosaccharide or oligosaccha-
ride to the suitable monosaccharide, wherein the microbial
system comprises, (1) at least one gene encoding and express-
ing an enzyme selected from a monosaccharide transporter, a
disaccharide transporter, a trisaccharide transporter, an oli-
gosaccharide transporter, and a polysaccharide transporter;
and (ii) 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.

[0246] Incertain aspects ofthe present invention, aquatic or
marine-biomass polysaccharides such as alginate may be
chemically degraded using chemical catalysts such as acids.
Similarly, biomass-derived pectin may be chemically
degraded. For instance, the reaction catalyzed by chemical
catalysts is typically through hydrolysis, as opposed to the
[-elimination type of reactions catalyzed by enzymatic cata-
lysts. Thus, certain embodiments may include boiling algi-
nate or pectin with strong mineral acids to liberate carbon
dioxide from D-mannuronate, thereby forming D-lyxose, a
common sugar metabolite utilized by many microorganisms.
Such embodiments may use, for example, formate, hydro-
chloric acid, sulfuric acid, in addition to other suitable acids
known in the art as chemical catalysts.

[0247] An enzymatic pathway may utilized one or more
enzymes described herein that are capable of catalyzing the
degradation of polysaccharides, such as alginate or pectin.

[0248] Other embodiments may use variations of chemical
catalysis similar to those described herein or known to a
person skilled in the art, including improved or redesigned
methods of chemical catalysis suitable for use with biomass
related polysaccharides. Certain embodiments include those
wherein the resulting monosaccharide uronate is D-mannur-
onate.

[0249] As noted above, the suitable monosaccharides or
suitable oligosaccharides produced by the recombinant
microorganisms and microbial systems of the present inven-
tion may be utilized as a feedstock in the production of com-
modity chemicals, such as biofuels, as well as commodity
chemical intermediates. Thus, certain embodiments of the
present invention relate generally to methods for converting a
suitable monosaccharide or oligosaccharide to a commodity
chemical, such as a biofuel, comprising, (a) obtaining a suit-
able monosaccharide or oligosaccharide; (b) contacting the
suitable monosaccharide or oligosaccharide with a microbial
system for a time sufficient to convert to the suitable
monosaccharide to the biofuel, thereby converting the suit-
able monosaccharide to the biofuel.

[0250] Certain aspects include methods for converting a
suitable monosaccharide to a first commodity chemical such
as a biofuel, comprising, (a) obtaining a suitable monosac-
charide; (b) contacting the suitable monosaccharide with a
microbial system for a time sufficient to convert to the suit-
able monosaccharide to the first commodity chemical,
wherein the microbial system comprises one or more genes
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encoding a aldehyde or ketone biosynthesis pathway, thereby
converting the suitable monosaccharide to the first commod-
ity chemical.

[0251] Inthese and other related aspects, depending on the
particular ketone or aldehyde biosynthesis pathway
employed, the first commodity chemical may be further enzy-
matically and/or chemically reduced and dehydrated to a
second commodity chemical. Examples of such second com-
modity chemicals include, but are not limited to, butene or
butane; 1-phenylbutene or 1-phenylbutane; pentene or pen-
tane; 2-methylpentene or 2-methylpentane; 1-phenylpentene
or 1-phenylpentane; 1-phenyl-4-methylpentene or 1-phenyl-
4-methylpentane; hexene or hexane; 2-methylhexene or
2-methylhexane; 3-methylhexene or 3-methylhexane; 2,5-
dimethylhexene or 2,5-dimethylhexane; 1-phenylhexene or
1-phenylhexane; 1-phenyl-4-methylhexene or 1-phenyl-4-
methylhexane; 1-phenyl-5-methylhexene or 1-phenyl-5-me-
thylhexane; heptene or heptane; 2-methylheptene or 2-meth-
ylheptane; 3-methylheptene or 3-methylheptane; 2,6-
dimethylheptene or 2,6-dimethylheptane; 3,6-
dimethylheptene or 3,6-dimethylheptane; 3-methyloctene or
3-methyloctane; 2-methyloctene or 2-methyloctane; 2,6-
dimethyloctene or 2,6-dimethyloctane; 2,7-dimethyloctene
or 2,7-dimethyloctane; 3,6-dimethyloctene or 3,6-dimethy-
loctane; and cyclopentane or cyclopentene.

[0252] Certain embodiments of the present invention may
also include methods for converting a suitable monosaccha-
ride or oligosaccharide to a commodity chemical comprising
(a) obtaining a suitable monosaccharide or oligosaccharide;
(b) contacting the suitable monosaccharide or oligosaccha-
ride with a microbial system for a time sufficient to convert to
the suitable monosaccharide or oligosaccharide to the com-
modity chemical, wherein the microbial system comprises;
(1) one or more genes encoding a biosynthesis pathway; (ii)
one or more genes encoding and expressing a C—C ligation
pathway; and (iii) one or more genes encoding and expressing
areduction and dehydration pathway, comprising a diol dehy-
drogenase, a diol dehydratase, and a secondary alcohol dehy-
drogenase, thereby converting the suitable monosaccharide
or oligosaccharide to the commodity chemical.

[0253] Certain aspects also include recombinant microor-
ganism that comprise (i) one or more genes encoding a bio-
synthesis pathway; (ii) one or more genes encoding and
expressing a C—C ligation pathway; and (iii) one or more
genes encoding and expressing a reduction and dehydration
pathway, comprising a diol dehydrogenase, a diol dehy-
dratase, and a secondary alcohol dehydrogenase. Certain
aspects also include recombinant microorganisms that com-
prise the above pathways individually or in certain combina-
tions, such as recombinant microorganism that comprises one
or more genes encoding a biosynthesis pathway, as described
herein. Certain aspects may also include recombinant micro-
organisms that comprise one or more genes encoding and
expressing a C—C ligation pathway, as described herein.
Certain aspects may also include recombinant microorgan-
isms that comprise one or more genes encoding and express-
ing a reduction and dehydration pathway, comprising a diol
dehydrogenase, a diol dehydratase, and a secondary alcohol
dehydrogenase, as described herein.

[0254] As for recombinant microorganisms that comprise
combinations of the above-noted pathways, certain aspects
may include recombinant microorganisms that comprise (i)
one or more genes encoding a biosynthesis pathway; and (ii)
one or more genes encoding and expressing a C—C ligation
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pathway. Certain aspects may also include recombinant
microorganisms that comprise (i) one or more genes encoding
and expressing a C—C ligation pathway; and (ii) one or more
genes encoding and expressing a reduction and dehydration
pathway, comprising a diol dehydrogenase, a diol dehy-
dratase, and a secondary alcohol dehydrogenase.

[0255] Certain aspects may also include recombinant
microorganisms that comprise one or more individual com-
ponents of a dehydration and reduction pathway, such as a
recombinant microorganism that comprises a diol dehydro-
genase, a diol dehydratase, or a secondary alcohol dehydro-
genase. These and other microorganisms may be utilized, for
example, to convert a suitable polysaccharide to a first com-
modity chemical, or an intermediate thereof, or to convert a
first commodity chemical, or an intermediate thereof, to a
second commodity chemical.

[0256] Merely by way ofillustration, a recombinant micro-
organism comprising a C—C ligation pathway may be uti-
lized to convert butanal into a first commodity chemical, or an
intermediate thereof, such as 5-hydroxy-4-octanone, which
can then be converted into a second commodity chemical, or
intermediate thereof, by any suitable pathway. As a further
example, a recombinant microorganism comprising a C—C
ligation pathway and a diol hydrogenase may be utilized for
the sequential conversion of butanal into 5-hydroxy-4-oc-
tanone and then 4,5-octanonediol. Examples of recombinant
microorganisms that comprise these and other various com-
binations of the individual pathways described herein, as well
as various combinations of the individual components of
those pathways, will be apparent to those skilled in the art,
and may also be found in the Examples.

[0257] Also included are methods of converting a polysac-
charide to a first commodity chemical, or an intermediate
thereof, such as by utilizing a recombinant microorganism
that comprises an aldehyde or ketone biosynthesis pathway.
Also included are methods of converting a first commodity
chemical, or intermediate thereof, to a second commodity
chemical, such as by utilizing a recombinant microorganism
that optionally comprises a biosynthesis pathway, optionally
comprises C—C ligation pathway and/or optionally com-
prises one or more of the individual components of a dehy-
dration and reduction pathway. Merely by way of illustration,
a recombinant microorganism comprising an exogenous
C—C ligase (e.g., benzaldehyde lyase from Pseudomonas
fuorescens) could be utilized in a method to convert a first
commodity chemical such as 3-methylbutanal to a second
commodity chemical such as 2,7-dimethyl-5-hydroxy-4-oc-
tanone. Along this line of illustration, the same or different
recombinant microorganism comprising a diol dehydroge-
nase could be utilized in a method to convert 2,7-dimethyl-
5-hydroxy-4-octanone to another commodity chemical such
as 2,7-dimethyl-4,5-octanediol (see Table 2 for other
examples). As an additional illustrative example, a recombi-
nant microorganism comprising an exogenous secondary
alcohol dehydrogenase could be utilized in a method to con-
vert a first commodity chemical such as 2,7-dimethyl-4-oc-
tanone to a second commodity chemical such as 2,7-dimethy-
loctanol.

[0258] Embodiments of a microbial system or isolated
microorganism of the present application may include a natu-
rally-occurring biosynthesis pathway, and/or an engineered,
reconstructed, or re-designed biosynthesis pathway that has
been optimized for improved functionality.
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[0259] Embodiments of a microbial system or recombinant
microorganism of the present invention may include a natural
or reconstructed biosynthesis pathway, such as a butyralde-
hyde biosynthesis pathway, as found in such microorganisms
as Clostridium acetobutylicum and Streptomyces coelicolor.
In explanation, butyrate and butanol are the common fermen-
tation products of certain bacterial species such as Clostridia,
in which the production of butyrate and butanol is mediated
by a synthetic thiolase dependent pathway characteristically
similar to fatty acid degradation pathway. Such pathways may
be initiated with the condensation of two molecules of acetyl-
CoA to acetoacetyl-CoA, which is catalyzed by thiolase.
Acetoacetyl-CoA is then reduced to f-hydroxy butyryl-CoA,
which is catalyzed by NAD(P)H dependent p-hydroxy
butyryl-CoA dehydrogenase (HBDH). Crotonase catalyzes
dehydration from $-hydroxy butyryl-CoA to form crotonyl-
CoA. Further reduction catalyzed by NADH-dependent
butyryl-CoA dehydrogenase (BCDH) saturates the double
bond at C2 of crotonyl-CoA to form butyryl-CoA.

[0260] Incertainembodiments, thiolase, the first enzyme in
this pathway, may be overexpressed to maximize production.
In certain embodiments, thiolase may over-expressed in F.
coli. Inthis regard, all three enzymes (e.g., HBDH, crotonase,
and BCDH) catalyzing the following reaction steps are found
in Clostridium acetobutylicum ATCC824. In certain embodi-
ments, BDH, crotonase, and BCDH may be expressed or
over-expressed in a suitable microorganism such as E. coli.
Alternatively, a short-chain aliphatic acyl-CoA dehydroge-
nase derived from Pseudomonas putida KT2440 may be uti-
lized in other embodiments of a microbial system or isolated
microorganism of the present application.

[0261] Further to this end, butyryl-CoA in Clostridia may
be readily converted to butanol and/or butyrate by at least a
few different pathways. In one pathway, butyryl-CoA is
directly reduced to butyraldehyde catalyzed by NADH
dependent CoA-acylating aldehyde dehydrogenase (ALDH).
Butyraldehyde may be further reduced to butanol by NADH-
dependent butanol dehydrogenase. Although CoA-acylating
ALDH catalyzes the one step reduction of butyryl-CoA to
butyraldehyde, the incorporation of CoA-acylating ALDH to
the microbial system may result in acetoaldehyde formation
because of its promiscuous acetyl-CoA deacylating activity.
In certain embodiments, the formation of acetoaldehyde may
be minimized by functionally redesigning the relevant
enzyme(s).

[0262] Butyryl-CoA in other biosynthesis pathways is
deacylated to form butyryl phosphate catalyzed by phospho-
transbutyrylase. Butyryl phosphate is then hydrolyzed by
reversible butyryl phosphate kinase to form butyrate. This
reaction is coupled with ATP generation from ADP. The
butyrate formation through these enzymes is known to be
significantly more specific. Certain embodiments may com-
prise phosphotransbutyrylase and butyryl phosphate kinase
to the microbial system. In other embodiments, butyrate may
be directly formed from butyryl-CoA by short chain acyl-
CoA thioesterase.

[0263] Butyrate in Clostridia may also be sequentially
reduced to butanol, which is catalyzed by a single alcohol/
aldehyde dehydrogenase. Certain embodiments may com-
prise short chain aldehyde dehydrogenase from other bacteria
such as Pseudomonas putida to complement the production
of'butyraldehyde in the microbial system. One potential con-
cern in using short chain aldehyde dehydrogenase involves
the possible formation of acetoaldehyde from acetate. Certain
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embodiments may be directed to minimizing the acetate for-
mation in the microbial system, for example, by deleting
several genes encoding enzymes involved in the acetate pro-
duction.

[0264] Moreover, there are multiple routes in £. coli to form
acetate, one of which is mediated by pyruvate oxygenase
(POXB) from pyruvate, whereas another is mediated by phos-
photransacetylase (PTA) and acetyl phosphate kinase
(ACKA) from acetyl-CoA. The acetate production from F.
coli mutant strains with poxB~, pta™, and acka™ are signifi-
cantly diminished. In addition, incorporation of acetyl-CoA
synthase (ACS) which catalyses the acetyl-CoA formation
from acetate is also known to significantly reduce the accu-
mulation of acetate. Certain embodiments may comprise a
microbial system or isolated microorganism with deleted
POXB, PTA, and/or ACKA genes, and other embodiments
may also comprise, separately or together with the deleted
genes, one or more genes encoding and expressing ACS.

[0265] A microbial system or recombinant microorganism
provided herein may also comprise a glutaraldehyde biosyn-
thesis pathway. As one example, Saccharomyces cerevisiae
has a lysine biosynthetic pathway in which acetyl-CoA is
initially condensed to a-ketoglutarate, a common metabolite
in citric acid cycle, to form homocitorate. This reaction is
catalyzed by homocitrate synthase derived from Yeast, 7her-
mus thermophilus, or Deinococcus radiodurans. Homoac-
onitase derived from Yeast, Thermus thermophilus, or Deino-
coccus radiodurans catalyzes the conversion between
homocitrate and homoisocitrate. Homoisocitrate is then oxi-
datively decarboxylated to form 2-ketoadipate, which is cata-
lyzed by homoisocitrate dehydrogenase derived from Yeast,
Thermus  thermophilus, or Deinococcus radiodurans.
Homoisocitrate is also oxidatively decarboxylated to form
glutaryl-CoA, which may be catalyzed by homoisocitrate
dehydrogenase. Thus, certain embodiments may comprise a
homocitrate synthase, a homoaconitase, and/or a homoisoci-
trate dehydrogenase.

[0266] Further to this end, in synthesizing 2-keto-adipic-
semialdehyde, 2-ketoadipate is reduced to 2-keto-adipic-
semialdehyde. This reaction can be catalyzed by dialdehyde
dehydrogenase, which, for example, may be isolated from
Agrobacterium tumefaciens C58. Thus, certain embodiments
may incorporate dialdehyde dehydrogenases into a microbial
system or recombinant microorganism.

[0267] In synthesizing glutaraldehyde, Acyl-CoA
thioesterases (ACOT) may also catalyze the hydrolysis of
glutaryl-CoA. The genes encoding (f-carboxylic acyl-CoA
specific peroxisomal ACOTs are found in many mammalian
species; both ACOT4 and ACOTS8 derived from mice have
been previously expressed in E. coli and shown that both
enzymes are highly active on the hydrolysis of glutaryl-CoA
to form glutarate. Certain embodiments may comprise one or
more Acyl-CoA thioesterases.

[0268] Glutarate is sequentially reduced to glutaraldehyde.
This reaction can be catalyzed by glutaraldehyde dehydroge-
nase (CpnE), which, for example, may be isolated from
Comomonas sp. Strain NCIMB 9872. Certain embodiments
may incorporate glutaraldehyde dehydrogenases such as
CpnE into a microbial system or isolated microorganism.
Other embodiments may comprise both ACOT and CpnE
enzymes. Other embodiments may comprise CpnE enzymes
redesigned to catalyze the reduction of 1-hydroxy propanoate
and succinate to 1-hydroxy propanal and succinicaldehyde.
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[0269] In certain aspects, the biosynthesis pathway may
include an aldehyde biosynthesis pathway, a ketone biosyn-
thesis pathway, or both. In certain aspects, the biosynthesis
pathway may be include one or more of an acetoaldehyde,
propionaldehyde, butyraldehyde, isobutyraldehyde, 2-me-
thyl-butyraldehyde, 3-methyl-butyraldehyde, 4-methylpen-
taldehyde, phenylacetoaldehyde, 2-phenyl acetoaldehyde,
2-(4-hydroxyphenyl)acetaldehyde,  2-Indole-3-acetoalde-
hyde, glutaraldehyde, S5-amino-pentaldehyde, succinate
semialdehyde, and/or succinate 4-hydroxyphenyl acetalde-
hyde biosynthesis pathway, including various combinations
thereof.

[0270] With regard to combinations of biosynthesis path-
ways, a biosynthesis pathway may comprise an acetoalde-
hyde biosynthesis pathway in combination with at least one of
a propionaldehyde, butyraldehyde, isobutyraldehyde, 2-me-
thyl-butyraldehyde, 3-methyl-butyraldehyde, or phenylac-
etoaldehyde biosynthesis pathway. In certain aspects, a bio-
synthesis pathway may comprise a propionaldehyde
biosynthesis pathway in combination with at least one of a
butyraldehyde, isobutyraldehyde, 2-methyl-butyraldehyde,
3-methyl-butyraldehyde, or phenylacetoaldehyde biosynthe-
sis pathway. In certain aspects, a biosynthesis pathway may
comprise a butyraldehyde biosynthesis pathway in combina-
tion with at least one of an isobutyraldehyde, 2-methyl-bu-
tyraldehyde, 3-methyl-butyraldehyde, or phenylacetoalde-
hyde biosynthesis pathway. In certain aspects, a biosynthesis
pathway may comprise an isobutyraldehyde biosynthesis
pathway in combination with at least one of a 2-methyl-
butyraldehyde, 3-methyl-butyraldehyde, or phenylacetoalde-
hyde biosynthesis pathway. In certain aspects, a biosynthesis
pathway may comprise a 2-methyl-butyraldehyde biosynthe-
sis pathway in combination with at least one of a 3-methyl-
butyraldehyde or a phenylacetoaldehyde biosynthesis path-
way. In certain aspects, a biosynthesis pathway may comprise
a 3-methyl-butyraldehyde biosynthesis pathway in combina-
tion with a phenylacetoaldehyde biosynthesis pathway.
[0271] In certain aspects, a propionaldehyde biosynthesis
pathway may comprise a threonine deaminase (ilvA) gene
from an organism such as Escherichia coli and a keto-isov-
alerate decarboxylase (kivd) gene from an organism such as
Lactococcus lactis, and/or functional variants of these
enzymes, including homologs or orthologs thereof, as well as
optimized variants. These enzymes may be utilized generally
to convert L-threonine to propionaldehyde.

[0272] In certain aspects, a butyraldehyde biosyntheis
pathway may comprise at least one of a thiolase (atoB) gene
from an organism such as E. coli, a p-hydroxy butyryl-CoA
dehydrogenase (hbd) gene, a crotonase (crt) gene, a butyryl-
CoA dehydrogenase (bcd) gene, an electron transfer fla-
voprotein A (etfA) gene, and/or an electron transfer flavopro-
tein B (etfB) gene from an organism such as Clostridium
acetobutyricum (e.g., ATCC 824), as well as a coenzyme
A-linked butyraldehyde dehydrogenase (ald) gene from an
organism such as Clostridium beijerinckii acetobutyricum
ATCC 824. In certain aspects, a coenzyme A-linked alcohol
dehydrogenase (adhE2) gene from an organism such as
Clostridium acetobutyricum ATCC 824 may be used as an
alternative to an ald gene.

[0273] In certain aspects, an isobutyraldehyde biosynthetic
pathway may comprise an acetolactate synthase (alsS) from
an organism such as Bacillus subtilis or an als gene from an
organism such as Klebsiella pneumoniae subsp. preumoniae
MGH 78578 (codon usage may be optimized for E. coli
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protein expression). Such a pathway may also comprise
acetolactate reductoisomerase (ilvC) and/or 2,3-dihydroxy-
isovalerate dehydratase (ilvD) genes from an organism such
as E. coli, as well as a keto-isovalerate decarboxylase (kivd)
gene from an organism such as Lactococcus lactis.

[0274] In certain aspects, a 3-methylbutyraldehyde and
2-methylbutyraldehyde biosynthesis pathway may comprise
anacetolactate synthase (alsS) gene from an organism such as
Bacillus subtilis or an (als) gene from an organism such as
Klebsiella pneumoniae subsp. pneumoniae MGH 78578
(codon usage may be optimized for E. coli protein expres-
sion). Certain aspects of such a pathway may also comprise
acetolactate reductoisomerase (ilvC), 2,3-dihydroxyisovaler-
ate dehydratase (ilvD), isopropylmalate synthase (LeuA),
isopropylmalate isomerase (LeuC and LeuD), and 3-isopro-
pylmalate dehydrogenase (LeuB) genes from an organism
such as E. coli, as well as a keto-isovalerate decarboxylase
(kivd) from an organism such as Lactococcus lactis.

[0275] In certain aspects, a phenylacetoaldehyde and 4-hy-
droxyphenylacetoaldehyde biosynthesis pathway may com-
prise one or more of 3-deoxy-7-phosphoheptulonate synthase
(aroF, aroG, and aroH), 3-dehydroquinate synthase (aroB), a
3-dehydroquinate dehydratase (aroD), dehydroshikimate
reductase (aroE), shikimate kinase II (aroL.), shikimate kinase
I (aroK), S-enolpyruvylshikimate-3-phosphate synthetase
(aroA), chorismate synthase (aroC), fused chorismate mutase
P/prephenate dehydratase (pheA), and/or fused chorismate
mutase T/prephenate dehydrogenase (tyrA) genes from an
organism such as £. coli, as well as a keto-isovalerate decar-
boxylase (kivd) from an organism such as Lactococcus lactis.

[0276] In certain aspects, such as for the ultimate produc-
tion of 1,10-diamino-5-decanol and 1,10-dicarboxylic-5-de-
canol, a biosynthesis pathway may comprise one or more
homocitrate synthase, homoaconitate hydratase, homoisoci-
trate dehydrogenase, and/or homoisocitrate dehydrogenase
genes from an organism such as Deinococcus radiodurans
and/or Thermus thermophilus, as well as a keto-adipate
decarboxylase gene, a 2-aminoadipate transaminase gene,
and a L-2-Aminoadipate-6-semialdehyde: NAD+6-0xi-
doreductase gene. Such a biosynthesis pathway would be able
to convert a-ketoglutarate to S-aminopentaldehyde.

[0277] In certain aspects, such as for one step in cyclopen-
tanol production, a a-ketoadipate semialdehyde biosynthesis
pathway may comprise homocitrate synthase (hcs), homoa-
conitate hydratase, and homoisocitrate dehydrogenase genes
from an organism such as Deinococcus radiodurans and/or
Thermus thermophilus, and an a-ketoadipate semialdehyde
dehydrogenase gene. Such a biosynthesis pathway would be
able to convert acetyl-CoA and a-ketoglutarate to a-ketoadi-
pate semialdehyde.

[0278] Forthe production of certain commodity chemicals,
such as 2-phenylethanol, 2-(4-hydroxyphenyl)ethanol, and
indole-3-ethanol, among other similar chemicals, a biosyn-
thesis pathway (e.g., aldehyde biosynthesis pathway) may
optionally or further comprise one or more genes encoding a
carboxylase enzyme, such as an indole-3-pyruvate decar-
boxylase (IPDC). An IPDC may be obtained, for example,
from such microorganisms as Azospirillum brasilense and
Paenibacillus polymyxa E681. In this regard, an IPDC may be
utilized to more efficiently catalyze the dexarboxylation of
various carboxylic acids to form the corresponding aldehyde,
which can be further converted to a commodity chemical by
a reductase or dehydrogenase, as detailed herein.
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[0279] In certain aspects, a 2-phenylethanol, 2-(4-hydrox-
yphenyl)ethanol, and 2-(indole-3-)ethanol biosynthesis path-
way may comprise a transketolase (tktA), a 3-deoxy-7-phos-
phoheptulonate  synthase (aroF, aroG, and aroH),
3-dehydroquinate synthase (aroB), a 3-dehydroquinate dehy-
dratase (aroD), a dehydroshikimate reductase (aroE), a shiki-
mate kinase II (arol)), a shikimate kinase I (aroK), a
S-enolpyruvylshikimate-3-phosphate synthetase (aroA), a
chorismate synthase (aroC, a fused chorismate mutase
P/prephenate dehydratase (pheA), and a fused chorismate
mutase T/prephenate dehydrogenase (tyrA) genes from E.
coli, keto-isovalerate decarboxylase (kivd) from Lactococcus
lactis, alcohol dehydrogenase (adh2) from Saccharomyces
cerevisiae, Indole-3-pyruvate decarboxylase (ipdc) from
Azospirillum brasilense, phenylethanol reductase (par) from
Rhodococcus sp. ST-10, and abenzaldehyde lyase (bal) from
Pseudomonas fluorescence.

[0280] As for all other pathways described herein, the com-
ponents for each of the biosynthesis pathways described
herein may be present in a recombinant microorganism either
endogenously or exogenously. To improve the efficiency of a
given biosynthesis pathway, endogenous genes, for example,
may be up-regulated or over-expressed, such as by introduc-
ing an additional (i.e., exogenous) copy of that endogenous
gene into the recombinant microorganism. Such pathways
may also be optimized by altering via mutagenesis the endog-
enous version of a gene to improve functionality, followed by
introduction of the altered gene into the microorganism. The
expression of endogenous genes may be up or down-regu-
lated, or even eliminated, according to known techniques in
the art and described herein. Similarly, the expression levels
of exogenously provided genes may be regulated as desired,
such as by using various constitutive or inducible promoters.
Such genes may also be “codon-optimized,” as described
herein and known in the art. Also included are functional
naturally-occurring variants of the genes and enzymes
described herein, including homologs or orthologs thereof.

[0281] Certain embodiments of a microbial system or iso-
lated microorganism may comprise a CC-ligation pathway. In
certain aspects, a CC-ligation pathway may comprise a
ThDP-dependent enzyme, such as a C—C ligase, or an opti-
mized C—C ligase. For example, eight-carbon unit mol-
ecules (butyroins) may be made from condensing together
two four-carbon unit molecules (butyraldehydes). ThDP-de-
pendent enzymes are a group of enzymes known to catalyze
both breaking and formation of C—C bonds and have been
utilized as catalysts in chemoenzymatic syntheses. The spec-
trum of chemical reactions that these enzymes catalyze
ranges from decarboxylation of a-keto acids, oxidative
decarboxylation, carboligation, and to the cleavage of C—C
bonds.

[0282] To provide a few examples, benzaldehyde lyase
(BAL) from Pseudomonas fluorescens, benzoylformate
decarboxylase (BFD) from Pseudomonas putida, and pyru-
vate decarboxylase (PDC) from Zymomonas mobilis may
catalyze a carboligation reaction between two aldehydes.
BAL accepts the broadest spectrum of aldehydes as substrates
among these three enzymes ranging from substituted benzal-
dehyde to acetoaldehyde, among others, as shown herein.
BAL catalyzes stereospecific carboligation reaction between
two aldehydes and forms a-hydroxy ketone swith over 99%
ee for R-configuration. The benzoin formation from two ben-
zaldehyde molecules is a favored reaction catalyzed by BAL
and proceeds as fast as 320 pmol (benzoin) mg (protein)™"
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min~". The formation of a-hydroxy ketone may be carried out
using many different aldehydes, including butyraldehyde.
[0283] BFD and PCD may also catalyze the carboligation
reactions between two aldehyde molecules. BFD and PCD
accept relatively larger and smaller aldehyde molecules,
respectively. With the presence of benzaldehyde and acetoal-
dehyde, BFD catalyzes the formation of benzoin and (S)-a.-
hydroxy phenylpropanone (2S-HPP), whereas PCD cata-
lyzes the formation of (R)-a-hydroxy phenylpropanone (2R-
HPP) and (R)-a-hydroxy 2-butanone (acetoin). As detailed
below, certain microbial systems or isolated microorganisms
of'the present application may comprise natural or optimized
C—C ligases (ThDP-dependent enzymes) selected from ben-
zaldehyde lyase (BAL) from Pseudomonas fluorescens ben-
zoylformate decarboxylase (BFD) from Pseudomonas
putida, and pyruvate decarboxylase (PDC) from Zymomonas
mobilis. Other embodiments may comprise a benzaldehyde
lyase (BAL) from Pseudomonas fluorescens (see SEQ ID
NOS:143-144, showing the nucleotide and polypeptide
sequences, respectively) including biologically active vari-
ants thereof, such as optimized variants.

[0284] A C—C ligation pathway of the present invention
typically comprises one or more C—C ligases, such as a lyase
enzyme. Exemplary lyases include, but are not limited to,
acetoaldehyde lyases, propionaldehyde lyases, butyralde-
hyde lyases, isobutyraldehyde lyases, 2-methyl-butyralde-
hyde lyases, 3-methyl-butyraldehyde lyases (isoveralde-
hyde), phenylacetaldehyde lyases, oa-keto adipate
carboxylyases, pentaldehyde lyases, 4-methyl-pentaldehyde
lyases, hexyldehyde lyases, heptaldehyde lyases, octalde-
hyde lyases, 4-hydroxyphenylacetaldehyde lyases, indoleac-
etaldehyde lyases, indolephenylacetaldehyde lyases. In cer-
tain aspects, a selected CC-ligase or lyase enzyme may have
one or more of the above exemplified lyase activities, such as
acetoaldehyde lyase activity, a propionaldehyde lyase activ-
ity, a butyraldehyde lyase activity, and/or an isobutyralde-
hyde lyase activity, among others.

[0285] As noted above, a C—C ligase may comprise a
benzaldehyde lyase, such as a benzaldehyde lyase isolated
from Pseudomonas fluorescens (SEQ 1D NOS:143-144), as
well as biologically active fragments or variants of this ref-
erence sequence, such as optimized variants of a benzalde-
hyde lyase. In this regard, certain aspects may comprise
nucleotide sequences or polypeptide sequences having 80%,
85%, 90%, 95%, 97%, 98%, 99% sequence identity to SEQ
ID NOS:143-144, and which are capable of catalyzing a
carboligation reaction, or which possess C—C lyase activity,
as described herein. In certain aspects, a BAL enzyme will
comprise one or more conserved amino acid residues, includ-
ing G27, E50, A57, G155, P162, P234, D271, G277, G422,
G447, D448, and/or G512.

[0286] Pseudomonas fluorescens is able to grow on R-ben-
zoin as the sole carbon and energy source because it harbours
the enzyme benzaldehyde lyase that cleaves the acyloin link-
age using thiamine diphosphate (ThDP) as a cofactor. In the
reverse reaction, as utilized herein, benzaldehyde lyase
catalyses the carboligation of two aldehydes with high sub-
strate and stereospecificity. Structure-based comparisons
with other proteins show that benzaldehyde lyase belongs to
a group of closely related ThDP-dependent enzymes. The
ThDP cofactors of these enzymes are fixed at their two ends
in separate domains, suspending a comparatively mobile thia-
zolium ring between them. While the residues binding the two
ends of ThDP are well conserved, the lining of the active
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centre pocket around the thiazolium moiety varies greatly
within the group. The active sites for BAL have been
described, for example, in Kneen et al (Biochimica et Bio-
physica Acta 1753:263-271, 2005) and Brandt et al. (Bio-
chemistry 47:7734-43, 2008). Benzaldehyde lyase derived
from Pseudomonas fluorescenshas been demonstrated herein
to at least have an acetoaldehyde lyase activity, a propional-
dehyde lyase activity, a butyraldehyde lyase activity, a 3-me-
thyl-butyraldehyde lyase activity, a pentaldehyde lyase activ-
ity, a 4-methylpentaldehyde lyase activity, a hexyldehyde
lyase activity, a phenylacetoaldehyde lyase activity, and an
octaldehyde lyase activity (see Table 2), among other in vivo
lyase activities (see FIGS. 48-55).

[0287] In certain aspects, a C—C ligase, such as BAL
derived from Pseudomonas fluorescens, BFD derived from
Pseudomonas putida, or PDC derived from Zymomonas
mobilis may comprise a lyase with a combination of lyase
activities, such as a lyase having both a propionaldehyde
lyase activity and a 3-methyl-butyraldehyde lyase activity,
among other combinations and activities, such as those exem-
plary combinations detailed herein. Merely by way of illus-
tration, a lyase having a combination of lyase activities may
be referred to herein as a propionaldehyde/3-methyl-butyral-
dehyde lyase.

[0288] A dehydration and reduction pathway, comprising a
diol dehydrogenase, a diol dehydratase, and a secondary alco-
hol dehydrogenase, may be utilized to further convert an
aldehyde, ketone, or corresponding alcohol, to a commodity
chemical, such as a biofuel.

[0289] To this end, a dehydration and reduction pathway
may comprise one or more diol dehydrogenases. A “diol
dehydrogenase” refers generally to an enzyme that catalyzes
the reversible reduction and oxidation of a a-hydroxy ketone
and/or its corresponding diol. Certain embodiments of a
microbial system or isolated microorganism may comprise
genes encoding a diol dehydrogenase that specifically cata-
lyzes the reduction of a-hydroxy-ketones, including, for
example, a 4, 5, octanediol dehydrogenase. Diol dehydroge-
nases, such as 4, 5, octanediol dehydrogenase, may be iso-
lated from a variety of organisms and incorporated into a
microbial system or isolated microorganism. A particular
group of alcohol dehydrogenases has a characteristic ability
to oxidize various c-hydroxy alcohols and reduce various
a-hydroxy ketones and a-keto ketones. As such, the recita-
tion “diol dehydrogenase” may also encompass such alcohol
dehydrogenases.

[0290] By way of example regarding diol dehydrogenases
from exemplary organisms, glycerol dehydrogenase isolated
from Hansenula ofunaensis has broad substrate specificity
and is capable of catalyzing the oxidation of various a-hy-
droxy alcohols, including 1,2-octane, as well as the reduction
of various a-hydroxy ketones and a-keto ketones, including
3-hydroxy-2-butanone and 3,4-hexanedione, with the activ-
ity comparable to its native substrates, glycerol and dihy-
droxyaceton, respectively (40-200%). As one further
example, glycerol dehydrogenase discovered in Hansenula
polumorpha DI-1 works similarly. In certain embodiments, a
microbial system or recombinant microorganism may com-
prise a glycerol dehydrogenase gene isolated from Hansenula
ofunaensis, a glycerol dehydrogenase isolated from
Hansenula polumorpha DI-1 and/or a meso-2,3-butane diol
dehydrogenase from Klebsiella pneumoniae. In other
embodiments, a microbial system or isolated microorganism
may comprise a 4, 5, octanediol dehydrogenase, among oth-
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ers detailed herein. Diol dehyodregnases may also be
obtained from Lactobaccilus brevis ATCC 367,
Pseudomanas putida KT2440, and Klebsiella pneumoniae
MGH78578), as described herein (see Example 5).

[0291] Exemplary diol dehydrogenases include, but are not
limited to, 2,3-butanediol dehydrogenase, 3,4-hexanediol
dehydrogenase, 4,5-octanediol dehydrogenase, 5,6-de-
canediol dehydrogenase, 6,7-dodecanediol dehydrogenase,
7,8-tetradecanediol  dehydrogenase, 8,9-hexadecanediol
dehydrogenase, 2,5-dimethyl-3,4-hexanediol dehydroge-
nase, 3,6-dimethyl-4,5-octanediol dehydrogenase, 2,7-dim-
ethyl-4,5-octanediol dehydrogenase, 2,9-dimethyl-5,6-de-
canediol  dehydrogenase,  1,4-diphenyl-2,3-butanediol
dehydrogenase, bis-1,4-(4-hydroxyphenyl)-2,3-butanediol
dehydrogenase, 1,4-diindole-2,3-butanediol dehydrogenase,
1,2-cyclopentanediol dehydrogenase, 2,3-pentanediol dehy-
drogenase, 2,3-hexanediol dehydrogenase, 2,3-heptanediol
dehydrogenase,  2,3-octanediol  dehydrogenase, 2,3-
nonanediol dehydrogenase, 4-methyl-2,3-pentanediol dehy-
drogenase, 4-methyl-2,3-hexanediol dehydrogenase, 5-me-
thyl-2,3-hexanediol dehydrogenase, 6-methyl-2,3-
heptanediol ~ dehydrogenase, 1-phenyl-2,3-butanediol
dehydrogenase, 1-(4-hydroxyphenyl)-2,3-butanediol dehy-
drogenase, 1-indole-2,3-butanediol dehydrogenase, 3,4-hep-
tanediol dehydrogenase, 3,4-octanediol dehydrogenase, 3,4-
nonanediol dehydrogenase, 3,4-decanediol dehydrogenase,
3,4-undecanediol dehydrogenase, 2-methyl-3,4-hexanediol
dehydrogenase, S5-methyl-3,4-heptanediol dehydrogenase,
6-methyl-3,4-heptanediol dehydrogenase, 7-methyl-3,4-oc-
tanediol dehydrogenase, 1-phenyl-2,3-pentanediol dehydro-
genase, 1-(4-hydroxyphenyl)-2,3-pentanediol dehydroge-
nase, l-indole-2,3-pentanediol  dehydrogenase, 4,5-
nonanediol dehydrogenase, 4,5-decanediol dehydrogenase,
4,5-undecanediol dehydrogenase, 4,5-dodecanediol dehy-
drogenase, 2-methyl-3,4-heptanediol dehydrogenase, 3-me-
thyl-4,5-octanediol dehydrogenase, 2-methyl-4,5-octanediol
dehydrogenase, 8-methyl-4,5-nonanediol dehydrogenase,
1-phenyl-2.3-hexanediol dehydrogenase, 1-(4-hydroxyphe-
nyl)-2,3-hexanediol ~ dehydrogenase, 1-indole-2,3-hex-
anediol dehydrogenase, 5,6-undecanediol dehydrogenase,
5,6-undecanediol dehydrogenase, 5,6-tridecanediol dehy-
drogenase, 2-methyl-3,4-octanediol dehydrogenase, 3-me-
thyl-4,5-nonanediol dehydrogenase, 2-methyl-4,5-
nonanediol  dehydrogenase,  2-methyl-5,6-decanediol
dehydrogenase, 1-phenyl-2,3-heptanediol dehydrogenase,
1-(4-hydroxyphenyl)-2,3-heptanediol dehydrogenase, 1-in-
dole-2,3-heptanediol ~ dehydrogenase,  6,7-tridecanediol
dehydrogenase, 6,7-tetradecanediol dehydrogenase, 2-me-
thyl-3,4-nonanediol ~ dehydrogenase,  3-methyl-4,5-de-
canediol dehydrogenase, 2-methyl-4,5-decanediol dehydro-
genase, 2-methyl-5,6-undecanediol dehydrogenase,
1-phenyl-2.3-octanediol dehydrogenase, 1-(4-hydroxyphe-
nyl)-2,3-octanediol dehydrogenase, 1-indole-2,3-octanediol
dehydrogenase, 7,8-pentadecanediol dehydrogenase, 2-me-
thyl-3,4-decanediol ~ dehydrogenase, 3-methyl-4,5-unde-
canediol dehydrogenase, 2-methyl-4,5-undecanediol dehy-
drogenase, 2-methyl-5,6-dodecanediol  dehydrogenase,
1-phenyl-2.3-nonanediol dehydrogenase, 1-(4-hydroxyphe-
nyl)-2,3-nonanediol dehydrogenase, 1-indole-2,3-
nonanediol dehydrogenase, 2-methyl-3,4-undecanediol
dehydrogenase, 3-methyl-4,5-dodecanediol dehydrogenase,
2-methyl-4,5-dodecanediol dehydrogenase, 2-methyl-5,6-
tridecanediol dehydrogenase, 1-phenyl-2,3-decanediol dehy-
drogenase, 1-(4-hydroxyphenyl)-2,3-decanediol dehydroge-
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nase, 1-indole-2,3-decanediol dehydrogenase, 2,5-dimethyl-
3,4-heptanediol dehydrogenase, 2,6-dimethyl-3,4-
heptanediol dehydrogenase, 2,7-dimethyl-3.4-octanediol
dehydrogenase, 1-phenyl-4-methyl-2,3-pentanediol dehy-
drogenase, 1-(4-hydroxyphenyl)-4-methyl-2,3-pentanediol
dehydrogenase, 1-indole-4-methyl-2,3-pentanediol dehydro-
genase, 2,6-dimethyl-4,5-octanediol dehydrogenase, 3,8-
dimethyl-4,5-nonanediol dehydrogenase, 1-phenyl-4-me-
thyl-2,3-hexanediol dehydrogenase, 1-(4-hydroxyphenyl)-4-
methyl-2,3-hexanediol dehydrogenase, 1-indole-4-methyl-2,
3-hexanediol dehydrogenase, 2,8-dimethyl-4,5-nonanediol
dehydrogenase, 1-phenyl-5-methyl-2,3-hexanediol dehydro-
genase, 1-(4-hydroxyphenyl)-5-methyl-2,3-hexanediol
dehydrogenase, 1-indole-5-methyl-2,3-hexanediol dehydro-
genase, 1-phenyl-6-methyl-2,3-heptanediol dehydrogenase,
1-(4-hydroxyphenyl)-6-methyl-2,3-heptanediol dehydroge-
nase, l-indole-6-methyl-2,3-heptanediol dehydrogenase,
1-(4-hydroxyphenyl)-4-phenyl-2,3-butanediol ~ dehydroge-
nase, 1-indole-4-phenyl-2,3-butanediol dehydrogenase, 1-in-
dole-4-(4-hydroxyphenyl)-2,3-butanediol ~ dehydrogenase,
1,10-diamino-5,6-decanediol dehydrogenase, 1,4-di(4-hy-
droxyphenyl)-2,3-butanediol, 2,3-hexanediol-1,6-dicar-
boxylic acid dehydrogenase, and the like.

[0292] In certain aspects, a selected diol dehydrogenase
enzyme may have one or more of the above exemplified diol
dehydrogenase activities, such as a 2,3-butanediol dehydro-
genase activity, a 3,4-hexanediol dehydrogenase activity,
and/or a 4,5-octanediol dehydrogenase activity, among oth-
ers.

[0293] In certain aspects, a recombinant microorganism
may comprise a diol dehydrogenase encoded by a nucleotide
reference sequence selected from SEQ ID NO:97, 99, and
101, or an enzyme having a polyeptide sequence selected
from SEQ ID NO:98, 100, and 102, including biologically
active fragments or variants thereof, such as optimized vari-
ants. Certain aspects may also comprises nucleotide
sequences or polypeptide sequences having 80%, 85%, 90%,
95%, 97%, 98%, 99% sequence identity to SEQ ID NOS:97-
102.

[0294] Other embodiments may comprise re-designed diol
dehydrogenases for reduction of 1-hydroxy propanal, suc-
cinicaldehyde, and glutaraldehyde to 1,3-propanediol, 1,4-
butanediol, and 1,5 pentanediol, respectively, among others.
[0295] A dehydration and reduction pathway, as described
herein, may comprise one or more diol dehydratases. A “diol
dehydratase” refers generally to an enzyme that catalyzes the
irreversible dehydration of diols. For instance, this enzyme
may serve to dehydrate octanediol to form 4-octane. It has
been recognized that there are at least two different types of
diol dehydratases: a group dependent on and independent of
coenzyme B12 for its catalysis. Coenzyme B12 dependent
diol dehydratases are known to catalyze a radical mediated
dehydration reaction from a-hydroxy alcohol to aldehydes or
ketones. For example, a diol dehydratase from Klebsiella
preumoniae catalyzes the dehydration of glycerol to form
p-hydroxypropyl aldehyde, accepts 2,3-butanediol as a sub-
strate, and catalyzes the dehydration reaction to form 2-bu-
tanone.

[0296] As a further example, Clostridium butylicum con-
tains coenzyme B12 independent diol dehydratases. FIG. 46
shows the in vivo biological activity of coenzyme B12 inde-
pendent diol dehydratase (dhaB1) and activator (dhaB2) iso-
lated from Clostridium butylicum (see Example 9). 46A
shows the in vivo production of 1-propanol from 1,2-pro-
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panediol, FIG. 46B shows the in vivo production of 2-butanol
from meso-2,3 butanediol, and FIG. 46C shows the in vivo
production of cyclopentanone from trans-1,2-cyclopen-
tanediol.

[0297] Thus, certain embodiments of the present invention
may comprise optimized or redesigned diol dehydratases that
accommodate various substrates, such as 4,5-octanediol as a
substrate, and may include diol dehydratases isolated and/or
optimized from Klebsiella preumoniae and Clostridium
butylicum, among other organisms described herein and
known in the art.

[0298] Exemplary diol dehydratases include, but are not
limited to, 2,3-butanediol dehydratase, 3,4-hexanediol dehy-
dratase, 4,5-octanediol dehydratase, 5,6-decanediol dehy-
dratase, 6,7-dodecanediol dehydratase, 7,8-tetradecanediol
dehydratase, 8,9-hexadecanediol dehydratase, 2,5-dimethyl-
3,4-hexanediol dehydratase, 3,6-dimethyl-4,5-octanediol
dehydratase, 2,7-dimethyl-4,5-octanediol dehydratase, 2,9-
dimethyl-5,6-decanediol dehydratase, 1,4-diphenyl-2,3-bu-
tanediol dehydratase, bis-1,4-(4-hydroxyphenyl)-2,3-bu-
tanediol dehydratase, 1,4-diindole-2,3-butanediol
dehydratase, 1,2-cyclopentanediol dehydratase, 2,3-pen-
tanediol dehydratase, 2,3-hexanediol dehydratase, 2,3-hep-
tanediol dehydratase, 2,3-octanediol dehydratase, 2,3-
nonanediol dehydratase, 4-methyl-2,3-pentanediol
dehydratase, 4-methyl-2,3-hexanediol dehydratase, 5-me-
thyl-2,3-hexanediol dehydratase, 6-methyl-2,3-heptanediol
dehydratase, 1-phenyl-2,3-butanediol dehydratase, 1-(4-hy-
droxyphenyl)-2,3-butanediol dehydratase, 1-indole-2,3-bu-
tanediol dehydratase, 3,4-heptanediol dehydratase, 3,4-oc-
tanediol dehydratase, 3.,4-nonanediol dehydratase, 3,4-
decanediol dehydratase, 3,4-undecanediol dehydratase,
2-methyl-3,4-hexanediol dehydratase, 5-methyl-3,4-hep-
tanediol dehydratase, 6-methyl-3,4-heptanediol dehydratase,
7-methyl-3,4-octanediol dehydratase, 1-phenyl-2,3-pen-
tanediol dehydratase, 1-(4-hydroxyphenyl)-2,3-pentanediol
dehydratase, 1-indole-2,3-pentanediol dehydratase, 4,5-
nonanediol dehydratase, 4,5-decanediol dehydratase, 4,5-un-
decanediol dehydratase, 4,5-dodecanediol dehydratase,
2-methyl-3,4-heptanediol dehydratase, 3-methyl-4,5-oc-
tanediol dehydratase, 2-methyl-4,5-octanediol dehydratase,
8-methyl-4,5-nonanediol dehydratase, 1-phenyl-2,3-hex-
anediol dehydratase, 1-(4-hydroxyphenyl)-2,3-hexanediol
dehydratase, 1-indole-2,3-hexanediol dehydratase, 5,6-unde-
canediol dehydratase, 5,6-undecanediol dehydratase, 5,6-
tridecanediol dehydratase, 2-methyl-3,4-octanediol dehy-
dratase, 3-methyl-4,5-nonanediol dehydratase, 2-methyl-4,
5-nonanediol dehydratase, 2-methyl-5,6-decanediol
dehydratase, 1-phenyl-2,3-heptanediol dehydratase, 1-(4-hy-
droxyphenyl)-2,3-heptanediol dehydratase, 1-indole-2,3-
heptanediol dehydratase, 6,7-tridecanediol dehydratase, 6,7-
tetradecanediol  dehydratase,  2-methyl-3,4-nonanediol
dehydratase, 3-methyl-4,5-decanediol dehydratase, 2-me-
thyl-4,5-decanediol dehydratase, 2-methyl-5,6-undecanediol
dehydratase, 1-phenyl-2,3-octanediol dehydratase, 1-(4-hy-
droxyphenyl)-2,3-octanediol dehydratase, 1-indole-2,3-oc-
tanediol dehydratase, 7,8-pentadecanediol dehydratase,
2-methyl-3,4-decanediol dehydratase, 3-methyl-4,5-unde-
canediol dehydratase, 2-methyl-4,5-undecanediol dehy-
dratase, 2-methyl-5,6-dodecanediol dehydratase, 1-phenyl-
2,3-nonanediol  dehydratase, 1-(4-hydroxyphenyl)-2,3-
nonanediol dehydratase, 1-indole-2,3-nonanediol
dehydratase, 2-methyl-3,4-undecanediol dehydratase, 3-me-
thyl-4,5-dodecanediol ~ dehydratase, 2-methyl-4,5-dode-
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canediol dehydratase, 2-methyl-5,6-tridecanediol dehy-
dratase, 1-phenyl-2,3-decanediol dehydratase, 1-(4-
hydroxyphenyl)-2,3-decanediol dehydratase, 1-indole-2,3-
decanediol  dehydratase, 2,5-dimethyl-3,4-heptanediol
dehydratase, 2,6-dimethyl-3,4-heptanediol dehydratase, 2,7-
dimethyl-3,4-octanediol dehydratase, 1-phenyl-4-methyl-2,
3-pentanediol dehydratase, 1-(4-hydroxyphenyl)-4-methyl-
2,3-pentanediol  dehydratase, 1-indole-4-methyl-2,3-
pentanediol  dehydratase,  2,6-dimethyl-4,5-octanediol
dehydratase, 3,8-dimethyl-4,5-nonanediol  dehydratase,
1-phenyl-4-methyl-2.3-hexanediol dehydratase, 1-(4-hy-
droxyphenyl)-4-methyl-2,3-hexanediol dehydratase, 1-in-
dole-4-methyl-2,3-hexanediol dehydratase, 2,8-dimethyl-4,
5-nonanediol dehydratase, 1-phenyl-5-methyl-2,3-
hexanediol dehydratase, 1-(4-hydroxyphenyl)-5-methyl-2,3-
hexanediol dehydratase, 1-indole-5-methyl-2,3-hexanediol
dehydratase, 1-phenyl-6-methyl-2,3-heptanediol  dehy-
dratase, 1-(4-hydroxyphenyl)-6-methyl-2,3-heptanediol
dehydratase, 1-indole-6-methyl-2,3-heptanediol ~ dehy-
dratase, 1-(4-hydroxyphenyl)-4-phenyl-2,3-butanediol
dehydratase, 1-indole-4-phenyl-2,3-butanediol dehydratase,
1-indole-4-(4-hydroxyphenyl)-2,3-butanediol dehydratase,
1,10-diamino-5,6-decanediol dehydratase, 1,4-di(4-hydrox-
yphenyl)-2,3-butanediol,  2,3-hexanediol-1,6-dicarboxylic
acid dehydratase, and the like.

[0299] In certain aspects, a selected diol dehydratase
enzyme may have one or more of the above exemplified diol
dehydratase activities, such as a 2,3-butanediol dehydratase
activity, a 3,4-hexanediol dehydratase activity, and/or a 4,5-
octanediol dehydratase activity, among others.

[0300] In certain aspects, diol dehydratases may be
obtained from Klebsiella pneumoniae MGH 78578, includ-
ing from the pduCDE gene of this and other microorganisms.
In certain aspects, a recombinant microorganism may com-
prise one or more diol dehydratases encoded by a nucleotide
reference sequence selected from SEQ ID NO:103, 105, and
107, or an enzyme having a polyeptide sequence selected
from SEQ ID NO:104, 106, and 108, including biologically
active fragments or variants thereof, such as optimized vari-
ants. Certain aspects may also comprises nucleotide
sequences or polypeptide sequences having 80%, 85%, 90%,
95%, 97%, 98%, 99% sequence identity to SEQIDNOS:103-
108. In certain aspects, polypeptides of SEQ ID NO:104 may
comprise certain conserved amino acid residues, including
those chosen from D149, P151, A155, A159, G165, E168,
E170, A183, G189, G196, Q200, E208, G215,Y219, E221,
T222, S224,Y226, G227, T228, F232, G235, D236, D237,
T238, P239, S241, 1.245,Y249, S251, R252, G253, K255,
R257, 8260, E265, M268, G269, S275,Y278, 1.279, E280,
C283, G291, Q293, G294, Q296,N297, G298, G312, E329,
S341, R344, G356, D371, N372, F374, S377, R392, D393,
R412, 1477, A486, G499, D500, S516, N522, D523,Y524,
G526, and G530.

[0301] In certain aspects, a diol dehydratase may include a
polypeptide that comprises an amino acid sequence having
0%, 85%, 90%, 95%, 97%, 98%, 99% sequence identity to
SEQ ID NOS:308-311. SEQ ID NO:308 shows the polypep-
tide sequence of PduG, a diol dehydratase reactivation large
subunit derived from Klebsiella preumoniae subsp. pneumo-
niae MGH 78578. SEQ 1D NO:309 shows the polypeptide
sequence of PduH, diol dehydratase reactivation small sub-
unit derived from Klebsiella pneumoniae subsp. pneumoniae
MGH 78578. SEQ ID NO:310 shows the polypeptide
sequence of a B12-independent glycerol dehydratase from
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Clostridium Butyricum. SEQ ID NO:311 shows the polypep-
tide sequence of a glycerol dehydratase activator from
Clostridium Butyricum. In certain aspects, a B12-indepen-
dent glycerol dehydratase may comprise conserved amino
acid residues, such as T36, G74,P87,E88,E97, W126,R221,
A263, Q265,R287, D289, E309, R317, G335, G345, G346,
N356, P374, R379, G399, G401, P403, D408, G432, C433,
N452, C529, G533, G539, G540, S559, G603, Ny, A654,
G658, R659, D676, N, Q735, N737, A747, P751, R760,
V761, A762, G763, Q776, 1780, and/or R782. In certain
aspects, a Bl2-independent glycerol dehydratase activator
may comprise certain conserved amino acid residues, includ-
ing D19, G20, G22, R24, F28, G31, C32, C36, W38, C39,
N41, P42, C58, C64, C96, G129, T132, G135, G136, D185,
R187, N,og, R222, and/or R264.

[0302] A dehydration and reduction pathway, as described
herein, may comprise one or more alcohol dehydrogenases or
secondary alcohol dehydrogenases. An “alcohol dehydroge-
nase” or “secondary alcohol dehydrogenase” that is part of a
dehydration and reduction pathway refers generally to an
enzyme that catalyzes the conversion of aldehyde or ketone
substituents to alcohols. For instance, 4-octanone may be
reduced to 4-octanol by a secondary alcohol dehydrogenase
one enzymatic step for the conversion of butyroin to a biofuel.
Pseudomonads express at least one secondary alcohol dehy-
drogenase that oxidizes 4-octanol to 4-octanone using NAD+
as aco-factor. As another example, Rhodococcus erythropolis
ATCC4277 catalyzes oxidation of medium to long chain sec-
ondary fatty alcohols using NADH as a co-factor, using an
enzyme that also catalyzes the oxidation of 3-decanol and
4-decanol. In addition, Norcadia fiusca AKU2123 contains an
(S)-specific secondary alcohol dehydrogenase.

[0303] Genes encoding secondary alcohol dehydrogenases
may be isolated from these and other organisms according to
known techniques in the art and incorporated into the micro-
bial systems recombinant organisms as described herein. In
certain embodiments, a microbial system or isolated micro-
organism may comprise natural or optimized secondary alco-
hol dehydrogenases from Pseudomonads, Rhodococcus
erythropolis ATCC4277, Norcadia fusca AKU2123, or other
suitable organisms.

[0304] Examples of secondary alcohol dehydrogenases
include, but are not limited to, 2-butanol dehydrogenase,
3-hexanol dehydrogenase, 4-octanol dehydrogenase, S-de-
canol dehydrogenase, 6-dodecanol dehydrogenase, 7-tet-
radecanol dehydrogenase, 8-hexadecanol dehydrogenase,
2,5-dimethyl-3-hexanol dehydrogenase, 3,6-dimethyl-4-oc-
tanol dehydrogenase, 2,7-dimethyl-4-octanol dehydroge-
nase, 2,9-dimethyl-4-decanol dehydrogenase, 1,4-diphenyl-
2-butanol  dehydrogenase, bis-1,4-(4-hydroxyphenyl)-2-
butanol dehydrogenase, 1,4-diindole-2-butanol
dehydrogenase, cyclopentanol dehydrogenase, 2(or 3)-pen-
tanol dehydrogenase, 2(or 3)-hexanol dehydrogenase, 2(or
3)-heptanol dehydrogenase, 2(or 3)-octanol dehydrogenase,
2(or 3)-nonanol dehydrogenase, 4-methyl-2(or 3)-pentanol
dehydrogenase, 4-methyl-2(or 3)-hexanol dehydrogenase,
5-methyl-2(or 3)-hexanol dehydrogenase, 6-methyl-2(or
3)-heptanol dehydrogenase, 1-phenyl-2(or 3)-butanol dehy-
drogenase, 1-(4-hydroxyphenyl)-2(or 3)-butanol dehydroge-
nase, 1-indole-2(or 3)-butanol dehydrogenase, 3(or 4)-hep-
tanol dehydrogenase, 3(or 4)-octanol dehydrogenase, 3(or
4)-nonanol dehydrogenase, 3(or 4)-decanol dehydrogenase,
3(or 4)-undecanol dehydrogenase, 2-methyl-3(or 4)-hexanol
dehydrogenase, 5-methyl-3 (or 4)-heptanol dehydrogenase,
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6-methyl-3 (or 4)-heptanol dehydrogenase, 7-methyl-3(or
4)-octanol dehydrogenase, 1-phenyl-2(or 3)-pentanol dehy-
drogenase, 1-(4-hydroxyphenyl)-2(or 3)-pentanol dehydro-
genase, l-indole-2(or 3)-pentanol dehydrogenase, 4(or
5)-nonanol dehydrogenase, 4(or 5)-decanol dehydrogenase,
4(or 5)-undecanol dehydrogenase, 4(or 5)-dodecanol dehy-
drogenase, 2-methyl-3(or 4)-heptanol dehydrogenase, 3-me-
thyl-4(or 5)-octanol dehydrogenase, 2-methyl-4(or 5)-oc-
tanol dehydrogenase, 8-methyl-4(or 5)-nonanol
dehydrogenase, 1-phenyl-2(or 3)-hexanol dehydrogenase,
1-(4-hydroxyphenyl)-2(or 3)-hexanol dehydrogenase, 1-in-
dole-2(or 3)-hexanol dehydrogenase, 4(or 5)-undecanol
dehydrogenase, S5(or 6)-undecanol dehydrogenase, S(or
6)-tridecanol dehydrogenase, 2-methyl-3(or 4)-octanol dehy-
drogenase, 3-methyl-4(or 5)-nonanol dehydrogenase, 2-me-
thyl-4(or 5)-nonanol dehydrogenase, 2-methyl-5(or 6)-de-
canol dehydrogenase, 1-phenyl-2(or 3)-heptanol
dehydrogenase, 1-(4-hydroxyphenyl)-2(or 3)-heptanol dehy-
drogenase, 1-indole-2(or 3)-heptanol dehydrogenase, 6(or
7)-tridecanol dehydrogenase, 6(or 7)-tetradecanol dehydro-
genase, 2-methyl-3(or 4)-nonanol dehydrogenase, 3-methyl-
4(or 5)-decanol dehydrogenase, 2-methyl-4(or 5)-decanol
dehydrogenase, 2-methyl-5(or 6)-undecanol dehydrogenase,
1-phenyl-2(or 3)-octanol dehydrogenase, 1-(4-hydroxyphe-
nyl)-2(or 3)-octanol dehydrogenase, 1-indole-2(or 3)-octanol
dehydrogenase, 7(or 8)-pentadecanol dehydrogenase, 2-me-
thyl-3(or 4)-decanol dehydrogenase, 3-methyl-4(or 5)-unde-
canol dehydrogenase, 2-methyl-4(or 5)-undecanol dehydro-
genase, 2-methyl-5 (or 6)-dodecanol dehydrogenase,
1-phenyl-2(or 3)-nonanol dehydrogenase, 1-(4-hydroxyphe-
nyl)-2 (or 3)-nonanol dehydrogenase, 1-indole-2(or
3)-nonanol dehydrogenase, 2-methyl-3(or 4)-undecanol
dehydrogenase, 3-methyl-4(or 5)-dodecanol dehydrogenase,
2-methyl-4(or 5)-dodecanol dehydrogenase, 2-methyl-5(or
6)-tridecanol dehydrogenase, 1-phenyl-2(or 3)-decanol
dehydrogenase, 1-(4-hydroxyphenyl)-2 (or 3)-decanol dehy-
drogenase, 1-indole-2(or 3)-decanol dehydrogenase, 2,5-
dimethyl-3(or 4)-heptanol dehydrogenase, 2,6-dimethyl-3(or
4)-heptanol dehydrogenase, 2,7-dimethyl-3(or 4)-octanol
dehydrogenase, 1-phenyl-4-methyl-2(or 3)-pentanol dehy-
drogenase, 1-(4-hydroxyphenyl)-4-methyl-2(or 3)-pentanol
dehydrogenase, 1-indole-4-methyl-2(or 3)-pentanol dehy-
drogenase, 2,6-dimethyl-4(or 5)-octanol dehydrogenase, 3,8-
dimethyl-4(or 5)-nonanol dehydrogenase, 1-phenyl-4-me-
thyl-2(or 3)-hexanol dehydrogenase, 1-(4-hydroxyphenyl)-
4-methyl-2 (or 3)-hexanol dehydrogenase, 1-indole-4-
methyl-2(or 3)-hexanol dehydrogenase, 2,8-dimethyl-4(or
5)-nonanol dehydrogenase, 1-phenyl-5-methyl-2(or 3)-hex-
anol dehydrogenase, 1-(4-hydroxyphenyl)-5-methyl-2(or
3)-hexanol dehydrogenase, 1-indole-5-methyl-2(or 3)-hex-
anol dehydrogenase, 1-phenyl-6-methyl-2(or 3)-heptanol
dehydrogenase, 1-(4-hydroxyphenyl)-6-methyl-2(or 3)-hep-
tanol dehydrogenase, 1-indole-6-methyl-2(or 3)-heptanol
dehydrogenase, 1-(4-hydroxyphenyl)-4-phenyl-2(or 3)-bu-
tanol dehydrogenase, 1-indole-4-phenyl-2(or 3)-butanol
dehydrogenase, 1-indole-4-(4-hydroxyphenyl)-2(or 3)-bu-
tanol dehydrogenase, 1,10-diamino-5-decanol dehydroge-
nase, 1,4-di(4-hydroxyphenyl)-2-butanol dehydrogenase,
2-hexanol-1,6-dicarboxylic acid dehydrogenase, phenyletha-
nol dehydrogenase, 4-hydroxyphenylethanol dehydroge-
nase, Indole-3-ethanol dehydrogenase, and the like.

[0305] Incertainaspects, a selected alcohol dehydrogenase
or secondary alcohol dehydrogenase may have one or more of
the above exemplified alcohol dehydrogenase activities, such
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as a 2-butanol dehydrogenase activity, 3-hexanol dehydroge-
nase activity, and/or a 4-octanol dehydrogenase activity,
among others.

[0306] In certain aspects, a recombinant microorganism
may comprise one or more secondary alcohol dehydrogena-
ses encoded by a nucleotide reference sequence selected from
SEQIDNO:109,111,113,115,117,119,121,123,125,127,
129,131, 133, 135, 137, 139, and 141, or an enzyme having
a polyeptide sequence selected from SEQ ID NO:110, 112,
114, 116, 118, 120, 122, 124, 126, 128, 130, 132, 134, 136,
138, 140, and 142, including biologically active fragments or
variants thereof, such as optimized variants. Certain aspects
may also comprises nucleotide sequences or polypeptide
sequences having 80%, 85%, 90%, 95%, 97%, 98%, 99%
sequence identity to SEQ ID NOS:109-142.

[0307] For the secondary alcohol dehydrogenase
sequences referred to above, SEQ ID NO:109 is the nucle-
otide sequence and SEQ ID NO:110 is the polypeptide
sequence of a secondary alcohol dehydrogenase (2adh-1:
PP__1946) isolated from Pseudomonas putida K12440. SEQ
ID NO:111 is the nucleotide sequence and SEQ IDNO:112 is
the polypeptide sequence of a secondary alcohol dehydroge-
nase (2adh-2: PP 1817) isolated from Pseudomonas putida
KT2440.

[0308] SEQ ID NO:113 is the nucleotide sequence and
SEQ ID NO:114 is the polypeptide sequence of a secondary
alcohol dehydrogenase (2adh-3: PP__1953) isolated from
Pseudomonas putida KT2440. SEQ ID NO:115 is the nucle-
otide sequence and SEQ ID NO:116 is the polypeptide
sequence of a secondary alcohol dehydrogenase (2adh-4:
PP__3037) isolated from Pseudomonas putida K12440.
[0309] SEQ ID NO:117 is the nucleotide sequence and
SEQ ID NO:118 is the polypeptide sequence of a secondary
alcohol dehydrogenase (2adh-5: PP__1852) isolated from
Pseudomonas putida KT2440. SEQ ID NO:119 is the nucle-
otide sequence and SEQ ID NO:120 is the polypeptide
sequence of a secondary alcohol dehydrogenase (2adh-6:
PP__2723) isolated from Pseudomonas putida K12440.
[0310] SEQ ID NO:121 is the nucleotide sequence and
SEQ ID NO:122 is the polypeptide sequence of a secondary
alcohol dehydrogenase (2adh-7: PP_2002) isolated from
Pseudomonas putida KT2440. SEQ ID NO:123 is the nucle-
otide sequence and SEQ ID NO:124 is the polypeptide
sequence of a secondary alcohol dehydrogenase (2adh-8:
PP__1914) isolated from Pseudomonas putida K12440.
[0311] SEQ ID NO:125 is the nucleotide sequence and
SEQ ID NO:126 is the polypeptide sequence of a secondary
alcohol dehydrogenase (2adh-9: PP_ 1914) isolated from
Pseudomonas putida KT2440. SEQ ID NO:127 is the nucle-
otide sequence and SEQ ID NO:128 is the polypeptide
sequence of a secondary alcohol dehydrogenase (2adh-10:
PP__3926) isolated from Pseudomonas putida K12440.
[0312] SEQ ID NO:129 is the nucleotide sequence and
SEQ ID NO:130 is the polypeptide sequence of a secondary
alcohol dehydrogenase (2adh-11: PFL,_ 1756) isolated from
Pseudomonas fluorescens P£-5. SEQ ID NO:131 is the nucle-
otide sequence and SEQ ID NO:132 is the polypeptide
sequence of a secondary alcohol dehydrogenase (2adh-12:
KPN__01694) isolated from Klebsiella pneumoniae subsp.
preumoniae MGH 78578.

[0313] SEQ ID NO:133 is the nucleotide sequence and
SEQ ID NO:134 is the polypeptide sequence of a secondary
alcohol dehydrogenase (2adh-13: KPN_02061) isolated
from Kiebsiella pneumoniae subsp. pneumoniae MGH
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78578. SEQ ID NO:135 is the nucleotide sequence and SEQ
1D NO:136 is the polypeptide sequence of a secondary alco-
hol dehydrogenase (2adh-14: KPN__00827) isolated from
Klebsiella pneumoniae subsp. preumoniae MGH 78578.
[0314] SEQ ID NO:137 is the nucleotide sequence and
SEQ ID NO:138 is the polypeptide sequence of a secondary
alcohol dehydrogenase (2adh-16: KPN_01350) isolated
from Kiebsiella pneumoniae subsp. preumoniae MGH
78578. SEQ ID NO:139 is the nucleotide sequence and SEQ
1D NO:140 is the polypeptide sequence of a secondary alco-
hol dehydrogenase (2adh-17: KPN_03369) isolated from
Klebsiella preumoniae subsp. pneumoniae MGH 78578.
SEQ ID NO:141 is the nucleotide sequence and SEQ ID
NO:142 is the polypeptide sequence of a secondary alcohol
dehydrogenase (2adh-18: KPN__03363) isolated from Kleb-
siella pneumoniae subsp. pneumoniae MGH 78578.

[0315] In certain aspects, an alcohol dehydrogenase (e.g.,
DEHU hydrogenase), a secondary alcohol dehydrogenase
(2ADH), a fragment, variant, or derivative thereof, or any
other enzyme that utilizes such an active site, may comprise at
least one of a nicotinamide adenine dinucleotide (NAD+),
NADH, nicotinamide adenine dinucleotide phosphate
(NADP+), or NADPH binding motif. In certain embodi-
ments, the NAD+, NADH, NADP+, or NADPH binding
motif may be selected from the group consisting of Y-X-G-
G-X-Y, Y-X-X-G-G-X-Y, Y-X-X-X-G-G-X-Y, Y-X-G-X-X-
Y, Y-X-X-G-G-X-X-Y, Y-X-X-X-G-X-X-Y, Y-X-G-X-Y,
Y-X-X-G-X-Y, Y-X-X-X-G-X-Y, and Y-X-X-X-X-G-X-Y;
wherein Y is independently selected from alanine, glycine,
and serine, wherein G is glycine, and wherein X is indepen-
dently selected from a genetically encoded amino acid.
[0316] As one example of a step in a reduction and dehy-
dration pathway, a-hydroxy cyclopentanone may be reduced
to 1,2-cyclopentanediol. For example, the glycerol dehydro-
genase isolated from Hansenula ofunaensis favors the reduc-
tion of a-hydroxy ketones and a-keto ketones, and has very
broad substrate specificity. The similar alcohol dehydroge-
nase derived from Hansenula polumorpha and meso-2,3-
butanediol dehydrogenase has similar properties. Certain
embodiments may incorporate a 1,2-cyclopentanediol dehy-
drogenase to the microbial system or isolated microorganism.
Other embodiments may incorporate a glycerol dehydroge-
nase from Hansenula ofunaensis, Hansenula polumorpha,
Klebsiella pneumonia, or any other suitable organism.
[0317] By way ofexample, achemical or hydrocarbon such
as 1,2-cyclopentanediol may be dehydrated to form cyclo-
pentanone as one enzymatic step in a reduction and dehydra-
tion pathway. There are at least two different types of diol
dehydratases that may catalyze dehydration of chemicals
such as 1,2-cyclopentanediol. Certain embodiments of
microbial system comprising a reduction and dehydration
pathway will comprise diol dehydratases such as 1,2-cyclo-
pentanediol dehydratase.

[0318] In the last enzymatic step for a reduction and dehy-
dration pathway, the conversion of such exemplary chemicals
as a-hydroxy cyclopentanone to cyclopentanol may include
the reduction of cyclopentanone to cyclopentanol. This step
may be catalyzed by cyclopentanol dehydrogenase, which is
found in Comomonas sp. strain NCIMB 9872 and its gene
(cpnA) has been isolated. Certain embodiments of a micro-
bial system or isolated microorganism may comprise a cyclo-
pentanol dehydrogenase, such as that expressed by cpnA in
Comomonas sp. strain NCIMB 9872, among others described
herein.
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[0319] As detailed below, in certain embodiments, selected
C—C ligation pathways may be utilized in combination with
selected components or enzymes of a reduction and dehydra-
tion pathway to produce a commodity chemical, or interme-
diate thereof.

[0320] For example, certain embodiments include a
method wherein the C—C ligation pathway may comprise an
acetoaldehyde lyase and wherein the reduction and dehydra-
tion pathway may comprise at least one of a 2,3-butanediol
dehydrogenase, a 2,3-butanediol dehydratase, and a 2-bu-
tanol dehydrogenase. Additional embodiments include a
method wherein the C—C ligation pathway may comprise a
propionaldehyde lyase and wherein the reduction and dehy-
dration pathway may comprise at least one of a 3,4-hex-
anediol dehydrogenase, a 3,4-hexanediol dehydratase, and a
3-hexanol dehydrogenase.

[0321] Additional embodiments include a method wherein
the C—C ligation pathway may comprise a butyraldehyde
lyase and wherein the reduction and dehydration pathway
may comprise at least one of a 4,5-octanediol dehydrogenase,
a 4,5-octanediol dehydratase, and a 4-octanol dehydroge-
nase. Additional embodiments include a method wherein the
C—C ligation pathway may comprise a butyraldehyde lyase
and wherein the reduction and dehydration pathway may
comprise at least one of a 5,6-decanediol dehydrogenase, a
5,6-decanediol dehydratase, and a 5-decanol dehydrogenase.
[0322] Additional embodiments include a method wherein
the C—C ligation pathway may comprise a butyraldehyde
lyase and wherein the reduction and dehydration pathway
may comprise at least one of a 6,7-dodecanediol dehydroge-
nase, a 6,7-dodecanediol dehydratase, and a 6-dodecanol
dehydrogenase. Additional embodiments include a method
wherein the C—C ligation pathway may comprise a butyral-
dehyde lyase and wherein the reduction and dehydration
pathway may comprise at least one of a 7,8-tetradecanediol
dehydrogenase, a 7.8-tetradecanediol dehydratase, and a
7-tetradecanol dehydrogenase.

[0323] Additional embodiments include a method wherein
the C—C ligation pathway may comprise a butyraldehyde
lyase and wherein the reduction and dehydration pathway
may comprise at least one of a 8,9-hexadecanediol dehydro-
genase, a 8,9-hexadecanediol dehydratase, and a 8-hexade-
canol dehydrogenase. Additional embodiments include a
method wherein the C—C ligation pathway may comprise an
isobutyraldehyde lyase and wherein the reduction and dehy-
dration pathway may comprise at least one of a 2,5-dimethyl-
3,4-hexanediol dehydrogenase, a 2,5-dimethyl-3,4-hex-

anediol dehydratase, and a 2,5-dimethyl-3-hexanol
dehydrogenase.
[0324] Additional embodiments include a method wherein

the C—C ligation pathway may comprise a 2-methyl-butyral-
dehyde lyase and wherein the reduction and dehydration
pathway may comprise at least one of a 3,6-dimethyl-4,5-
octanediol dehydrogenase, a 3,6-dimethyl-4,5-octanediol
dehydratase, and a 3,6-dimethyl-4-octanol dehydrogenase.
Additional embodiments include a method wherein the C—C
ligation pathway may comprise a 3-methyl-butyraldehyde
lyase and wherein the reduction and dehydration pathway
may comprise at least one of a 2,7-dimethyl-4,5-octanediol
dehydrogenase, a 2,7-dimethyl-4,5-octanediol dehydratase,
and a 2,7-dimethyl-4-octanol dehydrogenase.

[0325] Additional embodiments include a method wherein
the C—C ligation pathway may comprise a 3-methyl-butyral-
dehyde lyase and wherein the reduction and dehydration
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pathway may comprise at least one of a 2,9-dimethyl-5,6-
decanediol dehydrogenase, a 2,9-dimethyl-4,5-decanediol
dehydratase, and a 2,9-dimethyl-4-decanol dehydrogenase.
Additional embodiments include a method wherein the C—C
ligation pathway may comprise a phenylacetaldehyde lyase
and wherein the reduction and dehydration pathway may
comprise at least one of a 1,4-diphenyl-2,3-butanediol dehy-
drogenase, a 1,4-diphenyl-2,3-butanediol dehydratase, and a
1,4-diphenyl-2-butanol dehydrogenase.

[0326] Additional embodiments include a method wherein
the C—C ligation pathway may comprise a phenylacetalde-
hyde lyase and wherein the reduction and dehydration path-
way may comprise at least one of a bis-1,4-(4-hydroxyphe-
nyl)-2,3-butanediol dehydrogenase, a  bis-1,4-(4-
hydroxyphenyl)-2,3-butanediol dehydratase, and a bis-1,4-
(4-hydroxyphenyl)-2-butanol dehydrogenase. Additional
embodiments include a method wherein the C—C ligation
pathway may comprise a phenylacetaldehyde lyase and
wherein the reduction and dehydration pathway may com-
prise at least one of a 1,4-diindole-2,3-butanediol dehydro-
genase, a 1,4-diindole-2,3-butanediol dehydratase, and a 1,4-
diindole-2-butanol dehydrogenase.

[0327] Additional embodiments include a method wherein
the C—C ligation pathway may comprise an a.-keto adipate
carboxylyase, and wherein the reduction and dehydration
pathway may comprise at least one of a 1,2-cyclopentanediol
dehydrogenase, a 1,2-cyclopentanediol dehydratase, and a
cyclopentanol dehydrogenase. Additional embodiments
include a method wherein the C—C ligation pathway may
comprise at least one of an acetoaldehyde/propiondehyde
lyase and wherein the reduction and dehydration pathway
may comprise at least one of a 2,3-pentanediol dehydroge-
nase, a 2,3-pentanediol dehydratase, and a 2(or 3)-pentanol
dehydrogenase.

[0328] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of an
acetoaldehyde/butyraldehyde lyase and wherein the reduc-
tion and dehydration pathway may comprise at least one of a
2,3-hexanediol dehydrogenase, a 2,3-hexanediol dehy-
dratase, and a 2(or 3)-hexanol dehydrogenase. Additional
embodiments include a method wherein the C—C ligation
pathway may comprise at least one of an acetoaldehyde/
pentaldehyde lyase and wherein the reduction and dehydra-
tion pathway may comprise at least one of a 2,3-heptanediol
dehydrogenase, a 2,3-heptanediol dehydratase, and a 2(or
3)-heptanol dehydrogenase.

[0329] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of an
acetoaldehyde/hexyldehyde lyase and wherein the reduction
and dehydration pathway may comprise at least one of a
2,3-octanediol dehydrogenase, a 2,3-octanediol dehydratase,
and a 2(or 3)-octanol dehydrogenase. Additional embodi-
ments include a method wherein the C—C ligation pathway
may comprise at least one of an acetoaldehyde/octaldehyde
lyase and wherein the reduction and dehydration pathway
may comprise at least one of a 2,3-nonanediol dehydroge-
nase, a 2,3-nonanediol dehydratase, and a 2(or 3)-nonanol
dehydrogenase.

[0330] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of an
acetoaldehyde/isobutyraldehyde lyase and wherein the
reduction and dehydration pathway may comprise at least one
of'a 4-methyl-2,3-pentanediol dehydrogenase, a 4-methyl-2,
3-pentanediol dehydratase, and a 4-methyl-2(or 3)-pentanol
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dehydrogenase. Additional embodiments include a method
wherein the C—C ligation pathway may comprise at least one
of an acetoaldehyde/2-methyl-butyraldehyde lyase and
wherein the reduction and dehydration pathway may com-
prise at least one of a 4-methyl-2,3-hexanediol dehydroge-
nase, a 4-methyl-2,3-hexanediol dehydratase, and a 4-me-
thyl-2(or 3)-hexanol dehydrogenase.

[0331] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of an
acetoaldehyde/3-methyl-butyraldehyde lyase and wherein
the reduction and dehydration pathway may comprise at least
one of a 5-methyl-2,3-hexanediol dehydrogenase, a 5-me-
thyl-2,3-hexanediol dehydrogenase, and a 5-methyl-2(or
3)-hexanol dehydrogenase. Additional embodiments include
a method wherein the C—C ligation pathway may comprise
atleast one of an acetoaldehyde/4-methyl-pentaldehyde lyase
and wherein the reduction and dehydration pathway may
comprise at least one of a 6-methyl-2,3-heptanediol dehydro-
genase, a 6-methyl-2,3-heptanediol dehydrogenase, and a
6-methyl-2(or 3)-heptanol dehydrogenase.

[0332] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of an
acetoaldehyde/phenylacetaldehyde lyase and wherein the
reduction and dehydration pathway may comprise at least one
of'a 1-phenyl-2,3-butanediol dehydrogenase, a 1-phenyl-2,3-
butanediol dehydratase, and a 1-phenyl-2(or 3)-butanol dehy-
drogenase. Additional embodiments include a method
wherein the C—C ligation pathway may comprise at least one
of'an acetoaldehyde/4-hydroxyphenylacetaldehyde lyase and
wherein the reduction and dehydration pathway may com-
prise at least one of a 1-(4-hydroxyphenyl)-2,3-butanediol
dehydrogenase, a 1-(4-hydroxyphenyl)-2,3-butanediol dehy-
dratase, and a 1-(4-hydroxyphenyl)-2(or 3)-butanol dehydro-
genase.

[0333] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of an
acetoaldehyde/indoleacetaldehyde lyase and wherein the
reduction and dehydration pathway may comprise at least one
of'a 1-indole-2,3-butanediol dehydrogenase, a 1-indole-2,3-
butanediol dehydratase, and a 1-indole-2(or 3)-butanol dehy-
drogenase. Additional embodiments include a method
wherein the C—C ligation pathway may comprise at least one
of a propionaldehyde/butyraldehyde lyase and wherein the
reduction and dehydration pathway may comprise at least one
of'a 3,4-heptanediol dehydrogenase, a 3,4-heptanediol dehy-
dratase, and a 3(or 4)-heptanol dehydrogenase.

[0334] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
propionaldehyde/pentaldehyde lyase and wherein the reduc-
tion and dehydration pathway may comprise at least one of a
3,4-octanediol dehydrogenase, a 3,4-octanediol dehydratase,
and a 3(or 4)-octanol dehydrogenase. Additional embodi-
ments include a method wherein the C—C ligation pathway
may comprise at least one of a propionaldehyde/hexyldehyde
lyase and wherein the reduction and dehydration pathway
may comprise at least one of a 3,4-nonanediol dehydroge-
nase, a 3,4-nonanediol dehydratase, and a 3(or 4)-nonanol
dehydrogenase.

[0335] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
propionaldehyde/heptaldehyde lyase and wherein the reduc-
tion and dehydration pathway may comprise at least one of a
3,4-decanediol dehydrogenase, a 3,4-decanediol dehy-
dratase, and a 3(or 4)-decanol dehydrogenase. Additional
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embodiments include a method wherein the C—C ligation
pathway may comprise at least one of a propionaldehyde/
octaldehyde lyase and wherein the reduction and dehydration
pathway may comprise at least one of a 3,4-undecanediol
dehydrogenase, a 3,4-undecanediol dehydratase, and a 3(or
4)-undecanol dehydrogenase.

[0336] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
propionaldehyde/isobutyraldehyde lyase and wherein the
reduction and dehydration pathway may comprise at least one
of a 2-methyl-3,4-hexanediol dehydrogenase, a 2-methyl-3,
4-hexanediol dehydratase, and a 2-methyl-3(or 4)-hexanol
dehydrogenase. Additional embodiments include a method
wherein the C—C ligation pathway may comprise at least one
of a propionaldehyde/2-methyl-butyraldehyde lyase and
wherein the reduction and dehydration pathway may com-
prise at least one of a 5-methyl-3,4-heptanediol dehydroge-
nase, a S-methyl-3,4-heptanediol dehydratase, and a 5-me-
thyl-3 (or 4)-heptanol dehydrogenase.

[0337] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
propionaldehyde/3-methyl-butyraldehyde lyase and wherein
the reduction and dehydration pathway may comprise at least
one of a 6-methyl-3,4-heptanediol dehydrogenase, a 6-me-
thyl-3,4-heptanediol dehydratase, and a 6-methyl-3(or
4)-heptanol  dehydrogenase. Additional embodiments
include a method wherein the C—C ligation pathway may
comprise at least one of a propionaldehyde/4-methyl-pental-
dehyde lyase and wherein the reduction and dehydration
pathway may comprise at least one of a 7-methyl-3,4-oc-
tanediol dehydrogenase, a 7-methyl-3,4-octanediol dehy-
dratase, and a 7-methyl-3(or 4)-octanol dehydrogenase.
[0338] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
propionaldehyde and a phenylacetaldehyde lyase and
wherein the reduction and dehydration pathway may com-
prise at least one of a 1-phenyl-2,3-pentanediol dehydroge-
nase, a 1-phenyl-2,3-pentanediol dehydratase, and a 1-phe-
nyl-2(or 3)-pentanol dehydrogenase. Additional
embodiments include a method wherein the C—C ligation
pathway may comprise at least one of a propionaldehyde/4-
hydroxyphenylacetaldehyde lyase and wherein the reduction
and dehydration pathway may comprise at least one of a
1-(4-hydroxyphenyl)-2,3-pentanediol ~ dehydrogenase, a
1-(4-hydroxyphenyl)-2,3-pentanediol dehydratase, and a
1-(4-hydroxyphenyl)-2(or 3)-pentanol dehydrogenase.
[0339] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
propionaldehyde/indoleacetoaldehyde lyase and wherein the
reduction and dehydration pathway may comprise at least one
of'a 1-indole-2,3-pentanediol dehydrogenase, a 1-indole-2,3-
pentanediol dehydratase, and a 1-indole-2(or 3)-pentanol
dehydrogenase. Additional embodiments include a method
wherein the C—C ligation pathway may comprise at least one
of a butyraldehyde/pentaldehyde lyase and wherein the
reduction and dehydration pathway may comprise at least one
of a 4,5-nonanediol dehydrogenase, a 4,5-nonanediol dehy-
dratase, and a 4(or 5)-nonanol dehydrogenase.

[0340] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
butyraldehyde/hexyldehyde lyase and wherein the reduction
and dehydration pathway may comprise at least one of a
4,5-decanediol dehydrogenase, a 4,5-decanediol dehy-
dratase, and a 4(or 5)-decanol dehydrogenase. Additional
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embodiments include a method wherein the C—C ligation
pathway may comprise at least one of a butyraldehyde/hep-
taldehyde lyase and wherein the reduction and dehydration
pathway may comprise at least one of a 4,5-undecanediol
dehydrogenase, a 4,5-undecanediol dehydratase, and a 4(or
5)-undecanol dehydrogenase.

[0341] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
butyraldehyde/octaldehyde lyase and wherein the reduction
and dehydration pathway may comprise at least one of a
4,5-dodecanediol dehydrogenase, a 4,5-dodecanediol dehy-
dratase, and a 4(or 5)-dodecanol dehydrogenase.

[0342] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
butyraldehyde/isobutyraldehyde lyase and wherein the
reduction and dehydration pathway may comprise at least one
of'a 2-methyl-3,4-heptanediol dehydrogenase, a 2-methyl-3,
4-heptanediol dehydratase, and a 2-methyl-3(or 4)-heptanol
dehydrogenase.

[0343] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
butyraldehyde/2-methyl-butyraldehyde lyase and wherein
the reduction and dehydration pathway may comprise at least
one of'a 3-methyl-4,5-octanediol dehydrogenase, a 3-methyl-
4,5-octanediol dehydratase, and a 3-methyl-4(or 5)-octanol
dehydrogenase. Additional embodiments include a method
wherein the C—C ligation pathway may comprise at least one
of a butyraldehyde/3-methyl-butyraldehyde lyase and
wherein the reduction and dehydration pathway may com-
prise at least one of a 2-methyl-4,5-octanediol dehydroge-
nase, a 2-methyl-4,5-octanediol dehydratase, and a 2-methyl-
4(or 5)-octanol dehydrogenase.

[0344] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
butyraldehyde/4-methyl-pentaldehyde lyase and wherein the
reduction and dehydration pathway may comprise at least one
of an 8-methyl-4,5-nonanediol dehydrogenase, an 8-methyl-
4,5-nonanediol  dehydratase, and an 8-methyl-4(or
5)-nonanol dehydrogenase. Additional embodiments include
a method wherein the C—C ligation pathway may comprise
at least one of a butyraldehyde/phenylacetaldehyde lyase and
wherein the reduction and dehydration pathway may com-
prise at least one of a 1-phenyl-2,3-hexanediol dehydroge-
nase, a 1 -phenyl-2,3-hexanediol dehydratase, and a 1-phenyl-
2(or 3)-hexanol dehydrogenase.

[0345] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
butyraldehyde/4-hydroxyphenylacetaldehyde 1lyase and
wherein the reduction and dehydration pathway may com-
prise at least one of a 1-(4-hydroxyphenyl)-2,3-hexanediol
dehydrogenase, a  1-(4-hydroxyphenyl)-2,3-hexanediol
dehydratase, and a 1-(4-hydroxyphenyl)-2(or 3)-hexanol
dehydrogenase. Additional embodiments include a method
wherein the C—C ligation pathway may comprise at least one
of'a butyraldehyde/indoleacetaldehyde lyase and wherein the
reduction and dehydration pathway may comprise at least one
of'a 1-indole-2,3-hexanediol dehydrogenase, a 1-indole-2,3-
hexanediol dehydratase, and a 1-indole-2(or 3)-hexanol
dehydrogenase.

[0346] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
pentaldehyde/hexyldehyde lyase and wherein the reduction
and dehydration pathway may comprise at least one of a
5,6-undecanediol dehydrogenase, a 4,5-undecanediol dehy-
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dratase, and a 4(or 5)-undecanol dehydrogenase. Additional
embodiments include a method wherein the C—C ligation
pathway may comprise at least one of a pentaldehyde/heptal-
dehyde lyase and wherein the reduction and dehydration
pathway may comprise at least one of a 5,6-undecanediol
dehydrogenase, a 5,6-undecanediol dehydratase, and a S(or
6)-undecanol dehydrogenase.

[0347] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
pentaldehyde/octaldehyde lyase and wherein the reduction
and dehydration pathway may comprise at least one of a
5,6-tridecanediol dehydrogenase, a 5,6-tridecanediol dehy-
dratase, and a 5(or 6)-tridecanol dehydrogenase. Additional
embodiments include a method wherein the C—C ligation
pathway may comprise at least one of a pentaldehyde/isobu-
tyraldehyde lyase and wherein the reduction and dehydration
pathway may comprise at least one of a 2-methyl-3,4-oc-
tanediol dehydrogenase, a 2-methyl-3,4-octanediol dehy-
dratase, and a 2-methyl-3(or 4)-octanol dehydrogenase.
[0348] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
pentaldehyde/2-methyl-butyraldehyde lyase and wherein the
reduction and dehydration pathway may comprise at least one
of a 3-methyl-4,5-nonanediol dehydrogenase, a 3-methyl-4,
5-nonanediol dehydratase, and a 3-methyl-4(or 5)-nonanol
dehydrogenase. Additional embodiments include a method
wherein the C—C ligation pathway may comprise at least one
of'apentaldehyde/3-methyl-butyraldehyde lyase and wherein
the reduction and dehydration pathway may comprise at least
one of a 2-methyl-4,5-nonanediol dehydrogenase, a 2-me-
thyl-4,5-nonanediol dehydratase, and a 2-methyl-4(or
5)-nonanol dehydrogenase.

[0349] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
pentaldehyde/4-methyl-pentaldehyde lyase and wherein the
reduction and dehydration pathway may comprise at least one
of a 2-methyl-5,6-decanediol dehydrogenase, a 2-methyl-5,
6-decanediol dehydratase, and a 2-methyl-5(or 6)-decanol
dehydrogenase. Additional embodiments include a method
wherein the C—C ligation pathway may comprise at least one
of'a pentaldehyde/phenylacetaldehyde lyase and wherein the
reduction and dehydration pathway may comprise at least one
of'a 1-phenyl-2,3-heptanediol dehydrogenase, a 1-phenyl-2,
3-heptanediol dehydratase, and a 1-phenyl-2(or 3)-heptanol
dehydrogenase.

[0350] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
pentaldehyde/4-hydroxyphenylacetaldehyde  lyase and
wherein the reduction and dehydration pathway may com-
prise at least one of a 1-(4-hydroxyphenyl)-2,3-heptanediol
dehydrogenase, a 1-(4-hydroxyphenyl)-2,3-heptanediol
dehydratase, and a 1-(4-hydroxyphenyl)-2(or 3)-heptanol
dehydrogenase. Additional embodiments include a method
wherein the C—C ligation pathway may comprise at least one
of a pentaldehyde/indoleacetaldehyde lyase and wherein the
reduction and dehydration pathway may comprise at least one
of'a 1-indole-2,3-heptanediol dehydrogenase, a 1-indole-2,3-
heptanediol dehydratase, and a 1-indole-2(or 3)-heptanol
dehydrogenase.

[0351] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
hexyldehyde/heptaldehyde lyase and wherein the reduction
and dehydration pathway may comprise at least one of a
6,7-tridecanediol dehydrogenase, a 6,7-tridecanediol dehy-
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dratase, and a 6(or 7)-tridecanol dehydrogenase. Additional
embodiments include a method wherein the C—C ligation
pathway may comprise at least one of a hexyldehyde/octal-
dehyde lyase and wherein the reduction and dehydration
pathway may comprise at least one of a 6,7-tetradecanediol
dehydrogenase, a 6,7-tetradecanediol dehydratase, and a 6(or
7)-tetradecanol dehydrogenase.

[0352] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
hexyldehyde/isobutyraldehyde lyase and wherein the reduc-
tion and dehydration pathway may comprise at least one of a
2-methyl-3,4-nonanediol dehydrogenase, a 2-methyl-3,4-
nonanediol dehydratase, and a 2-methyl-3(or 4)-nonanol
dehydrogenase. Additional embodiments include a method
wherein the C—C ligation pathway may comprise at least one
of'a hexyldehyde/2-methyl-butyraldehyde lyase and wherein
the reduction and dehydration pathway may comprise at least
one of a 3-methyl-4,5-decanediol dehydrogenase, a 3-me-
thyl-4,5-decanediol dehydratase, and a 3-methyl-4(or 5)-de-
canol dehydrogenase.

[0353] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
hexyldehyde/3-methyl-butyraldehyde lyase and wherein the
reduction and dehydration pathway may comprise at least one
of a 2-methyl-4,5-decanediol dehydrogenase, a 2-methyl-4,
5-decanediol dehydratase, and a 2-methyl-4(or 5)-decanol
dehydrogenase. Additional embodiments include a method
wherein the C—C ligation pathway may comprise at least one
of a hexyldehyde/4-methyl-pentaldehyde lyase and wherein
the reduction and dehydration pathway may comprise at least
one of a 2-methyl-5,6-undecanediol dehydrogenase, a 2-me-
thyl-5,6-undecanediol dehydratase, and a 2-methyl-5(or
6)-undecanol dehydrogenase.

[0354] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
hexyldehyde/phenylacetaldehyde lyase and wherein the
reduction and dehydration pathway may comprise at least one
of'a 1-phenyl-2,3-octanediol dehydrogenase, a 1-phenyl-2,3-
octanediol dehydratase, and a 1-phenyl-2(or 3)-octanol dehy-
drogenase. Additional embodiments include a method
wherein the C—C ligation pathway may comprise at least one
of a hexyldehyde/4-hydroxyphenylacetaldehyde lyase and
wherein the reduction and dehydration pathway may com-
prise at least one of a 1-(4-hydroxyphenyl)-2,3-octanediol
dehydrogenase, a 1-(4-hydroxyphenyl)-2,3-octanediol dehy-
dratase, and a 1-(4-hydroxyphenyl)-2(or 3)-octanol dehydro-
genase.

[0355] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
hexyldehyde/indoleacetaldehyde lyase and wherein the
reduction and dehydration pathway may comprise at least one
of'a 1-indole-2,3-octanediol dehydrogenase, a 1-indole-2,3-
octanediol dehydratase, and a 1-indole-2(or 3)-octanol dehy-
drogenase. Additional embodiments include a method
wherein the C—C ligation pathway may comprise at least one
of a heptaldehyde/octaldehyde lyase and wherein the reduc-
tion and dehydration pathway may comprise at least one of a
7,8-pentadecanediol dehydrogenase, a 7,8-pentadecanediol
dehydratase, and a 7(or 8)-pentadecanol dehydrogenase.
[0356] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
heptaldehyde/isobutyraldehyde lyase and wherein the reduc-
tion and dehydration pathway may comprise at least one of a
2-methyl-3,4-decanediol dehydrogenase, a 2-methyl-3,4-de-
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canediol dehydratase, and a 2-methyl-3(or 4)-decanol dehy-
drogenase. Additional embodiments include a method
wherein the C—C ligation pathway may comprise at least one
of'aheptaldehyde/2-methyl-butyraldehyde lyase and wherein
the reduction and dehydration pathway may comprise at least
one of a 3-methyl-4,5-undecanediol dehydrogenase, a 3-me-
thyl-4,5-undecanediol dehydratase, and a 3-methyl-4(or
5)-undecanol dehydrogenase.

[0357] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
heptaldehyde/3-methyl-butyraldehyde lyase and wherein the
reduction and dehydration pathway may comprise at least one
of'a 2-methyl-4,5-undecanediol dehydrogenase, a 2-methyl-
4,5-undecanediol dehydratase, and a 2-methyl-4(or 5)-unde-
canol dehydrogenase. Additional embodiments include a
method wherein the C—C ligation pathway may comprise at
least one of a heptaldehyde/4-methyl-pentaldehyde lyase and
wherein the reduction and dehydration pathway may com-
prise at least one of a 2-methyl-5,6-dodecanediol dehydroge-
nase, a 2-methyl-5,6-dodecanediol dehydratase, and a 2-me-
thyl-5(or 6)-dodecanol dehydrogenase.

[0358] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
heptaldehyde/phenylacetaldehyde lyase and wherein the
reduction and dehydration pathway may comprise at least one
of a 1-phenyl-2,3-nonanediol dehydrogenase, a 1-phenyl-2,
3-nonanediol dehydratase, and a 1-phenyl-2(or 3)-nonanol
dehydrogenase. Additional embodiments include a method
wherein the C—C ligation pathway may comprise at least one
of a heptaldehyde/4-hydroxyphenylacetaldehyde lyase and
wherein the reduction and dehydration pathway may com-
prise at least one of a 1-(4-hydroxyphenyl)-2,3-nonanediol
dehydrogenase, a 1-(4-hydroxyphenyl)-2,3-nonanediol
dehydratase, and a 1-(4-hydroxyphenyl)-2 (or 3)-nonanol
dehydrogenase.

[0359] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
heptaldehyde/indoleacetaldehyde lyase and wherein the
reduction and dehydration pathway may comprise at least one
of'a 1-indole-2,3-nonanediol dehydrogenase, a 1-indole-2,3-
nonanediol dehydratase, and a 1-indole-2(or 3)-nonanol
dehydrogenase. Additional embodiments include a method
wherein the C—C ligation pathway may comprise at least one
of an octaldehyde/isobutyraldehyde lyase and wherein the
reduction and dehydration pathway may comprise at least one
of'a 2-methyl-3,4-undecanediol dehydrogenase, a 2-methyl-
3,4-undecanediol dehydratase, and a 2-methyl-3(or 4)-unde-
canol dehydrogenase.

[0360] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of an
octaldehyde/2-methyl-butyraldehyde lyase and wherein the
reduction and dehydration pathway may comprise at least one
of'a 3-methyl-4,5-dodecanediol dehydrogenase, a 3-methyl-
4,5-dodecanediol dehydratase, and a 3-methyl-4(or 5)-dode-
canol dehydrogenase. Additional embodiments include a
method wherein the C—C ligation pathway may comprise at
least one of an octaldehyde/3-methyl-butyraldehyde lyase
and wherein the reduction and dehydration pathway may
comprise at least one of a 2-methyl-4,5-dodecanediol dehy-
drogenase, a 2-methyl-4,5-dodecanediol dehydratase, and a
2-methyl-4(or 5)-dodecanol dehydrogenase.

[0361] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of an
octaldehyde/4-methyl-pentaldehyde lyase and wherein the
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reduction and dehydration pathway may comprise at least one
of'a 2-methyl-5,6-tridecanediol dehydrogenase, a 2-methyl-
5,6-tridecanediol dehydratase, and a 2-methyl-5(or 6)-tride-
canol dehydrogenase. Additional embodiments include a
method wherein the C—C ligation pathway may comprise at
least one of an octaldehyde/phenylacetaldehyde lyase and
wherein the reduction and dehydration pathway may com-
prise at least one of a 1-phenyl-2,3-decanediol dehydroge-
nase, a 1 -phenyl-2,3-decanediol dehydratase, and a 1-phenyl-
2(or 3)-decanol dehydrogenase.

[0362] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of an
octaldehyde/4-hydroxyphenylacetaldehyde  lyase  and
wherein the reduction and dehydration pathway may com-
prise at least one of a 1-(4-hydroxyphenyl)-2,3-decanediol
dehydrogenase, a 1-(4-hydroxyphenyl)-2,3-decanediol
dehydratase, and a 1-(4-hydroxyphenyl)-2 (or 3)-decanol
dehydrogenase. Additional embodiments include a method
wherein the C—C ligation pathway may comprise at least one
of an octaldehyde/indoleacetaldehyde lyase and wherein the
reduction and dehydration pathway may comprise at least one
of'a 1-indole-2,3-decanediol dehydrogenase, a 1-indole-2,3-
decanediol dehydratase, and a 1-indole-2(or 3)-decanol
dehydrogenase.

[0363] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of an
isobutyraldehyde/2-methyl-butyraldehyde lyase and wherein
the reduction and dehydration pathway may comprise at least
one of a 2,5-dimethyl-3,4-heptanediol dehydrogenase, a 2,5-
dimethyl-3,4-heptanediol dehydratase, and a 2,5-dimethyl-3
(or 4)-heptanol dehydrogenase. Additional embodiments
include a method wherein the C—C ligation pathway may
comprise at least one of an isobutyraldehyde/3-methyl-bu-
tyraldehyde lyase and wherein the reduction and dehydration
pathway may comprise at least one of a 2,6-dimethyl-3,4-
heptanediol dehydrogenase, a 2,6-dimethyl-3,4-heptanediol
dehydratase, and a 2,6-dimethyl-3(or 4)-heptanol dehydroge-
nase.

[0364] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of an
isobutyraldehyde/4-methyl-pentaldehyde lyase and wherein
the reduction and dehydration pathway may comprise at least
one of a 2,7-dimethyl-3,4-octanediol dehydrogenase, a 2,7-
dimethyl-3,4-octanediol dehydratase, and a 2,7-dimethyl-3
(or 4)-octanol dehydrogenase. Additional embodiments
include a method wherein the C—C ligation pathway may
comprise at least one of an isobutyraldehyde/phenylacetalde-
hyde lyase and wherein the reduction and dehydration path-
way may comprise at least one of a 1-phenyl-4-methyl-2,3-
pentanediol dehydrogenase, a 1-phenyl-4-methyl-2,3-
pentanediol dehydratase, and a 1-phenyl-4-methyl-2(or
3)-pentanol dehydrogenase.

[0365] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of an
isobutyraldehyde/4-hydroxyphenylacetaldehyde lyase and
wherein the reduction and dehydration pathway may com-
prise at least one of a 1-(4-hydroxyphenyl)-4-methyl-2,3-
pentanediol dehydrogenase, a 1-(4-hydroxyphenyl)-4-me-
thyl-2,3-pentanediol ~ dehydratase, and a 1-(4-
hydroxyphenyl)-4-methyl-2(or 3)-pentanol dehydrogenase.
Additional embodiments include a method wherein the C—C
ligation pathway may comprise at least one of an isobutyral-
dehyde/indoleacetaldehyde lyase and wherein the reduction
and dehydration pathway may comprise at least one of a
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1-indole-4-methyl-2,3-pentanediol dehydrogenase, a 1-in-
dole-4-methyl-2,3-pentanediol dehydratase, and a 1-indole-
4-methyl-2(or 3)-pentanol dehydrogenase.

[0366] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
2-methyl-butyraldehyde/3-methyl-butyraldehyde lyase and
wherein the reduction and dehydration pathway may com-
prise at least one of a 2,6-dimethyl-4,5-octanediol dehydro-
genase, a 2,6-dimethyl-4,5-octanediol dehydratase, and a
2,6-dimethyl-4(or 5)-octanol dehydrogenase. Additional
embodiments include a method wherein the C—C ligation
pathway may comprise at least one of a 2-methyl-butyralde-
hyde/4-methyl-pentaldehyde lyase and wherein the reduction
and dehydration pathway may comprise at least one of a
3,8-dimethyl-4,5-nonanediol dehydrogenase, a 3,8-dim-
ethyl-4,5-nonanediol dehydratase, and a 3,8-dimethyl-4(or
5)-nonanol dehydrogenase.

[0367] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
2-methyl-butyraldehyde/phenylacetaldehyde lyase and
wherein the reduction and dehydration pathway may com-
prise at least one of a 1-phenyl-4-methyl-2,3-hexanediol
dehydrogenase, a 1-phenyl-4-methyl-2,3-hexanediol dehy-
dratase, and a 1-phenyl-4-methyl-2(or 3)-hexanol dehydro-
genase. Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
2-methyl-butyraldehyde/4-hydroxyphenylacetaldehyde
lyase and wherein the reduction and dehydration pathway
may comprise at least one of a 1-(4-hydroxyphenyl)-4-me-
thyl-2,3-hexanediol dehydrogenase, a 1-(4-hydroxyphenyl)-
4-methyl-2,3-hexanediol dehydratase, and a 1-(4-hydrox-
yphenyl)-4-methyl-2 (or 3)-hexanol dehydrogenase.

[0368] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
2-methyl-butyraldehyde/indoleacetaldehyde  lyase  and
wherein the reduction and dehydration pathway may com-
prise at least one of a 1-indole-4-methyl-2,3-hexanediol
dehydrogenase, a 1-indole-4-methyl-2,3-hexanediol dehy-
dratase, and a 1-indole-4-methyl-2(or 3)-hexanol dehydroge-
nase. Additional embodiments include a method wherein the
C—C ligation pathway may comprise at least one of a 3-me-
thyl-butyraldehyde/4-methyl-pentaldehyde  lyase  and
wherein the reduction and dehydration pathway may com-
prise at least one of a 2,8-dimethyl-4,5-nonanediol dehydro-
genase, a 2,8-dimethyl-4,5-nonanediol dehydratase, and a
2,8-dimethyl-4(or 5)-nonanol dehydrogenase.

[0369] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
3-methyl-butyraldehyde/phenylacetaldehyde lyase and
wherein the reduction and dehydration pathway may com-
prise at least one of a 1-phenyl-5-methyl-2,3-hexanediol
dehydrogenase, a 1-phenyl-5-methyl-2,3-hexanediol dehy-
dratase, and a 1-phenyl-5-methyl-2(or 3)-hexanol dehydro-
genase. Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
3-methyl-butyraldehyde/4-hydroxyphenylacetaldehyde
lyase and wherein the reduction and dehydration pathway
may comprise at least one of a 1-(4-hydroxyphenyl)-5-me-
thyl-2,3-hexanediol dehydrogenase, a 1-(4-hydroxyphenyl)-
5-methyl-2,3-hexanediol dehydratase, and a 1-(4-hydrox-
yphenyl)-5-methyl-2(or 3)-hexanol dehydrogenase.

[0370] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
3-methyl-butyraldehyde/indoleacetaldehyde  lyase and
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wherein the reduction and dehydration pathway may com-
prise at least one of a l-indole-5-methyl-2,3-hexanediol
dehydrogenase, a 1-indole-5-methyl-2,3-hexanediol dehy-
dratase, and a 1-indole-5-methyl-2(or 3)-hexanol dehydroge-
nase. Additional embodiments include a method wherein the
C—C ligation pathway may comprise at least one of a 4-me-
thyl-pentaldehyde/phenylacetaldehyde lyase and wherein the
reduction and dehydration pathway may comprise at least one
of a 1-phenyl-6-methyl-2,3-heptanediol dehydrogenase, a
1-phenyl-6-methyl-2,3-heptanediol dehydratase, and a
1-phenyl-6-methyl-2(or 3)-heptanol dehydrogenase.

[0371] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
4-methyl-pentaldehyde/4-hydroxyphenylacetaldehyde lyase
and wherein the reduction and dehydration pathway may
comprise at least one of a 1-(4-hydroxyphenyl)-6-methyl-2,
3-heptanediol dehydrogenase, a 1-(4-hydroxyphenyl)-6-me-
thyl-2,3-heptanediol dehydratase, and a 1-(4-hydroxyphe-
nyl)-6-methyl-2(or 3)-heptanol dehydrogenase. Additional
embodiments include a method wherein the C—C ligation
pathway may comprise at least one of a 4-methyl-pentalde-
hyde/Indoleacetaldehyde lyase and wherein the reduction
and dehydration pathway may comprise at least one of a
1-indole-6-methyl-2,3-heptanediol dehydrogenase, a 1-in-
dole-6-methyl-2,3-heptanediol dehydratase, and a 1-indole-
6-methyl-2(or 3)-heptanol dehydrogenase.

[0372] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
phenylacetaldehyde/4-hydroxyphenylacetaldehyde  lyase
and wherein the reduction and dehydration pathway may
comprise at least one of a 1-(4-hydroxyphenyl)-4-phenyl-2,
3-butanediol dehydrogenase, a 1-(4-hydroxyphenyl)-4-phe-
nyl-2,3-butanediol dehydratase, and a 1-(4-hydroxyphenyl)-
4-phenyl-2(or  3)-butanol dehydrogenase. Additional
embodiments include a method wherein the C—C ligation
pathway may comprise at least one of a phenylacetaldehyde/
indolephenylacetaldehyde lyase and wherein the reduction
and dehydration pathway may comprise at least one of a
1-indole-4-phenyl-2,3-butanediol dehydrogenase, a 1-in-
dole-4-phenyl-2,3-butanediol dehydratase, and a 1-indole-4-
phenyl-2(or 3)-butanol dehydrogenase.

[0373] Additional embodiments include a method wherein
the C—C ligation pathway may comprise at least one of a
4-hydroxyphenylacetaldehyde/indolephenylacetaldehyde
lyase and wherein the reduction and dehydration pathway
may comprise at least one of a 1-indole-4-(4-hydroxyphe-
nyl)-2,3-butanediol dehydrogenase, a 1-indole-4-(4-hydrox-
yphenyl)-2,3-butanediol dehydratase, and a 1-indole-4-(4-
hydroxyphenyl)-2(or 3)-butanol dehydrogenase. Additional
embodiments include a method wherein the C—C ligation
pathway may comprise a 5-amino-pantaldehyde lyase, and
wherein the reduction and dehydration pathway may com-
prise at least one of a 1,10-diamino-5,6-decanediol dehydro-
genase, a 1,10-diamino-5,6-decanediol dehydratase, and a
1,10-diamino-5-decanol dehydrogenase.

[0374] Additional embodiments include a method wherein
the C—C ligation pathway may comprise a 4-hydroxyphenyl
acetaldehyde lyase, and wherein the reduction and dehydra-
tion pathway may comprise at least one ofa 1,4-di(4-hydrox-
yphenyl)-2,3-butanediol, a 1,4-di(4-hydroxyphenyl)-2,3-bu-
tanediol dehydratase, and a 1,4-di(4-hydroxyphenyl)-2-
butanol dehydrogenase. Additional embodiments include a
method wherein the C—C ligation pathway may comprise a
succinate semialdehyde lyase, and wherein the reduction and
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dehydration pathway may comprise at least one of a 2,3-
hexanediol-1,6-dicarboxylic acid dehydrogenase, a 2,3-hex-
anediol-1,6-dicarboxylic acid dehydratase, and a 2-hexanol-
1,6-dicarboxylic dehydrogenase.

[0375] Certain embodiments of a microbial system or
recombinant microorganism may comprise genes encoding
enzymes that are able to catalyze (e.g., reduction and dehy-
dration) the conversion of 4-octanol to octene or octane.
Other embodiments may comprise redesigned or de novo
designed enzymes for this reduction and dehydration path-
way. For example, three redesigned enzymes could convert
4-octanone to either 3- and 4-octene. The first step could be
catalyzed by redesigned isocitrate dehydrogenase. This
enzyme could catalyze the formation of 4-hydroxy-3(or
5)-carboxylic octane. The 4-hydroxy group could be phos-
phorylated by redesigned kinase. Finally, redesigned meva-
lonate diphosphate decarboxylase catalyzes the formation of
3(or 4)-octene.

[0376] Inother embodiments, several redesigned enzymes
could convert 4-octanone to octane. For example, the 4-hy-
droxy-3(or 5)-carboxylic octane is sequentially reduced and
dehydrated to form 3(or 5)-carboxylic octane. Redesigned
enzymes involved in fatty acid metabolism can catalyze these
reactions. The 3(or 5)-carboxylic octane can be reduced to
corresponding aldehyde by aldehyde dehydrogenase and the
product may be decarbonylated to form octane catalyzed by a
redesigned decarbonylase.

[0377] As noted above, for the production of certain com-
modity chemicals, such as 2-phenylethanol, 2-(4-hydrox-
yphenyl)ethanol, and indole-3-ethanol, among other similar
chemicals, a biosynthesis pathway (e.g., aldehyde biosynthe-
sis pathway) may optionally or further comprise one or more
genes encoding a decarboxylase enzyme, such as an indole-
3-pyruvate decarboxylase (IPDC), to produce an aldehyde. In
certain aspects, an IPDC may comprise an amino acid
sequence that is at least 80%, 90%, 95%, 98%, or 99% iden-
tical to the amino acid sequence set forth in SEQ ID NO:312.
An IDPC enzyme may comprise certain conserved amino
acid residues, such as G24, D25, E48, A55, R60, G75, E9,
H113, G252, G405, G413, G428, G430, and/or N456.

[0378] In these and other embodiments, a recombinant
microorganism may comprise an aldehyde reductase, such as
a phenylacetoaldehyde reductase (PAR), to convert an alde-
hyde to a commodity chemical. In certain aspects, a PAR may
comprise an amino acid sequence that is at least 80%, 90%,
95%, 98%, or 99% identical to the amino acid sequence set
forth in SEQ ID NO:313, which shows the sequence of a PAR
enzymed derived from Rhodococcus sp. ST-10. In certain
aspects, a PAR enzyme may comprise at least one of a nico-
tinamide adenine dinucleotide (NAD+), NADH, nicotina-
mide adenine dinucleotide phosphate (NADP+), or NADPH
binding motif. In certain embodiments, the NAD+, NADH,
NADP+, or NADPH binding motif may be selected from the
group consisting of Y-X-G-G-X-Y, Y-X-X-G-G-X-Y, Y-X-X-
X-G-G-X-Y, Y-X-G-X-X-Y, Y-X-X-G-G-X-X-Y, Y-X-X-X-
G-X-X-Y, Y-X-G-X-Y, Y-X-X-G-X-Y, Y-X-X-X-G-X-Y, and
Y-X-X-X-X-G-X-Y; wherein Y is independently selected
from alanine, glycine, and serine, wherein G is glycine, and
wherein X is independently selected from a genetically
encoded amino acid.

[0379] In certain embodiments, such a recombinant micro-
organism may also or alternatively comprise a secondary
alcohol dehydrogenase having an activity selected from at
least one of a phenylethanol dehydrogenase activity, a 4-hy-
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droxyphenylethanol dehydrogenase activity, and an Indole-
3-ethanol dehydrogenase activity, to reduce the aldehyde to
its corresponding alcohol (e.g. 2-phenylethanol, 2-(4-hy-
droxyphenyl)ethanol, and indole-3-ethanol).

[0380] Embodiments of the present invention also include
methods for converting a suitable monosaccharide to a com-
modity chemical comprising, (a) obtaining a suitable
monosaccharide; (b) contacting the suitable monosaccharide
with a microbial system for a time sufficient to convert to the
suitable monosaccharide to the biofuel, wherein the micro-
bial system comprises, (i) one or more genes encoding and
expressing a fatty acid biosynthesis pathway, an amino acid
biosynthetic pathway, and/or a short chain alcohol biosyn-
thetic pathway; (ii) one or more genes encoding and express-
ing a keto-acid decarboxylase, aldehyde dehydrogenase, and/
or alcohol dehydrogenase; and (iii) an enzymatic reduction
pathway selected from (1) an enzymatic long chain alcohol
reduction pathway, (2) an enzymatic decarbonylation path-
way, (3) an enzymatic decarboxylation pathway, and (4) an
enzymatic reduction pathway comprising (1), (2), and/or (3),
thereby converting the suitable monosaccharide to the com-
modity chemical.

[0381] Embodiments of the present invention may com-
prise one or more genes encoding and expressing enzymes in
a fatty acid synthesis pathway, which may be used, as one
example, to produce biofuels in the form of alkanes, such as
medium to long chain alkanes. In certain embodiments, the
specificity of the fatty acid biosynthesis pathway in the micro-
bial system may be recalibrated or redesigned. Merely by way
of example, microorganisms generally produce a mixture of
long chain fatty acids (e.g., E. coli naturally produce large
quantities of long chain fatty acids (C16-C19: <95% in whole
cells) and small quantity of medium chain fatty acids (C12:
2% and C14: 5% in whole cells)).

[0382] In certain embodiments, the recalibration or re-en-
gineering may be directed to increasing production of
medium chain alkanes, including, but not limited to, caprylate
(C8), caprate (C10), laurate (C12), myristate (C14), and
palmitate (C16), as alkanes produced from these fatty acids
are major components of gasoline, diesels, and kerosene. In
addition to these fatty acids, other embodiments may be
directed to increased production of long chain fatty acids,
including, but not limited to, stearate (C18), arachidonate
(C20), behenate (C22) and longer fatty acids, as n-alkanes
produced from these fatty acids are one of major components
in heavy oils.

[0383] For example, Cuphea mainly accumulate medium
chain fatty acids as major components in their seed oils, and
these compositions alter depending on species. In particular,
Cuphea pulcherrima accumulates caprylate (C8:0) 96%,
Cuphea koehneana accumulates caprate (C10:0) 95.3%, and
Cuphea polymorpha accumulates laurate (C12:0) 80.1%.
Embodiments of the microbial systems or isolated microor-
ganisms according to the present application may incorporate
genes from various Cuphea species encoding enzymes
involved in a fatty acid biosynthesis pathway, and these
microorganisms may be directed in part to the production of
middle chain fatty acids.

[0384] In other embodiments, acyl-acyl carrier protein
(ACP) thioesterases (TEs) derived from various species
including Cuphea hookeriana, Cuphea palustris, Umbellu-
laria californica, and Cinnamomum camphorum may be
over-expressed in such microorganisms as E. coli, wherein
the specific activity for the formation of each medium chain
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fatty acids, caprylate (C8), caprate (C10), laurate (C12),
myristate (C14), and palmitate (C16) is improved over the
wild type. Certain embodiments may include other enzyme
components involved in fatty acid biosynthesis as known to a
person skilled in the arts, including, but not limited to, ACP
and p-ketoacyl ACP synthase (KAS) IV.

[0385] Microbial systems and isolated microorganisms of
the present application may also incorporate fatty aldehyde
dehydrogenases to reduce fatty acids to fatty aldehydes.
Merely by way of explanation, the conversion of fatty acids to
fatty aldehydes may be catalyzed by medium and/or long
chain fatty aldehyde dehydrogenases isolated from various
suitable organisms. Certain embodiments may incorporate,
for example, a fatty aldehyde dehydrogenase derived from
Vibrio harveyi.

[0386] Microbial systems and isolated microorganisms of
the present application may also incorporate one or more
enzymes that catalyze the conversion of fatty aldehydes to
biofuels such as n-alkanes, including, for example, enzymes
comprising an enzymatic long chain alcohol reduction path-
way. Certain embodiments may incorporate genes from vari-
ous other sources that encode enzymes capable of catalyzing
the reduction and dehydration of fatty acids to biofuels, such
as alkanes. For example, bacterial strain HD-1 is able to
produce biofuels, such as n-alkanes, with various chain
lengths, and also produces both odd and even numbered
alkanes. Certain embodiments of the microbial systems and
recombinant microorganisms provided herein may incorpo-
rate the HD-1 genes encoding the enzymes involved in this
pathway.

[0387] Other embodiments may incorporate redesigned or
de novo designed enzymes for this reduction pathway. For
example, embodiments of the present invention may include
a redesigned isocitrate dehydrogenase, which may catalyze
the formation of 2-carboxy-1-alcohols. In certain embodi-
ments, the 2-carboxy-1-alcohols may be sequentially reduced
and dehydrated to form 2-carboxy-alkanes, which may be
catalyzed by redesigned enzymes involved in fatty acid
metabolism. The 2-carboxy-alkanes can be reduced to corre-
sponding aldehyde by aldehyde dehydrogenase and then
decarbonylated to form n-alkanes catalyzed by the rede-
signed decarbonylase as discussed below. Certain embodi-
ments of these microbial systems may produce either even
numbered n-alkanes, odd numbered n-alkanes, or both.

[0388] Certain embodiments of the present application
may incorporate the genes encoding enzymes catalyzing
decarbonylation, or an enzymatic decarbonylation pathway.
Merely by way of example, green colonial alga Botyrococcus
braunii,race A, produces linear odd-numbered C27, C29, and
C31 hydrocarbons that total up to 32% of the alga’s dry
weight. Microsomal preparations of this organism have
decarbonylation activity. This decarbonylase from B. braunii
culture is a cobalt-protoporphyrin IX containing enzyme.
Certain microbial systems of isolated microorganisms may
incorporate the gene encoding fatty aldehyde decarbonylase
from Botyrococcus braunii.

[0389] Other embodiments may include redesigned decar-
bonylase enzymes, for example, wherein the N-terminal
membrane sequence is substituted. By way of explanation,
the functional activity of a similar enzyme, cytochrome P450
containing Fe-protopolphyrin IX (heme), is improved by sub-
stituting N-terminal membrane associated sequence, and the
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functional activity of decarbonylases of the present microbial
systems may comprise similar substitutions or improve-
ments.

[0390] Other embodiments may incorporate the genes
encoding a Co-porphyrin synthase. In explanation, decarbo-
nylase enzymes may use Co-protoporphyrin IX as a co-factor,
and Clostridium tetranomorphum is able to incorporate
cobalt into incubated protopolphyrin IX. Certain embodi-
ments may incorporate the Co-porphyrin synthase from
Clostridium tetranomorphum, or from other suitable micro-
organisms. Other embodiments may incorporate de novo
designed decarbonylation enzymes using inorganic metals
such as Co*, Fe**, and Ni** as catalysts.

[0391] Certain embodiments may comprise genes encod-
ing the enzymes responsible for the formation of alkenes, or
an enzymatic decarboxylation pathway. These genes may be
derived or isolated from various sources, such as higher plants
and insects. For example, higher plants such as germinating
safflower (Carthamus tinctorius L..) produce a number of odd
numbered 1-alkenes, including 1-pentadecene, 1-hepta-
decene, 1,8-heptadecadiene and 1,8,11-heptadecatriene
besides about 80-90% 1,8,11,14-heptadecatetraene by decar-
boxylation from their corresponding fatty acids. Certain
embodiments may incorporate the genes from higher plants
such as Carthamus tinctorius.

[0392] Other embodiments may incorporate the genes
encoding the enzymes responsible for the formation of alk-
enes (e.g., an enzymatic decarboxylation pathway) from
microorganisms, including, but not limited to, such as bacte-
rial strain DH-1. By way of explanation, bacterial strain DH-1
produces n-alkenes in addition to n-alkanes.

[0393] Other embodiments may incorporate the genes from
de novo designed enzymes for an enzymatic decarboxylation
pathway. For example, these redesigned enzymes convert
p-hydroxy fatty acids to n-alkenes. The first step is catalyzed
by a redesigned kinase, which catalyzes the phosphorylation
of'a p-hydroxy group. A redesigned mevalonate diphosphate
decarboxylase then catalyzes the formation of n-alkenes,
such as n-1-alkene.

[0394] Any microorganism may be utilized according to
the present invention. In certain aspects, a microorganism is a
eukaryotic or prokaryotic microorganism. In certain aspects,
a microrganism is a yeast, such as S. cerevisiae. In certain
aspects, a microorganism is a bacteria, such as a gram-posi-
tive bacteria or a gram-negative bacteria. Given its rapid
growth rate, well-understood genetics, the variety of available
genetic tools, and its capability in producing heterologous
proteins, genetically modified . coli may be used in certain
embodiments of a microbial system as described herein,
whether for the degradation and metabolism of a polysaccha-
ride, such as alginate or pectin, or the formation or biosyn-
thesis of commodity chemicals, such as biofuels.

[0395] Other microorganisms may be used according to the
present invention, based in part on the compatibility of
enzymes and metabolites to host organisms. For example,
other organisms such as Acetobacter aceti, Achromobacter,
Acidiphilium, Acinetobacter, Actinomadura, Actinoplanes,
Aeropyrum pernix, Agrobacterium, Alcaligenes, Ananas
comosus (M), Arthrobacter, Aspargillus niger, Aspargillus
oryze, Aspergillus melleus, Aspergillus pulverulentus,
Aspergillus saitoi, Aspergillus sojea, Aspergillus usamii,
Bacillus alcalophilus, Bacillus amyloliquefaciens, Bacillus
brevis, Bacillus circulans, Bacillus clausii, Bacillus lentus,
Bacillus licheniformis, Bacillus macerans, Bacillus stearo-
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thermophilus, Bacillus subtilis, Bifidobacterium, Brevibacil-
lus brevis, Burkholderia cepacia, Candida cylindracea, Can-
dida rugosa, Carica papaya (L), Cellulosimicrobium,
Cephalosporium, Chaetomium erraticum, Chaetomium
gracile, Clostridium, Clostridium butyricum, Clostridium
acetobutylicum, Clostridium thermocellum, Corynebacte-
rium (glutamicum), Corynebacterium efficiens, Escherichia
coli, Enterococcus, Erwina chrysanthemi, Gliconobacter,
Gluconacetobacter, Haloarcula, Humicola insolens, Humi-
cola nsolens, Kitasatospora setae, Klebsiella, Klebsiella oxy-
toca, Kluyveromyces, Kluyveromyces fragilis, Kluyveromy-
ces lactis, Kocuria, Lactlactis, Lactobacillus, Lactobacillus
fermentum, Lactobacillus sake, Lactococcus, Lactococcus
lactis, Leuconostoc, Methylocystis, Methanolobus siciliae,
Methanogenium organophilum, Methanobacterium bryantii,
Microbacterium imperiale, Micrococcus lysodeikticus,
Microlunatus, Mucor javanicus, Mycobacterium, Myroth-
ecium, Nitrobacter, Nitrosomonas, Nocardia, Papaya carica,
Pediococcus, Pediococcus halophilus, Penicillium, Penicil-
lium camemberti, Penicillium citrinum, Penicillium emerso-
nii, Penicillium roqueforti, Penicillum lilactinum, Penicillum
multicolor, Paracoccus pantotrophus, Propionibacterium,
Pseudomonas, Pseudomonas fluorvescens, Pseudomonas
denitrificans, Pyrococcus, Pyrococcus furiosus, Pyrococcus
horikoshii, Rhizobium, Rhizomucor miehei, Rhizomucor
pusillus Lindt, Rhizopus, Rhizopus delemar, Rhizopus japoni-
cus, Rhizopus niveus, Rhizopus oryzae, Rhizopus oli-
gosporus, Rhodococcus, Sccharomyces cerevisiae, Sclero-
tina libertina, Sphingobacterium multivorum, Sphingobium,
Sphingomonas, Streptococcus, Streptococcus thermophilus
Y-1, Streptomyces, Streptomyces griseus, Streptomyces liv-
idans, 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 rouxii, Zymomonas, and Zymomo-
nus mobilis, may be utilized as recombinant microorganisms
provided herein, and, thus, may be utilized according to the
various methods of the present invention.

[0396] The following Examples are offered by way of’illus-
tration, not limitation.
EXAMPLES
Example 1

Engineering E. Coli to Grow on Alginate as a Sole
Source of Carbon

[0397] Wild type E. coli cannot use alginate polymer or
degraded alginate as its sole carbon source (see FIG. 4).
Vibrio splendidus, however, is known to be able to metabolize
alginate to support growth. To generate recombinant E. coli
that use degraded alginate as its sole carbon source, a Vibrio
splendidus fosmid library was constructed and cloned into .
coli.

[0398] To prepare the Vibrio splendidus fosmid library,
genomic DNA was isolated from Vibrio Splendidus BO1 (gift
from Dr. Martin Polz, MIT) using the DNeasy Blood and
Tissue Kit (Qiagen, Valencia, Calif.). A fosmid library was
then constructed using Copy Control Fosmid Library Produc-
tion Kit (Epicentre, Madison, Wis.). This library consisted of
random genomic fragments of approximately 40 kb inserted
into the vector pCC1 FOS (Epicentre, Madison, Wis.).

Jun. 4, 2009

[0399] The fosmid library was packaged into phage, and E.
coli DH10B cells harboring a pDONR221 plasmid (Invitro-
gen, Carlsbad, Calif) carrying certain Vibrio splendidus
genes (V12B01_ 0242510 V12B01_02480; encoding a type
1I secretion apparatus; see SEQ ID NO:1) were transfected
with the phage library. This secretome region encodes a type
11 secretion apparatus derived from Vibrio splendidus, which
was cloned into a pPDONR221 plasmid and introduced into E.
coli strain DH10B (see Example 1).

[0400] Transformants were selected for chloroamphenicol
resistance and then screened for their ability to grow on
degraded alginate. The resultant transformants were screened
for growth on degraded alginate media. Degraded alginate
media was prepared by incubating 2% Alginate (Sigma-Ald-
rich, St. Louis, Mo.) 10 mM Na-Phosphate buffer, 50 mM
KCl, 400 mM NaCl with alginate lyase from Flavobacterium
sp. (Sigma-Aldrich, St. Louis, Mo.) at room temperature for
at least one week. This degraded alginate was diluted to a
concentration of 0.8% to make growth media that had a final
concentration of 1xM9 salts, 2 mM MgSO,, 100 uM CaCl2,
0.007% Leucine, 0.01% casamino acids, 1.5% NaCl (this
includes all sources of sodium: M9, diluted alginate and
added NaCl).

[0401] One fosmid-containing E. coli clone was isolated
that grew well on this media. The fosmid DNA from this clone
was isolated and prepared using FosmidMAX DNA Purifica-
tion Kit (Epicentre, Madison, Wis.). This isolated fosmid was
transferred back into DH10B cells, and these cells were tested
for the ability to grown on alginate.

[0402] The results are illustrated in FIG. 4, which shows
that certain fosmid-containing E. coli clones are capable of
growing on alginate as a sole source of carbon. Agrobacte-
rium tumefaciens provides a positive control (see hatched
circles). As a negative control, £. coli DH10B cells are not
capable of growing on alginate (see immediate left of positive
control).

[0403] These results also demonstrate that the sequences
contained within this Vibrio splendidus derived fosmid clone
are sufficient to confer on E. coli the ability to grow on
degraded alginate as a sole source of carbon. Accordingly, the
type 11 secretion machinery sequences contained within the
pDONR221 vector (i.e., SEQ ID NO:1), which was harbored
by the original DH10B cells, were not necessary for growth
on degraded alginate.

[0404] The isolated fosmid sufficient to confer growth algi-
nate as a sole source of carbon was sequenced by Elim Biop-
harmaceuticals (Hayward, Calif.) using the following prim-

ers: Uni
R3—GGGCGGCCGCAAGGGGTTCGCGTTGGCCGA
(SEQ 1D NO:147) and PCC1FOS_uni_F—

GGAGAAAATACCGCATCAGGCG (SEQ ID NO:148).
Sequencing showed that the vector contained a genomic
DNA section that contained the full length genes V12B01
24189 to V12B01_24249 (see SEQ ID NOS:2-64). SEQ ID
NO:2 shows the nucleotide sequence of entire region between
V12B01_24189 to V12B01_24249. SEQ ID NOS:3-64
show the individual putative genes contained within SEQ 1D
NO:2. In this sequence, there is a large gene before V12B01
24189 that is truncated in the fosmid clone. The large gene
V12B01 24184 is a putative protein with similarity to
autotransporters and belongs to COG3210, which is a cluster
of orthologous proteins that include large exoproteins
involved in heme utilization or adhesion. In the fosmid clone,
V12B01_24184 is N-terminally truncated such that the first
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5893 bp are missing from the predicted open reading frame
(which is predicted to contain 22889 bp in total).

Example 2

Engineering E. Coli to Grow on Pectin as a Sole
Source of Carbon

[0405] Wild type E. coli is not capable of growing on pec-
tin, di-, or tri-galacturonates as a sole source of carbon. To
identify the minimal components to confer on E. coli the
capability of growing on pectin, di- and/or tri-galacturonates
as a sole source of carbon, an E. coli strain BL21(DE3)
harboring both the pPBBRGal3P plasmid and the pTrcogl-
kdgR plasmid was engineered and tested for the ability to
grown on these polysaccharides.

[0406] ThepBBRGal3P plasmid was engineered to contain
certain genomic region of Erwinia carotovora subsp.
Atroseptica SCR11043, comprising several genes (kdgF,
kdul, kduD, pelW, togM, togN, toga, togB, kdgM, and paeX)
encoding certain enzymes (kdul, kduD, ogl, pelW and paeX),
transporters (togM, togN, togA, togB, and kdgM), and regu-
latory proteins (kdgR) responsible for the degradation of di-
and trigalacturonate. SEQ 1D NO:65 shows the nucleotide
sequence of the kdgF-PaeX region from Erwinia carotovora
subsp. Atroseptica SCR11043.

[0407] To construct this plasmid, the DNA sequence
encoding kdgF, kdul, kduD, pelW, togM, togN, togA, togB,
kdgM, paeX, ogl, and kdgR of Erwinia carotovora subsp.
Atroseptica SCR11043 was amplified by polymerase chain
reaction (PCR): 98° C. for 10 sec, 60° C. for 15 sec, and 72°
C. for 6 min, repeated 30 times. The reaction mixture con-
tained 1x Phusion buffer (NEB), 2 mM dNTP, 0.5 uM for-
ward (5-CGGGATCC  AAGTTGCAGGATATGAC-
GAAAGCG-3") (SEQ ID NO:149) and reverse (5'-GC
TCTAGA AGATTATCCCTGTCTGCGGAAGCGG-3")
(SEQ ID NO:150) primers, 1 U Phusion High Fidelity DNA
polymerase (NEB), and 50 ng Erwinia carotovora subsp.
Atroseptica SCR11043 genome (ATCC) in 50 pl.

[0408] The vector pPBBRIMCS-2 was then amplified by
polymerase chain reaction (PCR): 98° C. for 10 sec, 60° C. for
15 sec, and 72° C. for 2.5 min, repeated 30 times. The reaction
mixture contained 1x Phusion buffer (NEB),2 mM dNTP, 0.5
uM forward (5'-GCTCTAGA GGGGTGCCTAATGAGT-
GAGCTAAC-3") (SEQ ID NO:151) and reverse (5-CGG-
GATCC GCGTTAATATTTTGTTAAAATTCGC-3") (SEQ
1D NO:152) primers, 1 U Phusion High Fidelity DNA poly-
merase (NEB), and 50 ng pPBBR1MCS-2 in 50 ul. Both ampli-
fied DNA fragments were digested with BamHI and Xbal and
ligated.

[0409] The pTrcogl-kdgR plasmid was engineered to con-
tain certain genomic regions of Erwinia carotovora subsp.
Atroseptica SCR11043, comprising two genes (ogl and
kdgR) encoding an enzyme (ogl) and a regulatory protein
(kdgR) responsible for degradation of di- and trigalactur-
onate. SEQ ID NO:66 shows the nucleotide sequence of
ogl-kdgR from Erwinia carotovora subsp. Atroseptica
SCR11043.

[0410] To prepare this construct, the DNA sequence encod-
ing ogl and kdgR of Erwinia carotovora subsp. Atroseptica
SCR11043 was amplified by polymerase chain reaction
(PCR): 98° C. for 10 sec, 60° C. for 15 sec, and 72° C. for 4
min, repeated 30 times. The reaction mixture contained 1x
Phusion buffer (NEB), 2 mM dNTP, 0.5 uM forward (5'-
GCTCTAGA GTTTATGTCGCACCCGCCGTTGG-3")
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(SEQ ID NO:153) and reverse (5'-CCCAAGC TTA-
GAAAGGGAAATTGTGGTAGCCC-3") (SEQ ID NO:154)
primers, 1 U Phusion High Fidelity DNA polymerase (NEB),
and 50 ng Erwinia carotovora subsp. Atroseptica SCR11043
genome (ATCC) in 50 pl. The amplified DNA fragment was
digested with Xbal and HindIII and ligated into pTrc99A
pre-digested with the same restriction enzymes.

[0411] The plasmids pBBRGal3P and pTrcogl-kdgR were
co-transformed into E. coli strain BL21(DE3). A single
colony was inoculated into LB media containing 50 ug/ml
kanamycin and 100 ug/ml ampicillin, and the culture was
grown in incubation shaker with 200 rpm at 37 C. When
culture reached OD 600 nm of 0.6, 500 ul of culture was
transferred to eppendorf tube and centrifuged to pellet the
cells. The cells were resuspended into 50 ul of M9 media
containing 2 mM MgSO,, 100 uM CaCl,, 0.4% di- or triga-
lacturonate, and 5 ul of this solution was inoculated into 500
ul of fresh M9 media containing 2 mM MgSO,, 100 uM
CaCl,, 0.4% di- or trigalacturonate. The culture was grown in
incubation shaker with 200 rpm at 37 C.

[0412] Theresults in FIG. 5A show that these two plasmids
were sufficient to provide E. coli ability to grow on di- and
trigalacturonate as sole source of carbon, but not pectin. In
particular, these results show that the regions kdgF-paeX and
ogl-kdgR were sufficient to confer this ability on E. coli.
[0413] Based on the information obtained from the above
experiments, it was considered whether the introduction of
pectate lyase, pectate acetylesterase, and methylesterase
might confer E. coli capability of growing on pectin. To test
this hypothesis, E. coli strain DH5a bacterial cells were engi-
neered to contain both the pROU2 plasmid and the pPEL.74
plasmid.

[0414] The pROU2 plasmid contains certain genomic
regions of Erwinia chrysanthemi, comprising several genes
(kdgF, kdul, kduD, pelW, togM, togN, togA, togB, kdgM,
paeX, ogl, and kdgR) encoding enzymes (kdul, kduD, ogl,
pelW, and paeX), transporters (togM, togN, togA, togB, and
kdgM), and regulatory proteins (kdgR) responsible for deg-
radation of di- and trigalacturonate.

[0415] The pPEL74 plasmid contains certain genomic
regions of Erwinia chrysanthemi, comprising several genes
(pelA, pelE, paeY, and pem) encoding pectate lyases (pelA
and pelE), pectin acetylesterases (paeY), and pectin methyl-
esterase (pem).

[0416] AsshowninFIG. 5B, E. coli DH5a engineered with
pROU2 and pPEL74 was able to grow on pectin as a sole
source of carbon, showing that the genes contained within
these plasmids are sufficient to confer this property on an
organism that is otherwise incapable of growing on pectin as
a sole source of carbon.

Example 3

In Vitro Conversion of Alginate to Pyruvate and
Glyceraldehyde-3-Phosphate

[0417] The ability of an enzyme mixture containing all
required enzymes for alginate degradation and metabolism
was investigated for its ability to produce pyruvate from algi-
nate. In addition, various novel alcohol dehydrogenases
(ADHs), such as ADH1-12 (see SEQ ID NOS:69-92), iso-
lated from Agrobacterium tumefaciens, were tested for their
ability to catalyze either DEHU or mannuronate hydrogena-
tion.
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[0418] A simplified metabolic pathway for alginate degra-
dation and metabolism is shown in FIG. 2. Alginate can be
degraded by at least two different methodologies: enzymatic
and chemical methodologies.

[0419] In enzymatic degradation, the degradation of algi-
nate is catalyzed by a family of enzymes called alginate
lyases. For this experiment, Atu3025 was used. Atu3025 is an
exolytically acting enzyme and yields DEHU from alginate
polymer. DEHU is converted to the common hexuronate
metabolite, KDG. This reaction is catalyzed by alcohol dehy-
drogenases (e.g., DEHU hydrogenases).

[0420] Chemical degradation catalyzed by acid solution,
such as formate, yields a monosaccharide mannuronate.
Mannuronate is then converted to mannonate, which is cata-
lyzed by enzymes with mannonate dehydrogenase (mannur-
onate reductase) activity. In bacteria, mannonate dehydratase
(UxuA) catalyzes dehydration from mannuronate to form
KDG.

[0421] KDG is readily metabolized to form of pyruvate and
glyceraldehydes-3-phosphate (G3P). KDG is first phospho-
rylated to KDG-6-phosphate (KDGP), which is catalyzed by
KDG kinase, and then broken down to pyruvate and G3P,
which is catalyzed by KDGP aldolase.

[0422] Preparation of oligoalginate lyase Atu3025 derived
from Agrobacterium tumefaciens C58. pETAt3025 was con-
structed based on pET29 plasmid backbone (Novagen). The
oligoalginate lyase Atu3025 was amplified by PCR: 98° C.
for 10 sec, 55° C. for 15 sec, and 72° C. for 60 sec, repeated
for 30 times. The reaction mixture contained 1x Phusion
buffer, 2 mM dNTP, 0.5 pM forward (5'-GGAATTCCATAT-
GCGTCCCTCTGCCCCGGCC-3") (SEQ ID NO:155) and
reverse  (5'-CGGGATCCTTAGAACTGCTTGGGAAGG-
GAG-3") (SEQ ID NO:156) primers, 2.5 U Phusion DNA
polymerase (Finezyme), and an aliquot of Agrobacterium
tumefaciens C58 (gift from Professor Eugene Nester, Univer-
sity of Washington) cells as a template in total volume of 100
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pl. The amplified fragment was digested with Ndel and
BamHI and ligated into pET29 pre-digested with the same
enzymes using T4 DNA ligase to form pETAtu3025. The
constructed plasmid was sequenced (Elim Biopharmaceuti-
cals) and the DNA sequence of the insert was confirmed. The
nucleotide sequence of the Atu3025 insert is provided in SEQ
ID NO:67. The polypeptide sequence encoded by the
At3025 insert is provided in SEQ ID NO:68.

[0423] The pETAw3025 was transformed into Escherichia
coli strain BL21(DE3). A colony of BL.21(DE3) containing
pETAt3025 was inoculated into 50 ml of LB media contain-
ing 50 pg/ml kanamycin (Km>). This strain was grown in an
orbital shaker with 200 rpm at 37° C. The 0.2 mM IPTG was
added to the culture when the ODg ,,.,, reached 0.6, and the
induced culture was grown in an orbital shaker with 200 rpm
at 20° C. 24 hours after the induction, the cells were harvested
by centrifugation at 4,000 rpmxg for 10 min and the pellet
was resuspended into 2 ml of Bugbuster (Novagen) contain-
ing 10 pl of Lysonase™ Bioprocessing Reagent (Novagen).
The solution was again centrifuged at 4,000 rpmxg for 10 min
and the supernatant was obtained.

[0424] Construction of pETADHI1 through pETADHI12.
DNA sequences of ADH1-12 of Agrobacterium tumefaciens
C58 were amplified by polymerase chain reaction (PCR): 98°
C. for 10 sec, 60° C. for 15 sec, and 72° C. for 1 min, repeated
30 times. The reaction mixture contained 1x Phusion buffer
(NEB), 2 mM dNTP, 0.5 pM forward (Table 1) and reverse
(Table 1) primers, 1 U Phusion High Fidelity DNA poly-
merase (NEB), and 50 ng Agrobacterium tumefaciens C58
genome in 50 pl. Amplified DNA fragment was digested with
Ndel and BamHI and ligated into pET28 pre-digested with
the same restriction enzymes. For DNA sequences with inter-
nal Ndel or BamHI site, front and bottom half sequences of
each ADH were first amplified using described method. The
resulting two DNA fragments were gel purified and spliced
by overlapping PCR.

TABLE 1

Primers used to amplif

ADH1-12 from Agrobacterium tumefacieng C58.

A. tumefaciens

Forward Primer

Reverse Primer

Name C58

ADH1 Atulb57
ADH2 Atu2022
ADH3 Atu0626
ADH4 Atu5240
ADH5 Atulle3
ADH6 Atu2l51

GGAATTCCATATGTTCACAACGTCCGCCTA
(SEQ ID NO:276)

GCGGCCTCGGCCACATGGCCGTCAAGC
(SEQ ID NO:278)

GGAATTCCATATGGCTATTGCAAGAGGTTA
(SEQ ID NO:280)

GGAATTCCATATGACTAAAACAATGAAGGC
(SEQ ID NO:282)

TGGCAATACCGGACCCCGGCCCCGGTG
(SEQ ID NO:284)

GGAATTCCATATGACCGGGGCGAACCAGCC
(SEQ ID NO:286)

AGGCAACCGAGGCGTATGAGCGGCTAT
(SEQ ID NO:288)

GGAATTCCATATGACCATGCATGCCATTCA
(SEQ ID NO:290)

GGAATTCCATATGCGCGCGCTTTATTACGA
(SEQ ID NO:292)

GCTTGACGGCCATGTGGCCGAGGCCGC
(SEQ ID NO:277)

CGGGATCCTTAGGCGGCCTTCTGGCGCG
(SEQ ID NO:279)

CGGGATCCTTAAGCGTCGAGCGAGGCCA
(SEQ ID NO:281)

CACCGGGGCCGGGGTCCGGTATTGCCA
(SEQ ID NO:283)

CGGGATCCTTAGGCGGCGAGATCCACGA
(SEQ ID NO:285)

ATAGCCGCTCATACGCCTCGGTTGCCT
(SEQ ID NO:287)

CGGGATCCTTAAGCGCCGTGCGGAAGGA
(SEQ ID NO:289)

CGGGATCCTTATTCGGCTGCAAATTGCA
(SEQ ID NO:291)

CGGGATCCTTATTCGAACCGGTCGATGA
(SEQ ID NO:293)
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TABLE 1-continued
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Primers used to amplify ADH1-12 from Agrobacterium tumefaciens C58.

A. tumefaciens

Name C58 Forward Primer

Reverse Primer

ADH7 Atu2814 GGAATTCCATATGCTGGCGATTTTCTGTGA

(SEQ ID NO:294)
ADHS8 Atub447 GGAATTCCATATGAAAGCCTTCGTCGTCGA
(SEQ ID NO:296)
ADH9 Atu4087 GGAATTCCATATGAAAGCGATTGTCGCCCA
(SEQ ID NO:298)
ADH10 Atu4289 GGAATTCCATATGCCGATGGCGCTCGGGCA
(SEQ ID NO:300)
ADH11 Atu3027 GGAATTCCATATGAAACATTCTCAGGACAA
(SEQ ID NO:302)

CGGAAACGCACCACATGATCGGCGCCC
(SEQ ID NO:304)
ADH12 Atu3026 GGAATTCCATATGCAGCGTTTTACCAACAG
(SEQ ID NO:306)

CGGGATCCTTATGCGACCTCCACCATGC
(SEQ ID NO:295)

CGGGATCCTTAGGATGCGTATGTAACCA
(SEQ ID NO:297)

CGGGATCCTTAGGAAAAGGCGATCTGCA
(SEQ ID NO:299)

CGGGATCCTTAGAATTCGATGACTTGCC
(SEQ ID NO:301)

GGGCGCCGATCATGTGGTGCGTTTCCG
(SEQ ID NO:303)

CGGGATCCTTATGCCATACGTTCCATAT
(SEQ ID NO:305)

CGGGATCCTTAGGAAAACAGGACGCCGC
(SEQ ID NO:307)

Expression and Purification of ADH 1-10.

[0425] All plasmids were transformed into Escherichia coli
strain BL21(DE3). The single colonies of BL.21(DE3) con-
taining respective alcohol dehydrogenase (ADH) genes were
inoculated into 50 ml of LB media containing 50 ng/ml kana-
mycin (Km®?). These strains were grown in an orbital shaker
with 200 rpm at 37° C. The 0.2 mM IPTG was added to each
culture when the ODg, ,,,, reached 0.6, and the induced
culture was grown in an orbital shaker with 200 rpm at 20° C.
24 hours after the induction, the cells were harvested by
centrifugation at 4,000 rpmxg for 10 min and the pellet was
resuspended into 2 ml of Bugbuster (Novagen) containing 10
ul of Lysonase™ Bioprocessing Reagent (Novagen). The
solution was again centrifuged at 4,000 rpmxg for 10 min and
the supernatant was obtained.

Preparation of ~2% DEHU Solution by Enzymatic Degrada-
tion.

[0426] DEHU solution was enzymatically prepared. A 2%
alginate solution was prepared by adding 10 g of low viscos-
ity alginate into the 500 ml of 20 mM Tris-HCl1 (pH7.5)
solution. An approximately 10 mg of alginate lyase derived
from Flavobacterium sp. (purchased from Sigma-aldrich)
was added to the alginate solution. 250 ml ofthis solution was
then transferred to another bottle and the E. coli cell lysate
containing Atu3025 prepared above section was added. The
alginate degradation was carried out at room temperature
over night. The resulting products were analyzed by thin layer
chromatography, and DEHU formation was confirmed.

Preparation of D-Mannuronate Solution by Chemical Degra-
dation.

[0427] D-mannuronate solution was chemically prepared
based on the protocol previously described by Spoehr (Ar-
chive of Biochemistry, 14: pp 153-155). Fifty milligram of
alginate was dissolved into 800 uL. of ninety percent formate.
This solution was incubated at 100° C. for over night. For-
mate was then evaporated and the residual substances were
washed with absolute ethanol twice. The residual substance

was again dissolved into absolute ethanol and filtrated. Etha-
nol was evaporated and residual substances were resuspended
into 20 mL of 20 mM Tris-HCl (pH 8.0) and the solution was
filtrated to make a D-mannuronate solution. This D-mannu-
ronate solution was diluted 5-fold and used for assay.

Assay for DEHU Hydrogenase.

[0428] To identify DEHU hydrogenase, a NADPH depen-
dent DEHU hydrogenation assay was performed. 20 pl of
prepared cell lysate containing each ADH was added to 160 ul
of 20-fold deluted DEHU solution prepared in the above
section. 20 pl of 2.5 mg/ml of NADPH solution (20 mM
Tris-HCl, pH 8.0) was added to initiate the hydrogenation
reaction, as a preliminary study using cell lysate of A. fume-
faciens C58 have shown that DEHU hydrogenation requires
NADPH as a co-factor. The consumption of NADPH was
monitored an absorbance at 340 nm for 30 min using the
kinetic mode of ThermoMAX 96 well plate reader (Molecu-
lar Devises). E. coli cell lysate containing alcohol dehydro-
genase (ADH) 10 lacking a portion of N-terminal domain was
used in a control reaction mixture.

Assay for D-Mannuronate Hydrogenase.

[0429] To identify D-mannuronate hydrogenase, a NADPH
dependent D-mannuronate hydrogenation assay was per-
formed. 20 pl of prepared cell lysate containing each ADH
was added to 160 pl of D-mannuronate solution prepared in
the above section. 20 pl of 2.5 mg/ml of NADPH solution (20
mM Tris-HCI, pH 8.0) was added to initiate the hydrogena-
tion reaction. The consumption of NADPH was monitored an
absorbance at 340 nm for 30 min using the kinetic mode of
ThermoMAX 96 well plate reader (Molecular Devises). E.
coli cell lysate containing alcohol dehydrogenase (ADH) 10
lacking a portion of N-terminal domain was used in a control
reaction mixture.

Construction of pETkdgK.

[0430] DNA sequence of kdgK of Escherichia coli encod-
ing 2-keto-deoxy gluconate kinase was amplified by poly-
merase chain reaction (PCR): 98° C. for 10 sec, 60° C. for 15
sec, and 72° C. for 1 min, repeated 30 times. The reaction
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mixture contained 1x Phusion buffer (NEB),2 mM dNTP, 0.5
uM  forward (5-AGGTACGGTGAAATAA AGGAGG
ATATACATATGTCCAAAAAGATTGCCGT-3") (SEQ ID
NO:157) and reverse (5-TTTTCCTTTT
GCGGCCGCCCCGCTGGCATCGCCTCAC-3") (SEQ ID
NO:158) primers, 1 U Phusion High Fidelity DNA poly-
merase (NEB), and 50 ng Escherichia coli DH10B genome in
50 pl. Amplified DNA fragment was digested with Ndel and
Notl and ligated into pET29 pre-digested with the same
restriction enzymes.

Construction of pETkd2A.

[0431] DNA sequence of kdgA Escherichi coli encoding
2-keto-deoxy gluconate-6-phosphate aldolase was amplified
by polymerase chain reaction (PCR): 98° C. for 10 sec, 60° C.
for 15 sec, and 72° C. for 1 min, repeated 30 times. The
reaction mixture contained 1x Phusion buffer (NEB), 2 mM
dNTP, 0.5 uM forward (5'-GGCGATGCCAGCGTAA
AGGAGG ATATA
CATATGAAAAACTGGAAAACAAG-3") (SEQ D
NO:159) and reverse (5-TTTTCCTTTT
GCGGCCGCCCCAGCTTAGCGCCTTCTA-3") (SEQ ID
NO:160) primers, 1 U Phusion High Fidelity DNA poly-
merase (NEB), and 50 ng Escherichia coli DH10B genome in
50 pl. Amplified DNA fragment was digested with Ndel and
Notl and ligated into pET29 pre-digested with the same
restriction enzymes.

Protein Expression and Purification.

[0432] All plasmids (pETAt3025, pETADHII,
pETADHI12, pETkdgA, pETkdgK, and pETuxuA) were
transformed into Escherichia coli strain BL21(DE3). The
single colonies of BL.21(DE3) containing respective plas-
mids were inoculated into 50 ml of LB media containing 50
pg/ml kanamycin (KM>°). These strains were grown in an
orbital shaker with 200 rpm at 37° C. The 0.2 mM IPTG was
added to each culture when the OD, ,,,,, reached 0.6, and the
induced culture was grown in an orbital shaker with 200 rpm
at20° C. 24 hours after the induction, the cells were harvested
by centrifugation at 4,000 rpmxg for 10 min and the pellet
was resuspended into 2 ml of Bugbuster (Novagen) contain-
ing 10 pl of Lysonase™ Bioprocessing Reagent (Novagen)
and suggested amount of protease inhibitor cocktail
(SIGMA). The solution was again centrifuged at 4,000 rpmxg
for 10 min and the supernatant was obtained. The supernatant
was applied to Nickel-NTA spin column (Qiagen) to purify
His-tagged proteins.

[0433] The results of the assays for DEHU hydrogenase
activity and D-mannuronate hydrogenase activity of ADH1-
10 are shown in FIGS. 7A and 7B. These results demonstrate
that the novel enzymes ADH1 and ADH2 showed significant
DEHU hydrogenase activity (FIG. 7A), and that the novel
enzymes ADH3, ADH4, and ADH9 showed significant man-
nuronate hydrogenase activity (FIG. 7B).

In Vitro Pyruvate Formation.

[0434] The reaction mixture contained 1% alginate or
~0.5% mannuronate, ~5 ug of purified Atu3026 (ADH12) or
Atu3027 (ADH11), and ~5 ug of purified oligoalginate lyase
(At3025), UxuA, KdgK, and KdgA, 2 mM of ATP, and 0.6
mM of NADPH in 20 mM Tris-HC1 pH7.0. The reaction was
carried out over night and the pyruvate formation was moni-
tored by the pyruvate assay kit (BioVision, Inc).
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[0435] The results of in vitro pyruvate formation from algi-
nate mediated by enzymatic and chemical degradation are
shown in FIG. 6B and FIG. 6C, respectively. As can be seen
in these figures, alginate was converted to pyruvate via the
isolated enzymes. These results also show that each of
At3026 (ADHI12) and At3027 (ADHI11) are capable of
catalyzing both DEHU hydrogenase and mannuronate hydro-
genase reactions.

Example 4

Construction and Biological Activity of Biosynthesis
Pathways

Construction of Pathways:

[0436] A propionaldehyde biosynthetic pathway compris-
ing a threonine deaminase (ilvA) gene from Escherichia coli
and keto-isovalerate decarboxylase (kivd) from Lactococcus
lactis is constructed and tested for the ability to convert
L-threonine to propionaldehyde.

[0437] A butyraldehyde biosynthetic pathway comprising
a thiolase (atoB) gene from E. coli, p-hydroxy butyryl-CoA
dehydrogenase (hbd), crotonase (crt), butyryl-CoA dehydro-
genase (bcd), electron transfer flavoprotein A (etfA), and
electron transfer flavoprotein B (etfB)genes from
Clostridium acetobutyricum ATCC 824, and a coenzyme
A-linked butyraldehyde dehydrogenase (ald) gene from
Clostridium beijerinckii acetobutyricum ATCC 824 was con-
structed in . coli and tested for the ability to produce butyral-
dehyde. Also, a coenzyme A-linked alcohol dehydrogenase
(adhE2) gene from Clostridium acetobutyricum ATCC 824
was used as an alternative to ald and tested for the ability to
produce butanol.

[0438] An isobutyraldehyde biosynthetic pathway com-
prising an acetolactate synthase (alsS) from Bacillus subtilis
or (als) from Klebsiella pneumoniae subsp. preumoniae
MGH 78578 (codon usage was optimized for £. coli protein
expression) and acetolactate reductoisomerase (ilvC) and
2,3-dihydroxyisovalerate dehydratase (ilvD), genes from F.
coli and keto-isovalerate decarboxylase (kivd) from Lacto-
coccus lactis was constructed and tested for the ability to
produce isobutyraldehyde, as measured by isobutanal pro-
duction.

[0439] 3-methylbutyraldehyde and 2-methylbutyralde-
hyde biosynthesis pathways comprising an acetolactate syn-
thase (alsS) from Bacillus subtilis or (als) from Klebsiella
preumoniae subsp. preumoniae MGH 78578 (codon usage
was optimized for E. coli protein expression), acetolactate
reductoisomerase (ilvC), 2,3-dihydroxyisovalerate dehy-
dratase (ilvD), isopropylmalate synthase (LeuA), isopropyl-
malate isomerase (LeuC and LeuD), and 3-isopropylmalate
dehydrogenase (LeuB) genes from F. co/i and keto-isovaler-
ate decarboxylase (kivd) from Lactococcus lactis were con-
structed and tested for the ability to produce 3-isovaleralde-
hyde and 2-isovaleraldehyde.

[0440] Phenylacetoaldehyde and 4-hydroxyphenylacetoal-
dehyde biosynthesis pathways comprising a transketolase
(tktA), a 3-deoxy-7-phosphoheptulonate synthase (aroF,
aroG, and aroH), 3-dehydroquinate synthase (aroB), a 3-de-
hydroquinate dehydratase (aroD), a dehydroshikimate reduc-
tase (arol), a shikimate kinase II (arol.), a shikimate kinase I
(aroK), a S-enolpyruvylshikimate-3-phosphate synthetase
(aroA), a chorismate synthase (aroC), a fused chorismate
mutase P/prephenate dehydratase (pheA), and a fused choris-
mate mutase T/prephenate dehydrogenase (tyrA) genes from
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E. coli, keto-isovalerate decarboxylase (kivd) from Lactococ-
cus lactis were constructed and tested for the ability to pro-
duce phenylacetoaldehyde and/or 4-hydroxyphenylacetoal-
dehyde.

[0441] A 2-phenylethanol, 2-(4-hydroxyphenyl)ethanol,
and 2-(indole-3-)ethanol biosynthesis pathway comprising a
transketolase (tktA), a 3-deoxy-7-phosphoheptulonate syn-
thase (aroF, aroG, and aroH), 3-dehydroquinate synthase
(aroB), a 3-dehydroquinate dehydratase (aroD), a dehy-
droshikimate reductase (aroE), a shikimate kinase II (arol), a
shikimate kinase [ (aroK), a 5S-enolpyruvylshikimate-3-phos-
phate synthetase (aroA), a chorismate synthase (aroC), a
fused chorismate mutase P/prephenate dehydratase (pheA),
and a fused chorismate mutase T/prephenate dehydrogenase
(tyrA) genes from E. coli, keto-isovalerate decarboxylase
(kivd) from Lactococcus lactis, alcohol dehydrogenase
(adh2) from Saccharomyces cerevisiae, Indole-3-pyruvate
decarboxylase (ipdc) from Azospirillum brasilense, phenyle-
thanol reductase (par) from Rhodococcus sp. ST-10, and ben-
zaldehyde lyase (bal) from Pseudomonas fluorescence was
constructed and tested for the ability to produce 2-phenyle-
thanol, 2-(4-hydroxyphenyl)ethanol and/or 2-(indole-3 )etha-
nol.

Construction of pPBADButP.

[0442] The DNA sequence encoding hbd, crt, bed, etfA,
and etfB of Clostridium acetobutyricum ATCC 824 was
amplified by polymerase chain reaction (PCR): 98° C. for 10
sec, 60° C. for 15 sec, and 72° C. for 3 min, repeated 30 times.
The reaction mixture contained 1x Phusion buffer (NEB), 2
mM dNTP, 0.5 uM forward (5-ccc
GAGCTCTTAGGAGGATTAGTCATGGAAC-3") (SEQ ID
NO:161) and reverse (5'-GCTCTAGA
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CTCCTTAATTCAACCGTTCAATCACCATC-3' (SEQ ID
NO:146) for atoB and 5'-CCCAAGCTTAGCCGGCAAG-
TACACATCTTC-3' for ald) (SEQ ID NO:167) primers, 1 U
Phusion High Fidelity DNA polymerase (NEB), and 50 ng
Escherichia coli DHI10B and Clostridium beijerinckii
genome (ATCC) in 501, respectively. The amplified DNA
fragments were gel purified and eluted into 30 ul of EB buffer
(Qiagen). 5 ul from each DNA solution was combined and
each DNA fragment was spliced by another round of PCR:
98° C. for 10 sec, 60° C. for 15 sec, and 72° C. for 2 min,
repeated 30 times. The reaction mixture contained 1x Phu-
sion buffer (NEB), 2 mM dNTP, 0.5 uM forward (5'-
CGAGCTC AGGAGGATATATATATGAAAAATTGTGT-
CATCGTCAGTG-3") (SEQ ID NO:168) and reverse (5'-
CCCAAGCTTAGCCGGCAAGTACACATCTTC-3") (SEQ
1D NO:169) primers, 1 U Phusion High Fidelity DNA poly-
merase (NEB). The spliced fragment was digested with Sacl
and HindIII and ligated into pPBADButP pre-digested with the
same restriction enzymes.

Construction of pPBADButP-atoB-ALD.

[0445] The DNA fragment 1 encoding chloramphenicol
acetyltransferase (CAT), P15 origin of replication, araBAD
promoter, atoB of FEscherichia coli DH10B and ald of
Clostridium beijerinckii and the DNA fragment 2 encoding
araBAD promoter, hbd, crt, bed, etfA, and etfB of
Clostridium acetobutyricum ATCC 824 were amplified sepa-
rately by polymerase chain reaction (PCR): 98° C. for 10 sec,
60° C. for 15 sec, and 72° C. for 4 min, repeated 30 times. The
reaction mixture contained 1x Phusion buffer (NEB), 2 mM
dNTP, 0.5 M  forward  (5-AAGGAAAAAA
GCGGCCGCCCCTGAACCGACGACCGGGTCG-3"

TTATTTTGAATAATCGTAGAAACC-3") (SEQ D
NO:162) primers, 1 U Phusion High Fidelity DNA poly-
merase (NEB), and 50 ng Clostridium acetobutyricum ATCC
824 genome (ATCC) in 50 pl. Amplified DNA fragment was
digested with BamHI and Xbal and ligated into pBAD33
pre-digested with the same restriction enzymes.
Construction of pPBADButP-atoB.

[0443] The DNA sequence encoding atoB of Escherichia
coli DH10B was amplified by polymerase chain reaction
(PCR): 98° C. for 10 sec, 60° C. for 15 sec, and 72° C. for 1
min, repeated 30 times. The reaction mixture contained 1x
Phusion buffer (NEB), 2 mM dNTP, 0.5 uM forward (5'-GC
TCTAGAGGAGGATATATATATGAAAAATTGTGTCATC
GTC-3") (SEQ ID NO:163) and reverse (5'-AA
CTGCAGTTAATTCAACCGTTCAATCACC-3") (SEQ ID
NO:164) primers, 1 U Phusion High Fidelity DNA poly-
merase (NEB), and 50 ng Escherichia coli DH10B genome in
50 pl. Amplified DNA fragment was digested with Xbal and
Pstl and ligated into pBADButP pre-digested with the same
restriction enzymes.

Construction of pBADatoB-ald.

[0444] The DNA sequence encoding atoB of Escherichia
coli DH10B and ald from Clostridium beijerinckii were
amplified separately by polymerase chain reaction (PCR):
98¢ C. for 10 sec, 60° C. for 15 sec, and 72° C. for 1 min,
repeated 30 times. The reaction mixture contained 1x Phu-
sion buffer (NEB), 2 mM dNTP, 0.5 uM forward (5'-
CGAGCTC AGGAGGATATATATATGAAAAATTGTGT-
CATCGTCAGTG-3") (SEQ ID NO:165) for atoB and
5'-GGTTGAATTAAGGAGGATATATATAT-
GAATAAAGACACACTAATACCTAC-3' for ald) (SEQ ID
NO:166) and reverse (5'-GTCTTTATTCATATATATATC-

(SEQ ID NO:170) for fragment 1 and 5'-CGG
GGTACCACTTTTCATACTCCCGCCATTCAG-3' (SEQ
ID NO:274) for fragment 2, and reverse (5'-CGG
GGTACCGCGGATACATATTTGAATGTATTTAG-3")
(SEQ ID NO:171) for fragment 1 and (5-AAGGAAAAAA
GCGGCCGCGCGGATACATATTTGAATGTATTTAG-3")
(SEQID NO:172) for fragment 2) primers, 1 U Phusion High
Fidelity DNA polymerase (NEB), and 50 ng pBADatoB-ald
and pBADButP in 50 pl, respectively. Amplified DNA frag-
ments were digested with Notl and Kpnl and ligated each
other.

Construction of pBADilvCD.

[0446] The DNA fragments encoding ilvC and ilvD of
Escherichia coli DH10B were amplified separately by poly-
merase chain reaction (PCR): 98° C. for 10 sec, 60° C. for 15
sec, and 72° C. for 1 min, repeated 30 times. The reaction
mixture contained 1x Phusion buftfer (NEB), 2 mM dNTP, 0.5
uM  forward  (5'-GCTCTAGAGGAGGATATATATAT
GGCTAACTACTTCAATACAC-3") (SEQ ID NO:173) for
ilvC and 5-TGCTGTTGCGGGTTAAGGAG-
GATATATATATGCCTAAGTACCGTTCCGCC-3' for ilvD)
(SEQ ID NO:174) and reverse (5'-AACGGTACTTAG-
GCATATATATATCCTCCTTAACCCGCAA-

CAGCAATACG-3") (SEQ ID NO:175) for ilvC and 5'-AC
ATGCATGCTTAACCCCCCAGTTTCGATT-3") (SEQ ID
NO:176) for ilvD) primers, 1 U Phusion High Fidelity DNA
polymerase (NEB), and 50 ng Escherichia coli DH10B
genome (ATCC) in 50 ul. The amplified DNA fragments were
gel purified and eluted into 30 ul of EB buffer (Qiagen). 5 ul
from each DNA solution was combined and each DNA frag-
ment was spliced by another round of PCR: 98° C. for 10 sec,
60° C. for 15 sec, and 72° C. for 2 min, repeated 30 times. The
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reaction mixture contained 1x Phusion buffer (NEB), 2 mM
dNTP, 0.5 pM forward (5'-GCTCTAGAGGAGGATATATA
TATGGCTAACTACTTCAATACAC-3") (SEQ ID NO:177)
and reverse (5'-AC
ATGCATGCTTAACCCCCCAGTTTCGATT-3") (SEQ ID
NO:178) primers, 1 U Phusion High Fidelity DNA poly-
merase (NEB). The spliced fragment was digested with Xbal
and Sphl and ligated into pBAD?33 pre-digested with the same
restriction enzymes.

Construction of pBADals-ilvCD.

[0447] The DNA fragmentencoding als of Klebsiella pneu-
moniae subsp. preumoniae MGH 78578 of its codon usage
optimized for over-expression in E. coli was amplified by
polymerase chain reaction (PCR): 98° C. for 10 sec, 60° C. for
15 sec, and 72° C. for 1 min, repeated 30 times. The reaction
mixture contained 1x Phusion buffer (NEB),2 mM dNTP, 0.5
uM  forward (5'-CCCGAGCTCAGGAGGATATATATAT
GGATAAACAGTATCCGGT-3") (SEQ ID NO:179) and
reverse (5'-GC
TCTAGATTACAGAATTTGACTCAGGT-3") (SEQ ID
NO:180) primers, 1 U Phusion High Fidelity DNA poly-
merase (NEB), and 50 ng pETals in 50 pl. The amplified DNA
fragment was digested with Sacl and Xbal and ligated into
pBADIlvCD pre-digested with the same restriction enzymes.
Construction of pBADalsS-ilvCD.

[0448] The DNA fragments encoding front and bottom
halves of alsS of Bacillus subtilis B26 were amplified by
polymerase chain reaction (PCR): 98° C. for 10 sec, 60° C. for
15 sec, and 72° C. for 0.5 min, repeated 30 times. The reaction
mixture contained 1x Phusion buffer (NEB),2 mM dNTP, 0.5
uM  forward (5'-CCCGAGCTCAGGAGGATATATATATG
TTGACAAAAGCAACAAAAG-3") (SEQ ID NO:181) for
front and 5-CGGTACCCTTTCCAGAGATTTAGAG-3'
(SEQ ID NO:275) for back halves, and reverse (5'-
CTCTAAATCTCTGGAAAGGGTACCG-3") (SEQ 1D
NO:182) for front and (5'-GC
TCTAGATTAGAGAGCTTTCGTTTTCATG-3' for back
halves) (SEQID NO:183) primers, 1 U Phusion High Fidelity
DNA polymerase (NEB), and 50 ng Bacillus subtilis B26
genome (ATCC) in 50 ul. The amplified DNA fragments were
gel purified and eluted into 30 ul of EB buffer (Qiagen). 5 ul
from each DNA solution was combined and each DNA frag-
ment was spliced by another round of PCR: 98° C. for 10 sec,
60° C. for 15 sec, and 72° C. for 1 min, repeated 30 times. The
reaction mixture contained 1x Phusion buffer (NEB), 2 mM
dNTP, 0.5 pM forward (5'-CCCGAGCTCAGGAGGAT
ATATATATGTTGACAAAAGCAACAAAAG-3") (SEQ ID
NO:184) and reverse (5'-GC
TCTAGATTAGAGAGCTTTCGTTTTCATG-3") (SEQ ID
NO:185) primers, 1 U Phusion High Fidelity DNA poly-
merase (NEB). The spliced fragment was internal Xbal site
free and thus was digested with Sacl and Xbal and ligated into
pBADIlvCD pre-digested with the same restriction enzymes.
Construction of pPBADLeuABCD.

[0449] The DNA fragment encoding leuA, leuB, leuC, and
leuD of Escherichia coli BL21(DE3) was amplified by poly-
merase chain reaction (PCR): 98° C. for 10 sec, 60° C. for 15
sec, and 72° C. for 3 min, repeated 30 times. The reaction
mixture contained 1x Phusion buffer (NEB),2 mM dNTP, 0.5
uM forward (5'-CGAGCTCAGGAGGATATATATATGAG
CCAGCAAGTCATTATTTTCG-3") (SEQ ID NO:186) and
reverse (5'-AAAA
CTGCAGCGTTTGATGACGTGGACGATAGCGG-3")
(SEQ ID NO:187) primers, 1 U Phusion High Fidelity DNA
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polymerase (NEB), and 50 ng Escherichia coli BL21(DE3)
genome in 50 pl. The amplified DNA fragment was digested
with Sacl and Xbal and ligated into pBAD33 pre-digested
with the same restriction enzymes.

Construction of pPBADLeuABCD2.

[0450] The DNA fragment 1 encoding leuA and leuB and
the DNA fragment 2 encoding leuC and leuD of Escherichia
coli BL21 (DE3) were amplified by polymerase chain reac-
tion (PCR): 98° C. for 10 sec, 60° C. for 15 sec, and 72° C. for
1 min, repeated 30 times. The reaction mixture contained 1x
Phusion buffer (NEB), 2 mM dNTP, 0.5 uM forward (5'-CG
AGCTCAGGAGGATATATATATGAGCCAGCAAGTCAT
TATTTTCG-3") (SEQ ID NO:188) for fragment 1 and (5'-
AGGGGTGTAAGGAGGATATATATATG-
GCTAAGACGTTATACGAAAAATTG-3") (SEQ ID
NO:189) for fragment 2 and reverse (5'-CGTCTTAGC-
CATATATATATCCTCCTTACACCCCT-
TCTGCTACATAGCGG-3") (SEQ ID NO:190) for fragment
1 and (5-AAAA
CTGCAGCGTTTGATGACGTGGACGATAGCGG-3")
(SEQ ID NO:191) for fragment 2 primers, 1 U Phusion High
Fidelity DNA polymerase (NEB), and 50 ng Escherichia coli
BL21(DE3) genome in 50 pl, respectively. The amplified
DNA fragments were gel purified and eluted into 30 ul of EB
buffer (Qiagen). 5 ul from each DNA solution was combined
and each DNA fragment was spliced by another round of
PCR: 98°C. for 10 sec, 60° C. for 15 sec, and 72° C. for 3 min,
repeated 30 times. The reaction mixture contained 1x Phu-
sion buffer (NEB), 2 mM dNTP, 0.5 uM forward (5'-CG
AGCTCAGGAGGATATATATATGAGCCAGCAAGTCAT
TATTTTCG-3") (SEQ ID NO:192) and reverse (5'-AAAA
CTGCAGCGTTTGATGACGTGGACGATAGCGG-3")
(SEQ ID NO:193) primers, 1 U Phusion High Fidelity DNA
polymerase (NEB). The spliced fragment was digested with
Sacl and Xbal and ligated into pPBAD33 pre-digested with the
same restriction enzymes.

Construction of pPBADLeuABCDA4.

[0451] The DNA fragments encoding leuA, leuB, leuC and
leuD of Escherichia coli BL21(DE3) were amplified by poly-
merase chain reaction (PCR): 98° C. for 10 sec, 60° C. for 15
sec, and 72° C. for 1 min, repeated 30 times. The reaction
mixture contained 1x Phusion buftfer (NEB), 2 mM dNTP, 0.5
uM forward (5-CGAGCTCAGGAGGATATATATATGAG
CCAGCAAGTCATTATTTTCG-3") (SEQ ID NO:194) for
leuA, (5'-GAAACCGTGTGAGGAGGATATATATAT-
GTCGAAGAATTACCATATTGCCG-3") (SEQ ID NO:195)
for leuB, (5-AGGGGTGTAAGGAGGATATATATATG-
GCTAAGACGTTATACGAAAAATTG-3") (SEQ ID
NO:196) for leuC, and (5-ACATTAAATAAGGAG-
GATATATATATGGCAGAGAAATTTATCAAACACAC-3")
(SEQ ID NO:197) for leuD and reverse (5'-ATTCTTCGA-
CATATATATATCCTCCTCACACGGTTTC-
CTTGTTGTTTTCG-3") (SEQ ID NO:198) for leuA, (5'-
CGTCTTAGCCATATATATATCCTCCTTACACCCCTTCT
GCTACATAGCGG-3") (SEQ ID NO:199) for leuB, (5'-
TTTCTCTGCCATATATATATCCTCCT-
TATTTAATGTTGCGAATGTCGGCG-3") (SEQ D
NO:200) for leuC, and (5-AAAACTGCAGCGTTTGAT-
GACGTGGACGATAGCGG-3") (SEQ ID NO:201) for leuD
primers, 1 U Phusion High Fidelity DNA polymerase (NEB),
and 50 ng Escherichia coli BL21(DE3) genome in 50 ul,
respectively. The amplified DNA fragments were gel purified
and eluted into 30 ul of EB buffer (Qiagen). 5 ul from each
DNA solution was combined and each DNA fragment was
spliced by another round of PCR: 98° C. for 10 sec, 60° C. for
15 sec, and
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72° C. for 3 min, repeated 30 times. The reaction mixture
contained 1x Phusion buffer (NEB), 2 mM dNTP, 0.5 uM
forward (5'-CGAGCTCAGGAGGATATATATATGAGCCA
GCAAGTCATTATTTTCG-3") (SEQ ID NO:202) and
reverse (5'-AAAA
CTGCAGCGTTTGATGACGTGGACGATAGCGG-3")
(SEQ ID NO:203) primers, 1 U Phusion High Fidelity DNA
polymerase (NEB). The spliced fragment was digested with
Sacl and Xbal and ligated into pPBAD33 pre-digested with the
same restriction enzymes.

Construction of pBADals-ilvCD-leuABCD, pBADals-il-
vCD-leuABCD2 pBADals-ilvCD-leuABCD4 pBADalsS-il-
vCD-leuABCD, pBADalsS-ilvCD-leuABCD2 pBADalsS-
ilvCD-leuABCDA4.

[0452] The DNA fragments 1 (for als) and 2 (for alsS)
encoding chloramphenicol acetyltransferase (CAT), P15 ori-
gin of replication, araBAD promoter, als of Klebsiella pneu-
moniae subsp. preumoniae MGH 78578 of its codon usage
optimized for over-expression in E. coli or alsS of Bacillus
subtilis B26 and ilvC and ilvD of E. col/i DH 10B were
amplified separately by polymerase chain reaction (PCR):
98¢ C. for 10 sec, 60° C. for 15 sec, and 72° C. for 4 min,
repeated 30 times. The reaction mixture contained 1x Phu-
sion buffer (NEB), 2 mM dNTP, 0.5 uM forward (5'-AAG-
GAAAAAA
GCGGCCGCCCCTGAACCGACGACCGGGTCG-3"
(SEQ D NO:204) and reverse (5'-CGG
GGTACCGCGGATACATATTTGAATGTATTTAG-3")
(SEQ ID NO:205) primers, 1 U Phusion High Fidelity DNA
polymerase (NEB), and 50 ng pBADals-ilvCD and pBAD-
alsS-ilvCD in 50 ul, respectively.

[0453] To remove an internal Sphl restriction enzyme site
form leuC, overlap PCR was carried out. The front and bot-
tom halves of DNA fragment 3 (for leuABCD), fragment 4
(for leuABCD?2), and fragment 5 (for leuABCD4) encoding
araBAD promoter, leuA, leuB, leuC, and leuD of E. cofi
BL21(DE3) were amplified separately by polymerase chain
reaction (PCR): 98° C. for 10 sec, 60° C. for 15 sec, and 72°
C. for 4 min, repeated 30 times. The reaction mixture con-
tained 1x Phusion buffer (NEB), 2 mM dNTP, 0.5 uM for-
ward (5-AAGGAAAAAA
GCGGCCGCACTTTTCATACTCCCGCCATTCAG-3")
(SEQ ID NO:206) for front and (5'-CAAAGGCCGTCTG-
CACGCGCCGAAAGGCAAA-3") (SEQ ID NO:207) for
back halves) and reverse (5-TTTGCCTTTCGGCGCGTG-
CAGACGGCCTTTG-3") (SEQ ID NO:208) for front and
(5-AC
ATGCATGCCGTTTGATGACGTGGACGATAGCGG-3")
(SEQ ID NO:209) for bottom halves, 1 U Phusion High
Fidelity DNA polymerase (NEB), and 50 ng pBA-
DleuABCD, pBADIleuABCD2, and pBADleuABCD4 in 50
ul, respectively. The amplified DNA fragments were gel puri-
fied and eluted into 30 ul of EB buffer (Qiagen). 5 ul from
each DNA solution was combined and each DNA fragment
was spliced by another round of PCR: 98° C. for 10 sec, 60°
C. for 15 sec, and 72° C. for 4 min, repeated 30 times. The
reaction mixture contained 1x Phusion buffer (NEB), 2 mM
dNTP, 05 uM  forward (5-AAGGAAAAAA
GCGGCCGCACTTTTCATACTCCCGCCATTCAG-3")
(SEQ 1D NO:210) and reverse (5'-AC
ATGCATGCCGTTTGATGACGTGGACGATAGCGG-3")
(SEQ ID NO:211) primers, 1 U Phusion High Fidelity DNA
polymerase (NEB). The resulting fragment 3, 4, and 5 were
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digested with Sphl and NotI and ligated into both fragment 1
and 2 pre-digested with the same restriction enzymes.
Construction of pPBADaroG-tktA-aroBDE.

[0454] The DNA fragments encoding aroG, tktA, aroB,
aroD, and aroE of Escherichia coli BL21(DE3) were ampli-
fied by polymerase chain reaction (PCR): 98° C. for 10 sec,
60° C. for 15 sec, and 72° C. for 1 min, repeated 30 times. The
reaction mixture contained 1x Phusion buffer (NEB), 2 mM
dNTP, 0.5 uM forward (5'-ccc
GAGCTCAGGAGGATATATAT ATGAATTATCAGAAC-
GACGATTTAC-3") (SEQ ID NO:212) for aroG, (5'-
GCGTCGCGGGTAAGGAGGAAAATTTTAT-
GTCCTCACGTAAAGAGCTTGCC-3") (SEQ ID NO:213)
for tktA, (5'-GAACTGCTGTAAGGAGGTTAAAATTATG-
GAGAGGATTGTCGTTACTCTCG-3") (SEQ ID NO:214)
for aroB,}(5'-CAATCAGCGTAAGGAGGTATATATAAT-
GAAAACCGTAACTGTAAAAGATC-3") (SEQ D
NO:215) for aroD, and (5'-TACACCAGGCATAAGGAG-
GAATTAATTATGGAAACCTATGCTGTTTTTGG-3")
(SEQID NO:216) for aroE and reverse (5'-TACGTGAGGA-
CATAAAATTTTCCTCCTTACCCGC-
GACGCGCTTTTACTGC-3") (SEQ ID NO:217) for aroG,
(5'-CAATCCTCTCCATAATTTTAACCTCCT-
TACAGCAGTTCTTTTGCTTTCGC-3") (SEQ ID NO:218)
for tktA, (5'-CAATCAGCGTAAGGAGGTATATATAAT-
GAAAACCGTAACTGTAAAAGATC-3") (SEQ D
NO:219) for aroB, (5'-TACGGTTTTCATTATATATACCTC-
CTTACGCTGATTGACAATCGGCAATG-3") (SEQ 1D
NO:220) for aroD, and (5'-AC
ATGCATGCTTACGCGGACAATTCCTCCTGCAA-3")
(SEQ ID NO:221) for aroE, 1 U Phusion High Fidelity DNA
polymerase (NEB), and 50 ng Escherichia coli BL21(DE3)
genome in 50 i, respectively. The amplified DNA fragments
were gel purified and eluted into 30 ul of EB buffer (Qiagen).
5 ul from each DNA solution was combined and each DNA
fragment was spliced by another round of PCR: 98° C. for 10
sec, 60° C. for 15 sec, and 72° C. for 3 min, repeated 30 times.
The reaction mixture contained 1xPhusion buffer (NEB), 2
mM dNTP, 0.5 pM forward (5'-CCCGAGCTCAG
GAGGATATATATATGAATTATCAGAACGACGATTTAC-
3y (SEQ ID NO:222) and reverse (5'-AC
ATGCATGCTTACGCGGACAATTCCTCCTGCAA-3")
(SEQ ID NO:223) primers, 1 U Phusion High Fidelity DNA
polymerase (NEB). The spliced fragment was digested with
Sacl and Sphl and ligated into pBAD?33 pre-digested with the
same restriction enzymes.

Construction of pPBADpheA-aroL AC.

[0455] The DNA fragments encoding pheA, arol, aroA,
and aroC of Escherichia coli DH10 were amplified by poly-
merase chain reaction (PCR): 98° C. for 10 sec, 60° C. for 15
sec, and 72° C. for 1 min, repeated 30 times. The reaction
mixture contained 1x Phusion buftfer (NEB), 2 mM dNTP, 0.5
uM  forward (5'-CCCGAGCTCAGGAGGATATATATATG
ACATCGGAAAACCCGTTACTGG-3") (SEQ ID NO:224)
for pheA, (5-GATCCAACCTAAGGAGGAAAATTTTAT-
GACACAACCTCTTTTTCTGATCG-3") (SEQ ID NO:225)
for aroL, (5-GATCAATTGTTAAGGAGG-
TATATATAATGGAATCCCTGACGTTACAACCC-3")
(SEQ ID NO:226) for aroA, and (5'-CAGGCAGCCTAAG-
GAGGAATTAATTATGGCTGGAAACA-
CAATTGGACAAC-3") (SEQ ID NO:227) for aroC and
reverse (5-AGGTTGTGTCATAAAATTTTCCTCCT-
TAGGTTGGATCAACAGGCACTACG-3") (SEQ 1D
NO:228) for pheA, (5-CAGGGATTCCATTATATATAC-
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CTCCTTAACAATTGATCGTCTGTGCCAGG-3") (SEQ
ID NO:229) for aroL,, (5'-GTTTCCAGCCATAATTAATTC-
CTCCTTAGGCTGCCTGGCTAATCCGCGCC-3") (SEQ
1D NO:230) for aroA, and (5'-AC
ATGCATGCTTACCAGCGTGGAATATCAGTCTTC-3")
(SEQ ID NO:231) for aroC primers, 1 U Phusion High Fidel-
ity DNA polymerase (NEB), and 50 ng Escherichia coli
BL21(DE3) genome in 50 pl, respectively. The amplified
DNA fragments were gel purified and eluted into 30 ul of EB
buffer (Qiagen). 5 ul from each DNA solution was combined
and each DNA fragment was spliced by another round of
PCR: 98°C. for 10 sec, 60° C. for 15 sec, and 72° C. for 4 min,
repeated 30 times. The reaction mixture contained 1x Phu-
sion buffer NEB), 2 mM dNTP, 0.5 uM forward (5'-CCC
GAGCTCAGGAGGATATATATATGACATCGGAAAACC
CGTTACTGG-3") (SEQ ID NO:232) and reverse (5'-AC
ATGCATGCTTACCAGCGTGGAATATCAGTCTTC-3")
(SEQ ID NO:233) primers, 1 U Phusion High Fidelity DNA
polymerase (NEB). The spliced fragment was digested with
Sacl and Sphl and ligated into pBAD?33 pre-digested with the
same restriction enzymes.

Construction of pPBADtyrA-aroLAC.

[0456] The DNA fragments encoding pheA, arol, aroA,
and aroC of Escherichia coli DH10 were amplified by poly-
merase chain reaction (PCR): 98° C. for 10 sec, 60° C. for 15
sec, and 72° C. for 1 min, repeated 30 times. The reaction
mixture contained 1x Phusion buffer (NEB),2 mM dNTP, 0.5
uM forward (5'-CCCGAGCTCAGGAGGATATATATATGG
TTGCTGAATTGACCGCATTAC-3") (SEQ ID NO:234) for
tyrA, (5-AATCGCCAGTAAGGAGGAAAATTTTAT-
GACACAACCTCTTTTTCTGATCG-3") (SEQ ID NO:235)
for aroL, (5-GATCAATTGTTAAGGAGG-
TATATATAATGGAATCCCTGACGTTACAACCC-3")
(SEQ ID NO:236) for aroA, and (5'-CAGGCAGCCTAAG-
GAGGAATTAATTATGGCTGGAAACA-
CAATTGGACAAC-3") (SEQ ID NO:237) for aroC, and
reverse (5-GAGGTTGTGTCATAAAATTTTCCTCCT-
TACTGGCGATTGTCATTCGCCTG-3") (SEQ ID NO:238)
for tyrA, (5'-CAGGGATTCCATTATATATACCTCCT-
TAACAATTGATCGTCTGTGCCAGG-3") (SEQ ID
NO:239) for arol, (5-GTTTCCAGCCATAATTAATTC-
CTCCTTAGGCTGCCTGGCTAATCCGCGCC-3") (SEQ
1D NO:240) for aroA, and (5'-AC
ATGCATGCTTACCAGCGTGGAATATCAGTCTTC-3")
(SEQ ID NO:241) for aroC, 1 U Phusion High Fidelity DNA
polymerase (NEB), and 50 ng Escherichia coli BL21(DE3)
genome in 50 pl, respectively. The amplified DNA fragments
were gel purified and eluted into 30 ul of EB buffer (Qiagen).
5 ul from each DNA solution was combined and each DNA
fragment was spliced by another round of PCR: 98° C. for 10
sec, 60° C. for 15 sec, and 72° C. for 4 min, repeated 30 times.
The reaction mixture contained 1x Phusion buffer (NEB), 2
mM dNTP, 0.5 uM forward (5-CCCGAGCTCAGG
AGGATATATATATGGTTGCTGAATTGACCGCATTAC-
3y (SEQ ID NO:242) and reverse (5'-AC
ATGCATGCTTACCAGCGTGGAATATCAGTCTTC-3")
(SEQ 1D NO:243) primers, 1 U Phusion High Fidelity DNA
polymerase (NEB). The spliced fragment was digested with
Sacl and Sphl and ligated into pBAD?33 pre-digested with the
same restriction enzymes.

Construction of pBADpheA-arolLAC-aroG-tktA-aroBDE
and pBADtyrA-aroL AC-aroG-tktA-aroBDE.

[0457] A DNA fragment 1 (for pheA) and 2 (for tyrA)
encoding chloramphenicol acetyltransferase (CAT), P15 ori-
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gin of replication, araBAD promoter, pheA or tyrA, arol,
aroA, aroC of Escherichia coli DH10B and a DNA fragment
3 encoding araBAD promoter, aroG, tktA, aroB, aroD, and
aroE of Escherichia coli DH10B were amplified separately
by polymerase chain reaction (PCR): 98° C. for 10 sec, 60° C.
for 15 sec, and 72° C. for 4 min, repeated 30 times. The
reaction mixture contained 1x Phusion buffer (NEB), 2 mM
dNTP, 0.5 M  forward  (5-AAGGAAAAAA
GCGGCCGCCCCTGAACCGACGACCGGGTCG-3"
(SEQ ID NO:244) for fragment 1 and 2 and (5'-GC
TCTAGAACTTTTCATACTCCCGCCATTCAG-3") (SEQ
ID NO:245) for fragment 3, and reverse (5'-GC
TCTAGAGCGGATACATATTTGAATGTATTTAG-3")
(SEQ ID NO:246) for fragment 1 and 2 and (5'-AAG-
GAAAAAA
GCGGCCGCGCGGATACATATTTGAATGTATTTAG-3")
(SEQ ID NO:247) for fragment 3, 1 U Phusion High Fidelity
DNA polymerase (NEB), and 50 ng pBADpheA-arolLAC,
pBADtyrA-arolLAC, and pBADaroG-tktA-aroBDE in 50 pl,
respectively. Amplified DNA fragments 1 and 2 were
digested with Notl and Xbal and ligated into fragment 3
pre-digested with the same restriction enzymes.
Construction of pTrcBAL.

[0458] A DNA sequence encoding benzaldehyde lyase
(bal) of Pseudomonas fluorescens of its codon usage opti-
mized for over-expression in E. coli was amplified by poly-
merase chain reaction (PCR): 98° C. for 10 sec, 60° C. for 15
sec, and 72° C. for 1 min, repeated 30 times. The reaction
mixture contained 1x Phusion buftfer (NEB), 2 mM dNTP, 0.5

uM forward (5'-CATG
CCATGGCTATGATTACTGGTGG-3") (SEQ ID NO:248)
and reverse (§'-Ccccc

GAGCTCTTACGCGCCGGATTGGAAATACA-3") (SEQ
1D NO:249) primers, 1 U Phusion High Fidelity DNA poly-
merase (NEB), and 50 ng pETBAL in 50 pl. Amplified DNA
fragment was digested with Ncol and Sacl and ligated into
pTrc99A pre-digested with the same restriction enzymes.
Construction of pTrcAdhE2.

[0459] A DNA sequence encoding Co-A linked alcohol/
aldehyde dehydrogenase (adhE2) of Clostridium acetobu-
tyricum ATCC824 was amplified by polymerase chain reac-
tion (PCR): 98° C. for 10 sec, 60° C. for 15 sec, and 72° C. for
1 min, repeated 30 times. The reaction mixture contained 1x
Phusion buffer NEB), 2 mM dNTP, 0.5 uM forward (5'-
CATGCCATGGCCAAAGTTACAAATCAAAAAG-3")
(SEQ 1D NO:250) and reverse (5'-C
GAGCTCTTAAAATGATTTTATATAGATATCC-3") (SEQ
ID NO:251) primers, 1 U Phusion High Fidelity DNA poly-
merase (NEB), and 50 ng Clostridium acetobutyricum
ATCC824 genome in 50 pl. Amplified DNA fragment was
digested with Ncol and Sacl and ligated into pTrc99A pre-
digested with the same restriction enzymes.

Construction of pTrcAdh2.

[0460] A DNA sequence encoding alcohol dehydrogenase
(adh2) of Saccharomyces cerevisiae was amplified by poly-
merase chain reaction (PCR): 98° C. for 10 sec, 60° C. for 15
sec, and 72° C. for 1 min, repeated 30 times. The reaction
mixture contained 1x Phusion buftfer (NEB), 2 mM dNTP, 0.5

uM forward (5'-CATG
CCATGGGTATTCCAGAAACTCAAAAAG-3") (SEQ ID
NO:252) and reverse (5-ccc

GAGCTCTTATTTAGAAGTGTCAACAACG-3") (SEQ ID
NO:253) primers, 1 U Phusion High Fidelity DNA poly-
merase (NEB), and 50 ng genome of Saccharomyces cerevi-
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siae in 50 pl. Amplified DNA fragment was digested with
Ncol and Sacl and ligated into pTrc99A pre-digested with the
same restriction enzymes.

Construction of pTrcBALD.

[0461] A DNA sequence encoding CoA-linked aldehyde
dehydrogenase (ald) of Clostridium beijerinckii was ampli-
fied by polymerase chain reaction (PCR): 98° C. for 10 sec,
60° C. for 15 sec, and 72° C. for 1 min, repeated 30 times. The
reaction mixture contained 1x Phusion buffer (NEB), 2 mM
dNTP, 0.5 pM forward (5'-CCCCGAGCTCAGGAGG
ATATACATATGAATAAAGACACACTAATACC-3") (SEQ
1D NO:254) and reverse (5-ccc
AAGCTTAGCCGGCAAGTACACATCTTC-3") (SEQ ID
NO:255) primers, 1 U Phusion High Fidelity DNA poly-
merase (NEB), and 50 ng pETBAL in 50 pl. Amplified DNA
fragment was digested with Sacl and HndIII and ligated into
pTrcBAL pre-digested with the same restriction enzymes.
Construction of pTrcBALK.

[0462] A DNA sequence encoding ketoisovalerate decar-
boxylase (kivd) of Lactococcus lavtis was amplified by poly-
merase chain reaction (PCR): 98° C. for 10 sec, 60° C. for 15
sec, and 72° C. for 1 min, repeated 30 times. The reaction
mixture contained 1x Phusion buffer (NEB),2 mM dNTP, 0.5
uM  forward (5'-CCCGAGCTCAGGAGGATATATATAT
GTATACAGTAGGAGATTACC-3") (SEQ ID NO:256) and
reverse (5'-GC
TCTAGATTATGATTTATTTTGTTCAGCAAAT-3") (SEQ
1D NO:257) primers, 1 U Phusion High Fidelity DNA poly-
merase (NEB), and 50 ng pETBAL in 50 pl. Amplified DNA
fragment was digested with Sacl and Xbal and ligated into
pTrcBAL pre-digested with the same restriction enzymes.
Construction of pTrcAdh-Kivd.

[0463] A DNA sequence encoding ketoisovalerate decar-
boxylase (kivd) of Lactococcus lavtis was amplified by poly-
merase chain reaction (PCR): 98° C. for 10 sec, 60° C. for 15
sec, and 72° C. for 1 min, repeated 30 times. The reaction
mixture contained 1x Phusion buffer (NEB),2 mM dNTP, 0.5
uM  forward (5'-CCCGAGCTCAGGAGGATATATATATG
TATACAGTAGGAGATTACC-3") (SEQ ID NO:258) and
reverse (5'-GC
TCTAGATTATGATTTATTTTGTTCAGCAAAT-3") (SEQ
1D NO:259) primers, 1 U Phusion High Fidelity DNA poly-
merase (NEB), and 50 ng pETBAL in 50 pl. Amplified DNA
fragment was digested with Sacl and Xbal and ligated into
pTrcAdh2 pre-digested with the same restriction enzymes.
Construction of pTrcBAL-DDH-2ADH.

[0464] To remove internal Ncol site, overlap PCR was car-
ried out. DNA fragments encoding front and bottom halves of
meso-2,3-butanedioldehydrogenase (ddh) of Klebsiella
preumoniae subsp. preumoniae MGH 78578 and secondary
alcohol dehydrogenase (2adh) of Pseudomanas fluorescens
were amplified separately by polymerase chain reaction
(PCR): 98° C. for 10 sec, 60° C. for 15 sec, and 72° C. for 1
min, repeated 30 times. The reaction mixture contained 1x
Phusion buffer (NEB), 2 mM dNTP, 0.5 uM forward (5'-C
GAGCTCAGGAGGATATATATATGAAAAAAGTCGCAC
TTGTTACCG-3") (SEQ ID NO:260) for front half of ddh,
(58'-GGCCGGCGGCCGCGCGATGGCGGTGAAAGTG-
3" (SEQ ID NO:261) for bottom half of ddh, (5'-AAC-
TAATCTAGAGGAGGATATATATATGAG-
CATGACGTTTTCCGGCCAGG-3") (SEQ ID NO:262) for
front half of 2adh, and (5'-CCTTGCGGAGGGCTCGATG-
GATGAGTTCGAC-3") (SEQID NO:263) for bottom half of
2adh, and reverse (5'-CACTTTCACCGCCATCGCGCGGC-
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CGCCGGCC-3") (SEQ ID NO:264) for front half of ddh,
(5'-GCTCATATATATATCCTCCTCTAGATT-
AGTTAAACACCATCCCGCCGTCG-3") (SEQIDNO:265)
for bottom half of ddh, (5'-GTCGAACTCATCCATCGAGC-
CCTCCGCAAGG-3") (SEQ ID NO:266) for front half of
2adh, and (5-ccc
AAGCTTAGATCGCGGTGGCCCCGCCGTCG-3") (SEQ
ID NO:267) for bottom half of 2adh, 1 U Phusion High
Fidelity DNA polymerase (NEB), and 50 ng Kiebsiella preu-
moniae subsp. pneumoniae MGH 78578 for ddh and
Pseudomanas fluorescens genome for 2adh in 50 ul, respec-
tively. The amplified DNA fragments were gel purified and
eluted into 30 ul of EB buffer (Qiagen). 5 ul from each DNA
solution was combined and each DNA fragment was spliced
by another round of PCR: 98° C. for 10 sec, 60° C. for 15 sec,
and 72° C. for 2 min, repeated 30 times. The reaction mixture
contained 1x Phusion buffer (NEB), 2 mM dNTP, 0.5 uM
forward (5-CGAGCTCAGGAGGATATATATATGAAAA
AAGTCGCACTTGTTACCG-3") (SEQ ID NO:268) and
reverse (5-ccc
AAGCTTAGATCGCGGTGGCCCCGCCGTCG-3") (SEQ
1D NO:269) primers, 1 U Phusion High Fidelity DNA poly-
merase (NEB). The spliced fragment was digested with Sacl
and HindIII and ligated into pTrcBAL pre-digested with the
same restriction enzymes.

Construction of pPBBRPduCDEGH.

[0465] A DNA sequence encoding propanediol dehy-
dratase medium (pduD) and small (pdue) subunits and pro-
panediol dehydratase reactivation large (pduG) and small
(pduH) subunits of Klebsiella pneumoniae subsp. pneumo-
niae MGH 78578 was amplified by polymerase chain reac-
tion (PCR): 98° C. for 10 sec, 60° C. for 15 sec, and 72° C. for
2 min, repeated 30 times. The reaction mixture contained 1x
Phusion buffer (NEB), 2 mM dNTP, 0.5 uM forward (5'-GC
TCTAGAGGAGGATTTAAAAATGGAAATTAACGAAA
CGCTGC-3") (SEQ ID NO:270) and reverse (5'-TCC
CCGCGGTTAAGCATGGCGATCCCGAAATGGAATCC
CTTTGAC-3") (SEQ ID NO:271) primers, 1 U Phusion High
Fidelity DNA polymerase (NEB), and 50 ng Klebsiella preu-
moniae subsp. pneumoniae MGH 78578 in 50 pl. Amplified
DNA fragment was digested with Sacll and Xbal and ligated
into pTrc99A pre-digested with the same restriction enzymes
to form pPBBRPduDEGH.

[0466] A DNA sequence encoding propanediol dehy-
dratase large subunit (pduC) of Klebsiella preumoniae subsp.
preumoniae MGH 78578 was amplified by polymerase chain
reaction (PCR): 98° C. for 10 sec, 60° C. for 15 sec, and 72°
C. for 1 min, repeated 30 times. The reaction mixture con-
tained 1x Phusion buffer (NEB), 2 mM dNTP, 0.5 uM for-
ward (5'-CCGCTCGAGGAGGATATATATATGAGATCGA
AAAGATTTGAAGC-3") (SEQ ID NO:272) and reverse (5'-
GCTICTAGATTAGCCAAGTTCATTGGGATCG-3") (SEQ
1D NO:273) primers, 1 U Phusion High Fidelity DNA poly-
merase (NEB), and 50 ng Kiebsiella pneumoniae subsp.
preumoniae MGH 78578 in 50 ul. Amplified DNA fragment
was digested with Xhol and Xbal and ligated into pBBRP-
duDEGH pre-digested with the same restriction enzymes.
Construction of pTrcIpdc-Par.

[0467] A DNA sequence encoding indole-3-pyruvate
(ipdc) of Azospirillum brasilense and phenylethanol reduc-
tase (par) of Rhodococcus sp. ST-10 were amplified by poly-
merase chain reaction (PCR): 98° C. for 10 sec, 60° C. for 15
sec, and 72° C. for 1 min, repeated 30 times. The reaction
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mixture contained 1x Phusion buffer (NEB),2 mM dNTP, 0.5
uM forward primers (5'-CATG
CCATGGGACTGGCTGAGGCACTGCTGC-3' (SEQ ID
NO:314) for ipdc and 5'-CGAGCTCAGGAGGATATAT
ATATGAAAGCTATCCAGTACACCCGTAT-3' (SEQ ID
NO:315) for par, and reverse primers (5'-CGAGCTCTTAT-
TCGCGCGGTGCCGCGTGCAGG-3' (SEQ ID NO:316)
for ipdc and 5-GC
TCTAGATTACAGGCCCGGAACCACAACGGCGC-3'

(SEQ ID NO:317) for par, 1 U Phusion High Fidelity DNA
polymerase (NEB), and 50 ng pTrclpdc and pTrcPar, respec-
tively, in 50 ul. Amplified DNA fragment of ipdc and par were
digested with Ncol/Sacl and Sacl/Xbal, respectively, and
were ligated into pTrc99A pre-digested with Ncol and Xbal.

Testing and Results:

[0468] To test the butyraldehyde biosynthesis pathway,
DH10B harboring pBADButP-atoB/pTrcBALD and pBAD-
ButP-atoB-ALD/pTrcB2DH/pBBRpduCDEGH were grown
overnight in LB media containing 50 ug/ml chroramphenicol
(Cm*°) and 100 ug/ml ampicillin (Amp*°®) at 37 C, 200 rpm.
An aliquot of each seed culture was inoculated into fresh TB
media containing Cm’° and Amp*®® and was grown in incu-
bation shaker at 37 C, 200 rpm. Three hours after inoculation,
the cultures were induced with 13.3 mM arabinose and 1 mM
IPTG and were grown for overnight. 700 ul of this culture was
extracted with equal volume of ethylacetate and analyzed by
GC-MS.

[0469] To test the isobutyeraldehyde biosynthesis pathway,
DH10B cells harboring pBADals-ilvCD/pTrcBALK or
pBADalsS-ilvCD/pTrcBALK were grown overnight in LB
media containing 50 ug/ml chroramphenicol (Cm>°) and 100
ug/ml ampicillin (Amp'°°) at 37 C, 200 rpm. An aliquot of
each seed culture was inoculated into fresh TB media con-
taining Cm>° and Amp*°° and was grown in incubation shaker
at 37 C, 200 rpm. Three hours after inoculation, the cultures
were induced with 13.3 mM arabinose and 1 mM IPTG and
were grown for overnight. 700 ul of this culture was extracted
with equal volume of ethylacetate and analyzed by GC-MS
for the production of isobutyraldehyde. FIG. 8B shows the
production of isobutanal from these cultures.

[0470] To test the 3-methylbutyraldehyde and 2-methylbu-
tyraldehyde biosynthesis pathways, DH10B harboring
pBADals-ilvCD-LeuABCD/pTrcBALK, pBADals-ilvCD-
LeuABCD2/pTrcBALK, pBADals-ilvCD-LeuABCD/
pTrcBALK4, pBADalsS-LeuABCD/pTrcBALK, pBAD-
alsS-LeuABCD2/pTrcBALK, or pBADalsS-LeuABCD4/
pTrcBALK were grown overnight in LB media containing 50
ug/ml chroramphenicol (Cm®®) and 100 ug/ml ampicillin
(Amp*®) at 37 C, 200 rpm. An aliquot of each seed culture
was inoculated into fresh TB media containing Cm>° and
Amp'°° and was grown in incubation shaker at 37 C, 200 rpm.
Three hours after inoculation, the cultures were induced with
13.3 mM arabinose and 1 mM IPTG and were grown for
overnight. 700 ul of this culture was extracted with equal
volume of ethylacetate and analyzed by GC-MS. The produc-
tion of 2-isovaleralcohol (2-methylpental) and 3-isovaleral-
cohol (3-methylpentanal) was monitored because 3-isovaler-
aldehyde and 2-isovaleraldehyde are spontaneously
converted to their corresponding alcohols. F1G. 8B shows the
production of 2-methylpental and 3-methylpentanal from
these cultures.

[0471] To test the phenylacetoaldehyde and 4-hydroxyphe-
nylacetoaldehyde biosynthesis pathways, DH10B cells har-
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boring pBADpheA-aroLAC/pTrcBALK, pBADtyrA-aro-
LAC/pTreBALK,  pBADaroG-tktA-aroBDE/pTrcBALK,
pBADpheA-arolLAC-aroG-tktA-aroBDE/pTrcBALK, and
pBADpheA-arolLAC-aroG-tktA-aroBDE/pTrcBALK  were
grown overnight in LB media containing 50 ug/ml chroram-
phenicol (Cm>°) and 100 ug/ml ampicillin (Amp*°®) at 37 C,
200 rpm. An aliquot of each seed culture was inoculated into
fresh TB media containing Cm>° and Amp*°° and was grown
in incubation shaker at 37 C, 200 rpm. Three hours after
inoculation, the cultures were induced with 13.3 mM arabi-
nose and 1 mM IPTG and were grown for overnight. 700 ul of
this culture was extracted with equal volume of ethylacetate
and analyzed by GC-MS. The production of phenylacetoal-
dehyde, 4-hydroxyphenylaldehyde and their corresponding
alcohols were monitored using GC-MS. FIG. 9B shows the
production of 4-hydroxyphenylethanol from these cultures.
[0472] To test the 2-phenylethanol, 2-(4-hydroxyphenyl)
ethanol, and 2-(indole-3) ethanol biosynthesis pathways,
DH10B harboring pPBADpheA-arolLAC-aroG-tktA-aroBDE/
pTrcBALK, pBADpheA-arolLAC-aroG-tktA-aroBDE/
pTrcBALK, pBADpheA-arol.AC-aroG-tktA-aroBDE/pTr-
cAdh2-Kivd, pBADpheA-arolLAC-aroG-tktA-aroBDE/
pTrcAdh2-Kivd, pBADpheA-arolLAC-aroG-tktA-aroBDE/
pTrclpde-Par, and pBADpheA-aroLAC-aroG-tktA-aroBDE/
pTrclpde-Par were grown overnight in LB media containing
50 ug/ml chroramphenicol (Cm>®) and 100 ug/ml ampicillin
(Amp*®) at 37 C, 200 rpm. An aliquot of each seed culture
was inoculated into fresh TB media containing Cm>® and
Amp'°° and was grown in incubation shaker at 37 C, 200 rpm.
Three hours after inoculation, the cultures were induced with
13.3 mM arabinose and 1 mM IPTG and were grown for
overnight to a week. 700 ul of this culture was extracted with
equal volume of ethylacetate and analyzed by GC-MS. The
results are detailed below.

[0473] The production of 2-phenylethanol, 2-(4-hydrox-
yphenyl)ethanol and/or 2-(indole-3-)ethanol was monitored
using GC-MS. FIG. 42A shows the production of 2-phenyle-
thanol from these cultures at 24 hours. FIG. 42B shows the
production of 2-(4-hydroxyphenyl)ethanol from these cul-
tures at 24 hours. FIG. 42C shows the production of 2-(in-
dole-3-)ethanol from these cultures at 24 hours.

[0474] FIG. 43 A shows the GC-MS chromatogram for con-
trol (pBAD33 and pTrc99A) at one week. FIG. 43B shows the
GC-MS chromatogram for 2-phenylethanol (5.97 min) pro-
duction from pBADpheA-arolLAC-aroG-tktA-aroBDE and
pTrcBALK at one week. FIG. 44 shows the GC-MS chro-
matogram for 2-(4-hydroxyphenyl)ethanol (9.36 min) and
2-(indole-3) ethanol (10.32 min) production from pBAD-
tyrA-aroLAC-aroG-tktA-aroBDE and pTrcBALK at one
week.

Example 5

Isolation and Biological Activity of Diol Dehydroge-
nases

[0475] Available substrates such as 3-hydroxy-2-butanone
(acetoin), 4-hydroxy-3-hexanone (propioin), 5-hydroxy-4-
octanone (butyroin), 6-hydroxy-5-decanone (valeroin), and
1,2-cyclopentanediol were used to measure the ability of diol
dehydrogenases (ddh) to catalyze the reduction of large satu-
rated a-hydroxyketones to produce a diol. All reagents were
purchased from Sigma-Aldrich Co. and TCI America, unless
otherwise stated.
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[0476] For cloning and isolation of DDH polypeptides,
genomic DNA from several species of bacteria were obtained
from ATCC (Lactobaccilus brevis ATCC 367, Pseudomanas
putida KT2440, and Kiebsiella preumoniae MGH78578),
PCR-amplified (using Phusion with polymerase with 1x Phu-
sion buffer, 0.2 mM dNTP, 0.5 pL. Phusion enzyme, 1.5 uM
primers, and 20 pg template DNA in a 50 pl reaction) utiliz-
ing the following protocol: 30 cylces, 98° C./10 secs (dena-
turing), 60° C./15 secs (annealing), 72° C./30 secs (elonga-
tion). Polymerase chain reaction products were then digested
using restriction enzymes Ndel and BamHI, then ligated into
Ndel/BamHI digested pET28 vectors. Vectors containing ddh
clones were transformed into BL.21(DE3) competent cells for
protein expression. Single colony was innoculated into LB
media, and expression of 6xHis-tagged proteins of interest
was induced at OD,,=0.6 with 0.1 mM IPTG. Expression
was allowed to proceed for 15 hours at 22° C. The 6xHis-
tagged enzymes were purified using Ni-NTA spin columns
following suggested protocols by QIAGEN, yelding purified
protein concentrations in the range of 1.1-6.5 mg/mlL. (deter-
mined by Bradford assay).

[0477] Diol dehydrogenase ddh 1 was isolated from Lac-
tobaccilus brevis ATCC 367, diol dehydrogenase ddh2 was
isolated from Pseudomonas putida KT2440, and diol dehy-
drogenase ddh3 was isolated from Klebsiella pneumoniae
MGH78578. The nucleotide sequence encoding and
polypeptide sequence of ddh 1 are shown in SEQ ID NOS:97
and 98, respectively; nucleotide sequence encoding and
polypeptide sequence of ddh2 are shown in SEQ ID NOS:99
and 100, respectively; and nucleotide sequence encoding and
polypeptide sequence of ddh3 are shown in SEQ ID NOS:
101 and 102, respectively.

[0478] Reactions to measure biological activity of DDH
polypeptides were performed in a final volume of 200 pL as
follows: 25 mM substrate, 0.04 mg/ml. DDH polypeptide,
0.25 mg/mL nicotinamide cofactor, 200 mM imidazole, 14
mM Tris-HC, and 1.5% by volume DMSO. Biological activ-
ity was assayed using a Molecular Devices Thermomax 96
well plate reader, monitoring absorbance at 340 nm, which
corresponds to NADH or NADPH concentration. For the
kinetic studies, 0.04 mg/m[. DDH polypeptide, 0.25 mg/mL
NADH, 20 mM Tris HC1 Buffer pH 6.5(red) or 9.0(ox), T=25
C, 100 uL total volume was used.
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[0479] FIG. 12A shows the biological activity of ddhl,
ddh2, and ddh3 using butyroin as a substrate (triangles rep-
resent ddh3 activity). FIG. 12B shows the oxidation activity
of ddh3 towards 1,2-cyclopentanediol and 1,2-cyclohex-
anediol as measured by NADH production. FIG. 13 summa-
rizes the results of kinetic studies for various substrates in the
oxidation reactions catalyzed by the DDH polypeptides.
These reactions were NAD+ dependent.

Example 6

Sequential In Vivo Biological Activity of CC-Ligases
(Lyases) and Diol Dehydrogenases

[0480] The ability of a C—C lyase and a diol hydrogenase
to perform the following sequential reaction was tested in .
coli:

R R R

—_— —_—
/k bal >_< ddh
H 0

HO (6]
R R
HO OH

[0481] For a-hydroxyketone and diol production, a path-
way comprising a benzaldehyde lyase (bal) gene isolated
from Pseudomonas fluorescens (codon usage was optimized
for E. coli protein expression) and meso-2,3-butanediol dehy-
drogenase (ddh) gene isolated from Kiebsiella pneumoniae
subsp. preumoniae MGH 78578 was constructed in E. coli
and tested for its ability to condensate the substrates detailed
below in Table 2 (e.g., acetoaldehyde, propionaldehyde,
butyraldehyde, isobutyraldehyde, 2-methyl-butyraldehyde,
3-methyl-butyraldehyde, phenylacetaldehyde, and 4-hydrox-
yphenylacetaldehyde, or their corresponding alcohols) to
form a-hydroxyketone and the corresponding diol in vivo.
The production of various a-hydroxyketones and diols was
monitored by gas chromatography-mass spectrometry (GC-
MS).

TABLE 2

Summary of substrates and products.

Produced
Substrate a-hydroxyketone Produced diol Figures
Butanal 5-Hydroxy-4-octanone 4,5-Octanonediol 17A & B
n-Pentanal 6-Hydroxy-5-decanone 5,6-Decanediol 18A & B
3-Methylbutanal 2,7-Dimethyl-5-hydroxy-4-  2,7-Dimethyl-4,5- 19A& B
octanone octanediol
n-Hexanal 7-Hydroxy-6-dodecanone  6,7-dodecanediol 20A& B
4-Methylpentanal 2,9-Dimethyl-6-hydroxy-5-  2,9-Dimethyl-5,6- 21A& B
decanone decanediol
n-Octanal 9-Hydroxy-8-hexadecanone 8,9-hexadecanediol 22
Acetaldehyde 3-Hydroxy-2-butanone 2,3-Butanediol 23
n-Propanal 4-Hydroxy-3-hexanone 3,4-Hexanediol 24A & B
Phenylacetoaldehyde 1,4-Diphenyl-3-hydroxy-2- 1,4-Diphenyl-2,3- 25
butanone butanediol
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For Analysis of =C10.

[0482] E. coli harboring pTrcBAL-DDH-2ADH was
grown for overnight in LB media containing 50 ug/ml Kana-
mycine (Km). This seed culture was innoculated into M9
media containing 3% (v/v) glycerol, 0.5% (g/v) and 50 ug/ml
Km. 10 mL cultures were grown to O.D.,,=0.7, then cultures
were induced with 0.5 mM IPTG. The cells were allowed to
express the enzymes of interest for 3 hours before various
aldehydes were added to a concentration of 5-10 mM. After
addition of aldehydes, the cultures were capped and incu-
bated at 37° C. with shaking for 72 hours. Cultures were
extracted with 2 mL ethyl acetate, and analyzed on GC-MS
using the following protocol:

[0483] 1 pL injection w/50:1 split

[0484] Inlet temperature—150° C.

[0485] Initial oven temperature—50° C.

[0486] Temperature Ramp 1—10° C./min to 150° C.
[0487] Temperature Ramp 2—50° C./min to 300° C.
[0488] GC to MS transfer temp—250° C.

[0489] MS detection—full scan MW 35-200

For Analysis of 2C12.

[0490] E. coli DH10B strains harboring pTrc99A (Ctrl vec-
tor) or pTrcBAL were inoculated into 0.75xM9/0.5% LB
containing 0.1 mM CaCl,, 2 mM MgSO,, 1 mM KCI, 1%
galacturonate, 5 pug/ml thiamine, Amp. The cultures were
grown up to an optical density (600 n nm) of 0.8 and induced
with 0.25 mM IPTG. The cells were allowed to express the
proteins for 2.5 hours at 37° C., then aldehyde substrate was
added to a concentration of 5 mM, the culture vial was capped
tightly and incubated for 72 hours at 37° C. w/shaking 200
rpm. 1 mL of the final culture was extracted with 0.75 mL of
ethyl acetate, centrifuged facilitate phase separation, then
analyzed via GCMS using the following method.

[0491] 1 pL injection w/50:1 split

[0492] Inlet temperature—250° C.

[0493] Initial oven temperature—50° C.

[0494] Temperature Ramp 1—10° C./min to 125° C.
[0495] Temperature Ramp 2—30° C./min to 300° C.
[0496] Final Temperature 300° C.—1 minute

[0497] GC to MS transfer temp—250° C.

[0498] MS detection—full scan MW 40-260.

[0499] The results are depicted in FIGS. 17 through 25.

FIG. 17 shows the sequential conversion of butanal into 5-hy-
droxy-4-octanone and then 4,5-octanonediol. FIG. 18 shows
the sequential conversion of n-pentanal into 6-hydroxy-5-
decanone and then 5,6-decanediol. FIG. 19 shows the con-
version of 3-methylbutanal into 2,7-dimethyl-5-hydroxy-4-
octanone and then 2,7-Dimethyl-4,5-octanediol. FIG. 20
shows the sequential conversion of n-hexanal into 7-hydroxy-
6-dodecanone and then 6,7-dodecanediol. FIG. 21 shows the
conversion of 4-methylpentanal into 2,9-dimethyl-6-hy-
droxy-5-decanone and then 2,9-dimethyl-5,6-decanediol.
FIG. 22 shows the conversion of n-octanal into 9-hydroxy-8-
hexadecanone. FIG. 23 shows the conversion of acetaldehyde
into 3-hydroxy-2-butanone. FIG. 24 shows the sequential
conversion of n-propanal into 4-hydroxy-3-hexanone and
then 3,4-hexanediol. FIG. 25 shows the conversion of pheny-
lacetoaldehyde into 1,4-diphenyl-3-hydroxy-2-butanone.

[0500] Similar to above, a pathway comprising a benzalde-
hyde lyase (bal) gene isolated from Pseudomonas fluorescens
(codon usage was optimized for E. coli protein expression)
was constructed in E. coli and tested for its ability to catalyze
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the production of various a-hydroxyketones. The results,
which show the broad spectrum of C—C ligase activity for
the bal gene tested, are set forth in FIG. 48 through FIG. 55.

Example 7

Sequential Biological Activity of Diol Dehydrogena-
ses and Diol Dehydratases

[0501] To test the sequential biological activity of diol
dehydrogenases and diol dehydratases in a dehydration and
reduction pathway, butyroin was used as a substrate in a
sequential reaction to produce 4-octanone. The enzyme diol
dehydrogenase (e.g., ddh) catalyzes the reversible reduction
and oxidation of a-hydroxy ketones and its corresponding
diol, such as 5-hydroxy-4-octanone and 4,5-octanediol, and
the enzyme diol dehydratase (e.g., pduCDE) catalyzes the
irreversible dehydration of diols, such as 4,5-octanediol.
[0502] Diol dehydrogenase ddh from Kiebsiella prneumo-
niae MGH 78578 and diol dehydratase pduCDE from Kieb-
siella pneumoniae MGH 78578 were cloned into a bacterial
expression vector and expressed and purified on a Ni-NTA
column, as described in Example X except that 1 mM of
1,2-propanediol was added at all time during the expression
and purification of diol dehydratase. The large, medium, and
small subunits of the pduCDE polyeptide are encoded by the
nucleotide sequences of SEQ ID NOs:103, 105, and 107,
respectively, and the polypeptide sequence are set forth in
SEQ ID NOs: 104, 106, and 108, respectively.

[0503] The ddh3 and pduCDE polypeptides were incu-
bated with butyroin and their appropriate cofactors, then
assayed using gas chromatography-mass spectrometry (GC-
MS) for their ability to perform sequential reactions resulting
in the product 4-octanone. Reaction conditions are given in
Table 3 below. The reaction mixture was incubated at 37° C.
for 40 hours in a 0.6 mL eppendorf tube with minimal head
space. The reaction product was extracted with an equivalent
volume of ethyl acetate, stored in a glass vial, and sent to
Thermo Fischer Scientific Instruments Division for compo-
sitional analysis by GC-MS.

TABLE 3

Reaction Conditions

Rxn Component Concentration

5-hydroxy-4-octanone (butyroin) 84 mM

Adenosylcobalamin (coenzyme B ) 335 M

KCl 9.6 mM

NADH 18 mM

dDH3 enzyme 0.19 mg/mL

dDOHI1 enzyme mix 0.15 mg/mL

Reaction Buffer 10 mM Tris HCl pH 7.0
[0504] FIG. 26A shows GC-MS data which confirms the

presence of 4,5-octanediol in the sample extraction. The
mass-spectra of the peaks, retention time, at 5.36 was identi-
fied as butyroin (substrate), and at 6.01, 6.09, and 6.12 min
were identified as different isomers of 4,5-octanediol. This
compound is the expected product resulting from the reduc-
tion of butyroin by ddh3.

[0505] FIG. 26B shows GC-MS data confirming the pres-
ence of 4-octanone in the sample extraction. The mass-spec-
tra of the peak, retention time, at 4.55 was identified as 4-oc-
tanone. This compound is the expected product resulting
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from the sequential dehydrogenation of butyroin and dehy-
dration of 4,5-octanediol by ddh3 and pduCDE, respectively.
[0506] FIGS.27A and 27B show comparisons between the
sample extraction gas chromatograph/mass spectrum and the
4-octanone standard gas chromatograph/mass spectrum.
These results demonstrate that 4-octanone was produced
from butyroin using the enzymes diol dehydrogenase (ddh3)
and a diol dehydratase (pduCDE). GC-MS analysis of the
incubated reaction mixture confirmed starting material, inter-
mediate and product, demonstrating that these enzymes can
be reappropriated for these specific substrates.

Example 8

Isolation and Biological Activity of Secondary Alco-
hol Dehydrogenases

[0507] Substrates such as 4-octanone, 2,7-dimethyl-4-oc-
tanone, cyclopentanone and corresponding alcohols were uti-
lized to measure the ability of secondary alcohol dehydroge-
nases (2ADHs) to catalyze the reduction of large saturated
ketones to secondary alcohols. An example of a reaction
catalyzed by secondary alcohol dehydrogenases is illustrated
below (reduction of 4-octanone to 4-octanol is shown):

O
H C\/\)k/\ T
3
CH, 2ADH
OH

ch\/\)\/\
CH.

[0508] All enzymes and reagents were purchased from
New England Biolabs and Sigma, respectively, unless other-
wise stated.

[0509] Various secondary alcohol dehydrogenases
(2ADHs) were isolated from Pseudomonas putida KT2440,
Pseudomonas fluorescens P1-5, and Kiebsiella pneumoniae
MGH 78578. All vectors were transformed in BL.21(DE3)
competent cells and expression of the genes encoding the
proteins of interest was induced with IPTG (via the T7 pro-
moter). The cells were lysed, proteins were extracted and then
purified on Ni-NTA columns. Final protein concentration in
the Ni-NTA eluate was diluted to 0.15 mg/mlL. prior to assays.
[0510] NADPH/NADPH consumption and production
assays were performed using a THERMOmax microplate
reader in the kinetic mode, monitoring the NADPH absor-
bance peak at 340 nm until the reaction reached equilibrium.
In the assay described in Table 2, 2ADH-2, 2ADH-5, 2ADH-
8, and 2ADH-10 were tested for their ability to either catalyze
the oxidation of 4-octanol or catalyze the reduction of 4-oc-
tanone. These reaction conditions are found in Table 4 below.

3

TABLE 4

Reaction Conditions for Various Enzyme Assays

Reaction Component Final Concentration

NADH Production Assay (30° C.)

2ADH enzyme Approx. 0.058 pg/ul
4-octanol 5.55 mM
NAD+ Approx. 1.4 pg/ul

Imidizole (from Elution Buffer) Approx. 280 mM
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TABLE 4-continued

Reaction Conditions for Various Enzyme Assays

Reaction Component Final Concentration

NADH Consumption Assay (30° C.)

2ADH enzyme Approx. 0.075 pg/ul
4-octanone 5.0 mM
NADH Approx. 0.25 pg/ul
Imidizole (from Elution Buffer) Approx. 250 mM
NADPH Production Assay (30° C.)

2ADH enzyme Approx. 0.058 pg/ul
4-octanol 5.55 mM
NADP+ Approx. 1.4 pg/ul
Imidizole (from Elution Buffer) Approx. 280 mM

[0511] Further testing was performed, as described in
Tables 5 below, in which 2ADH-2, 2ADH-11, 2ADH-12,
2ADH-13, 2ADH-14, 2ADH-15, 2ADH-16, 2ADH-17, and
2ADH-18 were tested for their ability to either catalyze the
oxidation of 4-octanol, 2,7-dimethyl-4-octanonol, or cyclo-
pentanol, or catalyze the reduction of 4-octanone, 2,7-dim-
ethyl-4-octanonone, or cyclopentanone.

TABLE 5

Rxn Component Final Concentration

Rxn Components for NADPH Consumption Assays (Reduction)

Substrate 25 mM
Enzyme 0.04 mg/mL
Nicotinamide cofactor 0.25 mg/mL
Imidizole 200 mM
Tris HC1 14 mM
DMSO 1.5% by volume
Total Volume 200 pL
Rxn Components for NAD(P)H Production Assays (Oxidation)

Substrate 5 mM
Enzyme 0.04 mg/mL
Nicotinamide cofactor 0.25 mg/mL
Imidizole 200 mM
Tris HC1 14 mM

Rxn Components for NAD(P)H Production Assay using
2,7-dimethyl-4-octanone as a substrate

Substrate 50 mM
Enzyme 0.08 mg/mL
Nicotinamide cofactor 0.25 mg/mL
Imidizole 200 mM
Tris HC1 14 mM
DMSO 3% by volume
[0512] FIG. 30A shows the results from the NADH Pro-

duction Assay of Table 3, in which 2ADH-2 catalyzes the
oxidation of 4-octanol in the presence of NAD+, as measured
by NADH production. FIG. 30B shows the results of the
NADPH Production Assay of Table 3, in which 2ADH-5,
2ADH-8, and 2ADH-10 catalyze the oxidation of 4-octanol
in the presence of NADP+, as measured by NADPH produc-
tion.

[0513] FIG. 31 shows the oxidation of 4-octanol by 2ADH-
11 (FIG. 31A) and 2ADH-16 (FIG. 31B), as measured by
NADH and NADPH production, respectively. FIG. 32 shows
the oxidation of 2,7-dimethyloctanol by 2ADH-11 and others
(F1G.32A)and 2ADH-16 (FIG. 32B), as measured by NADH
and NADPH production, respectively.
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[0514] FIG. 33A shows the reduction of 2,7-dimethyl
octanol by 2ADH 11 and 2ADH16 as monitored by NADPH
consumption. FIG. 33B shows the reduction activity of both
2ADHI11 and 2ADH16 towards various substrates. FIG. 34
shows the oxidation (FIG. 34A) and reduction (FIG. 34B) of
cyclopentanol by 2ADH-16.

[0515] Similar to above, kinetic testing for both oxidation
and reduction reactions was performed on various substrates
using 2ADH-16. The conditions for these studies were as
follows: 0.04 mg/mL enzyme, 0.25 mg/mL. cofactor, 20 mM
Tris HCI Buffer pH 6.5(red) or 9.0(ox), T=25 C, 100 uL total
volume was used. The calculated rate constants for the reduc-
tion reactions, along with the structures of the substrates, are
summarized in FIG. 35. The calculated rate constants for the
oxidation reactions, along with the structures of the sub-
strates, are summarized in FIG. 36. These results show that
2ADH-16 is capable of catalyzing both the oxidation and
reduction of a wide variety of substrates.

Example 9

Isolation and In Vitro and In Vivo Activity of Coen-
zyme B 12 Independent Diol Dehydratases

[0516] Substrates such as 1,2-propanediol, meso-2,3-bu-
tanediol, and trans-1,2-cyclopentanediol were utilized to test
both the in vitro and in vivo biological activity of a B12
independent diol dehydratase in a dehydration and reduction
pathway. Diol dehydratases catalyzes the irreversible dehy-
dration of diols, such as 1,2-propanediol.

[0517] For in vitro activity, E. coli BL21(DE3) harboring
pETPduCDE (diol dehydratase subunits) was inoculated into
100 mL LB media, grown to OD,,=0.7, induced with 0.15
mM IPTG, and incubated for 22 hours at 22° C. The cells
were lysed and proteins of interest were purified on a Ni-NTA
spin column. Purification of all three dehydratase subunits
was accomplished by adding 5 mM 1,2-propanediol to the
lysis and wash buffers. The Ni-NTA purification yielded
approximately 660 uL of protein mixture at a concentration of
2.2 mg/mL. Protein concentration assays were conducted
using a Bradford reagent protocol.

[0518] The purified PduCDE was used to set up in vitro diol
dehydratase reactions. Three assays were conducted with
1,2-propanediol and meso-2,3-butanediol. Control reactions
were also set up with elution buffer added in place of puri-
fiedPduCDE. In vitro reactions were conducted under semi-
anaerobic conditions in 2 mL screw cap glass vials. Reaction
components and concentrations are given in Table 6.

TABLE 6

Reaction conditions for B, dependent DDOH in vitro assay

Rxn Component Concentration

Diol substrate 10 mM

Adenosylcobalamin (B;,) 100 pg/mL

KCl 10 mM

dOH1 enzyme mix 0.08 mg/mL

Reaction Buffer 10 mM Tris HCl pH 7.5
[0519] After 48 hours, 1 mL of the reaction mixture was

extracted with 0.5 mL of either ethylacetate or hexanol and
analyzed by GCMS.

[0520] The following GCMS protocol was used for all
experiments:

[0521] 1 pL injection w/50:1 split

[0522] Inlet temperature—250° C.

[0523] Initial oven temperature—50° C.
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[0524] Temperature Ramp 1—10° C./min to 125° C.
[0525] Temperature Ramp 2—30° C./min to 300° C.
[0526] Final Temperature 300° C.—1 minute

[0527] GC to MS transfer temp—250° C.

[0528] MS detection—full scan MW 40-260

[0529] Theresults are shown in FIG. 45. FIG. 45A confirms

the formation of 1-propanal from 1,2-propanediol, and FIG.
45B confirms the formation of 2-butanone from meso-2,3-
butanediol, both of which were catalyzed by B12 independent
diol dehydratase.

[0530] Forinvivo activity, the pPBBRDhaB1/2 plasmid was
constructed as follows: the DNA sequence encoding B12-
independent glycerol dehydratase (dhaBl) and activator
(dhaB2) of Clostridium butyricum was amplified by poly-
merase chain reaction (PCR): 98° C. for 10 sec, 60° C. for 15
sec, and 72° C. for 2 min for dhaB1 and 1 min for dhaB2,
repeated 30 times. The reaction mixture contained 1x Phu-
sion buffer (NEB), 2 mM dNTP, 0.5 uM forward primers
(5'-CCGCTCGAGGAGGATATATATATGATTTCTAAAGG
CTTTAGCACCC-3' (SEQ ID NO:318) for dhaBl and
5'-ACGTGATGTAATCTAGAGGAGGATATATATATGAG
CAAAGAAATTAAAGG-3' (SEQ ID NO:319) for dhaB2,
and reverse primers (5'-TCTTTGCTCATATATATATCCTCC
TCTAGATTACATCACGTGTTCAGTAC-3' (SEQ 1D
NO:320) for dhaB1 and 5-C
GAGCTCTTATTCGGCGCCAATGGTGCACGGG-3'
(SEQ ID NO:321) for dhaB2, 1 U Phusion High Fidelity
DNA polymerase (NEB), and 50 ng pETdhaB1 and pET-
dhaB2, respectively, in 50 ul. Amplified fragments were gel
purified and spliced by another round of PCR: 98° C. for 10
sec, 60° C. for 15 sec, and 72° C. for 2.5 min, repeated 30
times. The reaction mixture contained 1x Phusion buffer
(NEB), 2 mM dNTP, 0.5 uM forward (5'-CCG
CTCGAGGAGGATATATATATGATTTCTAAAGGCTTTA
GCACCC-3") (SEQ ID NO:322) and reverse primers (5'-C
GAGCTCTTATTCGGCGCCAATGGTGCACGGG-3")
(SEQ ID NO:323), 1 U Phusion High Fidelity DNA poly-
merase (NEB), and 50 ng each fragment in 50 pl. Amplified
DNA fragment was digested with Xhol and Sacl and ligated
into pPBBRIMCS-2 pre-digested with the same restriction
enzymes.

[0531] Two strains of E. coli DHIOB harboring
pBBRIMCS-2 or pBBRDhaB1/2 into TB media without
glycerol were innoculated. Cultures were grown to
OD0=0.5 and the substrates 1,2-propanediol, meso-2,3-bu-
tanediol, and trans-1,2-cyclopentanediol were added to sepa-
rate cultures to a concentration of 10 mM. 5 ug/ml of co-
enzyme S-adenosylmethionine was added before the culture
is transferred to anaerobic environment. The cultures were
incubated at 37 C for 48 hrs.

[0532] After 48 hours, 1 mL of culture was extracted with
0.5 mL of ethylacetate or hexanol and analyzed by GCMS, as
described above. The results are shown in FIG. 46. FIG. 46A
shows the in vivo production of 1-propanol from 1,2-pro-
panediol. FIG. 46B shows the in vivo production of 2-butanol
from meso-2,3 butanediol. FIG. 46C shows the in vivo pro-
duction of cyclopentanone from trans-1,2-cyclopentanediol.

Example 10

Identification of Secreted Alginate Lyase and
Genomic Regions Sufficient for Growth on Alginate
as a Sole Source of Carbon

[0533] To identify secreted or external alginate lyases, and
to identify genomic regions from Vibrio splendidus that are
sufficient to confer growth in alginate as a sole source of
carbon, the following clones were made using the gateway
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system from Invitrogen (Carlsbad, Calif.). First, entry vectors
were made by TOPO cloning PCR fragments into pENTR/
D/TOPO. PCR fragments were generated using Vibrio splen-
didus BO1 genomic DNA as a template and amplified with the
following primer pairs:

[0534] Vs24214-24249: genomic region corresponding to
gene id between V12B01_ 24214 and V12B01_ 24249 (see
Example 1).

TABLE 7

24214 F

cacc caagcgatagtttatatagegt (SEQ ID NO:324)

24249R

gaaatgaacggatattacgt (SEQ ID NO:325)

[0535] V5s24189-24209: genomic region corresponding to
gene id between V12B01_ 24189 and V12B01_ 24209 (see
Example 1).

TABLE 8
24189 R
cggaacaggtgattgtggt (SEQ ID NO:326)
24209 F

cacc gcccacttcaagatgaagetgt (SEQ ID NO:327)

[0536] Vs24214-24239: genomic region corresponding to
gene id between V12B01_ 24214 and V12B01_ 24239 (see
Example 1).

TABLE 9

24214 F
cacc caagcgatagtttatatagegt (SEQ ID NO:328)
24239 R_1

gtggctaagtacatgccggt (SEQ ID NO:329)

[0537] The entry vectors were recombined with the desti-
nation vector pET-DEST42 (Invitrogen) using the LR recom-
binase enzyme (Invitrogen). These destination vectors were
then put into electrocompetent DH10B or BL21 cells.
[0538] The alginate lyase clones were then made by digest-
ing (using enzymes Nde [ and Bam HI) the PCR products that
were generated using Vibrio splendidus 12B01 genomic
DNA as a template and amplified with the following primer
pairs:

TABLE 10

GGAATTC CAT
atgacaaagaatatgacgactaaac

(SEQ ID NO:330)

for

24214 ndeF

forward primer for V12B01_ 24214

CG GGATCC ttattatttccecctgccctgecagt (SEQ ID NO:331)

for reverse primer

24214 bamR

for V12B01_ 24214

24219 ndeF

GGARATTC CAT atgagctatcaaccacttttac (SEQ ID NO:332)

for forward
primer for V12B01l_ 24219
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TABLE 10-continued

CG GGATCC ttacagttgagcaaatgatcc (SEQ ID NO:333)
for reverse primer

24219 bamR

for V12B01_24219

[0539] The digested PCR products were then ligated into
cut pET28 vector. Certain of the cloned genomic regions of
Vibrio splendidus B0l were tested for the presence of
secreted alginate lyases, and the above-described constructs
were tested in various combinations for the ability to confer
growth on alginate as a sole source of carbon.

[0540] The Vs24254 (SEQ ID NO: 32) region of Vibro
spendidus encodes a functional external alginate lyase. BL.21
cells expressing Vs24254 from the pET28 vector were
capable of breaking down alginate in the growth medium.
When grown on LB+2% alginate+0.1 mM Isopropyl $3-D-
1-thiogalactopyranoside (IPTG), only cells expressing the
V24254 gene give a positive TBA assay result of pink color.
This assay was performed by spinning down an overnight
culture grown on the above mentioned media. The media was
then mixedin a 1:1 ratio with 0.8% thiobarbituric acid (TBA),
heated for 10 min at 99 degrees Celsius, and assayed for pink
coloration. FIG. 47 shows the results of this assay. The left
tube in FIG. 47 represents media taken from an overnight
culture of cells expressing Vs24254, while the right hand tube
shows the TBA reaction using media from cells expressing
V524259 (negative control). The lack of pink coloration in the
negative control indicates that little or no cleavage of the
alginate polymer has occurred. Wildtype E. coli cells not
expressing any recombinant proteins show the same colora-
tion as the negative control Vs24259 (data not shown).
[0541] To test the ability of recombinant E. coli to grow on
alginate as a sole source of carbon, transformed cells were
grown for 19 hours at 30 degrees Celsius with mild shaking in
a 96-well plate. Each well held 222 pl of minimal media (see
growth conditions for explanation of minimal media) with the
0.66% carbon source in the form of either degraded alginate
or glucose (positive control for growth). All cells were either
BL21 with no plasmid (BL21—negative control), one plas-
mid (Da or 3a), or two plasmids (Dk3a and Da3k). The
plasmids are indicated by the lower case letter: “a” refers to
the plasmid backbone pET-DEST42 and “k” refers to the
pENTR/D/TOPO backbone. “D” indicates that the plasmid
contains the genomic region Vs24214-24249, while “3” indi-
cates that the plasmid contains the genomic region Vs24189-
24209. Thus, Da would be pET-DEST42-Vs24214-24249,
Da3k would be pET-DEST42-Vs24214-24249 and pENTR/
D/TOPO-Vs24189-24209 and so on.

[0542] As shown in FIG. 56A, the two vector-constructs
pET-DEST42-Vs24214-24249  and  pENTR/D/TOPO-
Vs24189-24209 when combined in E. coli confer growth on
degraded alginate as the sole carbon source. This same result
is be observed when these genomic inserts are switched into
the opposite vector (pET-DEST42-Vs24189-24209 and
pENTR/D/TOPO-Vs24214-24249). FIG. 56B shows growth
on glucose as a positive control. Thus, the combined genomic
regions of Vs24214-24249 and Vs24189-24209 from Vibro
splendidus were sufficient to confer on E. coli the ability to
grown on alginate as a sole source of carbon.

Example 11
Production of Ethanol from Alginate

[0543] The ability of recombinant E. coli to produce etha-
nol by growing on alginate on a source of carbon was tested.
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To generate recombinant E. coli, DNA sequences encoding
pyruvate decarboxylase (pdc), and two alcohol dehydroge-
nase (adhA and adhB) of Zymomonas mobilis were amplified
by polymerase chain reaction (PCR). These amplified frag-
ments were gel purified and spliced together by another round
of PCR. The final amplified DNA fragment was digested with
BamHI and Xbal ligated into pBBR1IMCS-2 pre-digested
with the same restriction enzymes. The resulting plasmid is
referred to as pPBBRPdc-AdhA/B.
[0544] E. coli was transformed with either pBBRPdc-
AdhA/B or pPBBRPdc-AdhA/B+1.5 Fos (fosmid clone con-
taining genomic region between VI 2BO01_ 24189 and
V12B01_24249; these sequences confer on E. coli the ability
to use alginate as a sole source of carbon, see Examples 1 and
10), grown in m9 media containing alginate, and tested for the
production of ethanol. The results are shown in FIG. 57,
which demonstrates that the strain harboring pBBRPdc-
AdhA/B+1.5 FOS showed significantly higher ethanol pro-
duction when growing on alginate. These results indicate that
the pBBRPdc-AdhA/B+1.5 FOS was able to utilize alginate
as a source of carbon in the production of ethanol.
[0545] The various embodiments described above can be
combined to provide further embodiments. All of the U.S.
patents, U.S. patent application publications, U.S. patent
applications, foreign patents, foreign patent applications and
non-patent publications referred to in this specification and/or
listed in the Application Data Sheet, are incorporated herein
by reference, in their entirety. Aspects of the embodiments
can be modified, if necessary to employ concepts of the
various patents, applications and publications to provide yet
further embodiments.
[0546] Theseand other changes canbe madeto the embodi-
ments in light of the above-detailed description. In general, in
the following claims, the terms used should not be construed
to limit the claims to the specific embodiments disclosed in
the specification and the claims, but should be construed to
include all possible embodiments along with the full scope of
equivalents to which such claims are entitled. Accordingly,
the claims are not limited by the disclosure.
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<160> NUMBER OF SEQ ID
<210> SEQ ID NO 1
<211> LENGTH: 12066
<212> TYPE: DNA

<213> ORGANISM: Vibrio
<400> SEQUENCE: 1
ggggacaagt ttgtacaaaa
tggaggcgat tggetttttt
atagatttge tatgatatag
tgaacaaaaa agctgatagt
gaacgtgaac tttttagagce
tttagagaat ggatttttac
cgcagettet gecatggattt
cgtegtgeca tggacagcaa
ctcttetttyg cagcagagca
tgagcagcaa gttatccaag
agtagccagt tctaatccaa
aacctacgge attaatgaag
cgatcgegtyg attattgata
gtacaagcegt ttgtctgtat
caacaaccca gcttetgeag
tccgcaacaa atcttecaat
tggttatcegt gtgagccctg
cggagatatt gccactcagt
catattcegt tctatctcag
acaacatgaa gtgtttattg
gagaagtacg tgaagcattg
tgcacacceyg cagccatcge
gagtttatta atattgttgg
cgcggaaaaa tcgatgtacg
ttcctaaacyg tattggaagt
aagatcatca aggccaaaga
acgatcaaag gcgacaatgt
gaactttcte ctetgetteg
tacgacccag ccaacatcat
gaaatcatca agcgtgttga
aatgcttetyg cggcagaaat

aaaaacacac ctgcatttct

SEQUENCE LISTING

NOS: 333

splendidus

aagcaggcett
ttcaaggaag
ttcaggatct
ttagtaggtt
tcaaacttcg
tccagcagaa
taggacagct
cggettecte
acatgtttgg
atgcgccaaa
agctgagett
agatcgaagg
actcaggteg
cagcacctge
aagagaagct
atgttcgact
gcaaagattce
taaatggaca
agctgacaga
aattttagaa
gtttaagaaa
gagtgatttt
tcgtaaccta
cagctacgac
gtatggctac
ttcgaaaaca
ggtgacacgt
tcaactaaac
ccttattaca
ccaagegggt
ggtacgtatc

acaacctaaa

gacgcttate

attacaaaat

tatgctttta

acagctttat

catggataac

actgagecett

tgcatggttt

gtcttcaacy

tgcttataac

gacgcgactyg

ggctgtgatt

tacgcgaget

agacgaaacc

gccacctegt

agatgaaatt

gtctcaggty

agaacttttt

agacctgaca

gctaaaccte

ctttgegtet

agtgcatggt

agtgccaget

gagaagacga

gtactcaatg

geggttgteg

tcggcaatte

gttgtgacgg

gacaatgcag

dgccgagegy

gataaagaga

gttgatgegt

ttagttgceg

acatttagta

agctcaggta

ataagcagga

tcgttataga

tctecggtyge

gttetttgtt

attgaacctyg

cctcaatcega

ccaaccacgc

aacctegttt

gccaatcgeg

aagttaaaag

ttgatgettg

acctcttett

aaagcgaaga

aaacgcgacyg

aactctgttyg

gaccctgetyg

gtcgtegaga

aacgaaggac

tattggcagyg

ttaaaggcac

tcatcgttga

aagagcaata

aaatggactc

cagtcgttygyg

ttegtaatgt

gcgcgggtaa

cggtagtaaa

ttgaagtcgt

taagcaaaac

atgaacgtac

gaagcttatg

atgccgattt

acagaattta

aagggttagg

tgagccgatt

gtgtgttgat

ctgagcaaac

ctecttgatat

ctgetgtggt

tagtgggtgc

gcacacaagc

cggtattagt

aaggcattga

ctgtgcegtgg

taatgaaaga

ataaagtgat

ggctccaaaa

ctatgggcaa

gagatggtca

gaaagtgtag

aagcttaatc

tgatattcaa

ccctteggty

ctacagcette

gggtgttett

agacagtgac

ctceggtgegt

cgttgtgeac

cecgtttaget

tgagctaaag

cactgatgeg

caatgcgatt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920
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cttatctcag

gttgaaatgg

gatctagttyg

accaaaggaa

tctttagtga

ctggatatte

gacggcgtta

agcaacactg

gaaacgacaa

gaagaaggtg

agtgtggtaa

aatatcctat

ggtgaagagg

caaacagttg

ggtgattcgg

geggttgatg

caaatgctgg

cegttettygyg

gagaaaaaga

gatggtatca

caaggactga

atgaatcacc

aattggtagg

agatggtgtt

tgaaatcgge

cgattactct

aagctegtca

aagaactgcc

taatcaatgc

cctttgaaaa

cgccaagecyg

atattgcgga

cggttgatgt

tgttggacaa

atgaaaactt

caggttcagg

gaaacatttt

aagtgaaccc

gegaccctaa

caaccaaggg

atgtgctgaa

gttcatcgca

ttaccgcaca

gtcegtgcetcea

accttggtgt

gegettecat

ccgetgttta

actattcaac

tgggtgactg

cttetecaag

tgcctgttet

aacgtaaaga

ttcaactgca

tgegttttge

tgttgggtgg

gagatattce

acctaatggt

cgcagegtaa

agttaatgge

cggctgaaat

ggngCant

ggaataccaa

ggcgatcatt

cgatgagttt

gctcatggaa

tcaagacgaa

gatgctgggt

gtcactttgt

taaactggct

aaaacgcgtyg

tcgtgtttea

aaatgccact

ccgtaagetyg

taaatcgacyg

aaccgttgaa

taaggttgat

agtacgtagc

caataaccaa

aggcgtgtcg

gegtaaccaa

gecggacatce

agtattgatt

gcagtggggt

tggcggtgtyg

tgattcagac

attagcttce

gaccgectty

tatcaccgtyg

aaccggttet

agtgggtatc

aatagaacaa

taagcgacag

cttgattgac

tgtgcttgga

cttcatcaaa

atacaacttc

agacgataac

tcaagectte

acttatcage

catccagage

gaagtgagtc

gataaaaaac

gacattggtyg

gacttacttyg

gaggcgatca

atcecgtttee

ccgetattgg

ccacaagatg

accatgeett

cgtctagact

attcagegec

accttgtacyg

gacccaatcg

atgacctttg

cgtttaagaa

gttatttacc

gacaacctac

gtgatgatct

atgaatgege

gaagcactga

aaccttgaaa

atggttggtt

ggtaaattct

gcactttety

atcagtgcag

atggataacg

acagcaggct

aagcttaaag

gaagtatcga

ctaaatacat

gagcgagcat

cacttgttca

ccaaccatta

atcecgtgetyg

atcccagtat

atcgatcaaa

gettgeegtt

gegecaccgat

gtgttgtgaa

taaccgatge

ctgatagtga

aatcagaaga

aagagggtgc

gagttgatgg

tttcacgtgt

gtcgtattte

cttegeatgyg

tgcacagttt

cacatggcat

caggtctgea

aattcgatat

cgegtggttt

ggctgattga acagcttgat

ttaaatatgc aaaagccgaa

aatcagagaa gcagacatca

cagctcacag tgacaccaac

ttcaagatgt gatcgcacag

ttgtcgaaat ggccgaaggt

cgggtgccat gattcagtac

tagaagaagc gaaagacagc

tacgtaatga aaccacgacg

gtgttaatgg tgcggcaatg

tagcgaccga ttcaaattca

gcgaagegte attcattgtg

caagtaacga caacccattce

tggtgccgeca aatcaatgaa

acgtattagg cgccaatggt

cagtgattgt tcaagacggt

tggaaagtga atctaaggtyg

aatcaaccag tactcaggtt

ttcgtgatgg tatgacagee

agcagttgta caaggctgag

tgcctaaatt tggtgccgac

tggaacaaga ataatggctg

tagctttgeg aatcgctaca

actttattat gttgagccac

aaatggtttc acgccacaag

ttatcagegt gactcgtcag

tgatttctte tcactagegy

tgatgcacca atcatcaagt

ttcggatata cacatcgaaa

tgtgctgegt gatgttctag

caaggttatg gctaaactgg

tctgegtatt ggtggccgag

tgagcgtgtyg gtaatgegte

aggtatgaca gccgaaaacc

tatcttggtyg accggcccga

agaactcaac agcaatgaac

cgatggcatt ggtcaaacac

acgtgccatt cttegtcaag

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200
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atcctgatgt tgttatgatt ggtgagatcc gtgacttgga gaccgcagag attgctgtcce 4260
aggcctettt gacaggtcac ttagttatgt cgactctgca taccaatact gecgteggtg 4320
cgattacacg tctacgtgat atgggcattg aacctttett gatctcecttet tegetgetgg 4380
gtgttttggce tcagcgettg gttegtactt tatgtaacga atgtaaagaa ccttatgaag 4440
ccgataaaga gcagaagaaa ctgtttgggt tgaagaagaa agaaagcttg acgctttacc 4500
atgccaaagg ttgtgaagag tgtggccata agggttatcg aggtcgtacg ggtattcatg 4560
agctgttgat gattgatgat tcagtacaag agctgattca cagtgaagcg ggtgagcagg 4620
cgattgataa agcaattcgt ggcacaacac caagtattcg agatgatggc ttgagcaaag 4680
ttctgaaagg ggtaacgtcce ctagaagaag tgatgcgegt gaccaaggaa gtctagtatg 4740
gcggcatttyg aatacaaagc actggatgcc aaaggcaaaa gtaaaaaagg ctcaattgaa 4800
gcagataatg ctcgtcaggce tcgccaaaga ataaaagagc ttggcttgat gccggttgag 4860
atgaccgagg ctaaagcaaa aacagcaaaa ggtgctcage catcgaccag ctttaaacge 4920
ggcatcagta cgcctgatct tgcgcttatt actcgtcaaa tatccacgcet cgttcaatct 4980
ggtatgcege tagaagagtg tttgaaagcc gttgccgaac agtctgagaa acctcegtatt 5040
cgcaccatgce tactcgcggt gagatctaag gtgactgaag gttattcgtt agcagacagc 5100
ttgtctgatt atccccatat cttcgatgag ctattcagag ccatggttge tgctggtgag 5160
aagtcagggc atctagatgc ggtattggaa cgattggctg actacgcaga aaaccgtcag 5220
aagatgcgtt ctaagttgct gcaagcgatg atctacccca tegtgetggt ggtgtttgeg 5280
gtgacgattg tgtcgttcct actggcaacg gtagtgccga agatcgttga gcctattatce 5340
caaatgggac aagagctccc tcagtcgaca caatttttat tagcatcgag tgaatttatc 5400
cagaattggg gcatccaatt actggtgttg accattggtg tgattgtgtt ggttaagact 5460
gcgctgaaaa agccgggcgt tcegcatgage tgggatcgca aattattgag catcccgetg 5520
ataggcaaga tagcgaaagg gatcaacacc tctegttttg cacgaacact ttctatctgt 5580
acctctagtg cgattcctat ccttgaaggg atgaaggtcg cggtagatgt gatgtcgaat 5640
catcacgtga aacaacaagt attacaggca tcagatagcg ttagagaagg ggcaagcctg 5700
cgtaaagcgce ttgatcaaac caaactcttt ccceccgatga tgctgcatat gatcgccagt 5760
ggtgagcaga gtggccaatt ggaacagatg ctgacaagag cggcagataa tcaggatcaa 5820
agctttgaat cgaccgttaa tatcgcgtta ggcattttta ccccagcecget tattgegttg 5880
atggctgget tagtgctgtt tatcgtgatg gcgacgctga tgccaatgct tgaaatgaac 5940
aatttaatga gtggttaacc tgccgctcat cagacgttag tttttggatt atcgagaaga 6000
aggacatcat tcccctcaac tcegctatctg taatttggag aaaataatga aaaataaaat 6060
gaaaaaacaa tcaggcttta ccctattaga agtcatggtt gttgtcgtta tcecttggtgt 6120
tctagcaagt tttgttgtac ctaacctgtt gggcaacaaa gagaaggcgg atcaacaaaa 6180
agccatcact gatattgtgg cgctagagaa cgcgctcgac atgtacaaac tggataacag 6240
cgtttaccca acaacggatc aaggcctgga cgggttggtyg acaaagccaa gcagtccaga 6300
gcctegtaac taccgagacg gcggttacat caagcgtcta cctaacgacc catggggcaa 6360
tgagtaccaa tacctaagtc ctggtgataa cggcacaatt gatatcttca ctecttggegce 6420

agatggtcaa gaaggtggtg aaggtattgc tgcagatatc ggcaactgga acatgcagga 6480
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cttccaataa

ttgcttgata

gcaaacacag

atcggeggte

cgctcaaage

agattttggt

tgatggctgg

actggcactyg

tccaggaage

accaccacag

cccaaatacce

gattcgatta

ctegeggtat

ctatcttege

tcagttatct

tcatgctaca

aatggttctg

tgagtgegge

attaagagaa

agcgtgtege

ccttcaaaag

acgctaagta

attgagcgca

tttegecaga

atcttaatga

ggttggcaca

attaaagaag

gaaggtgtga

ggaagccgcet

aagctgacac

ctagatcagg

gactcatcga

tgtcgegetyg

gtcegagegt

ttactggtac

agacagtgat

ggattatgge

cttagecgga

getteggett

cgttattgat

ccaggtttca

geggtgatet

ttttatcage

gttegtgttyg

caagaaacgg

tcgetgacat

ttatttgatg

atctacatct

ggtgacacaa

ctcgageegyg

gectettggt

tangngCg

cgaagaaaaa

tcctgagatg

gaaggtgact

aaccagtaag

tgtggtcaat

taactaagag

ggagaggctt

tggcggetta

gtgctegttt

tggcggtgcyg

aagagtattt

acccacaaca

aaacacttga

ttacccctcet

dggggaaaga

tgaaagacta

ccgatgatte

actaataagc

atcattattt

ttgtttacge

agcattggtyg

accgtgaacc

caagttaagg

gtggcgacca

gttgteggtt

ggtagtacge

ccttgattga

cgaccatcee

gaattcagct

atgaaaaaaa

agttcgaaaa

taggtggtgg

aagatatgtt

tgtcgagtge

tacaagatgt

gagaagaaga

tctegaggaa

atcagtgtga

accttegegy

cttaaaaaag

cccatcgata

aaagcgtete

taagagcatg

catgtcggaa

taccttaatt

tcaggtggtt

gaaccaactyg

aaaatttegt

attggactcc

gecagtttect

gegtgtatgg

gettgatgat

gtggcaaacc

tggtgagata

ttcaaacagt

gtttagcgac

tgatgctatt

aattcaagcg

tggaagcgcet

taagccaacc

gecgeattgt

cttcaagtaa

gatacgttce

aaaaaatgga

gattcttttyg

taccaatagc

actcaatgaa

atcgacttac

gatccettet

cgcgtgggaa

tgctgatett

tgaaatgacg

ttggcgcatt

tgaagaagaa

tgactctget

ttegtgetgt

cgatggtegt

cgcagggeac

ccagcgataa

cagtcgttac

ttattaatta

aataagcgta

gaagtcttgg

aatcaggtge

caacgcagtt

accaacggtyg

gacagtgtag

cgcggtgaag

tggcgttatce

gttgaaagct

gataaatcac

gagegtgttt

gactcttcag

aaggtcagec

ggcgatcatyg

cgttggtaac

tgtgcaaaac

atgggcgtta

tgatgctcag

ccagactect

tgttgtttga ttegttatcg

gtctacaagg tgaaaactaa

gtgttggtat tactgtcagt

aaagatgttyg ctaaaaaata

gaggctattt tgagtggett

gttetgatga ctttgaagte

tcaactgaat taccggaaga

gacgatgatc ggttgttcaa

gaagaggaaa agaagccgaa

ccatttgtac tgtegtttta

cgagtattgg ataatggtgt

taaccgttct ccttategtt

tgaagtattyg gttgcgetygyg

cacccagcac atcaatacge

tgataatcaa atggccctag

gcaagagtta gcgggaagag

tttattaaag gcgtttgatg

ggtgcgcagt tatgtggtta

agaacagctce gctaactaag

cgcegegtaa acaaggtceta

tctegattge tatctttgee

agcgaagcaa cgagatctet

tagtcatttt agataatgat

aagaagcatc atctaagcetg

gcatcatgtt tactcgtcta

tcacgaaggt tggctaccgt

ccgatacacce ttcaggccaa

tggaattcga gttttatgac

tgccgaaage ggtgaggett

atctcactce cggtggcace

gcagtagtga ggggaataat

ttgggacgta aacaacgtgg

gcaaccattg ctggcagcat

caactgaatt accaacaggc

ggtattaggce aaagttacaa

gaagagcagg tatacccatt

gecatgtttta atcttaatge

tatttaatca cggtttggca

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580

8640

8700

8760
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aaccttattg gaaaaccaag acgttgagcc ttatcaggct gaggttatcg caaattcaac 8820
gtgggaattt gttgatgcgg atacacgaac cacctctteg tcetggtgtag aagacagcac 8880
gtatgaagcg atgaagccct cttatttgge ggcgaatggce ttaatggeccg atgaatccga 8940
gctacgageg gtttatcaag tcactggtga agtgatgaat aaggttcgcece cctttgtttg 9000
cgctctgeca accgatgatt tcecgcttgaa tgtgaatact ctcacggaaa aacaagcacc 9060
gttattggaa gcgatgtttg cgccaggctt aagtgaatcg gatgccaaac agctgataga 9120
taaacgccca tttgatggcet gggatacggt agatgctttc atggctgaac ctgccattgt 9180
tggtgtaagt gccgaagtca gcaagaaagc gaaagcatat ttaactgtag atagcgccta 9240
ttttgagcta gatgcagagg tattagttga gcagtcacgt gtacgtatac ggacgctttt 9300
ctatagtagt aatcgagaaa cagtgacggt agtacgccgt cgttttggag gaatcagtga 9360
gcgagtttet gaccgttcga ctgagtagceg aaccacaaag ccctgtgcag tggttagttt 9420
ggtcgacaag ccaacaagaa gtgatagcaa gcggtgaact gtctagctgg gaacagcttg 9480
acgagttaac gccttacgcet gaaaagcgca gctgtatcege tttattgcecg ggaagtgaat 9540
gcttaattaa gegtgttgag atcccgaaag gtgctgcteg ccagtttgat tctatgetge 9600
cgttcttatt agaagacgaa gtcgcacaag atatcgaaga cttacacctg actattttag 9660
ataaagatgc cactcacgct accgtgtgtg gtgtggatcg tgaatggcta aaacaagcett 9720
tagacctgtt tcgcgaagcc aatataatct tccgtaaggt gctaccagat acactagecg 9780
tgccttttga agaacaaggc atcagtgcgt tgcagataga tcagcattgg ttattgcgcece 9840
aaggtcactc tcaacgtcaa ggtcactatc aagccgtatc gatcagtgaa gcatggttac 9900
cgatgttttt gcaaagtgat tgggttgtcg ctggtgagga agagcaagcg acgactatct 9960
tcagctatac cgcgatgccg agcgacgacg ttcaacagca aagcggcectc gagtggcaag 10020
caaagcctge ggaattggtg atgtctttat tgagtcagca agcgatcaca agcggcgtaa 10080
atttactgac tggcaccttt aaaaccaaat cttcattcag taaatattgg cgtgtttggce 10140
agaaagtggc gattgctget tgtttgectgg tggccgtgat tgtgactcag caagtgttga 10200
aggttcagca atacgaagcg caagcacaag cctaccgcat ggagagtgag cgtatcttta 10260
gagctgtget gcctggcaaa caacgcattc cgaccgtgag ttacctcaag cgtcagatga 10320
atgatgaagc taagaaatac ggtggttcag gcgaaggtga ttctttactt ggttggttag 10380
ctttgctgece tgaaacctta gggcaagtga agacgatcga agttgaaagc attcgctacg 10440
atggcaaccg ttctgaggtt cgactgcagg ctaaaagttc tgacttccaa cactttgaga 10500
ccgcaagggt gaagctcgaa gagaagtttg tcgttgagca agggccattg aaccgtaatg 10560
gcgatgcegt atttggcagt tttactctta aaccccatca ataacctgcg taaggagatc 10620
agtgatgaga aatatgattg aaccactcca agcgtggtgg gcttcaataa gtcagecggga 10680
acaacgatta gtcattggtt gttctatttt attgatactg ggcgttgtct attggggatt 10740
aatacaacca cttagccaac gagccgagct tgcacaaagce cgcattcaaa gtgagaagca 10800
acttctggcet tgggtaacgg acaaagcgaa tcaagtggtt gaactacgag gcagtggtgg 10860
catcagtgcce agtcagcctt tgaaccaatc tgtgcctget tctatgegec gttttaacat 10920
cgagctgata cgcgtgcaac cacgcggtga gatgctgcaa gtttggatta agcctgtgece 10980

atttaataag ttcgttgact ggctgacata cctgaaagaa aagcagggtg ttgaggttga 11040
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gtttatggat attgatcgct ctgatagccc tggggttatt gagatcaacc gactacagtt 11100
taaacgaggt taatgtgaaa cgcggtttat ctttcaaata cggcctgtta ttcagegtca 11160
tttttatcgt ttttttcteg gtaagettgt tgctgcattt gectgecget tttgetcectca 11220
agcatgcacc cgtcgtgegt ggtttaagca ttgaaggcgt tgagggcacc gtttggcaag 11280
gtcgegctaa caatatcgcg tggcagegtg tcaattacgg ctcagtgcag tgggacttce 11340
agttctctaa actattccaa gccaaagcag aacttgcggt tecgcetttgge cgcaacageg 11400
acatgaactt atcaggtaaa ggacgtgtcg gatatagcat gagtggtgct tacgcggaaa 11460
acttagtggc atcaatgcca gccagcaacg tgatgaaata tgcgccagct atcccagtge 11520
ctgtgtctat tgcagggcaa gttgaactga cgatcaaaca tgcggttcat gctcaacctt 11580
ggtgtcaatc aggtgaaggt acgcttgctt ggtctggtgce agcagtcgac tcgcecagtgg 11640
gttcgttaga ccttggccct gtgattgcgg acataacgtg tgaagacagc acaattgcag 11700
ccaaaggcac tcagaagagc gatcaggtag acagcgagtt ctcagcgagce gtaacaccta 11760
accaacgcta cacctcggca gcatggttta agccaggcge tgaattcccg ccagcaatge 11820
agagtcagct taagtggttg ggcaatcctg atagccaagg taaataccaa tttacttatce 11880
aaggccgcett ttagcccggt atttacttca gagctagtat ctgaagtaaa tttggcgatce 11940
aaatcgcgaa ctataaaaaa cgggcacctc actgaggtge ccgttttgtt tgttcectgaga 12000
atctagagga tatctgacgg ttaaagagag caaactcacc cagctttctt gtacaaagtg 12060
gtceccee 12066
<210> SEQ ID NO 2

<211> LENGTH: 54080

<212> TYPE: DNA

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 2

gtgctttgty acaacggggg atgtatggat attgaagttt cgegecaggt tgeggtagtt 60
gaagctacga gtggagatgt cgtcgtagtt aagccagacg gcagcgcaag aaaagtttca 120
gttggcgata ccatccgtga aaatgagatc gtgattacgg ccaacaagtc agagettgta 180
ttaggcegtte agaatgattc gattceggtt gcagagaatt gegteggttyg tgttgatgaa 240
aacgctgcat gggtagatge cccaataget ggtgaggtta attttgactt acagcaagca 300
gacgcagaaa ccttcactga agacgacctt gctgcaatte aagaagccat tttaggtggt 360
gecgatcega ctcaaatctt agaagcaacyg gctgetggtg geggactagyg ttetgcaaat 420
getggetttyg tgacgattga ctataactac actgaaactce atccatcgac tttetttgag 480
accgectggte tagcagaaca aactgttgat gaagacagag aagaattcag atctatcact 540
cgttcatcag gtggccaatce aatcagtgaa acactgactg aaggctccat atctggcaat 600
acctatccce aatctgtaac aacgacagaa acgattattg ctggtagttt agetctegece 660
cctaactett tcattccaga aactttatce ctegettcac tacttagtga attaaacage 720
gacattactt caagtggtca gtcecgttate ttcacctatg acgcgacgac taattctatc 780
gttggtgttc aagataccga cgaagtatta cgtatcgaca ttgatgecegt cagtgttgge 840
aataacattg agctttctet aaccacaacg atttecccage cgattgatca tgtaccgteg 900

gttggeggty gtcaggttte ttacactgge gatcaaatag atattgectt tgatattcaa 960
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ggtgaagaca ccgctgggaa cccgctagca acacccgtta acgcacaagt ttcagtgttt 1020
gacgggatag atccgtctgt tgaaagtgtc aatatcacta acgttgaaac tagcagcgcyg 1080
gcaatcgaag ggacgttctce aaatattggt agtgataacc ttcaatcagc cgtatttgat 1140
gcaagtgcac tggaccagtt tgatgggttg ctcagtgata atcaaaacac gcttgcgaga 1200
ctttctgatg atggaacaac gattactctg tccatccaag gtcgaggtga ggttgttcte 1260
actatctctce tagataccga tggcacctat aaattcgagce agtctaatcc gatagaacaa 1320
gtgggtaccg attcactgac gttcgctttg ccaatcacga ttaccgattt tgaccaagat 1380
gttgtaacca atacgatcaa cattgccatt actgatggcg atagccctgt tattactaat 1440
gttgacagta ttgatgttga tgaagcgggc attgttggceg gctcacaaga gggcacggcyg 1500
ccagtgtctg gecactggegg tatcaccgcg gacatttttg aaagtgacat cattgaccat 1560
tatgagctag aacccactga atttaatact aatggcacct tggtttcaaa tggcgaggct 1620
gtgctacttyg agttgattga tgaaaccaac ggtgtaagaa cttacgaagg ttatgttgag 1680
gtcaatggtt cgagaattac ggtctttgac gttaaaattg atagcccttc attgggcaac 1740
tatgagttta atctttatga agaactttct catcaaggcg ctgaagatgc gctgttaact 1800
tttgcattgce caatttatgc tgttgatgca gatggcgacc gttctgcact gtctggaggt 1860
tcgaacacac cagaagctgc tgagatcctce gttaatgtta aagacgatgt cgttgaatta 1920
gttgataagg ttgaatcagt caccgagccg accttagcgg gcgatactat tgtttcecgtat 1980
aacctgttca attttgaagg cgcagatggt tctacaattc aatcgtttaa ctacgacggt 2040
gttgattact cactcgatca aagcctgctc cccgatgcta cccagatttt cagttttact 2100
gaaggtgtcg tcactatctce attaaacggt gacttcagtt ttgaagtcgc tcgtgatatce 2160
gaccactcaa gcagtgaaac tatcgtcaaa cagttctcat ttttagccga agatggtgat 2220
ggggatactg atagttcgac gcttgagtta agtattaccg atggccaaga tccgatcatt 2280
gatttgatcc cgcctgtgac tctetctgaa accaacctta atgacggcetce tgctceccage 2340
ggaagtacag ttagcgcaac cgagacgatt acctttaccg caggcagcga cgatgtagca 2400
agtttcegta ttgaaccaac agagtttaat gtgggcggtg cacttaaatc gaatggattt 2460
tcggttgaga taaaagaaga ttcggctaat ccgggtactt acattggctt tattaccaac 2520
ggttcgggeg ctgaaatcce agtgtttacg attgctttet ctacgagcac attgggtgaa 2580
tacaccttta ctctgcttga agcgttagac catgtagatg gtttagataa gaacgatctg 2640
agctttgatc tgcctattta tgcggttgat acggacggcg acgattcatt ggtgtctcag 2700
cttaatgtga ctatcggtga tgatgttcaa atcatgcaag acggtacgtt agatatcacc 2760
gagccaaatc ttgctgacgg tacaatcaca accaacacca ttgatgtaat gccaaatcaa 2820
agtgctgatg gcgcgacgat cactcggttce acttatgacg gtgtcgtaaa cacactggat 2880
caaagtattt caggagaaca gcagttcagc ttcacagaag gcgaactgtt tatcaccctt 2940
gaaggtgaag tgcgctttga gcctaatcge gatctagacc actcagtgag tgaagatatc 3000
gtgaagtcga ttgtggtgac ttcaagcgac ttcgataacg atccggtgac ttcaaccatt 3060
acgctgacga tcactgatgg tgataacccg acgattgatg ttattccaag tgttacgcett 3120
tctgaaatta acctgagcga tggctcectgct ccaagtggca gcgcggtaag ctcgactcaa 3180

actattactt ttaccaatca aagtgatgat gtggttcgtt tccgtattga gtcaacggag 3240
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ttcaatacta

gcagggtegg

ttcacattaa

ttggaccacc

gtagatagtg

gttcaaatca

getggcacag

acggtgacge

gagcagcaat

tttgagccta

gtgacatcta

gatggtgata

agtgatggcet

actcaaagtyg

gcetctcacat

tacatcggtt

tcagatacca

ggtttagcga

gacgattcac

ggtggtacgt

atcgatgtga

ggtcaagttce

ggcgagttgt

cacacagcta

gatgtggtga

gcagtgccaa

actgcagtta

ttecgtattyg

gttgagataa

thggCgCtg

acctttactce

ttcgatctge

aacgtgacca

ccaaatctgg

gctgatggtg

aatgacactg

ggtgaagtgc

aagtcgattg

acgatgatct

gtgactacat

getttaatte

aagatgcceg

atggcgatga

tgcaagatag

tgacaactaa

aattcactta

ttagcttcac

atcgtaatct

gegattccga

tcccaaccat

ctgcacctag

atgatgtgac

caaacggatt

ttgtgactga

atttaggcca

acaatgatct

tggtgtctca

tagatatcac

tgccagagca

gaacactgga

tcatcactct

gcgaagatat

cgtcaacggt

gegttactet

gtcaaactga

agccaataga

aagaagattc

aaatcccagt

tgcttgaage

ctgtttatge

tcggtgatga

ctgatggaac

cgacgatcac

gcgaacagca

getttgagee

tggtcactte

taaatcgaac

tggttttacy

tggatcatta

tggcaacaac

ttcattggty

tacgttagat

caccattgat

tgatggccag

agaaggtgaa

agaccacaca

taacgatgtg

tgataatgtt

cggaagcgcyg

aagctteegt

ggcagtcgag

tggttcgaac

gtacaccttce

gacctttgat

gttaaatgta

tgagccaaat

aagcgecgat

tcaaacggac

tcaaggtgac

cgtgaagteg

cactctgacyg

gtctgaaatce

gacgattacc

gttcaatgtyg

ggctaatccyg

gtttacgatt

gttagaccat

ggtcgatacyg

tgtccaaatc

aatcacaacc

tcagtttact

gttcagette

aaaccgagac

aagtgatttc

ggtttagetyg

accagtgcga

ggtgaataca

gacctcagtt

tctecgttaa

atcgtecgage

gtgatgccaa

cttecgaacac

ctgttcatca

ctcagcgaag

ttgacctcaa

ccaactgtga

gtgagttcaa

attgaaccga

ttaaaagctg

gttgaaacta

accttacttg

ctgcctgttt

accatcggtyg

cttgcagacyg

ggtgcgacga

aatggtgagc

gtgegttteg

atagtggtga

attactgatg

aatcttagtg

ttcaccaatc

ggcggtgcac

ggtacttaca

gettteteta

gtagatggtt

gacggcgatg

atgcaagacg

agcactattg

tatgacggtc

acagaaggcg

ctagaccaca

gataacgact

ttgagttacg tgaagacccyg

cgaacgtaga aactccagta

cgttcacact catcgaageg

ttgatttacc tgtttacgeg

acgtcactat cggtgatgat

caaccgtege agatttggec

atcaaagtgc cgatggcgca

ttgaccaaaa tgacaatggt

cgcttcaagyg tgatgtgege

acatcgtgaa atcaatcgtyg

ccgtcactet gaccattace

acttgtctga aactaatctg

ctcaaactat tacttacacc

ctgaatttaa tgttggtgge

atccaaccac accgggtgge

acgtgttcac gattagette

aagcgttaga ccatgtggat

atgcagttga tagcgatgge

atgatgttca aatcatgcaa

gcacaattac aaccaatacc

tcactcagtt cacttatgac

agcaatttag cttcactgaa

aacccaatcg caacctagat

cttcaagcga tttagataac

gtgatatcce aaccattgat

acggctetge gccaagtgge

aaagtgatga tgtgaccagt

tgaaatcgaa tggatttgeg

ttggctttat taccaacggt

cgagctcatt gggtgaatac

tagataagaa cgatctgage

attcattggt gtctcagceta

gtacgttaga tatcatcgag

atgtgatgcc aaaccaaagt

agctaagaac gcttgatcaa

agttgtttat cacccttgaa

ccgegagtga agatattgtt

ctctgactte taccgtaacy

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520
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ctgaccatta

gaaactaatc

attactttta

aatactaacg

gggtecgggtyg

acgctgagtt

gaccaccaag

gacagtgatg

caaatcatge

ggcattgtga

atcactcaat

caacagttta

gagcctaatce

acgtctagtyg

ggtgatatce

gacggctett

caaagtgatg

ctcaaatcaa

atcggetttyg

gataccaatt

cttgcaaata

gattcactgg

ggtacgttag

gatgtgatge

caagttcgeca

gagttgttca

acagctageg

gtggtgacgt

gtgccaagceg

gcagtcagte

cgtattgage

gagataaaag

agcgctgaaa

tttactctge

gagctteegyg

gtgaccattyg

aatcttgcag

gatggtgcga

ctgatggtga

tgagtgatgg

ccaatcaaag

atgatcttaa

actacattgg

tttctagecac

atgccegtygyg

gegatgatte

aagacggtac

caactaacac

tcacttatga

gettcacgga

gtaatctaga

actccgataa

caaccattga

caccaagtygg

atgtaaccag

atggattgge

tgactgatgg

taggtcaata

acgatctgag

tgtctcaact

atatcactga

cagaacaaag

ctctggatca

tcactcttca

aagacatcgt

caacggtcac

ttactctgte

aaactgagac

caaccgagtt

aagactctge

tcccagtgtt

ttgaagcgtt

tttacgceggt

gtgatgatgt

acggcacaat

cgatcactca

taaccctacyg
ctctgeteca
tgatgatgtg
atcgaacggt
ttttactact
cacattaggt
caacaacgac
actgatgtct
gttagatatc
cattgatgtg
tggccaactt
aggtgaacta
ccacacgetyg
cgatgtgttyg
taatgtgcca
cagcgcagtt
ctteegtatt
ggttgagetyg
ttcgaacgtt
cacctteace
ctttgatetg
caatgtaacc
gccaaacctt
tgccgatggt
aactgacaat
aggtgacgtyg
gaagtcgata
tctgactatt
tgaaactaat
catcaccttt
taatgtggge
taatccgggt
cacgattgcet
agaccatgeg
tgatacagac
tcaaatcatg
cacaaccaac

gtttacttat

atcgacgtca

agtggcagcg

gttegtttec

ttagcegttyg

agtgcgacga

gaatatacct

ctcagttttyg

ccgttaaacy

gtcgagccaa

atgccaaatc

cgaacacttg

ttcatcactc

aacgaagaca

acctcaaccyg

acagtgagct

agctcaactce

gaaccgactyg

aaggccgatce

gaaactaacg

ttgcttgaag

ccagtctacyg

atcggtgatg

gcagacggca

gcgacgatca

ggtgagcagc

cgtttegaac

gtggtgactt

actgatggtyg

cttagtgacg

accaatcaaa

ggtgcactga

acttacattg

ttctctacga

gatggtttag

ggtgatgatt

caagatggta

accattgatg

gacggtcage

ttccaagegt taccctttet

cggtaagete gactcaaact

gtattgagce aacggagtte

agttacgtga agacccgget

atgtcgaaac cacggtattt

tcactttget tgaagegttyg

aactgcctgt ttatgeggta

tcaccatcgg cgatgatgtt

ccgtegecaga tttggecget

aaagtgccga tggcgcgacyg

accaaaatga caatggcgaa

ttgaaggtga agtgcgettt

tcgtgaaate gatcgtggty

tcactctgac cattaccgat

tgtcagaaac aagtctgagt

aaaccatcac ttacaccact

agttcaatgt tggcggtget

caaccactce gggeggctac

tgttcacgat tagcttcteg

cgttggatca tgcggatage

ccgtegatag tgatggegat

atgttcaaat catgcaaggt

caaccacaac taacaccatc

ctcagtttac gtatgacggyg

aatttagctt cactgaaggce

ccaatcgcaa cctagatcac

caagcgattc agataacgat

atctcccaac cattgatgea

getetgegee aagtggcage

gtgatgatgt ggcgagttte

aatcgaatgg gtttgeggtt

getttattge caatggtteg

gtacgttggg tgaatacacc

ataagaacga tctgagettt

cattggtatc tcagcttaat

cgttagacgt tatcgagceca

tgatgccega gcaaagtget

taagaacgct tgatcaaaat

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800
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gacactggtg aacagcagtt cagcttcaca gaaggcgagt tgtttatcac ccttgaaggt 7860
gaagtgcgct ttgaacctaa tcgcgatcta gaccattceg ttagcgaaga catcgtgaag 7920
tcgatagtag tgacttcaag cgacttcgat aacgatccgg tgacttcage cattacgcetg 7980
accattactg atggtgataa tccgactatc gattcggtac cgagcgttgt acttgaagaa 8040
gctgatttaa ctgatggcte atcgccaagt ggcagcgcgg ttagtcaaac ggaaaccatc 8100
actttcacta atcaaagtga cgatgttgag aaattccgtt tagaaccaag tgaatttaat 8160
actaacaacg cgctcaagtc cgatggcttg atcattgaga ttcgagagga accaacagga 8220
tceggcaatt atattggttt cacgaccgat atttcgaatg tcgaaaccac tgtgtttaca 8280
ctcgatttca gcagtaccac tttgggtgag tacaccttca cgcttctgga agcgattgac 8340
cacacgcctg ttcaaggcaa taacgatcta acattcaact tgccagtcta cgcggttgat 8400
agcgacggtg atgattcgcect aatgtcatca ctatcggtga cgattactga tgatgttcaa 8460
gtgatggtga gtggttcgct tagtatcgaa gagcctactg ttgccgactt ggctgcaggce 8520
acgccaacaa catcagtatt tgatgtatta acatccgcga gtgctgatgg ggcgaccatt 8580
actcagttca cttatgatgg tggggcggta ttaacgcttg atcaaaacga tacaggtgag 8640
cagaagttcg tggttgctga tggggcatta tatatcactc tgcaaggcga tattcgttte 8700
gaaccaagtc gtaaccttga ccatactggt ggcgatatcg tcaagtcgat agtcgtaact 8760
tcaagtgatt ccgatagcga tcecttgtgtct tcaacggtaa cgctaaccat tactgatggce 8820
gatatcccaa cgattgacac ggtgccaagce gttactctgt cagaaacgaa tctgagcgac 8880
ggatctgcte cgaatgcaag tgcggtaagt tcaactcaaa ccattacctt tactaaccaa 8940
agtgatgacg tgacgagttt ccgtattgaa ccgactgatt ttaatgttgg tggtgctctg 9000
aaatcgaacg gattggeggt cgaactgaaa gcggacccaa ctacaccggyg tggctacate 9060
ggttttgtga ctgatggttc gaacgttgaa actaacgtgt ttacgattag cttctcggat 9120
accaatttag gtcaatacac cttcaccctg cttgaagegt tggatcatgt agatggctta 9180
gtgaagaatg atctgacttt tgatcttecct gtttatgcgg ttgatagcga tggtgatgat 9240
tcactggtgt ctcaactgaa tgtgaccatt ggtgatgatg tacaggtcat gcaaaaccaa 9300
gcgecttaata ttattgagce aacggttget gatttggctg caggtactcce gacgacagec 9360
actgttgatg tgatgcctag ccaaagtgcce gatggcgcga caatcactca gtttacttac 9420
gatggcgggg cggcaataac actcgaccaa aacgacaccyg gtgaacagaa gtttgtattt 9480
actgaaggtt cactgtttat caccttgcaa ggtgaagtgc gtttcgagcc aaatcgcaat 9540
ctaaaccaca cagcgagcga agacatcgtg aagtcgattg tggtgacttc aagcgattta 9600
gataacgatg tactgacgtc aacggtcact ctgactatta ctgatggtga tatcccaacc 9660
attgatgcag tgccaagcgt tactctgtct gaaactaatc ttagtgacgg ctcagcgcca 9720
agcagcagtg ctgtaagtca aacagagacg attaccttca tcaatcaaag tgatgatgtg 9780
gcgagtttee gtattgagce aacagagttc aatgtgggeg gtgcactgaa atcgaatgga 9840
tttgcggttyg agataaaaga agattcggct aatccgggta cttatatcgg ttttattacc 9900
gatggttcga atactgaagt tcctgtattc acgattgctt tcectctacaag tacgttgggce 9960
gaatacacct tcaccttact tgaagcgcta gaccatgcaa atggcctaga taagaacgat 10020

ctgagttttg atcttcctgt ttatgcggta gacagtgatg gcgatgattc actggtgtcet 10080
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caactgaatg

actgagccaa

cagagtgeeg

gatcaaagca

cttcaaggte

atcgtgaagt

gttacgctga

ctttcagaaa

gagacgatta

gagttcaata

cctcaagget

gtatttacgt

getetggate

geggtggata

gatgtgcagt

acatcaaata

tttgtttteg

ttegtettea

gtacgtaatc

gacctecgatyg

cctactateg

gtgccaaccy

gacgtaagce

aacggcctag

gtcaaagacg

ttagggcaat

aatatactaa

atgtcgecta

agtatcactg

attgatgtta

ggtggcacag

gatggcttac

gaccattcat

gatacagata

gtggttccag

tctgcagtca

tttagaattg

gttcaactaa

tgaccattgg

atcttgcaga

atggtgcgac

tcgtaggtga

aagtgcgett

cgatagtggt

ccattaccga

caaacctage

cttttaccaa

ctaacgatge

ctggtcagta

tggactttaa

atcaagatgc

gtgatggcga

tgatgcaaga

cctttgatgt

atggtaagac

cggaaggtte

aaaatcatge

gegatattgt

accttgttee

gtaatccagt

atttcagaat

atgtcgaaat

gttctaacgt

acacgttcac

gettegatgt

tgacggttge

agcctteatt

tgccaacgca

ctgtaacgtt

tgtacatcac

ctggcgatat

cegeggatgt

atgttaactt

gttcgactca

cgaccaacga

aagaagatcc

tgatgatgtc
cggaacaatc
gatcactgaa
gcagcagttt
tgaaccaaat
tacttcaagt
tggtgatatt
tgatggttct
tcaaagtgat
acttaaatcg
cattggettt
ctceggaace
gegtggcaac
tgactcgtta
cggcacaatce
gatgccaaac
tgcagaaagt
ggtatttatt
tggtggtgat
cacatcgaca
cggaattacg
gacaatgaca
tgaccctacyg
aaaagagcag
agaaaccaac
actacttgaa
cectgtttta
gatcaccgat
agctgatttg
gagtgctgat
agacccaage
cattgaaggg
cgtaagaacg
cactttgacg
atcggaagtt
cacaatcact
attcaatcct

tgcttetget

caaataatgc

acaaccaaca

ttetcatttyg

agtttcaccyg

cgtgaccttyg

gattttgata

ccaactateg

gegecaagty

gatgtggtte

aatggcttag

accaccagtt

ttaggtgaat

aacgatttaa

gtctetcage

accagtcgtyg

caaagtgcetyg

cttgatttga

acgacggaag

attaccaagt

gtgacactga

ttatctgaag

caaaccatta

cagttcaata

ccagctaatt

gtcttcacga

gegttagate

geggttgatg

gacgtacaag

gecatcgggta

ggcgcgaaag

atcgccacag

gaggttegtt

attgtcgtca

atcaaagacg

aatctagegyg

tacaccgaag

ggcgatctgt

ggtgattaca

aagacggtac gttagatatc

ccattgatgt gatgccaaat

geggtattgt caaaacactce

aaggtgagct attcatcact

accactctge cagcgaagac

acgatcctgt gacttcaacc

atgcggtacce aagtgttacg

gtagtgcggt tagtcaaacg

getteegtet ggaaccaacce

cggtcgaact gcgcgaagaa

cgtctaatgt tgagacaaca

acacatttac tttaatcgaa

getttaatet acctgtgtat

ttggcgtgac cattggcgac

agcctgcage aagtgttgaa

atggagccaa agtcacttca

atgtgaatgg tgaacaagag

gtgagatacg attcgagccg

cgattgaggt gacgtctgtt

agattgttga tggtgacctt

tggatctgge cgatggetet

cctacacage gggtagtgac

cttcaggggt tttgaaatcg

ctggtaatta cattggette

tcagecttete gacgagcaat

atgtagatgg attgcaaaac

cggatggtga tgattctgea

gtgttcaaga tggcaccttg

cgccaccaac gacggcaatce

taacacagtt tacttacgat

aacaagtctt taccgtaacc

ttgagccgag ccgagatcta

ccaccagtga ttttgataac

gtatcaatce cgttatcaat

atggctcgac gccaagtggt

gaagtgatga ttttagtcac

tgaaatcaag tggtcttgtt

ttggttatac cgatgatggt

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860

10920

10980

11040

11100

11160

11220

11280

11340

11400

11460

11520

11580

11640

11700

11760

11820

11880

11940

12000

12060

12120

12180

12240

12300

12360
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atgggtaacg

acatttacct

ttecgtttge

gtggttacga

ccaaattectg

ggtgcgacta

atcageggeg

gatgtaaggt

attgtgttca

attgttgatg

ttacttgegyg

tcacttgcaa

aacggcgegt

ggcgactaca

gattttgatg

gttgatggcet

gatggtgata

atgcaatceg

tttgatgtga

agccaacctyg

gaaggttcte

gatcattecgg

gatattgtca

acagtaccaa

cctgttagec

cgtattgatce

cagttaaaag

gtccaaacgg

accttgttygg

ttgccagtga

accattaccg

gatgaagatg

gcagatcaag

tcgggcagtg

caaggggcga

gectacacct

acattaacaa

tatgtattge

ttaccgatgt

tgattgagge

ctatctatge

tagaagatga

gtactccaac

ttacgcagtt

aacaagagtt

ttgagccaaa

cgtcttcaga

gtgatgggcc

atggttcgac

gtagtgatga

tgaagtcgga

ttgcatttac

atacgaatcc

taggaaataa

tttcagegte

gtgcgctcaa

tgcctgegea

aagagtctct

tgtttatcaa

gtggtaacat

cttcaacagt

cggttgeatt

aaactgaaat

cggctcaatt

aagatcctct

atatcttcac

aagagttaga

tcgcagtega

atgatgttcc

atttgggcac

tcgaggttta

aaggtattaa

ccgacccaag

ttaccttget

taccatttga

caatcgaggt

atttaccatt

gettgatcac

tgttgataca

catccagcaa

aacaactacc

cacgtatgac

tgttttcact

tagaaacctt

ctttgataac

aacaatcgac

gectagegta

tattgctgaa

tggtttgtca

tactaatggt

gagtcaatat

cgatctgagt

taaaccgett

cattactgag

aagtgcagat

ggtacaaacc

tcttgaaggt

cgttaagacc

gacgctgact

ggaagaagcg

cattactttce

caacacatca

aaacagcgat

catcaccttt

tcacctgect

caaagacaac

aaccattact

tctggcacaa

cgaactacgt

gatcactgag

tggaacgcca

tggcecetete

tgttgttgee

gctagatgat

agctttgata

cttgatggtyg

gatgattctyg

atgcaagatg

gttgatgtga

ggtggttete

gaaggttcac

gatcactcetyg

gacatcttet

gttgtgcegg

aatccegtga

atagtggtgg

ctgagtttac

thggtgttg

acgtttacte

tttgatcttt

acagtcacca

ccaaccacag

ggcgcgacaa

gtCanggtg

gatgtacgtt

attacggtga

attgtagatg

aatctggteg

acagcaggaa

ggcgatctga

aattatattg

agcagcgtgg

gtacaaggta

actgactcag

gacaccaccyg

gcgacgggtt

aatatatcaa

atcacaggtg

attttcacat

aatcacgcta

gttgacggtg

gtgcctgtaa

gtgcaaacaa agctcagttt

tgctttacaa cgatcttacg

aatcaacaaa gcgcgatgtyg

gettettaac cattaccgag

tgccaatacc aagtgcagac

caattactct gaatcaaagce

tgtttgtgac actagatggt

cgggcgacat tgttaaatcg

catcaaaagt cactctcacc

gtgtggcatt gtcagaaagce

gtatgactca aaccattact

aagtcgggtt gttcaatacc

gtgaagacce tgtaaattca

agaaagttat cttcactctg

tgcttgaacyg tttagaccat

ctgtttatge agaagatacc

tcaccgatga tgttcagete

gaacaccgac tacagcagte

tcactaagtt tacctatgge

agcaagaatt tgtgttcact

tcgaacctaa ccgtaatctce

catcggaaga taaagatgge

gegegecace agtaatagac

acggatctte accgggttta

gtgatgatgt gagccactte

aagcggatgg tttggtggtt

gttacgttga aagcggeggt

ttctaggaga gtacacattce

acaatgatca aatcttcacc

cggtgaaacce tcttacggtyg

gegecagtac gtttgtggtt

cgtttgtaac cacagaaggt

cgttggaage aacgctatcg

ctgctaacac gaccacctac

tagtgctgac tgatgatggt

cgacaccgag taacctcgat

atggcgatga ttctaaccaa

tgacggcgee gacgggtgaa

12420

12480

12540

12600

12660

12720

12780

12840

12900

12960

13020

13080

13140

13200

13260

13320

13380

13440

13500

13560

13620

13680

13740

13800

13860

13920

13980

14040

14100

14160

14220

14280

14340

14400

14460

14520

14580

14640
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acggttgttg atgaagacga tcttactggc attggttccg atcaatctga agatacaatt 14700
atcaatggac tgttcaccgt tgatgaaggt gcggatggcg ttgtgctgta tgagetggtt 14760
gatgaagatt tggttctgac gggcttaacc tctgatggag aaagcttaga gtggctaget 14820
gtttcacaaa acggcacaac atttacttac gttgctcaaa ctgcaacgag taatgaagcg 14880
gtgttcgaga ttattttcga cacctcggat aacagctacc aatttgaatt atttaagcca 14940
ctgaagcacc ctgacggtgc aaacgagaac gcgatagatc ttgatttctc aatcgttget 15000
gaagattttg atcaagacca atcggatgcg atcggtctaa aaattacggt aaccgatgat 15060
gttcegttag tgacaactca atcgattact cgtcttgaag gtcaggggta tggcaactct 15120
aaagtcgaca tgtttgccaa tgcaacagat gtgggggctg atggcgcggt actgagtcga 15180
attgagggta tctcaaataa tggtgcagat attgttttcce gtagcgggaa caatgggcca 15240
tatagtagcg gcttcgattt aaacagcggt agccaacaag ttcgagtcta cgagcaaaca 15300
aatggcggtg ctgatactcg tgaacttggce cgtctacgca tcaactcaaa tggtgaggtt 15360
gaattcagag ctaacggcta tctcgatcat gacggtgatg acaccatcga cttcectcgatt 15420
aacgtgattg ccacagatgg agatttagac acctctgaaa caccgttaga tattacgatt 15480
actgataggg attctacaag aattgcgctg aaagtgacga ccttcgagga tgcgggtaga 15540
gactcaacca taccttacgc aacaggtgat gagccgactc ttgagaatgt tcaagataac 15600
caaaatggtt tgccgaatgc gccagcgcaa gttgcgetge aagttagtct gtatgaccaa 15660
gataacgctg aatctattgg gcagttgacg attaaaagcc cgaacggagg tgatagtcat 15720
caaggtactt tttattactt tgatggtgct gactacatag aattagtgcc tgagtcaaat 15780
gggagcatta tatttggctc tcctgaactc gaacaaagct tcgctccaaa cccgagtgaa 15840
ccaagacaaa ctatcgcgac gatagacaac ctgttctttg ttccagacca acacgctagt 15900
tcggatgaaa ctggtgggcg agttcegttat gagcttgaaa ttgagaaaaa tggcagtacg 15960
gatcacaccg ttaattcaaa cttcagaatt gagattgaag ctgtagctga tattgcgact 16020
tgggatgatt ccaacagcac gtatcagtat caagtcaacg aagatgaaga caatgtcacg 16080
ttgcagctga acgcagagtc tcaagataac agtaatactg agacgattac ctatgaactt 16140
gaagccgtte aaggcgacgg gaagtttgag ttacttgatc aaaatggcaa tgtgttaacg 16200
ccegttaatg gtgtttatat catcgcatct gctgatatca atagcaccgt agttaaccct 16260
attgataact tctcagggca gattgagttc aaagcgacgg caattacgga agagacgctt 16320
aacccatacg atgattcaga caacggtgga gcaaacgata agacgacggc tcgttetgtg 16380
gaacaaagta ttgttattga tgtgaccgca gatgcggacc ctggcacatt cagtgttagt 16440
cgaattcaga tcaacgaaga caatatcgat gatccagatt acgtcgggcc tttggacaat 16500
aaagacgcgt tcacgttaga cgaagtcatc accatgacag ggtcggtcga ttctgacagt 16560
tctgaagaac tgtttgtgeg catcagtaat gttacggaag gagctgtgct ttacttctta 16620
ggcaccacga cagtcgttce gaccatcacg atcaatggtg tggattatca agaaatcgcg 16680
tattccgatt tggctaacgt tgaggttgtt ccaaccaaac acagtaatgt cgatttcacc 16740
ttcgatgtta cgggagtggt caaagatacg gcaaatctat ccacgggcgc ccaaatcgat 16800
gaggagatac taggaactaa aaccgtcaac gttgaagtca aaggcgttgc cgatactcct 16860

tatggtggaa cgaatggcac ggcttggagt gcaattacag atggcactac atctggtgtt 16920
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caaaccacga ttcaagagag ccaaaatggt gatacctttg ctgagcttga tttcaccgtg 16980
ttgtcgggag agagaagacc agatactggc actacaccat tagctgacga tgggtcagaa 17040
tcaataaccg ttattctatc gggtataccc gatggggttg ttctagaaga cggtgacggt 17100
acagtgattg accttaactt tgtcggttat gaaaccggac cgggcggtag tcctgactta 17160
tccaaaccta tctacgaagce gaacattact gaggcgggta aaacttcagg cattcgcatce 17220
agacctgtcg actcttcaac cgagaatatt cacattcaag gtaaagtgat tgtgactgag 17280
aacgatggtc acacgcttac gtttgatcaa gaaattcgag tgcttgttat acctcgaatc 17340
gacacatcag caacttatgt caatacgact aacggtgatg aagatacggc tatcaatatt 17400
gattggcacc ctgaaggcac ggattacatt gatgacgatg agcatttcac taagataact 17460
attaatggaa taccactggg tgttactgca gtagtcaacg gtgatgtgac cgttgatgac 17520
tcaaccccag gaacattgat tataacgcct aaagatgctt cccaaactcc tgaacaattt 17580
actcaaattg cattagctaa taacttcatt caaatgacgc ctccggctga ttctagtgca 17640
gattttacgt tgaccaccga acttaaaatg gaagagcgag atcatgagta tacgtctage 17700
ggcctagagg atgaagatgg tggttatgtc gaagccgatc cagatataac cggaatcatt 17760
aacgttcaag tacgacctgt ggttgaacct ggagatgccg acaacaagat tgtcgtttca 17820
aacgaagatg gctctggaga tctcactacg attacggctg atgctaatgg tgtcattaaa 17880
tttacaacta acagtgataa ccaaacgact gatactaacg gagacgaaat ctgggacggt 17940
gaatacgtcg tccgatacca agaaacggat ttaagcacag tagaagagca agtcgacgaa 18000
gtgattgttc agctgactaa caccgatgga agcgcgttat ctgatgatat tttagggcaa 18060
cttttagtaa ctggtgcctce ttacgaaggc ggtggccgat gggttgtgac caatgaagat 18120
gcctttageg tcagtgegce caatggatta gatttcacce ctgccaatga tgcggatgat 18180
gtagctactyg atttcaatga tatcaagatg acaattttca ctttggtctc agatcctggt 18240
gatgctaaca atgaaacgtc cgcccaagtg caacgcaccg gagaagtaac gctttcecttat 18300
cctgaagtge tgacggcacc tgacaaagtt gccgcagata ttgcgattgt gccagacagt 18360
gttatcgacg ctgttgagga tactcagctt gatctcggeg cggcactcaa cggcattttg 18420
agcttgacgg gtcgcgatga ttctactgac caagtgacgg tgatcatcga tggcactctg 18480
gtcattgatg ctacaacatc attcccaatt agcctgtcgg gaacaagtga tgttgacttt 18540
gtgaatggga aatatgttta cgagacgact gttgagcagg gcgtagccgt cgattcatcg 18600
ggtttgttat tgaatctgcce accaaactac tctggtgact ttaggttgcc aatgaccatc 18660
gtgaccaaag atttacaatc tggtgatgag aagaccttag tgactgaagt tatcatcaaa 18720
gtcgcaccag atgctgagac ggatccaacg attgaggtga atgtcgtggg ttcecgettgat 18780
gatgccttta atcctgttga taccgacggt caagctgggce aagatccggt gggttacgaa 18840
gacacctata ttcaactcga cttcaattcg accatttcgg atcaggtttc cggcegtcgaa 18900
ggcggccaag aagcgtttac gtccattact ttaacgttgg acgacccttce tataggtgca 18960
ttctatgaca acacgggtac ttcattaggt acatctgtta cgtttaatca ggctgaaata 19020
gcagcgggtyg cactcgataa cgtgctcettt agggcaatcg aaaattaccc aacgggtaat 19080
gatattaacc aagtgcaggt taatgtcagc ggtacagtca cagataccgc aacctataat 19140

gatcctgett ctectgeggg tacggcaaca gactcagata ctttctctac gagtgtcage 19200
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tttgaagtcg

gttatcgaga

tcgattgeac

gtcectgaty

ggtaatggag

gagatttcga

ttcactcaag

ctgcatgtygg

aacgaaggcc

gcaacaggaa

ggtgttecte

ceggegacge

aactctggeg

attacggtac

agcttegatg

acgaatattg

gtcgacgcaa

acactgcegyg

ttgcaacctyg

actaatggag

ttagtcacaa

gatccgaata

gacgctectyg

attgttgaga

accggtgtga

getgatgacy

ggcgacgtta

tttaaaaccyg

gcatcgaaca

gacctgattt

ctcgatcaag

acgatcactg

ttcacttata

accggcgaaa

gacttaggaa

gctacgageyg

caaggccagt

cegtactgga

ttectgtggt

ttactggcaa

tgactgacct

gettccaaat

agtggagtgt

tecttgeegee

aatcgttget

tacctgttygg

aaaacattga

gcgggacgta

aagatgctte

agctctggac

aacataatag

gttcagtaga

tcgatetggt

aaacatcgga

actttgataa

gagcgcaagy

acggctcatt

ctgtgacttt

tcaatgcaac

ccgetcaaac

tggcgactaa

gtgacttgat

ctcttactca

cagcgattac

aattcaatta

atagcgctga

ttgatttggy

ccgcaaccac

gtcagggcca

gecegtactyg

cegttgagga

ttagegttgt

acatccttga

atccggaaaa

tacagcgett

tatttacgge

cgatgacgtyg

cgaagaccag

tgatggttca

gegtgcagat

tcaactgect

taaaaacttc

gggtgtgcct

tgacgatgtt

tatcgaaatc

taccgagaat

tattttctat

tctegatgtt

tgatacaggc

tactgatgct

gattgatcct

agacatcagt

tccagatget

tgtgtttgag

ggtgattacce

caaacccgac

getegatgat

caatcaaact

cgttgattta

tgcagccagt

agggcaaggt

ggggccatte

ctccattatce

aatcagecett

caccatgett

tgatccggaa

attacaacgc

ggtatttact

cgatggtaca

ggtaacggaa

agaagggcag

cgacacgatt

tgagaacgtyg

tgctgatgaa

tctgtcactyg

ctcatttctt

gaacagtttyg

getggetega

caagcttegyg

agtggtaccg

actgeggegg

gataccaatc

aatgcgacta

gegeccgaaa

ccagatggea

ccagctcagt

aatgtactgg

gataatacag

attaacgatc

gttgccatcyg

ccgtatgaac

tttaccaget

ggtaaagaag

ccagaccaga

ggtggtaata

accttcacca

ggctcgatty

tctgatctag

cagcttacac

tggatattca

gatgatggta

gtagttactg

gaagaaggac

aacgacacga

tttgagaacyg

gcagccaacyg

accaacggeg

gtgaatgatc

ttgatcatca

accgtgacca

ggcggtgcetg

tacaacggta

gacecgggtag cgatcctgat

tgtcggggac agggcctgta

tatcgattaa gttcacagat

catataccgt gaaaaataat

ggttgtcatt cgatttaagt

ctgagtttgg tgtggaagtce

caaacttgcc aagcttcaaa

cgactgattce tgtaacagge

ttttggataa agaattgtct

cgcttegagt tgaagtggeg

cgacattgge tagctacgat

cgttagataa gatcgtattt

gtatcaatgg tccactgcag

agtacctagg tacgccaacc

aaccgatctt tgtgaacgta

acaactttag tatctacgac

tgacgcttaa agtcgaccaa

ctcctgacgt gacgtttgta

ccgacattaa taccgcattg

actacctcaa ccagactggt

acggtttgat tgacgcggtt

ttaaggtgac ggaagtgaat

cggaagacge tcaaatcgtyg

aaaaccataa tctcacagta

gctatgaaaa tgetggtggt

ttgcagataa tgatttcaac

ccaccaacgg tgtggatgat

aagtcaatga ccagccagtyg

agctggtcat taaagaggaa

ttactgtgaa cagtttggtyg

tgggcggtge tgatgatget

aatacaacgg tgatgttaag

ctgatgattt cttaacagat

aaccggtgge aacggatatce

aagaggaaga cttaattgct

atctggtgcet cgacgaaggce

atgacgctat gattactgge

acgttaagtt cacctatacc

19260

19320

19380

19440

19500

19560

19620

19680

19740

19800

19860

19920

19980

20040

20100

20160

20220

20280

20340

20400

20460

20520

20580

20640

20700

20760

20820

20880

20940

21000

21060

21120

21180

21240

21300

21360

21420

21480
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gtcgaggatg atggtacaac caacggcgct aatgatttcec taacggatac tgcagagatc 21540
acagcgattg tcgacggagt gaacgatacg cctgttgtta atggtgacag tgtcactacg 21600
attgttgacg aggatgctgg tcagctattg agtggtatca atgtcagtga cccagattat 21660
gtggatgcat tttctaatga cttgatgaca gtcacgctga cagtggatta cggtacattg 21720
aacgtatcac ttccggcagt gacgacagtg atggtcaacg gcaacaacac tggtteggtt 21780
atcttagttg gtactttgag tgacctgaat gcgctgattg atacgccaac cagtccaaac 21840
ggtgtctacc tcgatgcgag cttgtctcca accaatagca ttggcttaga agtaatcgecce 21900
aaagacagcg gtaaccctte tggtatcgceg attgaaactg caccagtggt ttataatatc 21960
gcagtgacac cagtcgctaa tgcgccaacc ttgtctattg atccggcatt taactatgtg 22020
agaaacatta cgaccagctc atctgtggtc gctaatagtg gagtcgettt agttggaatt 22080
gtcgectgecat tgacggacat tactgaagag ttaacgttga agatcagcga tgttccggat 22140
ggtgttgatg taaccagtga tgtgggtacg gtttcgttgg tgggtgatac ttggatagcg 22200
accgctgatg cgatcgatag tcectcagactce gtagagcagt catcattagg taaaccgttg 22260
acccecgggta attacacctt gaaagttgag gcgctatctg aagagactga caacaacgat 22320
attgcgatat ctcaaaacat cgatctgaat ctcaatattg ttgccaatcc aatagatctce 22380
gatctgtett ctgaaacaga cgatgtgcaa cttttagcga gtaactttga tactaacctc 22440
actggcggaa ctggaaatga ccgacttgta ggtggagcgg gtgacgatac getggttgge 22500
ggtgacggta acgacacact cattggtggc ggcggttcceg atattctaac cggtggcaat 22560
ggtatggatt cgtttgtatg gctcaatatt gaagatggcg ttgaagacac cattaccgat 22620
ttcagectgt ctgaaggaga ccaaatcgac ctacgagaag tattacctga gttgaagaat 22680
acatctccag acatgtctge attgctacaa cagatagacg cgaaagtgga aggggatgat 22740
attgagctta cgatcaagtc tgatggttta ggcactacgg aacaggtgat tgtggttgaa 22800
gaccttgcte ctcagctaac cttaagtggce accatgcctt cggatatttt ggatgcgtta 22860
gtgcaacaaa atgtcatcac tcacggttaa cgcctaattg gaggctagct attagaatct 22920
aacgattaaa ctaaaagcgg accatttaac cataacgaaa gaggccagca ttgctggecct 22980
cttttttgtc actgtataaa tcgtaaagag ttacttaaga gagttgtgga tcaggaactc 23040
ttecttecgacg cctttcaatt tcatctcatce cataatgaag ttcactgtgt tcaacaageg 23100
ttgttcacct tttggtatca ggtaaccgaa ttgactgttg gtaaacggtg tttcacagecg 23160
tgccgettca agacgttegt cecgtcacttg atagaacaga ccttcaggag tttctgtcac 23220
cattacatca actttacctt ccgcaacggc ttgcggaacg tctaggttgt tctcgtaacg 23280
cgtaaagctc gecgtecttgca agttagcatc cgcaaacatce tcattagtcce caccgatatt 23340
gacgccaaca cgcacagaag agaggttcac tttctcaatg ctgttgtatt gttetgettt 23400
gcctttegea actaagaaac acttgccaaa ggtcatgtaa ccttgagttt gttetgegtt 23460
taactgacgc tgcattttac gcgtgatacc gcccatcgeg atgtegtatt tatcgetgte 23520
tagatcggtc agtagatctt tceccatgtggt acgaacaatc tgtaattcaa cgcccaactg 23580
ctctgcaaca tgtttggcta cgtcaatgtc ataaccagag taggttttgce cgtcgaagta 23640
agaaaaaggt ttgtagtcgc ctgtggtgcc gacgcgaagt gtgcctgatt tttgaatgte 23700

ttctagetgg tcagecttgta ctacaccaga aagtgccaga gtaatggaag caagtaatag 23760
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tgatgttttt ttcattgtaa ttatctgttg tgtttgtgtt gttattcaaa gtaacagaaa 23820
caatcagaga aagagatcaa accattggaa aggttgtaaa agaagataaa acgagggcag 23880
gagataggta acgctattga tttgtgaaca ttgataaaca tgtgtttcat attccatttt 23940
gataaaccgt agacaaacaa aaagcccatg ttatcgaata acatgggctt cattttggtt 24000
taacttgtta gctgcttatt tagctgctta tttagctgtt tagctgttta getgtttage 24060
tacttagcaa ctgactcgtt gttcatctta gccggagett tagatgcegtt aaccagcagg 24120
ataccaacgg tgagtaccat cgaaccacat agtaggaaca acaagcgtcc tgttggttcg 24180
tttggaatca gagccattgc taggataccg aaacctgctg tgctgataag cttaccaagce 24240
attgaacgct gtttagtatc taggttctge tgctcttcac cttcecgctac tagcggcegta 24300
ttccagttag tgaatagttg gtcaacttct ttctcacgtt caggcgatag gectttgtag 24360
aagcgagaag ttaggatgaa gtaaccacca gtaaacacta cgtgagcagc taagctaaga 24420
ccaactttca agtcgctcca ttcacggcca gtaagcgcectg tttcecatacc aaataggtge 24480
tcgatgtett ctgcttgaag cgagataccg aagatgtaag aaacgaagcc accaacgatt 24540
aacgtagacc aaccagccca gtcaggcgtce ttacgaatce acataccaag tagtacaggg 24600
ataagcattg ggaagccaat taacgcacct acgttcatta cgatatcgaa caagctcaaa 24660
tgacgtagag agttaatgaa caagccaatc gcgatgatga taatacccat catgatagtg 24720
gttagcttac ttacaataac cagctctttc tgagttgcgt tttgacgtag aatagggctg 24780
tagaagttca ttacaaagat gccagcgtta cggttcaaac ctgaatccat agaagacatt 24840
gttgcagcga acattgctga cataagaaga ccaaccatac ctgctggcat tacgttctgt 24900
acgaatgcta ggtaagcagc atcaccagct ttatcaccca ttgaagcgta ctccaatgcecg 24960
aaatcaggca tgaatgcact tacgtaccaa ggtggtagga accagattag tgggccaaca 25020
accataagga tacatgctag gcctgcecgcet ttacgtgegt tttcactgte tttcgcacat 25080
aggtaacggt aagcgttgat gectgttgttc attacaccga actgcttcac gaagatgaat 25140
acaacccaaa gaacgaagat gctcatgtag tttaggttat tacctaacat gaagtcgccg 25200
tcgaaatttg caacgatgtt agttaggcca ccaccgtgga agtaagctgc aaccgcacaa 25260
gtaatcgtaa ccgccatgat aacaagcatt tgcatgaagt cagaagcaac aaccgcccaa 25320
gagcecgectg ttactgceccat caatactaga accataccceg ttaccacaat ggttgettece 25380
attgggatgt tgaataccgc tgctacgaag atagctagac catttagcca gatacccgca 25440
gagataaggc tgtcaggcat acctgcccat gtgaagaact gttcagacgt tttaccaaag 25500
cgctgacgaa tagcttcgat cgccgttacce acacgaagtt ggcggaactt tggagcgaag 25560
tacatatagt tcatgaagta gccaaaagca ttggctaaga ataggattac aataacgaaa 25620
ccgtcattga acgcgcgtec tgcggcacct gtaaacgtce atgctgaaaa ctgtgtcatg 25680
aaggcggttg caccaaccat ccaccacaac attttgccge cccctctgaa gtaatcacta 25740
gtcgacgtgg tgaacttacg gaacatccaa ccaatagcga ttaaaaagaa gaagtaggcg 25800
agaacaacaa aagtatcgat agtcatcttt tcagcctttt aaatatcata attaactggg 25860
cttagattaa cgcgttcaaa ggtttatttg tactacaata tgtctttagt atgatctagg 25920
tcgcattgat ttttgggtgc acacgataag ttaatttaac ctactgtttt tattgatttt 25980

aattgttttt atgaattgct ctagatccaa gataaattga agttcaaatg tttatatgta 26040
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ttacaatata agtaatgagg ctttagttta ccttatttat aagattttaa ttataaccgt 26100
aacaaatatg ctacaactga gcgtggttgt gcgacgacat tcacgttaat ttggaactct 26160
attctggaaa ttcttgtatt aggatttcaa gtgtagctca ttgttttcac ttcgctattt 26220
tgtgtttgtc tgcggttctg tegectttec atgctattga ttaatttttt cgtgctagag 26280
agacgcgtat ttggaatgtt tgtcactgag tgggcgttaa actggacgac gggacactct 26340
ttecggetcac tttgtctatt gtggtcettca gtgcatgcta tgagaaatgt ttgacgacgt 26400
attgaaaagg aatattgtcg gataaaggga tgggtaagga gctggataag cggtagggag 26460
cceccagtaac gettegctag atgcatactg aggttgcttg aaageccttac atcactegtt 26520
cttgcectgte ttagtcacgg agctgtacga ggccataggg agaacggtga tagggtatgg 26580
ggaaacagaa cgttgattga gcgtgtttta cggttagtca gcgcaataaa cgccagataa 26640
taaaaagccce caccgaggtg aggctttatc acgaaatcta aaacagatta agcgttaacg 26700
tgatcaactg cgtcacgaac aagcttgcct agttcgtcecce acttaccttce atcgataagg 26760
ttagttggaa ccatccaagt accgccacac gcaagaacag aagggatcga taggtattca 26820
tcaacattct tcaagcttac gccaccagta ggcatgaatt taacagggta aactgctgtt 26880
agtgctttaa gcatgccagt accgcctgaa ggctcagcag ggaagaactt caacgtgcga 26940
agacccattt ccattgcttg ctcaactagg cttgggttgt taacacccgg tacgattgca 27000
atacctttat cgatacagta ttgaacagta cgtgggttaa aacctgggct tacgatgaaa 27060
tcaacaccag cttcgataga tgcgtcaact tgctcgttag tcagtacagt acctgaaccg 27120
attagcatgt ctgggaattc tttacgcatg atgcgaatcg cttcgattge acattectgta 27180
cgtagtgtaa tttctgcaca tggcatgcca ttttcaacca acgctttacc tagagggata 27240
gcgtettecag cacggttgat cgcgattaca ggaattactt ttaggtttgce tagttgttca 27300
tttaatgtcg tcatgaattc tttctcacgt taaatgtggg cctgctttca actaagcaaa 27360
ccettgatta atagttaaag tgcgtaatta tagagacaga tcaggcgtcg cttctagagg 27420
aatgatagca cctggatgct gaatcacggt tcctgccaca atatgacctg caaatgcagce 27480
atcacgagca ctaccgccge tcaagcegctt ggccaagaag cctgcactga acgagtcgece 27540
agcggcagtce gtatcaacga tgttgtctac agggttgggt gcaacgtatt gagcgetttg 27600
gctttcaacce actaagcagt ctttcecgegec acgtttaatg acgatctcectt tcacaccaga 27660
ctctgacgta cgtgtaatac attgttcaat gctttcgteg ccgtataget cttgctcate 27720
atcaaacgtc agcagagccg tatctgtgta cttaagcatt ttcaagtacc aagaaatcgce 27780
ttettgttgg ctttecccaaa gtttaggtcecg gtagttattg tcgaagaata cttggccgece 27840
ttgagctttg aatttgtcta agaagttgaa tagctgcgtg cgaccatttt ctgtcaagat 27900
tgccagegta ataccactta agtaaatcgc gtcaaaagag aacagcttat caagaagagc 27960
aggcgtgtct tectgatcaa acatgaactt cgctgcagca tcactacgcc agtagtggaa 28020
actgcgttca ccagtttcat cggtctcgat gtagtaaage cctggttgtt tgtggtccag 28080
ctgagcaatt aagctcgtgt cgataccttc cgcttgccaa ttttttaaca tgtcggtact 28140
gaatgggtca gtgcctagtg cagttacgta gctcgtgttg atatcttget cttttgttaa 28200
gcgtgacaag taaagtgcag tattcagcgt atcgccacca aaactttgcet taagcccecgte 28260

ttgtttettt tgtagctcaa ccatgcactc gccaatgacce gcgatgttta atgatttcat 28320
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atgcttacct tagcaactga ggttgcgcta gttattattt taggaaatct tcacgcgcag 28380
gattgaagat atcaagaagg atgctgtctt gttctagagc aactgcaccg tgcatcatgt 28440
gtttacgagc gaagtaagca tcgccttectt taagcacttt cttcectcegecg tcgatttcag 28500
cttcgaagct accacgaaca acataaccga tttggtcgtg aatttcgtga gtatgagggt 28560
ggccaatcge gcccttatca aagcataggt gtactgccat tagatcgtca gtgtaagcaa 28620
cgattttacg cttaatgccg ccaccaagtt cttcccatgg attttcatct aggataaaga 28680
aagagttcat tgtgtatctc ctaatctgtt taaatctttt aagtgttact taacttgcat 28740
ccatcataag ggaatgagtt caattgtaat acaatatatc taaatttgtg tgatattgat 28800
caagcgatag tttatatagc gtaaatgaat caacaactta agaattgctt ggtatctggce 28860
attagttagc tgcatcaatg gcttacggtg aattatgtga ctctactcat catttggcga 28920
cgaataggta taattaaagc tcatattgta ttactttata tggagtttga aaatttaatc 28980
aaagtttaag cagataaact ctttattgag ggtgacaaag aatatgacga ctaaaccagt 29040
attgttgact gaagctgaaa tcgaacagct tcatcttgaa gtgggccgtt ctagcttaat 29100
gggcaaaacc attgcagcga acgcgaaaga cctagaagca ttcatgcgtt tacctattga 29160
tgttccaggt cacggtgaag ctgggggtta cgaacataac cgccacaagc aaaattacac 29220
gtacatgaac ctagctggtc gcatgttctt gatcactaaa gagcaaaaat acgctgactt 29280
tgttacagaa ttactagaag agtacgcaga caaatatcta acgtttgatt accacgtaca 29340
gaaaaacacc aacccaacag gtcgtttgtt ccaccaaatc ctaaacgaac actgctggtt 29400
aatgttctca agcttagctt attcttgtgt tgcttcaaca ctgacacaag atcagcgtga 29460
caatattgag tctcgcattt ttgaacccat gctagaaatg ttcacggtta aatacgcaca 29520
cgacttcgac cgtattcaca atcacggtat ttgggcagta gccgctgtgg gtatctgtgg 29580
tcttgcttta ggcaaacgtyg aatacctaga aatgtcagtg tacggcatcg accgtaatga 29640
tactggceggt ttcctagecge aagtttctca gctatttgca ccttetgget actacatgga 29700
aggtccttac taccatcgtt atgcgattcg cccaacgtgt gtgttcgcectg aagtgattca 29760
ccgtcatatg cctgaagttg atatctacaa ctacaaaggce ggcgtgattg gtaacacagt 29820
acaagctatg cttgcgacag cgtacccgaa cggcgagtte ccggctctga atgatgctte 29880
tcgtactatg ggtatcacag acatgggtgt tcaggttgcg gtcagtgttt acagtaagca 29940
ttactcttct gaaaacggtg tagaccaaaa cattctgggt atggcgaaga ttcaagacgce 30000
agtatggatg catccatgtg gtcttgagct atctaaagca tacgaagccg catctgcaga 30060
gaaagaaatc ggcatgcctt tctggccaag tgttgaattg aatgaaggcc ctcaaggtca 30120
caacggcgcg caaggcttta tccgtatgca ggataagaaa ggcgacgttt ctcaacttgt 30180
gatgaactac ggccaacacg gcatgggtca cggcaacttt gatacgctgg gtatttcttt 30240
ctttaaccgc ggtcaagaag tgctacgtga atacggctte tgtcegttggg ttaacgttga 30300
gccaaaattc ggcggccgtt acctagacga aaacaaatct tacgctcgtc aaacgattge 30360
tcacaatgca gttacgattg atgaaaaatg tcagaacaac tttgacgttg aacgtgcaga 30420
ctcagtacat ggtttacctc acttctttaa agtagaagac gatcaaatca acggtatgag 30480
tgcatttgct aacgatcatt accaaggctt tgacatgcaa cgcagcgtgt tcatgctaaa 30540

tcttgaagaa ttagaatctc cgttattgtt agacctatac cgcttagatt ctacaaaagg 30600
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cggcgaaggce gagcaccaat acgactattc acaccaatat gcgggtcaga ttgttcecgcac 30660
taacttcgaa taccaagcga acaaagagct aaacactcta ggtgacgatt tcggttacca 30720
acatctatgg aacgtcgcaa gcggtgaagt gaagggcaca gcaattgtaa gttggctaca 30780
aaacaacacc tactacacat ggctaggtgc aacgtctaac gataatgctg aagtaatatt 30840
tactcgcact ggcgctaacg acccaagttt caatctacgt tcagagcctg cgttcattcect 30900
acgcagcaaa ggcgaaacaa cactgtttgc ttctgttgtt gaaacgcacg gttatttcaa 30960
cgaagaattc gagcaatctg tcaatgcacg tggtgttgtg aaagacatca aagtcgtgge 31020
tcacaccaat gtcggttcgg tagttgagat caccacagag aaatcaaacg tgacagtgat 31080
gatcagcaac caacttggcg cgactgacag cactgaacac aaagtagaac tgaacggcaa 31140
agtatacagc tggaaaggct tctactcagt agagacaact ttacaagaaa cgaattcaga 31200
agaacttagc actgcagggc aggggaaata ataatgagct atcaaccact tttacttaac 31260
tttgatgaag cagctgaact tcgtaaagaa cttggcaagg atagcctatt aggtaacgca 31320
ctgactcgeg acattaaaca aactgacgct tacatggctg aagttggcat tgaagtacca 31380
ggtcacggtyg aaggcggcgg ttacgagcac aaccgtcata agcaaaacta catccatatg 31440
gatctagcag gccgtttgtt ccttatcact gaggaaacaa aataccgaga ttacatcgtt 31500
gatatgctaa cagcgtacgc gacggtatac ccaacacttg aaagcaacgt aagccgtgac 31560
tctaacccte cgggtaaget gttccaccaa acgttgaacg agaacatgtg gatgctttac 31620
gcttettgtyg cgtacagcectg catctaccac acgatctctg aagagcaaaa gcgtctgatce 31680
gaagacgatc ttcttaagca aatgatcgaa atgttcgttg tgacttacgc acacgacttc 31740
gatatcgtac acaaccacgg cttatgggca gtggcagcag taggtatctg tggttacgca 31800
atcaacgatc aagagtctgt agacaaagca ctatacggcce tgaaactaga caaagtcagce 31860
ggcggtttet tagcgcaact agaccaactg ttttcgccag acggctacta catggaaggt 31920
ccttactacc accgtttete tetgegtcecca atctacctgt tcgcagaage gattgaacgt 31980
cgtcagectg aagttggtat ctatgaattc aacgattcag tgatcaagac aacgtcttac 32040
tctgtattca aaacggcatt cccagacggt acattgcctg ctctgaacga ttcatcgaag 32100
acaatctcta tcaacgatga aggcgttatc atggcaacgt ctgtgtgtta ccaccgttac 32160
gagcaaactg aaactctact tggtatggct aaccaccagc aaaacgtttg ggttcatgect 32220
tcaggtaaaa cactgtctga cgcggttgat gcagcagacg acatcaaagc attcaactgg 32280
ggtagcctgt ttgtaaccga cggccctgaa ggcgaaaaag gcggcgtaag catccttegt 32340
caccgtgacg aacaagatga cgacacgatg gcgttgatct ggtttggtca acacggttcect 32400
gatcaccagt accactctgce tctagaccac ggtcactacg atggcctgca cctaagcgta 32460
tttaaccgtg gccacgaagt gctgcacgat ttcggctteg gtcecgetgggt aaacgttgag 32520
cctaagtttg gecggtcgtta catcccagag aacaagtcectt actgtaagca gacggttget 32580
cacaacacag taacggttga tcagaaaacg cagaacaact tcaacacagc attggctgag 32640
tctaagtttg gtcagaagca cttcttegta gcagacgacce agtctctaca aggcatgage 32700
ggcacaattt ctgagtacta cactggcgta gacatgcaac gcagcgtgat tcttgctgaa 32760
cttcctgagt tcgagaagcec acttgtaatc gacgtatacce gcatcgaage tgacgctgaa 32820

caccagtacg acctacccgt tcaccactct ggtcagatca tccgtactga cttcgattac 32880
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aacatggaaa aaacgcttaa gccgctaggt gaagacaacg gttaccagca cttatggaac 32940
gtggcttcag gcaaagtgaa cgaagaaggt tctctagtaa gctggctaca tgacagcagce 33000
tactacagcce tagtaaccag cgcgaatgcg ggcagcgaag tgatttttge tegcactggt 33060
gctaacgatc cagacttcaa ccttaagagt gagcctgcgt tcatcttacg tcagtctggt 33120
caaaaccacg tgtttgcttc tgtactagaa acgcatggtt actttaacga gtctatcgaa 33180
gcctetgtag gegetegtgg tctagttaaa tcagtatctg ttgtgggcca taacagtgte 33240
gggactgttg ttcgcattca gactacttct ggcaacactt accactacgg tatctcaaac 33300
caagctgaag acacgcagca agcaactcac actgttgagt tcgcgggtga gacatactcg 33360
tgggaaggat catttgctca actgtaaatg attaacatac atgccgttta acgatggcat 33420
gtattgatgt ggtgctttgc gggaacgaag catcacattg aattcagtcg tgattgcaaa 33480
tcgttegttyg ataccaacaa cgactgaata catcgggaat aagtcaaacc gagtaactca 33540
ctgcgagttg ctcggttttt ttatgegtge tgcttttata agaaggggga aagaggatgg 33600
ggcaacggag cttccctttt ccttcgaatc ttacagagtg ggctaaagta taatttagga 33660
tttaaaaata aagggattca aggatgaagt ggttattggc aatagttgcg atgtctggtg 33720
tcgcattgge ggcagaaaat aagaatgttg aggtgagcag tgagcatttc gtccgttatce 33780
aataccaaga caaaatcagc tatggaaagc tagacaatga cgcagtgtta ccggtcagcecg 33840
gcgatctett tggcgaatat tcggtagcaa aaaattcgat cccgttagag tcggttgagg 33900
tgttactacc gacaaaacca gagaaagtct tcgccgtegg gatgaacttc gctagccact 33960
tagcctcecace tgccgatgca ccaccgccga tgtttcttaa acttecttet tetttgatte 34020
tcacgggcga agtgattcaa gtgccaccaa aagcaagaaa tgttcatttt gaaggcgagce 34080
tggtggttgt gattggtaga gagctcagtc aagccagtga agaagaagcc gaacaagcga 34140
tctttggegt cacggtgggce aacgatatta ctgaaagaag ttggcaaggc gccgatttac 34200
aatggctcecg agcgaaagct tecgatggtt ttggcceggt tggcaacaca attgtgegeg 34260
gcattgatta caacaatatt gagttaacca ctcgtgttaa cggtaaagtg gttcaacaag 34320
aaaatacttc gttcatgatc cacaagccaa gaaaagtcgt gagctatttg agctattatt 34380
ttaccctcaa accgggcgat ctaattttca tgggcacgce aggtagaact tatgctctgt 34440
ccgacaaaga tcaagtgagt gtcacgattg aaggggtagg gactgtggta aatgaagtgc 34500
ggttctgatg gaattgaatt agcgttggga gctacagagce ttatgtctga atttgcagta 34560
cgtagacgac ttgaacctat taatttgaac taggttaact tgtgtagtga ataaactaac 34620
cgtttttegg ttccattatt ttagcccaat tgagtgatgt ttttggaage gagcagagaa 34680
aacgagaatg acgaacctac atgctcggcg agggttttgt tagtggtgta acacagtgtt 34740
tctagctaag agaaattaga tgctttctaa gtgtttgatt aattgaataa attaacaggt 34800
actatccget ttgattttac tcaattggct gtaggtttaa atactgttat agtgttcctt 34860
aaataataca taaacataac atataaataa gcgaacttat ggctagcact tttaattcaa 34920
tttegggcte gaagcgtage ctgcacgtgce aagtagcacg cgaaatcgct cgaggaattt 34980
tgtctggtga tctgccgcaa ggttctatta ttectggtga aatggegttg tgtgaacagt 35040
ttggtatcag ccgaacggca cttcgtgaag cagttaaact actgacctct aaaggtctgt 35100

tagagtctcg ccctaaaatt ggtactcgeg tagtcgaccg cgcatactgg aacttecttg 35160
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atcctcaact gattgaatgg atggacggac taaccgacgt agaccaattc tgttctcagt 35220
ttttaggcct tecgcecgtgeg atcgagectg aagegtgtge actggcggca aaatttgcga 35280
cagctgaaca acgtatcgag ctttcagaga tcttccaaaa gatggtcgaa gtggatgaag 35340
ctgaagtgtt tgaccaagaa cgttggacag acattgatac tcgtttccat agcttgatct 35400
tcaatgcgac cggtaacgac ttctatctac cgttcggtaa tattctgact actatgttcg 35460
ttaacttcat agtgcattct tcectgaagagg gaagcacatg catcaatgaa caccgcagaa 35520
tctatgaagce tatcatggcc ggtgattgtg acaaggctag aattgecttcect getgttcact 35580
tgcaagatgc caaccaccgt ttggcaacag cataatagaa atgatttaaa gcgcacctga 35640
gccatctcac atcgagatga acaccctcac gttcggataa acgactttaa aaggtatgcce 35700
tagtgcatgce cttttttggt ttttagaccg cgtgttgcac tatctgtage actattttgg 35760
gtcagtcttt tcgctacgte tgttaagcta ttctteccacg ttacaacccg ccttgttttt 35820
aacgtctacg taacaatccc caagcatcgt tctaaacaca tttttagact gtctgtacct 35880
gacaagtagt tatgcgacag ccgggatttt tcacctctca gtattctaaa tctgggatta 35940
aacaaacagg gttctcggat ttaatattta gatatttaaa tcgaattcta atgatattac 36000
ccactcgatt tcgtaaaaaa cactggttta ttgtgtgatg aatgatgtgg gtttggtcaa 36060
ggattctett ttattatttt tgagaacttt atgtttatat gtgtttgatt gtatttgtta 36120
ataagtgtgc aaagtctcac ttttatttta agttgttgtt tttaatgttt aatttatttt 36180
gagtgtttga tcttttgggt ttttacctaa aaccctaaca atttccttaa tggattagcce 36240
atattccatc ctatgtcata tatataatta acttaatcaa tcaaaataag atcaccatca 36300
cttatttgga ttattgtact acaaataaag agtcgaattt cctatagtcc tcgtaacaaa 36360
ttaaaacgga caaaggatac acgatggaac tcaacacgat tattgtcggc atttatttcce 36420
tattcttgat tgcgataggt tggatgttta gaacatttac aagtactact agtgactact 36480
tcegeggggyg cggtaacatg ttgtggtgga tggttggtge aaccgecttt atgacccagt 36540
ttagtgcatg gacattcacc ggtgcagcag gtaaagcgta taacgatggt ttcgectgtag 36600
cggtcatctt cgtagccaac gcatttggtt acttcatgaa ctacgcgtac ttcgecgccga 36660
aattccgtca acttcgegtt gttacggtaa tcgaagcgat tcgtatgegt tttggtgcga 36720
ccaacgaaca agtattcact tggtcttcaa tgccaaactc agtggtatct gecgggtgtgt 36780
ggttaaacgc attggcaatc atcgcttcgg gtatcttcecgg tttcgacatg aacatgacta 36840
tctgggtgac tggcctagtyg gtattggcaa tgtcggtaac aggtggttca tgggcecggtaa 36900
tcgcatctga cttcatgcag atggttatca tcatggcggt aacggtaact tgtgeggttg 36960
tagcggttgt tcaaggtggc ggtgttggtg agattgttaa caacttccca gtacaagatg 37020
gtggttcgtt cctttgggge aacaacatca actacctaag catctttacg atttgggcat 37080
tcttcatectt cgttaagcag ttctcaatca cgaacaacat gcttaactcect taccgttacce 37140
tagcggctaa agactcaaag aacgctaaga aagctgcact gcttgettgt gtgttgatgt 37200
tgtgtggtgt gtttatttgg ttcatgcctt cttggttcat tgcaggccaa ggtgttgatt 37260
tatcagcggce ttacccgaat gcaggtaaaa aagcgggtga ctttgcttac ctatacttceg 37320
tacaagagta catgccagca ggtatggttg gtctattagt tgccgecgatg tttgcagcga 37380

caatgtcttc aatggactca ggtctaaacc gtaactcagg tatttttgtt aagaacttct 37440



US 2009/0139134 Al

82

-continued

Jun. 4, 2009

acgaaacaat

ttacttcage

aaggcttaag

cgattectge

cgctagttgt

tagcagcgge

cgattggtet

tctacaagec

ataccccatt

tgcttggtaa

acccaatgtg

ttetacttgt

aatacataga

tctgeggaac

aaagtggttc

ctaattcctt

tgatgcaatc

actccctatce

agcacgteeg

agctgatcaa

tgagactgct

tctatggegt

acgtaaccta

agcttggact

cgatgaageg

ctacttcacc

aatcatgcac

tgttegttet

gaaagcaggce

gggcggtgta

cctaggegaa

attctacgaa

gagcttetgt

caagcactac

aggccgtgat

tgacgatctt

tccactgttyg

gegtgataac

cgttegtaaa

ggtatttggt

cctgtttgat

attccttggt

tggtggtatc

gtttggtett

gattgctcac

tctatcaaaa

agtagctgaa

actgattgeg

ggggcgccta

gaaagcggte

aaacgtttat

tggaaaaccyg

aatcgaatcg

tcaatcaact

aggaagatga

gaagttcaaa

cgtettetty

gctcactgta

cctttegaag

ccttattgge

gegattgetyg

ctaaaactgt

gettteegty

gatgaagaac

cacctgaaag

atctcttetyg

gagtacattg

gacggcggtt

gecattcgace

aacacaggtyg

gaccagtett

gcaggtgtta

actgaagcac

cgttttaact

aaagtattcc

catattcaca

ggtcaagcat

ttegetatta

acgatgatgt

ttcttcatca

gtatcttatg

gatactctaa

atcacgctaa

gaacgtcaag

tcggcagage

gtagcgggtyg

gtctteatet

gatgacggcg

aatagaatgc

tcaggtgaaa

aaatatattc

tgaaaaataa

agctggaaaa

cacgtgactt

ttcaagctga

tgtttgatga

agcctcaage

gtcaaatgta

gtgttgtaaa

ctacgtacga

ttatcgetge

gccagcaagt

tgacggttga

ctatcatccce

catacgeget

gggctgaagg

tattgaaagc

atttceceget

caatcggega

accagaagcc

acaccaaatt

tcectttggga

caatcacggg

tggtattcaa

cagagaaaga

tcctaatege

acgtaggtge

agaagactcc

tggttggttt

caggacgtga

ceggtggett

cggatgttga

aaaaagtgtt

ttggtattat

tatgtggtgt

gcaagcaagce

gacgactcga

gatatctgac

aattgtccta

gtgagttaga

cgatacttca

cgacctatca

tcagctagaa

tttctacaac

gtacccagcet

cgttgattge

agaagacgaa

tccagaagge

tatggcttygg

tcaagatgcet

tctattgaac

aacgtgtatc

agaatactac

tcctgattac

atactgtggt

ttactgcatg

tttcccaggt

tgagtacgtt

ctacaacttc

tgcacctgaa

ttgggctgea

atgttcteeg

gctagtaace gtatctaaaa

acagttcatc aactcattaa

gttaatcgge ttccctatga

ggactggget ggttggggaa

tgttatcaac gcggagatgg

atggtctgat gttaaagttg

cttegtacta tctacgatgt

taagttcttt ggcaacttag

ggataacaaa caacgtcaaa

getgatgget cttcetgacta

gatagtgggt ggtgtcggta

gaaagcagta accgaaagct

aagggcgtcg cattttttat

ctaaatcacg aaaactgtac

caataagacg tatattgttg

atgagcgacc aaaaatctct

gcaggtaate ttgtagacct

ttcctagaca ccttgagega

gaattcaaag caaaagtgaa

aactctaccyg ttaagttect

gagacggtag gtaaagctte

caaatggcac tgaacgcgac

gegetcattyg cgaaagcaaa

gtgacttcte gtggctataa

ggttacgatt ggctacacgg

ttgattgagce gtctagacga

aacccactaa atagccacgg

gegetttace acgatcacce

gcagtacatt acccaccatg

tggaacacgc aaactgcatt

gtagacatgt ttaacaaaac

ccagttcact ctaagcgege

ttaaaactgg cttacaacat

tggtactata accagcttaa

ggttggtggg acttcggtta

gagaaagcce catcgaacga

ttccacaaca agatgactga

tttggctcaa tcagccacte

37500

37560

37620

37680

37740

37800

37860

37920

37980

38040

38100

38160

38220

38280

38340

38400

38460

38520

38580

38640

38700

38760

38820

38880

38940

39000

39060

39120

39180

39240

39300

39360

39420

39480

39540

39600

39660

39720
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tcacggtgac caaaacgcat ttacgcttca cgcatttggt gaaacgctag cgtcagtaac 39780
aggttactat ggtggtttcg gtgtagacat gcacacgaaa tggcgtcgtc aaacgttctce 39840
taaaaacctg ccactatttg gcggtaaagg tcagtacggce gagaacaaga acacaggcta 39900
cgaaaaccac caagatcgct tttgtatcga agcgggcggce actatctctg acttcgacac 39960
tgaatctgat gtgaagatgg ttgaaggtga tgcaacggca tcttacaagt acttcegttcce 40020
tgaaatcgaa tcttacaagce gtaaagtctg gttcgttcaa ggtaaagtct tcgtaatgca 40080
agacaaggca acgctttctg aagagaaaga catgacttgg ctaatgcaca caactttcge 40140
aaacgaagtg gcagacaagt ctttcactat ccgtggcgaa gttgcgcacc tagacgtaaa 40200
cttcatcaac gagtctgctg ataacatcac gtcagttaag aacgttgaag gctttggcga 40260
agttgaccca tacgagttca aagatcttga gatccaccgt cacgtggaag tggaattcaa 40320
gccatcgaaa gagcacaaca tcctgacget tecttgttcecet aataagaatg aaggcgagca 40380
agttgaagtg tttcacaagc ttgaaggcaa cacgctactg ctaaatgttg acggcgaaac 40440
ggtttcaatc gaactgtaat ccgctgaagt aacagaagtt agatactaaa aactccgagt 40500
gaaagctcgg agtttttttg tttggctage caattaagtt ggagttggat aagtcagtta 40560
agttgtatta gttgacaacg ttggcaaacc gatcaggttg aaagaaaact taattggcca 40620
gagataaata gcttctcgat gccaagtcag tggctgaggg ctaaatctgg acattgatge 40680
acataaagac cggcatgtac ttagccacta tgctcaatga aatgtgcagg agtcgtataa 40740
gagactcgta tatatcgcte tgttagaaga acagggcgcec aacgcctgtt tcctagcaat 40800
tgttatgact tacttttcecg tgaacagtct tatcactgge tgagtaaggg agtagtgaac 40860
tatacatagg taaaggcgta gcttgttctt actaatcgta tgacatttaa cgtacgttat 40920
tcgttattat aatgaacata taatcataca atactatatt tggagtttga acatgactaa 40980
acctgtaatc ggtttcattg gectaggtct tatgggcgge aacatggttg aaaacctaca 41040
aaagcgcggce taccacgtaa acgtaatgga tctaagcgct gaagectgttg ctcgegtaac 41100
agatcgcggce aacgcaactg cattcacttc tgctaaagaa ctagctgctg caagtgacat 41160
cgttcagttt tgtctgacaa cttctgctgt tgttgaaaaa atcgtttacg gcgaagacgg 41220
cgttctageg ggcatcaaag aaggcgcagt actagtagac ttcggtactt ctatccctge 41280
ttctactaag aaaatcggcg cagctcecttgce tgaaaaaggce gcgggcatga tcgacgcacce 41340
tctaggtegt actcctgcac acgctaaaga tggtcttcectg aacatcatgg ctgctggcga 41400
catggaaact ttcaacaaag ttaaacctgt tcttgaagag caaggcgaaa acgtattcca 41460
cctaggggcet ctaggttctg gtcacgtgac taagcttgta aacaacttca tgggtatgac 41520
gactgttgceg actatgtcte aagcectttecge tgttgctcaa cgcgcectggtg ttgatggcca 41580
acaactgttt gacatcatgt ctgcaggtcc atctaactct ccgttcatge aattctgtaa 41640
gttctacgeg gtagacggcg aagagaagct aggtttctet gttgctaacg caaacaaaga 41700
ccttggttac ttccttgcac tttgtgaaga gctaggtact gagtctctaa tcgctcaagg 41760
tactgcaaca agcctacaag ctgctgttga tgcaggcatg ggtaacaacg acgtaccagt 41820
aatcttcgac tacttcgcta aactagagaa gtaatcgacg tacgacctcg ctagggtatt 41880
gcttgtette taggcggcga tacctcageg aggttegttt ttatctgecca tacccaacce 41940

tttgttecct tgttaaaatc ttctacttcet acttctactt ctacttcaat ttcctcagtt 42000
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acacctaatc aaaactctgt ttaactctgt tactgcctca attcctattt ttttctatat 42060
ctatttctaa cggtaaattc aaaaccttct agcaccaact cattcactca tttttectceg 42120
caagctcaaa ctcaacgcgc ttacatgatt gttggtgatg gcttaacacc gctcgtatat 42180
cggtcctgaa aagaaagtaa aaaaaaagcc cacacagctg gtgactgtat gggcatgtte 42240
ggacgagcceg tctggacaaa caaatgagca atagtaagtg aaaaaacgaa taacgagatc 42300
ccecgacagt ttctacgtta aacgcgttca atgaccttaa agcggcectgct tcaattatca 42360
ctttgaattg aacaaaagca tccagaaaga acttaagtta tgattcaaat acaccatagt 42420
acaagactta ttgtattaca aataaatttt aagattgaat gcctttagtg aatggttagt 42480
tggtagaagt gtgagttaag actcattttt tcactcagct gggtgaggta aagaagaaga 42540
gttttcgaaa agatgttatc ggaaaaatga tgagctaatt atctaaaaat cgatctattt 42600
taatgtgtta tgcgtcaatg tttaacttcg aacaaaatcc aaactcataa atgataccta 42660
tgtcacaggg cggttttagc cagttttaat atatcaagat cgctcacaga atgtctggte 42720
aattaaacat acaatattaa ttaagttgat ggttgtgacg atggatcggc atgaacaagt 42780
ttegectttee gtatcttecga aaatgtaaaa aatggccatt tcattcggat gaaaataata 42840
gacataggtt gatatggatg atgagtttta tgaattcaaa attgtctcta gggtttaaag 42900
gaaaattgat tttaatggta gcggtcgtca gttctagtge tttggcattt acgaactggt 42960
ttacgcttaa cttggccact gaacaggtaa accaaacgat ttataacgag attgatcact 43020
cgcttacgat agaaatcaat caaatagaaa gtaccgttca gcgcaccatc gataccgtta 43080
actctgttge acaagagttc atgaaatccc cttaccaagt gccgaatgaa gcactcatge 43140
attatgccge taagcttggt ggcattgaca agattgtggt gggttttgac gacggccgtt 43200
cttatacctc tcgceccttca gagtcectttee ctaacggtgt tggaataaaa gaaaaataca 43260
atccaaccac tcgaccttgg tatcaacaag cgaaattgaa atcaggctta tcecttttagtg 43320
gtctgttttt cactaagagt actcaagtgc ctatgatcgg tgtgacctac tcataccaag 43380
atcgtgtcat catggccgat atacgcetttg acgatttgga aacgcagctt gaacagctgg 43440
acagcatcta cgaagccaaa ggcattatca tcgacgaaaa ggggatggtg gtcgcttcaa 43500
caatcgaaaa cgtgcttccg caaaccaata tatcttctge agacactcaa atgaaactca 43560
acagtgccat tgaacagcct gatcaattca ttgagggtgt gattgatggt aaccagagaa 43620
tcttgatgge caagaaagtg gatattggca gccagaaaga gtggttcatg atctccagta 43680
ttgaccctga actcgcgecte aatcagctga atggcgtgat gtcgagtgceg cgcatcctta 43740
tcgtegettyg tgtacttgge teggtgatat tgatgatttt acttctgaat cgtttctacce 43800
gcccaategt gtcactgcecge aaaatcgtcec acgatctatce acaaggtaac ggagacctca 43860
ctcaaaggct tgctgagaag gggaatgatg acttagggca tatcgccaaa gacatcaact 43920
tgttcattat cggcttacaa gagatggtta aggatgtgaa atacaagaac tcggatctcg 43980
ataccaaggt actgagtatt cgcgaaggtt gtaaagaaac cagcgatgta ctgaaagttc 44040
atactgatga aacggttcaa gtggtctctg cgattaacgg cttgtctgaa gcatcaaacg 44100
aagtagagaa gagttctcag tcggcggcag aagcagcaag agaggccgct gtgttcagtg 44160
atgagacgaa acagattaac acggtgacgg aaacctatat cagtgatctt gagaagcaag 44220

tctgcaccac ttctgatgac attcgctcaa tggccaatga aacgcagagce atccagtcta 44280
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tcgtgtetgt gattggcgga attgcggaac aaactaattt gctggcattg aatgcgtcaa 44340
ttgaagcggce gagggcgggt gaacatggtc gaggtttege ggtggttgect gatgaagtcce 44400
gtgcgctage caaccgaacg caaatcagta cctctgaaat tgatgaagcg ttatctggct 44460
tgcagtctaa atcagatggt ttggttaaat ctattgagtt gaccaaaagt aactgtgaac 44520
tgactcgcge tcaagttgtt caagctgtaa acatgttgge gaagctaacc gagcagatgg 44580
aaacagtaag tcgttttaat aatgacattt cgggttcgte tgttgagcaa aacgccctta 44640
ttcagagcat tgctaagaac atgcataaga ttgaaagctt tgttgaggag cttaataaac 44700
taagccaaga tcagttaact gaatcagcag aaatcaaaac acttaacggt agcgttagtg 44760
aattgatgag cagctttaag gtttaatgtt tctaatattt atacctaaaa atcaacatgt 44820
taagtttagt tgttgatctg aaggccactc aataactgtc gagtttagag tggcttttcect 44880
gcgttgttet tgagtctaac tctacgtaat atccgttcat ttcacttcat ttgccgcatc 44940
tcacattctg ataaatagac aattgacata aaatagtaca aatatacatt gtcactctac 45000
tcttatggat aagtgagata aatgtgaata agccaatctt tgtcgtcgta ctcgettcge 45060
ttacgtatgg ctgcggtgga agcagctcca gtgactctag tgacccttet gataccaata 45120
actcaggagc atcttatggt gttgttgctce cctatgatat tgccaagtat caaaacatcc 45180
tttccagete agatcttcag gtgtctgatce ctaatggaga ggagggcaat aaaacctctg 45240
aagtcaaaga tggtaacttc gatggttatg tcagtgatta tttttatgct gacgaagaga 45300
cggaaaatct gatcttcaaa atggcgaact acaagatgcg ctctgaagtt cgtgaaggag 45360
aaaacttcga tatcaatgaa gcaggcgtaa gacgcagtct acatgcggaa ataagcctac 45420
ctgatattga gcatgtaatg gcgagttctce ccgcagatca cgatgaagtg accgtgctac 45480
agatccacaa taaaggtaca gacgagagtg gcacgggtta tatccctcat ccgctattge 45540
gtgtggtttyg ggagcaagaa cgagatggcc tcacaggtca ctactgggca gtcatgaaaa 45600
ataatgccat tgactgtagc agtgccgcetg actcttegga ttgttatgecc acttcatata 45660
atcgctacga tttgggagag gcggatctceg ataacttcac caagtttgat ctttetgttt 45720
atgaaaatac cctttcgatc aaagtgaacg atgaagttaa agtcgacgaa gacatcacct 45780
actggcagca tctactgagt tactttaaag cgggtatcta caatcaattt gaaaatggtg 45840
aagccacggce tcactttcag gcactgcgat acaccaccac acaggtcaac ggctcaaacg 45900
attgggatat taatgattgg aagttgacga ttcctgcgag taaagacact tggtatggaa 45960
gtgggggtga cagtgcggct gaactagaac ctgagcgctg cgaatcgagc aaagaccttc 46020
tcgccaacga cagtgatgtce tacgacagcg atattggtct ttcttatttce aataccgatg 46080
aagggagagt gcactttaga gcggatatgg gatatggcac ctctaccgaa aattctaget 46140
atattcgctce tgagctcagg gagttgtatc aaagcagtgt tcaaccggat tgtagcacca 46200
gcgatgaaga tacaagttgg tatttggacg acactagaac gaacgctacc agtcacgagt 46260
taaccgcaag cttacgaatt gaagactacc cgaacattaa taaccaagac ccgaaagtgg 46320
tgcttgggca aatacacggt tggaagatca atcaagcatt ggtgaagttg ttatgggaag 46380
gcgagagtaa gccagtaaga gtgatactga actctgattt tgagcgcaac aaccaagact 46440
gtaaccattg tgacccgttc agtgtcgagt taggtactta ttcggcaagt gaagagtggce 46500
gatatacgat tcgagccaat caagacggta tctacttagce gactcatgat ttagatggaa 46560
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ctaatacggt ttctcattta atcccttggg gacaagatta cacagataaa gatggggaca 46620
cggtctegtt gacgtcagat tggacatcga cagacatcge tttctatttc aaagcgggca 46680
tctacccaca atttaagcct gatagcgact atgcgggtga agtgtttgat gtgagettta 46740
gttctctaag agcagagcat aactgagttc tctgatgttt ggttagccat gtcecggtaatg 46800
aagaagacca tattgatgcc tacaatgtgg tctttttttg tttttggaca cttacagtga 46860
tgtgttttga aggacaaatg ttctgctcga atcatgcaaa tacacacgat tacagctcge 46920
ttgttctgee cttgctaget catttcegcat tccaaattct tatatattgt cttttatcaa 46980
taggaaatgt gatccagtta aagtatggaa aaatcggaaa gtgttcctag tctcatttat 47040
ccaacgaagt gttttatttg tattataaga ttacgtaata ttttcgtgtt atcgcaaata 47100
ctgataggtg aatcgcctta tagctegtgt ttgctgattt agetttcact tacgaacget 47160
gtctttgtat tataataatg gattaaatat gaaacaaatt actctaaaaa ctttactcge 47220
ttecttetatt ctacttgecgg ttggttgtge gagcacgage acgcctactg ctgattttcece 47280
aaataacaaa gaaactggtg aagcgcttct gacgccagtt gectgtttceccg ctagtagcca 47340
tgatggtaac ggacctgatc gtctcecgttga ccaagaccta actacacgtt ggtcatctge 47400
gggtgacggc gagtgggcaa cgctagacta tggttcagta caggagtttg acgcggttca 47460
ggcatctttc agtaaaggta atcagcgcca atctaaattt gatatccaag tgagtgttga 47520
tggcgaaagc tggacaacgg tactagaaaa ccaactaagc tcaggtaaag cgatcggcct 47580
agagcgtttc caatttgagc cagtagtgca agcacgctac gtaagatacg ttggtcacgg 47640
taacaccaaa aacggttgga acagtgtgac tggattagcg gcggttaact gtagcattaa 47700
cgcatgtecct gectagceccata tcatcacttce agacgtggtt gcagcagaag ccgtgattat 47760
tgctgaaatg aaagcggcag aaaaagcacg taaagatgcg cgcaaagatc tacgctctgg 47820
taacttcggt gtagcagcgg tttacccttg tgagacgacce gttgaatgtg acactcgcag 47880
tgcacttcca gttccgacag gectgcecage gacaccagtt gcaggtaact cgccaagcga 47940
aaactttgac atgacgcatt ggtacctatc tcaaccattt gaccatgaca aaaatggcaa 48000
acctgatgat gtgtctgagt ggaaccttgc aaacggttac caacaccctg aaatcttcta 48060
cacagctgat gacggcggcc tagtattcaa agcttacgtg aaaggtgtac gtacctctaa 48120
aaacactaag tacgcgcgta cagagcttcg tgaaatgatg cgtcecgtggtg atcagtctat 48180
tagcactaaa ggtgttaata agaataactg ggtattctca agcgctcctg aatctgactt 48240
agagtcggca gcgggtattg acggcegttcet agaagcgacg ttgaaaatcg accatgcaac 48300
aacgacgggt aatgcgaatg aagtaggtcg ctttatcatt ggtcagattc acgatcaaaa 48360
cgatgaacca attcgtttgt actaccgtaa actgccaaac caagaaacgg gtgcggttta 48420
cttcgcacat gaaagccaag acgcaactaa agaggacttce taccctctag tgggcgacat 48480
gacggctgaa gtgggtgacg atggtatcgce gecttggcgaa gtgttcaget accgtattga 48540
cgttaaaggc aacacgatga ctgtaacgct aatacgtgaa ggcaaagacg atgttgtaca 48600
agtggttgat atgagcaaca gcggctacga cgcaggcggce aagtacatgt acttcaaagc 48660
cggtgtttac aaccaaaaca tcagcggcga cctagacgat tactcacaag cgactttcta 48720
tcagctagat gtatcgcacg atcaatacaa aaagtaatct aatcgaataa cacttaatat 48780

taaaggtatt gcaatagcct ccagcecttag ggtttggagg cttttttgtg cctgetgttg 48840
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gttgggctta agcgtatgat ttaattgagt aggagagggg tagttatcag ttgcacagag 48900
tttaagacat tatcattaag ctcattcagt attaacttta gtcattatca gtcactatta 48960
ccecccaage gcocgatcaca attaacctag ctcatgatta atctcagtta ccaatagget 49020
agcctgtage ggattcaaac ccaaataatg tcgtgatgtt tatcggaatc accatagctce 49080
gaaaactttg accttgttct caaggctttg ccaatgcacg aacgtattat gtgegtggtt 49140
tactaataag cgttagctcg gctgactact catactgttce ttgaaaccgt tactcttggg 49200
ttgtttagct agactcctag caacagccat aaatagtgct ctaactcttt cataattaga 49260
agggtagggt tagccattct attggttcca atgctttatg aaatactagg cgggctcaag 49320
tcgatgatca aacgactcta acagcttaag gttatgcget tttgcgttag ttacctgcag 49380
gccgtaaatyg ccctgattgt agttgtacgg tgacgctgaa taataatttg taggattagt 49440
atagaactga gagactttgt ctatctatga tcgatacagg ctttgagagg gctggatcag 49500
tagaaagaca gaatgacaat tagcactaga gttattttgg tttttaatta gagttaataa 49560
aatagatatt tggtttgtta aatttaatcg tgtcataagc tctgtgtttt aaaaaataaa 49620
aaaagccata gcagttgcta tggctttgaa taagtcaggt tctaaggtaa gcaaacagca 49680
agtcaacttg tctgttttga tattcttagt cttagttcaa gatattttct ttacctgccg 49740
cagtgttcac tgcagatggt tgtgcgtaga tggctgtatt tcttatatct ttaccgttgt 49800
cagctgaaag tagggttttg taaccattga acgtattgct ttcaatagtg acattacagc 49860
caaggttatc atcactattc tttatgacgg cactgctaga atcaccaact ttaattccge 49920
ccacatcact accaccagag ttaatagtga atgtattatt tgtgatttgt gaaccaaatc 49980
gccegttgte actactacag ttaatacgaa ttgcattatt ttggaaactg ccacttaaac 50040
cgacaaattc gctattgtct aatgtaaagt aacctcgaga gaataaccaa cttgettttt 50100
tagtacctag atcatcttcg gtaatgccgt ttgcatcgaa ctttaggttt tcaagtgcta 50160
caggatctga atctttacca attttaccaa taacgatcgce accagtttca ttatctgaag 50220
taccagctga ctccectacca aaacacccgg ccaaattgte gttagcaaaa gtcatgtttt 50280
tgatacctgce accgggtgca gtgacatcaa tacaagcatc tccggtaatg gttgctaaac 50340
cagcaccatc aattgtgaca gctttattta gctcaataac accggtatca aacgtacctt 50400
cagatgataa atcaataatc gcgccatctt ctgctgatge aatcgcagcg ttcacatcat 50460
cgactgattt aggttttcca tcatcggcat tttctaatgce agttataaca gattcatctg 50520
taatctectgt tgctgagtaa gectgtttcta cgtcatcttt ttcacaggtc atatctaget 50580
gttgctcagt cactgtgtaa gtacagtcct taccttcaaa ggaaacaaca ccttcecttett 50640
cagcagtata tattgaactc tcaaaagtga agccattagce tacgtctcca ctgtaaatgce 50700
ttagagcacg agtaccttcc tcattattat caaagcgata tggtgaagtt ccgctgagtg 50760
actgtgcagc aacagcacca cctgtcagat cccaatagac gttttctata gagtaaactt 50820
caacaggttc aacagggtct gttccgectg gatctgttgg aataggtaaa ccatcactgt 50880
tacaaccaaa taataaacct gtcgaaagag cgacagctgt agcgacttta gaaatttgca 50940
taaaatattc tctttatgat attaaatcca tatgtaaatc acataagaaa tagataatga 51000
atagtcgtta aatatttatt aggatgaagc taattctgat tagaacatcc tattatttaa 51060

aataaagtaa ttaaaatatg cccaaataaa ttacaagagg agagggctat tttatatttt 51120
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gactatttta ttattagaat gagtaagcaa taccaacacg gtatttagct tcacgatctt 51180
ttgaagatga actgatatca gaagaccaga tttcagcaaa aggtttccaa gaaccgaact 51240
tgtagtttac ctttaagcca gcatcccatt cccagtcatce actattataa agaagtacgt 51300
tatccaaaga ttttacatag tttgcttcgt aagaaaggcce aagcttaggt agagattcaa 51360
ttttgtaaga gcccgtcagt gtaactttag acttttgage tgattctaaa cgctcecgccag 51420
tttcagaatc tttgtcgcca aattgtgtgt ggttacggaa gtcagcatat tcatgacggt 51480
aacgaatagc agttgttaaa cccatatctg ctttatagcce aacgcggaac tgaggtttaa 51540
acgtaacctt tttcatcttc cagtcgccat cgttagcatt aggctcatcc caatcccaag 51600
caataggcat acccatttgt agataccaat tattgtctat tttgtatgtc gcagtgttat 51660
cgatctccat accatagatg taccaattgc catcgtaaaa actctggctg tttgctgatt 51720
taacagaacc tgaatcttca tcatagtaag agtcatcacc gtggaactta agttctagac 51780
cagtagagtg cttccacttg tctgacagct taaagctttce acctagctta actcggtgtt 51840
gatggcgagce gtctacgtga gccgtatcac cattagtctt tgtataatcc gtcecgcagcac 51900
gatactcgta acgataatca agagatgcac cagcagctgt gcccgctaaa agagtacatg 51960
caacagctgc agcaattttt gtaacagaat tcataccttt gtctcactat tattttttta 52020
ttttggatac atccaatgta cccctgactc acaaaccaat accttacatg gtattaaatt 52080
aatgtatgac aaatatggta tttattccta gggtagattt ctgtgagatc tatcaaaagt 52140
tcecgactaat ggcectattta tatagctaaa tgttatgaat atctcaattt aaggcttacce 52200
aatcaaatca atcatgactc agttctcata ttaacaaacc ttgtaagctc agttggttgt 52260
atgtgttaaa ataatacaaa tataagaata ttcccacact ttcatatcga tgttctagtt 52320
gttgtggttt aaacataacg gcgcatgttg agggatatag atataaacca ccgccaaatg 52380
tttggtaaaa gttaaaagat ggcgaaatgt aaattctatt tattggttgg tttatttaag 52440
tcgaagagaa aatatttagt actaattcgt gttcaaaagt agtttctgtg ctgagagtgt 52500
actcagtatc tgttaacaat aaaggatgag tcatgtttaa gaaaaacata ttagcagtgg 52560
cgttattagce gactgtgcca atggttactt tcgcaaataa cggtgtttcect tacccegtac 52620
ctgccgataa attcgatatg cataattgga aaataaccat accttcagat attaatgaag 52680
atggtcgegt tgatgaaata gaaggggtcg ctatgatgag ctactcacat agtgatttct 52740
tccatcttga taaagacggc aaccttgtat ttgaagtgca gaaccaagcg attacgacga 52800
aaaactcgaa gaatgcgegt tectgagttac gccagatgce aagaggcgca gatttcectcta 52860
tcgatacgge tgataaagga aaccagtggg cactgtcgag tcacccagcg gctagtgaat 52920
acagtgctgt gggcggaaca ttagaagcga cattaaaagt gaatcacgtc tcagttaacg 52980
ctaagttccce agaaaaatac ccagctcatt ctgttgtggt tggtcagatt catgctaaaa 53040
aacacaacga gctaatcaaa gctggaaccg gttatgggca tggtaatgaa ccactaaaga 53100
tcttctataa gaagtttecct gaccaagaaa tgggttcagt attctggaac tatgaacgta 53160
acctagagaa aaaagatcct aaccgtgccg atatcgctta tccagtgtgg ggtaacacgt 53220
gggaaaaccce tgcagagccg ggtgaagccg gtattgectet tggtgaagag tttagctaca 53280
aagtggaagt gaaaggcacc atgatgtacc taacgtttga aaccgagcgt cacgataccg 53340

ttaagtatga aatcgacctg agtaagggca tcgatgaact tgactcacca acgggctatg 53400
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ctgaagatga tttttactac aaagcgggcg catacggcca atgtagcecgtg agcgattcte 53460
accctgtatg ggggectggt tgtggceggta ctggcgattt cgctgtcgat aaaaagaatg 53520
gcgattacaa cagtgtgact ttctcectgcge ttaagttaaa cggtaaatag cacatagcat 53580
aaccaatagt ctagctagac gcagtcctta aggaatattt tcgaagacca cttaaccgaa 53640
tgttgagtgg tctttttgtt ttatatgagt tttaagatga acttggtatt aatgtgacct 53700
tggtatcaat gagggtgtac gtgaagccta ccaatgaaag gtacagctaa aacaatacaa 53760
ccttgtcaaa agacaaggtt gcattcagaa agcgtaggaa gattttagga cgacaactcg 53820
atacggagtt tagtcataca tcaactcttt ggctttgtcg gcatcaaact ctttaagaga 53880
ctttcgagcce aagtgacgga atgggaaagc tttcacgact tcttcgaatg gttggatgge 53940
aaatgcccaa aagatagaac cgtctaatcc aaagatgatc aatgcacaca atggaattga 54000
aattacccat tgaccagtaa agttgatttt gaagactgcg gtcgtttttce ctagggctct 54060
taatacattc ccatgaaccg 54080
<210> SEQ ID NO 3

<211> LENGTH: 22890

<212> TYPE: DNA

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 3

gtgctttgty acaacggggg atgtatggat attgaagttt cgegecaggt tgeggtagtt 60
gaagctacga gtggagatgt cgtcgtagtt aagccagacg gcagcgcaag aaaagtttca 120
gttggcgata ccatccgtga aaatgagatc gtgattacgg ccaacaagtc agagettgta 180
ttaggcegtte agaatgattc gattceggtt gcagagaatt gegteggttyg tgttgatgaa 240
aacgctgcat gggtagatge cccaataget ggtgaggtta attttgactt acagcaagca 300
gacgcagaaa ccttcactga agacgacctt gctgcaatte aagaagccat tttaggtggt 360
gecgatcega ctcaaatctt agaagcaacyg gctgetggtg geggactagyg ttetgcaaat 420
getggetttyg tgacgattga ctataactac actgaaactce atccatcgac tttetttgag 480
accgectggte tagcagaaca aactgttgat gaagacagag aagaattcag atctatcact 540
cgttcatcag gtggccaatce aatcagtgaa acactgactg aaggctccat atctggcaat 600
acctatccce aatctgtaac aacgacagaa acgattattg ctggtagttt agetctegece 660
cctaactett tcattccaga aactttatce ctegettcac tacttagtga attaaacage 720
gacattactt caagtggtca gtcecgttate ttcacctatg acgcgacgac taattctatc 780
gttggtgttc aagataccga cgaagtatta cgtatcgaca ttgatgecegt cagtgttgge 840
aataacattg agctttctet aaccacaacg atttecccage cgattgatca tgtaccgteg 900
gttggeggty gtcaggttte ttacactgge gatcaaatag atattgectt tgatattcaa 960

ggtgaagaca ccgctgggaa cccgctagca acacccgtta acgcacaagt ttcagtgttt 1020
gacgggatag atccgtctgt tgaaagtgtc aatatcacta acgttgaaac tagcagcgcyg 1080
gcaatcgaag ggacgttctce aaatattggt agtgataacc ttcaatcagc cgtatttgat 1140
gcaagtgcac tggaccagtt tgatgggttg ctcagtgata atcaaaacac gcttgcgaga 1200
ctttctgatg atggaacaac gattactctg tccatccaag gtcgaggtga ggttgttcte 1260

actatctctce tagataccga tggcacctat aaattcgagce agtctaatcc gatagaacaa 1320
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gtgggtaccg attcactgac gttcgctttg ccaatcacga ttaccgattt tgaccaagat 1380
gttgtaacca atacgatcaa cattgccatt actgatggcg atagccctgt tattactaat 1440
gttgacagta ttgatgttga tgaagcgggc attgttggceg gctcacaaga gggcacggcyg 1500
ccagtgtctg gecactggegg tatcaccgcg gacatttttg aaagtgacat cattgaccat 1560
tatgagctag aacccactga atttaatact aatggcacct tggtttcaaa tggcgaggct 1620
gtgctacttyg agttgattga tgaaaccaac ggtgtaagaa cttacgaagg ttatgttgag 1680
gtcaatggtt cgagaattac ggtctttgac gttaaaattg atagcccttc attgggcaac 1740
tatgagttta atctttatga agaactttct catcaaggcg ctgaagatgc gctgttaact 1800
tttgcattgce caatttatgc tgttgatgca gatggcgacc gttctgcact gtctggaggt 1860
tcgaacacac cagaagctgc tgagatcctce gttaatgtta aagacgatgt cgttgaatta 1920
gttgataagg ttgaatcagt caccgagccg accttagcgg gcgatactat tgtttcecgtat 1980
aacctgttca attttgaagg cgcagatggt tctacaattc aatcgtttaa ctacgacggt 2040
gttgattact cactcgatca aagcctgctc cccgatgcta cccagatttt cagttttact 2100
gaaggtgtcg tcactatctce attaaacggt gacttcagtt ttgaagtcgc tcgtgatatce 2160
gaccactcaa gcagtgaaac tatcgtcaaa cagttctcat ttttagccga agatggtgat 2220
ggggatactg atagttcgac gcttgagtta agtattaccg atggccaaga tccgatcatt 2280
gatttgatcc cgcctgtgac tctetctgaa accaacctta atgacggcetce tgctceccage 2340
ggaagtacag ttagcgcaac cgagacgatt acctttaccg caggcagcga cgatgtagca 2400
agtttcegta ttgaaccaac agagtttaat gtgggcggtg cacttaaatc gaatggattt 2460
tcggttgaga taaaagaaga ttcggctaat ccgggtactt acattggctt tattaccaac 2520
ggttcgggeg ctgaaatcce agtgtttacg attgctttet ctacgagcac attgggtgaa 2580
tacaccttta ctctgcttga agcgttagac catgtagatg gtttagataa gaacgatctg 2640
agctttgatc tgcctattta tgcggttgat acggacggcg acgattcatt ggtgtctcag 2700
cttaatgtga ctatcggtga tgatgttcaa atcatgcaag acggtacgtt agatatcacc 2760
gagccaaatc ttgctgacgg tacaatcaca accaacacca ttgatgtaat gccaaatcaa 2820
agtgctgatg gcgcgacgat cactcggttce acttatgacg gtgtcgtaaa cacactggat 2880
caaagtattt caggagaaca gcagttcagc ttcacagaag gcgaactgtt tatcaccctt 2940
gaaggtgaag tgcgctttga gcctaatcge gatctagacc actcagtgag tgaagatatc 3000
gtgaagtcga ttgtggtgac ttcaagcgac ttcgataacg atccggtgac ttcaaccatt 3060
acgctgacga tcactgatgg tgataacccg acgattgatg ttattccaag tgttacgcett 3120
tctgaaatta acctgagcga tggctcectgct ccaagtggca gcgcggtaag ctcgactcaa 3180
actattactt ttaccaatca aagtgatgat gtggttcgtt tccgtattga gtcaacggag 3240
ttcaatacta acgatgatct taaatcgaac ggtttagcetg ttgagttacg tgaagacccg 3300
gcagggtcegg gtgactacat tggttttacg accagtgcga cgaacgtaga aactccagta 3360
ttcacattaa gctttaattc tggatcatta ggtgaataca cgttcacact catcgaagcg 3420
ttggaccacc aagatgcccecg tggcaacaac gacctcagtt ttgatttacc tgtttacgceg 3480
gtagatagtg atggcgatga ttcattggtg tctccgttaa acgtcactat cggtgatgat 3540

gttcaaatca tgcaagatag tacgttagat atcgtcgagc caaccgtcgc agatttggece 3600
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gctggcacag tgacaactaa caccattgat gtgatgccaa atcaaagtgc cgatggcgca 3660
acggtgacgc aattcactta tgatggccag cttcgaacac ttgaccaaaa tgacaatggt 3720
gagcagcaat ttagcttcac agaaggtgaa ctgttcatca cgcttcaagg tgatgtgcgce 3780
tttgagccta atcgtaatct agaccacaca ctcagcgaag acatcgtgaa atcaatcgtg 3840
gtgacatcta gcgattccga taacgatgtg ttgacctcaa ccgtcactct gaccattacce 3900
gatggtgata tcccaaccat tgataatgtt ccaactgtga acttgtctga aactaatctg 3960
agtgatggct ctgcacctag cggaagcgcg gtgagttcaa ctcaaactat tacttacacc 4020
actcaaagtg atgatgtgac aagcttccgt attgaaccga ctgaatttaa tgttggtggce 4080
gctctcacat caaacggatt ggcagtcgag ttaaaagctg atccaaccac accgggtggce 4140
tacatcggtt ttgtgactga tggttcgaac gttgaaacta acgtgttcac gattagcttce 4200
tcagatacca atttaggcca gtacaccttc accttacttg aagcgttaga ccatgtggat 4260
ggtttagcga acaatgatct gacctttgat ctgcctgttt atgcagttga tagcgatggce 4320
gacgattcac tggtgtctca gttaaatgta accatcggtg atgatgttca aatcatgcaa 4380
ggtggtacgt tagatatcac tgagccaaat cttgcagacg gcacaattac aaccaatacc 4440
atcgatgtga tgccagagca aagcgccgat ggtgcgacga tcactcagtt cacttatgac 4500
ggtcaagttc gaacactgga tcaaacggac aatggtgagc agcaatttag cttcactgaa 4560
ggcgagttgt tcatcactct tcaaggtgac gtgcgttteg aacccaatcg caacctagat 4620
cacacagcta gcgaagatat cgtgaagtcg atagtggtga cttcaagcga tttagataac 4680
gatgtggtga cgtcaacggt cactctgacg attactgatg gtgatatccc aaccattgat 4740
gcagtgccaa gcgttactct gtctgaaatc aatcttagtg acggctcectgce gccaagtgge 4800
actgcagtta gtcaaactga gacgattacc ttcaccaatc aaagtgatga tgtgaccagt 4860
ttccgtattg agccaataga gttcaatgtg ggcggtgcac tgaaatcgaa tggatttgeg 4920
gttgagataa aagaagattc ggctaatccg ggtacttaca ttggctttat taccaacggt 4980
tcgggegetyg aaatcccagt gtttacgatt gctttcteta cgagctcatt gggtgaatac 5040
acctttactc tgcttgaage gttagaccat gtagatggtt tagataagaa cgatctgagc 5100
ttcgatetge ctgtttatge ggtcgatacg gacggcgatg attcattggt gtctcagceta 5160
aacgtgacca tcggtgatga tgtccaaatc atgcaagacg gtacgttaga tatcatcgag 5220
ccaaatctgg ctgatggaac aatcacaacc agcactattg atgtgatgcc aaaccaaagt 5280
gctgatggtyg cgacgatcac tcagtttact tatgacggtc agctaagaac gcttgatcaa 5340
aatgacactg gcgaacagca gttcagcttc acagaaggcg agttgtttat cacccttgaa 5400
ggtgaagtgc gctttgagce aaaccgagac ctagaccaca ccgcgagtga agatattgtt 5460
aagtcgattg tggtcacttc aagtgatttc gataacgact ctctgacttc taccgtaacg 5520
ctgaccatta ctgatggtga taaccctacg atcgacgtca ttccaagcgt taccctttcet 5580
gaaactaatc tgagtgatgg ctctgctcca agtggcageg cggtaagcectc gactcaaact 5640
attactttta ccaatcaaag tgatgatgtg gttcgtttcc gtattgagcce aacggagttce 5700
aatactaacg atgatcttaa atcgaacggt ttagccgttg agttacgtga agacccggct 5760
gggtcgggtyg actacattgg ttttactact agtgcgacga atgtcgaaac cacggtattt 5820

acgctgagtt tttctagcac cacattaggt gaatatacct tcactttgct tgaagcegttg 5880
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gaccaccaag

gacagtgatg

caaatcatge

ggcattgtga

atcactcaat

caacagttta

gagcctaatce

acgtctagtyg

ggtgatatce

gacggctett

caaagtgatg

ctcaaatcaa

atcggetttyg

gataccaatt

cttgcaaata

gattcactgg

ggtacgttag

gatgtgatge

caagttcgeca

gagttgttca

acagctageg

gtggtgacgt

gtgccaagceg

gcagtcagte

cgtattgage

gagataaaag

agcgctgaaa

tttactctge

gagctteegyg

gtgaccattyg

aatcttgcag

gatggtgcga

gacactggtyg

gaagtgcgcet

tcgatagtag

accattactg

gctgatttaa

actttcacta

atgccegtygyg
gegatgatte
aagacggtac
caactaacac
tcacttatga
gettcacgga
gtaatctaga
actccgataa
caaccattga
caccaagtygg
atgtaaccag
atggattgge
tgactgatgg
taggtcaata
acgatctgag
tgtctcaact
atatcactga
cagaacaaag
ctctggatca
tcactcttca
aagacatcgt
caacggtcac
ttactctgte
aaactgagac
caaccgagtt
aagactctge
tcccagtgtt
ttgaagcgtt
tttacgceggt
gtgatgatgt
acggcacaat
cgatcactca
aacagcagtt
ttgaacctaa
tgacttcaag
atggtgataa
ctgatggete

atcaaagtga

caacaacgac

actgatgtct

gttagatatc

cattgatgtg

tggccaactt

aggtgaacta

ccacacgetyg

cgatgtgttyg

taatgtgcca

cagcgcagtt

cttecgtatt

ggttgagctg

ttcgaacgtt

caccttcacce

ctttgatctyg

caatgtaacc

gccaaacctt

tgccgatggt

aactgacaat

aggtgacgtg

gaagtcgata

tctgactatt

tgaaactaat

catcaccttt

taatgtggge

taatccgggt

cacgattgcet

agaccatgeg

tgatacagac

tcaaatcatg

cacaaccaac

gtttacttat

cagcttcaca

tcgegatceta

cgacttegat

tccgactate

atcgccaagt

cgatgttgag

ctcagttttyg

ccgttaaacy

gtcgagccaa

atgccaaatc

cgaacacttg

ttcatcactc

aacgaagaca

acctcaaccyg

acagtgagct

agctcaactce

gaaccgactyg

aaggccgatce

gaaactaacg

ttgcttgaag

ccagtctacyg

atcggtgatg

gcagacggca

gcgacgatca

ggtgagcagc

cgtttegaac

gtggtgactt

actgatggtyg

cttagtgacg

accaatcaaa

ggtgcactga

acttacattg

ttctctacga

gatggtttag

ggtgatgatt

caagatggta

accattgatg

gacggtcage

gaaggcgagt

gaccattccyg

aacgatcegyg

gattcggtac

dgcagegegy

aaattccgtt

aactgcctgt ttatgeggta

tcaccatcgg cgatgatgtt

ccgtegecaga tttggecget

aaagtgccga tggcgcgacyg

accaaaatga caatggcgaa

ttgaaggtga agtgcgettt

tcgtgaaate gatcgtggty

tcactctgac cattaccgat

tgtcagaaac aagtctgagt

aaaccatcac ttacaccact

agttcaatgt tggcggtget

caaccactce gggeggctac

tgttcacgat tagcttcteg

cgttggatca tgcggatage

ccgtegatag tgatggegat

atgttcaaat catgcaaggt

caaccacaac taacaccatc

ctcagtttac gtatgacggyg

aatttagctt cactgaaggce

ccaatcgcaa cctagatcac

caagcgattc agataacgat

atctcccaac cattgatgea

getetgegee aagtggcage

gtgatgatgt ggcgagttte

aatcgaatgg gtttgeggtt

getttattge caatggtteg

gtacgttggg tgaatacacc

ataagaacga tctgagettt

cattggtatc tcagcttaat

cgttagacgt tatcgagceca

tgatgccega gcaaagtget

taagaacgct tgatcaaaat

tgtttatcac ccttgaaggt

ttagcgaaga catcgtgaag

tgacttcage cattacgcetg

cgagegttgt acttgaagaa

ttagtcaaac ggaaaccatc

tagaaccaag tgaatttaat

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160



US 2009/0139134 Al

93

-continued

Jun. 4, 2009

actaacaacg

tceggeaatt

ctcgatttca

cacacgecetyg

agcgacggtg

gtgatggtga

acgccaacaa

actcagttca

cagaagttcg

gaaccaagte

tcaagtgatt

gatatcccaa

ggatctgete

agtgatgacg

aaatcgaacg

ggttttgtga

accaatttag

gtgaagaatg

tcactggtgt

gegettaata

actgttgatg

gatggcgggy

actgaaggtt

ctaaaccaca

gataacgatg

attgatgcag

agcagcagtyg

gegagtttee

tttgcggtty

gatggttcga

gaatacacct

ctgagttttyg

caactgaatg

actgagccaa

cagagtgeeg

gatcaaagca

cttcaaggte

atcgtgaagt

cgctcaagte

atattggttt

gcagtaccac

ttcaaggcaa

atgattcget

gtggttcget

catcagtatt

cttatgatgg

tggttgctga

gtaaccttga

ccgatagega

cgattgacac

cgaatgcaag

tgacgagttt

gattggcggt

ctgatggtte

gtcaatacac

atctgacttt

ctcaactgaa

ttattgagcc

tgatgcctag

cggcaataac

cactgtttat

cagcgagega

tactgacgtc

tgccaagegt

ctgtaagtca

gtattgagce

agataaaaga

atactgaagt

tcaccttact

atcttectgt

tgaccattgg

atcttgcaga

atggtgcgac

tcgtaggtga

aagtgcgett

cgatagtggt

cgatggettyg

cacgaccgat

tttgggtgag

taacgatcta

aatgtcatca

tagtatcgaa

tgatgtatta

tggggcggta

tggggcatta

ccatactggt

tettgtgtet

ggtgccaage

tgcggtaagt

ccgtattgaa

cgaactgaaa

gaacgttgaa

cttcaccetyg

tgatcttect

tgtgaccatt

aacggttget

ccaaagtgec

actcgaccaa

caccttgcaa

agacatcgtyg

aacggtcact

tactctgtet

aacagagacg

aacagagttc

agattecgget

tcetgtatte

tgaagcgeta

ttatgcggta

tgatgatgtc

cggaacaatc

gatcactgaa

gcagcagttt

tgaaccaaat

tacttcaagt

atcattgaga

atttcgaatg

tacaccttca

acattcaact

ctatcggtga

gagcctactyg

acatccgega

ttaacgcttyg

tatatcactc

ggcgatatcyg

tcaacggtaa

gttactctgt

tcaactcaaa

ccgactgatt

geggacccaa

actaacgtgt

cttgaagegt

gtttatgegyg

ggtgatgatg

gatttggetyg

gatggcgcga

aacgacaccg

ggtgaagtgc

aagtcgattg

ctgactatta

gaaactaatc

attaccttca

aatgtgggcg

aatccgggta

acgattgett

gaccatgcaa

gacagtgatg

caaataatgc

acaaccaaca

ttetcatttyg

agtttcaccyg

cgtgaccttyg

gattttgata

ttcgagagga accaacagga

tcgaaaccac tgtgtttaca

cgcttetgga agcegattgac

tgccagtcta cgceggttgat

cgattactga tgatgttcaa

ttgccgactt ggctgcagge

gtgctgatgg ggcgaccatt

atcaaaacga tacaggtgag

tgcaaggcga tattcgttte

tcaagtcgat agtcgtaact

cgctaaccat tactgatgge

cagaaacgaa tctgagcgac

ccattacctt tactaaccaa

ttaatgttgg tggtgctctyg

ctacaccggg tggctacatce

ttacgattag cttctecggat

tggatcatgt agatggctta

ttgatagcga tggtgatgat

tacaggtcat gcaaaaccaa

caggtactce gacgacagcec

caatcactca gtttacttac

gtgaacagaa gtttgtattt

gtttcgagee aaatcgcaat

tggtgacttc aagcgattta

ctgatggtga tatcccaacc

ttagtgacgg ctcagcgeca

tcaatcaaag tgatgatgtg

gtgcactgaa atcgaatgga

cttatatcgg ttttattacc

tctectacaag tacgttggge

atggcctaga taagaacgat

gegatgatte actggtgtet

aagacggtac gttagatatc

ccattgatgt gatgccaaat

geggtattgt caaaacactce

aaggtgagct attcatcact

accactctge cagcgaagac

acgatcctgt gacttcaacc

8220

8280

8340

8400

8460

8520

8580

8640

8700

8760

8820

8880

8940

9000

9060

9120

9180

9240

9300

9360

9420

9480

9540

9600

9660

9720

9780

9840

9900

9960

10020

10080

10140

10200

10260

10320

10380

10440
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gttacgctga

ctttcagaaa

gagacgatta

gagttcaata

cctcaagget

gtatttacgt

getetggate

geggtggata

gatgtgcagt

acatcaaata

tttgtttteg

ttegtettea

gtacgtaatc

gacctecgatyg

cctactateg

gtgccaaccy

gacgtaagce

aacggcctag

gtcaaagacg

ttagggcaat

aatatactaa

atgtcgecta

agtatcactg

attgatgtta

ggtggcacag

gatggcttac

gaccattcat

gatacagata

gtggttccag

tctgcagtca

tttagaattg

gttcaactaa

atgggtaacg

acatttacct

ttecgtttge

gtggttacga

ccaaattectg

ggtgcgacta

ccattaccga

caaacctage

cttttaccaa

ctaacgatge

ctggtcagta

tggactttaa

atcaagatgc

gtgatggcga

tgatgcaaga

cctttgatgt

atggtaagac

cggaaggtte

aaaatcatge

gegatattgt

accttgttee

gtaatccagt

atttcagaat

atgtcgaaat

gttctaacgt

acacgttcac

gettegatgt

tgacggttge

agcctteatt

tgccaacgca

ctgtaacgtt

tgtacatcac

ctggcgatat

cegeggatgt

atgttaactt

gttcgactca

cgaccaacga

aagaagatcc

ttaccgatgt

tgattgagge

ctatctatge

tagaagatga

gtactccaac

ttacgcagtt

tggtgatatt
tgatggttct
tcaaagtgat
acttaaatcg
cattggettt
ctceggaace
gegtggcaac
tgactcgtta
cggcacaatce
gatgccaaac
tgcagaaagt
ggtatttatt
tggtggtgat
cacatcgaca
cggaattacg
gacaatgaca
tgaccctacyg
aaaagagcag
agaaaccaac
actacttgaa
cectgtttta
gatcaccgat
agctgatttg
gagtgctgat
agacccaage
cattgaaggg
cgtaagaacg
cactttgacg
atcggaagtt
cacaatcact
attcaatcct
tgcttetget
atttaccatt
gettgatcac
tgttgataca
catccagcaa
aacaactacc

cacgtatgac

ccaactateg

gegecaagty

gatgtggtte

aatggcttag

accaccagtt

ttaggtgaat

aacgatttaa

gtctetcage

accagtcgtyg

caaagtgcetyg

cttgatttga

acgacggaag

attaccaagt

gtgacactga

ttatctgaag

caaaccatta

cagttcaata

ccagctaatt

gtcttcacga

gegttagate

geggttgatg

gacgtacaag

gecatcgggta

ggcgcgaaag

atcgccacag

gaggttegtt

attgtcgtca

atcaaagacg

aatctagegyg

tacaccgaag

ggcgatctgt

ggtgattaca

agctttgata

cttgatggtyg

gatgattctyg

atgcaagatg

gttgatgtga

ggtggttete

atgcggtacce aagtgttacg

gtagtgcggt tagtcaaacg

getteegtet ggaaccaacce

cggtcgaact gcgcgaagaa

cgtctaatgt tgagacaaca

acacatttac tttaatcgaa

getttaatet acctgtgtat

ttggcgtgac cattggcgac

agcctgcage aagtgttgaa

atggagccaa agtcacttca

atgtgaatgg tgaacaagag

gtgagatacg attcgagccg

cgattgaggt gacgtctgtt

agattgttga tggtgacctt

tggatctgge cgatggetet

cctacacage gggtagtgac

cttcaggggt tttgaaatcg

ctggtaatta cattggette

tcagecttete gacgagcaat

atgtagatgg attgcaaaac

cggatggtga tgattctgea

gtgttcaaga tggcaccttg

cgccaccaac gacggcaatce

taacacagtt tacttacgat

aacaagtctt taccgtaacc

ttgagccgag ccgagatcta

ccaccagtga ttttgataac

gtatcaatce cgttatcaat

atggctcgac gccaagtggt

gaagtgatga ttttagtcac

tgaaatcaag tggtcttgtt

ttggttatac cgatgatggt

gtgcaaacaa agctcagttt

tgctttacaa cgatcttacg

aatcaacaaa gcgcgatgtyg

gettettaac cattaccgag

tgccaatacc aagtgcagac

caattactct gaatcaaagce

10500

10560

10620

10680

10740

10800

10860

10920

10980

11040

11100

11160

11220

11280

11340

11400

11460

11520

11580

11640

11700

11760

11820

11880

11940

12000

12060

12120

12180

12240

12300

12360

12420

12480

12540

12600

12660

12720



US 2009/0139134 Al Jun. 4, 2009
95

-continued

atcagcggcg aacaagagtt tgttttcact gaaggttcac tgtttgtgac actagatggt 12780
gatgtaaggt ttgagccaaa tagaaacctt gatcactctg cgggcgacat tgttaaatcg 12840
attgtgttca cgtcttcaga ctttgataac gacatcttct catcaaaagt cactctcacc 12900
attgttgatg gtgatgggcc aacaatcgac gttgtgccgg gtgtggcatt gtcagaaagce 12960
ttacttgcgg atggttcgac gecctagegta aatcccgtga gtatgactca aaccattact 13020
tcacttgcaa gtagtgatga tattgctgaa atagtggtgg aagtcgggtt gttcaatacc 13080
aacggcgcegt tgaagtcgga tggtttgtca ctgagtttac gtgaagaccc tgtaaattca 13140
ggcgactaca ttgcatttac tactaatggt tcgggtgttg agaaagttat cttcactctg 13200
gattttgatg atacgaatcc gagtcaatat acgtttactc tgcttgaacg tttagaccat 13260
gttgatggct taggaaataa cgatctgagt tttgatcttt ctgtttatgc agaagatacc 13320
gatggtgata tttcagcgtc taaaccgctt acagtcacca tcaccgatga tgttcagctce 13380
atgcaatccg gtgcgctcaa cattactgag ccaaccacag gaacaccgac tacagcagtce 13440
tttgatgtga tgcctgcgca aagtgcagat ggcgcgacaa tcactaagtt tacctatgge 13500
agccaacctg aagagtctcect ggtacaaacc gtcacgggtg agcaagaatt tgtgttcact 13560
gaaggttcte tgtttatcaa tcttgaaggt gatgtacgtt tcgaacctaa ccgtaatcte 13620
gatcattcgg gtggtaacat cgttaagacc attacggtga catcggaaga taaagatggc 13680
gatattgtca cttcaacagt gacgctgact attgtagatg gcgcgccacc agtaatagac 13740
acagtaccaa cggttgcatt ggaagaagcg aatctggtcg acggatcttc accgggttta 13800
cctgttagecce aaactgaaat cattactttc acagcaggaa gtgatgatgt gagccacttce 13860
cgtattgatc cggctcaatt caacacatca ggcgatctga aagcggatgg tttggtggtt 13920
cagttaaaag aagatcctct aaacagcgat aattatattg gttacgttga aagcggcggt 13980
gtccaaacgg atatcttcac catcaccttt agcagcgtgg ttctaggaga gtacacattc 14040
accttgttgg aagagttaga tcacctgcct gtacaaggta acaatgatca aatcttcacce 14100
ttgccagtga tcgcagtcga caaagacaac actgactcag cggtgaaacc tcttacggtg 14160
accattaccg atgatgttcc aaccattact gacaccaccg gcgccagtac gtttgtggtt 14220
gatgaagatg atttgggcac tctggcacaa gcgacgggtt cgtttgtaac cacagaaggt 14280
gcagatcaag tcgaggttta cgaactacgt aatatatcaa cgttggaagc aacgctatcg 14340
tcgggcagtyg aaggtattaa gatcactgag atcacaggtg ctgctaacac gaccacctac 14400
caaggggcga ccgacccaag tggaacgcca attttcacat tagtgctgac tgatgatggt 14460
gcctacacct ttaccttgct tggceccctecte aatcacgcta cgacaccgag taacctcgat 14520
acattaacaa taccatttga tgttgttgcc gttgacggtg atggcgatga ttctaaccaa 14580
tatgtattgc caatcgaggt gctagatgat gtgcctgtaa tgacggcgcc gacgggtgaa 14640
acggttgttg atgaagacga tcttactggc attggttccg atcaatctga agatacaatt 14700
atcaatggac tgttcaccgt tgatgaaggt gcggatggcg ttgtgctgta tgagetggtt 14760
gatgaagatt tggttctgac gggcttaacc tctgatggag aaagcttaga gtggctaget 14820
gtttcacaaa acggcacaac atttacttac gttgctcaaa ctgcaacgag taatgaagcg 14880
gtgttcgaga ttattttcga cacctcggat aacagctacc aatttgaatt atttaagcca 14940

ctgaagcacc ctgacggtgc aaacgagaac gcgatagatc ttgatttctc aatcgttget 15000
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gaagattttyg
gttcegttag
aaagtcgaca
attgagggta
tatagtagcg
aatggcggtg
gaattcagag
aacgtgattg
actgataggg
gactcaacca
caaaatggtt
gataacgctyg
caaggtactt
gggagcatta
ccaagacaaa
tcggatgaaa
gatcacaccyg
tgggatgatt
ttgcagctga
gaagccgtte
ccegttaatg
attgataact
aacccatacg
gaacaaagta
cgaattcaga
aaagacgcgt
tctgaagaac
ggcaccacga
tattccgatt
ttcgatgtta
gaggagatac
tatggtggaa
caaaccacga
ttgtcgggag
tcaataaccyg
acagtgattg
tccaaaccta

agacctgteg

atcaagacca

tgacaactca

tgtttgccaa

tctcaaataa

gettegattt

ctgatactceg

ctaacggcta

ccacagatgg

attctacaag

taccttacge

tgccgaatge

aatctattgg

tttattactt

tatttggete

ctatcgegac

ctggtgggcyg

ttaattcaaa

ccaacagcac

acgcagagtce

aaggcgacgg

gtgtttatat

tctcagggea

atgattcaga

ttgttattga

tcaacgaaga

tcacgttaga

tgtttgtgey

cagtegttee

tggctaacgt

cgggagtggt

taggaactaa

cgaatggcac

ttcaagagag

agagaagacc

ttattctatc

accttaactt

tctacgaage

actcttcaac

atcggatgeg
atcgattact
tgcaacagat
tggtgcagat
aaacagcggt
tgaacttgge
tctegatcat
agatttagac
aattgcgetyg
aacaggtgat
gccagegcaa
gcagttgacyg
tgatggtgcet
tcctgaacte
gatagacaac
agttcgttat
cttcagaatt
gtatcagtat
tcaagataac
gaagtttgag
catcgcatct
gattgagttce
caacggtgga
tgtgaccgca
caatatcgat
cgaagtcatce
catcagtaat
gaccatcacyg
tgaggttgtt
caaagatacg
aaccgtcaac
ggcttggagt
ccaaaatggt
agatactgge
gggtatacce
tgteggttat
gaacattact

cgagaatatt

atcggtctaa

cgtcttgaag

gtgggggctyg

attgttttee

agccaacaag

cgtctacgea

gacggtgatg

acctctgaaa

aaagtgacga

gagccgacte

gttgcgetge

attaaaagcc

gactacatag

gaacaaagct

ctgttettty

gagcttgaaa

gagattgaag

caagtcaacg

agtaatactg

ttacttgatc

gctgatatca

aaagcgacgg

gcaaacgata

gatgcggace

gatccagatt

accatgacag

gttacggaag

atcaatggtyg

ccaaccaaac

gcaaatctat

gttgaagtca

gcaattacag

gatacctttyg

actacaccat

gatggggttg

gaaaccggac

gaggcgggta

cacattcaag

aaattacggt aaccgatgat

gtcaggggta tggcaactct

atggcgceggt actgagtcga

gtagcgggaa caatgggcca

ttcgagtcta cgagcaaaca

tcaactcaaa tggtgaggtt

acaccatcga cttctegatt

caccgttaga tattacgatt

ccttegagga tgcgggtaga

ttgagaatgt tcaagataac

aagttagtct gtatgaccaa

cgaacggagg tgatagtcat

aattagtgcc tgagtcaaat

tcgetecaaa cccgagtgaa

ttccagacca acacgctagt

ttgagaaaaa tggcagtacg

ctgtagctga tattgegact

aagatgaaga caatgtcacg

agacgattac ctatgaactt

aaaatggcaa tgtgttaacg

atagcaccgt agttaaccct

caattacgga agagacgctt

agacgacggce tcgttetgtg

ctggcacatt cagtgttagt

acgtcgggece tttggacaat

ggteggtega ttetgacagt

gagetgtget ttacttctta

tggattatca agaaatcgcg

acagtaatgt cgatttcacc

ccacgggege ccaaatcgat

aaggcgttge cgatactect

atggcactac atctggtgtt

ctgagcttga tttcaccgty

tagctgacga tgggtcagaa

ttctagaaga cggtgacggt

cgggcggtag tectgactta

aaacttcagg cattcgcatce

gtaaagtgat tgtgactgag

15060

15120

15180

15240

15300

15360

15420

15480

15540

15600

15660

15720

15780

15840

15900

15960

16020

16080

16140

16200

16260

16320

16380

16440

16500

16560

16620

16680

16740

16800

16860

16920

16980

17040

17100

17160

17220

17280
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aacgatggtc acacgcttac gtttgatcaa gaaattcgag tgcttgttat acctcgaatc 17340
gacacatcag caacttatgt caatacgact aacggtgatg aagatacggc tatcaatatt 17400
gattggcacc ctgaaggcac ggattacatt gatgacgatg agcatttcac taagataact 17460
attaatggaa taccactggg tgttactgca gtagtcaacg gtgatgtgac cgttgatgac 17520
tcaaccccag gaacattgat tataacgcct aaagatgctt cccaaactcc tgaacaattt 17580
actcaaattg cattagctaa taacttcatt caaatgacgc ctccggctga ttctagtgca 17640
gattttacgt tgaccaccga acttaaaatg gaagagcgag atcatgagta tacgtctage 17700
ggcctagagg atgaagatgg tggttatgtc gaagccgatc cagatataac cggaatcatt 17760
aacgttcaag tacgacctgt ggttgaacct ggagatgccg acaacaagat tgtcgtttca 17820
aacgaagatg gctctggaga tctcactacg attacggctg atgctaatgg tgtcattaaa 17880
tttacaacta acagtgataa ccaaacgact gatactaacg gagacgaaat ctgggacggt 17940
gaatacgtcg tccgatacca agaaacggat ttaagcacag tagaagagca agtcgacgaa 18000
gtgattgttc agctgactaa caccgatgga agcgcgttat ctgatgatat tttagggcaa 18060
cttttagtaa ctggtgcctce ttacgaaggc ggtggccgat gggttgtgac caatgaagat 18120
gcctttageg tcagtgegce caatggatta gatttcacce ctgccaatga tgcggatgat 18180
gtagctactyg atttcaatga tatcaagatg acaattttca ctttggtctc agatcctggt 18240
gatgctaaca atgaaacgtc cgcccaagtg caacgcaccg gagaagtaac gctttcecttat 18300
cctgaagtge tgacggcacc tgacaaagtt gccgcagata ttgcgattgt gccagacagt 18360
gttatcgacg ctgttgagga tactcagctt gatctcggeg cggcactcaa cggcattttg 18420
agcttgacgg gtcgcgatga ttctactgac caagtgacgg tgatcatcga tggcactctg 18480
gtcattgatg ctacaacatc attcccaatt agcctgtcgg gaacaagtga tgttgacttt 18540
gtgaatggga aatatgttta cgagacgact gttgagcagg gcgtagccgt cgattcatcg 18600
ggtttgttat tgaatctgcce accaaactac tctggtgact ttaggttgcc aatgaccatc 18660
gtgaccaaag atttacaatc tggtgatgag aagaccttag tgactgaagt tatcatcaaa 18720
gtcgcaccag atgctgagac ggatccaacg attgaggtga atgtcgtggg ttcecgettgat 18780
gatgccttta atcctgttga taccgacggt caagctgggce aagatccggt gggttacgaa 18840
gacacctata ttcaactcga cttcaattcg accatttcgg atcaggtttc cggcegtcgaa 18900
ggcggccaag aagcgtttac gtccattact ttaacgttgg acgacccttce tataggtgca 18960
ttctatgaca acacgggtac ttcattaggt acatctgtta cgtttaatca ggctgaaata 19020
gcagcgggtyg cactcgataa cgtgctcettt agggcaatcg aaaattaccc aacgggtaat 19080
gatattaacc aagtgcaggt taatgtcagc ggtacagtca cagataccgc aacctataat 19140
gatcctgett ctectgeggg tacggcaaca gactcagata ctttctctac gagtgtcage 19200
tttgaagtcg ttcctgtggt cgatgacgtg tctgtcactg gaccgggtag cgatcctgat 19260
gttatcgaga ttactggcaa cgaagaccag ctcatttctt tgtcggggac agggcctgta 19320
tcgattgcac tgactgacct tgatggttca gaacagtttg tatcgattaa gttcacagat 19380
gtcecctgatg gcecttceccaaat gcgtgcagat gectggctcga catataccgt gaaaaataat 19440
ggtaatggag agtggagtgt tcaactgcct caagcttcgg ggttgtcatt cgatttaagt 19500

gagatttcga tcttgccgce taaaaacttc agtggtaccg ctgagtttgg tgtggaagte 19560
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ttcactcaag

ctgcatgtygg

aacgaaggcc

gcaacaggaa

ggtgttecte

ceggegacge

aactctggeg

attacggtac

agcttegatg

acgaatattg

gtcgacgcaa

acactgcegyg

ttgcaacctyg

actaatggag

ttagtcacaa

gatccgaata

gacgctectyg

attgttgaga

accggtgtga

getgatgacy

ggcgacgtta

tttaaaaccyg

gcatcgaaca

gacctgattt

ctcgatcaag

acgatcactg

ttcacttata

accggcgaaa

gacttaggaa

gctacgageyg

caaggccagt

cegtactgga

gtecgaggatg

acagcgattg

attgttgacg

gtggatgcat

aacgtatcac

atcttagttyg

aatcgttget

tacctgttygg

aaaacattga

gcgggacgta

aagatgctte

agctctggac

aacataatag

gttcagtaga

tcgatetggt

aaacatcgga

actttgataa

gagcgcaagy

acggctcatt

ctgtgacttt

tcaatgcaac

ccgetcaaac

tggcgactaa

gtgacttgat

ctcttactca

cagcgattac

aattcaatta

atagcgctga

ttgatttggy

ccgcaaccac

gtcagggcca

gecegtactyg

cegttgagga

ttagegttgt

acatccttga

atccggaaaa

tacagcgett

tatttacgge

atggtacaac

tcgacggagt

aggatgctgg

tttctaatga

ttceggeagt

gtactttgag

gggtgtgcct

tgacgatgtt

tatcgaaatc

taccgagaat

tattttctat

tctegatgtt

tgatacaggc

tactgatgct

gattgatcct

agacatcagt

tccagatget

tgtgtttgag

ggtgattacce

caaacccgac

getegatgat

caatcaaact

cgttgattta

tgcagccagt

agggcaaggt

ggggccatte

ctccattatce

aatcagecett

caccatgett

tgatccggaa

attacaacgc

ggtatttact

cgatggtaca

ggtaacggaa

agaagggcag

cgacacgatt

tgagaacgtyg

tgctgatgaa

caacggeget

gaacgatacg

tcagctattyg

cttgatgaca

gacgacagtyg

tgacctgaat

actgeggegg
gataccaatc
aatgcgacta
gegeccgaaa
ccagatggea
ccagctcagt
aatgtactgg
gataatacag
attaacgatc
gttgccatcyg
ccgtatgaac
tttaccaget
ggtaaagaag
ccagaccaga
ggtggtaata
accttcacca
ggctcgatty
tctgatctag
cagcttacac
tggatattca
gatgatggta
gtagttactg
gaagaaggac
aacgacacga
tttgagaacyg
gcagccaacyg
accaacggeg
gtgaatgatc
ttgatcatca
accgtgacca
ggcggtgcetg
tacaacggta
aatgatttcc
cetgttgtta
agtggtatca
gtcacgctga
atggtcaacg

gegetgattyg

caaacttgcc aagcttcaaa

cgactgattce tgtaacagge

ttttggataa agaattgtct

cgcttegagt tgaagtggeg

cgacattgge tagctacgat

cgttagataa gatcgtattt

gtatcaatgg tccactgcag

agtacctagg tacgccaacc

aaccgatctt tgtgaacgta

acaactttag tatctacgac

tgacgcttaa agtcgaccaa

ctcctgacgt gacgtttgta

ccgacattaa taccgcattg

actacctcaa ccagactggt

acggtttgat tgacgcggtt

ttaaggtgac ggaagtgaat

cggaagacge tcaaatcgtyg

aaaaccataa tctcacagta

gctatgaaaa tgetggtggt

ttgcagataa tgatttcaac

ccaccaacgg tgtggatgat

aagtcaatga ccagccagtyg

agctggtcat taaagaggaa

ttactgtgaa cagtttggtyg

tgggcggtge tgatgatget

aatacaacgg tgatgttaag

ctgatgattt cttaacagat

aaccggtgge aacggatatce

aagaggaaga cttaattgct

atctggtgcet cgacgaaggce

atgacgctat gattactgge

acgttaagtt cacctatacc

taacggatac tgcagagatc

atggtgacag tgtcactacg

atgtcagtga cccagattat

cagtggatta cggtacattg

gcaacaacac tggtteggtt

atacgccaac cagtccaaac

19620

19680

19740

19800

19860

19920

19980

20040

20100

20160

20220

20280

20340

20400

20460

20520

20580

20640

20700

20760

20820

20880

20940

21000

21060

21120

21180

21240

21300

21360

21420

21480

21540

21600

21660

21720

21780

21840
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ggtgtctacc tcgatgcgag cttgtctcca accaatagca ttggcttaga agtaatcgecce 21900
aaagacagcg gtaaccctte tggtatcgceg attgaaactg caccagtggt ttataatatc 21960
gcagtgacac cagtcgctaa tgcgccaacc ttgtctattg atccggcatt taactatgtg 22020
agaaacatta cgaccagctc atctgtggtc gctaatagtg gagtcgettt agttggaatt 22080
gtcgectgecat tgacggacat tactgaagag ttaacgttga agatcagcga tgttccggat 22140
ggtgttgatg taaccagtga tgtgggtacg gtttcgttgg tgggtgatac ttggatagcg 22200
accgctgatg cgatcgatag tcectcagactce gtagagcagt catcattagg taaaccgttg 22260
acccecgggta attacacctt gaaagttgag gcgctatctg aagagactga caacaacgat 22320
attgcgatat ctcaaaacat cgatctgaat ctcaatattg ttgccaatcc aatagatctce 22380
gatctgtett ctgaaacaga cgatgtgcaa cttttagcga gtaactttga tactaacctc 22440
actggcggaa ctggaaatga ccgacttgta ggtggagcgg gtgacgatac getggttgge 22500
ggtgacggta acgacacact cattggtggc ggcggttcceg atattctaac cggtggcaat 22560
ggtatggatt cgtttgtatg gctcaatatt gaagatggcg ttgaagacac cattaccgat 22620
ttcagectgt ctgaaggaga ccaaatcgac ctacgagaag tattacctga gttgaagaat 22680
acatctccag acatgtctge attgctacaa cagatagacg cgaaagtgga aggggatgat 22740
attgagctta cgatcaagtc tgatggttta ggcactacgg aacaggtgat tgtggttgaa 22800
gaccttgcte ctcagctaac cttaagtggce accatgcctt cggatatttt ggatgcgtta 22860
gtgcaacaaa atgtcatcac tcacggttaa 22890
<210> SEQ ID NO 4

<211> LENGTH: 7629

<212> TYPE: PRT

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 4

Met Leu Cys Asp Asn Gly Gly Cys Met Asp Ile Glu Val Ser Arg Gln
1 5 10 15

Val Ala Val Val Glu Ala Thr Ser Gly Asp Val Val Val Val Lys Pro
Asp Gly Ser Ala Arg Lys Val Ser Val Gly Asp Thr Ile Arg Glu Asn
35 40 45

Glu Ile Val Ile Thr Ala Asn Lys Ser Glu Leu Val Leu Gly Val Gln
50 55 60

Asn Asp Ser Ile Pro Val Ala Glu Asn Cys Val Gly Cys Val Asp Glu
65 70 75 80

Asn Ala Ala Trp Val Asp Ala Pro Ile Ala Gly Glu Val Asn Phe Asp
85 90 95

Leu Gln Gln Ala Asp Ala Glu Thr Phe Thr Glu Asp Asp Leu Ala Ala
100 105 110

Ile Gln Glu Ala Ile Leu Gly Gly Ala Asp Pro Thr Gln Ile Leu Glu
115 120 125

Ala Thr Ala Ala Gly Gly Gly Leu Gly Ser Ala Asn Ala Gly Phe Val
130 135 140

Thr Ile Asp Tyr Asn Tyr Thr Glu Thr His Pro Ser Thr Phe Phe Glu
145 150 155 160

Thr Ala Gly Leu Ala Glu Gln Thr Val Asp Glu Asp Arg Glu Glu Phe
165 170 175
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Arg Ser Ile Thr Arg Ser Ser Gly Gly Gln Ser Ile Ser Glu Thr Leu
180 185 190

Thr Glu Gly Ser Ile Ser Gly Asn Thr Tyr Pro Gln Ser Val Thr Thr
195 200 205

Thr Glu Thr Ile Ile Ala Gly Ser Leu Ala Leu Ala Pro Asn Ser Phe
210 215 220

Ile Pro Glu Thr Leu Ser Leu Ala Ser Leu Leu Ser Glu Leu Asn Ser
225 230 235 240

Asp Ile Thr Ser Ser Gly Gln Ser Val Ile Phe Thr Tyr Asp Ala Thr
245 250 255

Thr Asn Ser Ile Val Gly Val Gln Asp Thr Asp Glu Val Leu Arg Ile
260 265 270

Asp Ile Asp Ala Val Ser Val Gly Asn Asn Ile Glu Leu Ser Leu Thr
275 280 285

Thr Thr Ile Ser Gln Pro Ile Asp His Val Pro Ser Val Gly Gly Gly
290 295 300

Gln Val Ser Tyr Thr Gly Asp Gln Ile Asp Ile Ala Phe Asp Ile Gln
305 310 315 320

Gly Glu Asp Thr Ala Gly Asn Pro Leu Ala Thr Pro Val Asn Ala Gln
325 330 335

Val Ser Val Phe Asp Gly Ile Asp Pro Ser Val Glu Ser Val Asn Ile
340 345 350

Thr Asn Val Glu Thr Ser Ser Ala Ala Ile Glu Gly Thr Phe Ser Asn
355 360 365

Ile Gly Ser Asp Asn Leu Gln Ser Ala Val Phe Asp Ala Ser Ala Leu
370 375 380

Asp Gln Phe Asp Gly Leu Leu Ser Asp Asn Gln Asn Thr Leu Ala Arg
385 390 395 400

Leu Ser Asp Asp Gly Thr Thr Ile Thr Leu Ser Ile Gln Gly Arg Gly
405 410 415

Glu Val Val Leu Thr Ile Ser Leu Asp Thr Asp Gly Thr Tyr Lys Phe
420 425 430

Glu Gln Ser Asn Pro Ile Glu Gln Val Gly Thr Asp Ser Leu Thr Phe
435 440 445

Ala Leu Pro Ile Thr Ile Thr Asp Phe Asp Gln Asp Val Val Thr Asn
450 455 460

Thr Ile Asn Ile Ala Ile Thr Asp Gly Asp Ser Pro Val Ile Thr Asn
465 470 475 480

Val Asp Ser Ile Asp Val Asp Glu Ala Gly Ile Val Gly Gly Ser Gln
485 490 495

Glu Gly Thr Ala Pro Val Ser Gly Thr Gly Gly Ile Thr Ala Asp Ile
500 505 510

Phe Glu Ser Asp Ile Ile Asp His Tyr Glu Leu Glu Pro Thr Glu Phe
515 520 525

Asn Thr Asn Gly Thr Leu Val Ser Asn Gly Glu Ala Val Leu Leu Glu
530 535 540

Leu Ile Asp Glu Thr Asn Gly Val Arg Thr Tyr Glu Gly Tyr Val Glu
545 550 555 560

Val Asn Gly Ser Arg Ile Thr Val Phe Asp Val Lys Ile Asp Ser Pro
565 570 575
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Ser Leu Gly Asn Tyr Glu Phe Asn Leu Tyr Glu Glu Leu Ser His Gln
580 585 590

Gly Ala Glu Asp Ala Leu Leu Thr Phe Ala Leu Pro Ile Tyr Ala Val
595 600 605

Asp Ala Asp Gly Asp Arg Ser Ala Leu Ser Gly Gly Ser Asn Thr Pro
610 615 620

Glu Ala Ala Glu Ile Leu Val Asn Val Lys Asp Asp Val Val Glu Leu
625 630 635 640

Val Asp Lys Val Glu Ser Val Thr Glu Pro Thr Leu Ala Gly Asp Thr
645 650 655

Ile Val Ser Tyr Asn Leu Phe Asn Phe Glu Gly Ala Asp Gly Ser Thr
660 665 670

Ile Gln Ser Phe Asn Tyr Asp Gly Val Asp Tyr Ser Leu Asp Gln Ser
675 680 685

Leu Leu Pro Asp Ala Thr Gln Ile Phe Ser Phe Thr Glu Gly Val Val
690 695 700

Thr Ile Ser Leu Asn Gly Asp Phe Ser Phe Glu Val Ala Arg Asp Ile
705 710 715 720

Asp His Ser Ser Ser Glu Thr Ile Val Lys Gln Phe Ser Phe Leu Ala
725 730 735

Glu Asp Gly Asp Gly Asp Thr Asp Ser Ser Thr Leu Glu Leu Ser Ile
740 745 750

Thr Asp Gly Gln Asp Pro Ile Ile Asp Leu Ile Pro Pro Val Thr Leu
755 760 765

Ser Glu Thr Asn Leu Asn Asp Gly Ser Ala Pro Ser Gly Ser Thr Val
770 775 780

Ser Ala Thr Glu Thr Ile Thr Phe Thr Ala Gly Ser Asp Asp Val Ala
785 790 795 800

Ser Phe Arg Ile Glu Pro Thr Glu Phe Asn Val Gly Gly Ala Leu Lys
805 810 815

Ser Asn Gly Phe Ser Val Glu Ile Lys Glu Asp Ser Ala Asn Pro Gly
820 825 830

Thr Tyr Ile Gly Phe Ile Thr Asn Gly Ser Gly Ala Glu Ile Pro Val
835 840 845

Phe Thr Ile Ala Phe Ser Thr Ser Thr Leu Gly Glu Tyr Thr Phe Thr
850 855 860

Leu Leu Glu Ala Leu Asp His Val Asp Gly Leu Asp Lys Asn Asp Leu
865 870 875 880

Ser Phe Asp Leu Pro Ile Tyr Ala Val Asp Thr Asp Gly Asp Asp Ser
885 890 895

Leu Val Ser Gln Leu Asn Val Thr Ile Gly Asp Asp Val Gln Ile Met
900 905 910

Gln Asp Gly Thr Leu Asp Ile Thr Glu Pro Asn Leu Ala Asp Gly Thr
915 920 925

Ile Thr Thr Asn Thr Ile Asp Val Met Pro Asn Gln Ser Ala Asp Gly
930 935 940

Ala Thr Ile Thr Arg Phe Thr Tyr Asp Gly Val Val Asn Thr Leu Asp
945 950 955 960

Gln Ser Ile Ser Gly Glu Gln Gln Phe Ser Phe Thr Glu Gly Glu Leu
965 970 975

Phe Ile Thr Leu Glu Gly Glu Val Arg Phe Glu Pro Asn Arg Asp Leu
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980 985 990

Asp His Ser Val Ser Glu Asp Ile Val Lys Ser Ile Val Val Thr Ser
995 1000 1005

Ser Asp Phe Asp Asn Asp Pro Val Thr Ser Thr Ile Thr Leu Thr Ile
1010 1015 1020

Thr Asp Gly Asp Asn Pro Thr Ile Asp Val Ile Pro Ser Val Thr Leu
1025 1030 1035 1040

Ser Glu Ile Asn Leu Ser Asp Gly Ser Ala Pro Ser Gly Ser Ala Val
1045 1050 1055

Ser Ser Thr Gln Thr Ile Thr Phe Thr Asn Gln Ser Asp Asp Val Val
1060 1065 1070

Arg Phe Arg Ile Glu Ser Thr Glu Phe Asn Thr Asn Asp Asp Leu Lys
1075 1080 1085

Ser Asn Gly Leu Ala Val Glu Leu Arg Glu Asp Pro Ala Gly Ser Gly
1090 1095 1100

Asp Tyr Ile Gly Phe Thr Thr Ser Ala Thr Asn Val Glu Thr Pro Val
1105 1110 1115 1120

Phe Thr Leu Ser Phe Asn Ser Gly Ser Leu Gly Glu Tyr Thr Phe Thr
1125 1130 1135

Leu Ile Glu Ala Leu Asp His Gln Asp Ala Arg Gly Asn Asn Asp Leu
1140 1145 1150

Ser Phe Asp Leu Pro Val Tyr Ala Val Asp Ser Asp Gly Asp Asp Ser
1155 1160 1165

Leu Val Ser Pro Leu Asn Val Thr Ile Gly Asp Asp Val Gln Ile Met
1170 1175 1180

Gln Asp Ser Thr Leu Asp Ile Val Glu Pro Thr Val Ala Asp Leu Ala
1185 1190 1195 1200

Ala Gly Thr Val Thr Thr Asn Thr Ile Asp Val Met Pro Asn Gln Ser
1205 1210 1215

Ala Asp Gly Ala Thr Val Thr Gln Phe Thr Tyr Asp Gly Gln Leu Arg
1220 1225 1230

Thr Leu Asp Gln Asn Asp Asn Gly Glu Gln Gln Phe Ser Phe Thr Glu
1235 1240 1245

Gly Glu Leu Phe Ile Thr Leu Gln Gly Asp Val Arg Phe Glu Pro Asn
1250 1255 1260

Arg Asn Leu Asp His Thr Leu Ser Glu Asp Ile Val Lys Ser Ile Val
1265 1270 1275 1280

Val Thr Ser Ser Asp Ser Asp Asn Asp Val Leu Thr Ser Thr Val Thr
1285 1290 1295

Leu Thr Ile Thr Asp Gly Asp Ile Pro Thr Ile Asp Asn Val Pro Thr
1300 1305 1310

Val Asn Leu Ser Glu Thr Asn Leu Ser Asp Gly Ser Ala Pro Ser Gly
1315 1320 1325

Ser Ala Val Ser Ser Thr Gln Thr Ile Thr Tyr Thr Thr Gln Ser Asp
1330 1335 1340

Asp Val Thr Ser Phe Arg Ile Glu Pro Thr Glu Phe Asn Val Gly Gly
1345 1350 1355 1360

Ala Leu Thr Ser Asn Gly Leu Ala Val Glu Leu Lys Ala Asp Pro Thr
1365 1370 1375

Thr Pro Gly Gly Tyr Ile Gly Phe Val Thr Asp Gly Ser Asn Val Glu
1380 1385 1390
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Thr Asn Val Phe Thr Ile Ser Phe Ser
1395 1400

Asp Thr Asn Leu Gly Gln Tyr
1405

Thr Phe Thr Leu Leu Glu Ala Leu Asp
1410 1415

His Val Asp Gly Leu Ala Asn
1420

Asn Asp Leu Thr Phe Asp Leu Pro Val
1425 1430

Tyr Ala Val Asp Ser Asp Gly
1435 1440

Gln Leu Asn Val Thr

1450

Asp Asp Ser Leu Val Ser
1445

Ile Gly Asp Asp Val
1455

Gln Ile Met Gln Gly Gly
1460

Thr Leu Asp Ile Thr
1465

Glu Pro Asn Leu Ala
1470

Met Pro Glu Gln Ser
1485

Asp Gly Thr Ile Thr Thr
1475

Asn Thr Ile Asp Val
1480

Ala Asp Gly Ala Thr Ile
1490

Thr Gln Phe Thr Tyr
1495

Asp Gly
1500

Gln Val Arg

Phe Thr Glu
1520

Thr Leu Asp Gln Thr Asp Asn Ser

1505 1510

Gly Glu Gln Gln Phe
1515

Gly Glu Leu Phe Ile Thr Phe

1525

Glu Pro Asn
1535

Leu Gln Gly Asp Val Arg

1530
Ala Ser Ile Val
1550

Arg Asn Leu Asp His Thr
1540

Ser Glu Asp Ile Val
1545

Lys

Val Thr Ser Ser Asp Leu
1555

Ser Thr Val Thr
1565

Asp Asn Asp Val Val Thr

1560

Val Pro Ser

Leu Thr Ile Thr Asp Gly
1570

Asp Ile Pro Thr Ile Asp Ala
1575 1580

Val Thr Leu Ser Glu Ile Asn
1585 1590

Thr Ala Val Ser Gln Thr Glu

Leu Ser Asp Gly Ser Ala

1595

Thr Ile Thr Phe Thr Asn

Pro Ser Gly
1600

Gln Ser Asp

1605 1610 1615
Glu Pro Ile Glu Phe

1625

Asp Val Thr Ser Phe
1620

Arg Ile Asn Val Gly Gly

1630

Ala Leu Lys Ser Asn
1635

Gly Phe Ala Val Glu Ile Lys

1640

Glu Asp Ser Ala
1645

Asn Pro Gly Thr Tyr
1650

Ile Gly Phe Ile Thr Asn Gly Ser Gly Ala Glu
1655 1660

Ile Pro Val Phe Thr
1665

Ile Ala Phe Ser Thr Ser Ser Leu Gly Glu Tyr

1670 1675 1680

Thr Phe Thr Leu Leu Glu Ala Leu Asp His Val Asp Gly Leu Asp Lys
1685 1690 1695

Asp Leu Ser Phe
1700

Asp Leu Pro Val Tyr Ala Val Asp Thr Asp Gly
1705 1710

Asp Asp Ser Leu Val
1715

Ser Gln Leu Asn Val Thr Ile Gly Asp Asp Val
1720 1725

Gln Ile Met Gln Asp

1730

Gly Thr Leu Asp Ile Ile Glu Pro
1735 1740

Asn Leu Ala

Asn Gln Ser
1760

Asp Gly Thr Ile Thr
1745

Thr Ser Thr Ile Asp Val Met Pro
1750 1755

Ala Asp Gly Ala Thr Ile Thr Gln Phe Thr Tyr Asp Gly
1765 1770

Gln Leu Arg
1775

Phe Thr Glu
1790

Thr Leu Asp Gln Asn Asp Thr Gly Glu Gln Gln Phe Ser
1780 1785
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Gly Glu Leu Phe
1795

Ile Thr Leu Glu Gly
1800

Glu Val Arg Phe Glu Pro Asn
1805

His Thr Ala Ser Glu
1815

Arg Asp Leu Asp
1810

Asp Ile Val Lys Ser Ile Val
1820

Val Thr Ser Ser
1825

Ser Leu Thr
1835

Ser Thr Val Thr
1840

Asp Phe Asp Asn Asp
1830
Leu Thr Ile Thr Val Ile Pro Ser
1855

Asp Gly Asp Asn Pro
1845

Thr Ile Asp
1850

Val Thr Leu Ser Glu

1860

Ser Ala Val Ser Ser
1875

Thr Asn Leu Ser Asp Gly Ser
1865

Thr Gln Thr Ile Thr Phe Thr
1880

Ala Pro Ser Gly
1870

Asn Gln Ser Asp
1885

Asp Val Val Arg Phe
1890

Arg Ile Glu Pro Thr Glu Phe Asn
1895 1900

Thr Asn Asp

Asp Leu Lys Ser Asn
1905

Gly Leu
1910

Ala Val Glu Leu Arg Glu
1915

Asp Pro Ala
1920

Phe Thr Thr Ser
1930

Ala Thr Asn Val Glu

1935

Gly Ser Gly Asp Tyr Ile
1925

Gly

Thr Thr Val Phe Thr
1940

Phe Ser Ser Thr
1945

Leu Ser Thr Leu Gly Glu Tyr

1950

Thr Phe Thr Leu Leu
1955

Glu Ala Leu Asp His Gln

1960

Asp Ala Arg Gly Asn
1965

Asn Asp Leu Ser Phe Glu

1970

Leu Pro Val Tyr Ala
1975

Val Asp Ser Asp Gly
1980

Leu Asn Val Thr Ile
1995

Ser Pro
1990

Asp Asp Ser Leu Met
1985

Gly Asp Asp Val

2000

Gln Pro Thr Val Ala
2015

Ile Met Gln Asp Gly Thr
2005

Leu Asp Ile Val Glu
2010

Thr Thr Asn Thr Ile
2025

Asp Leu Ala Ala Gly Ile Val

2020

Asp Val Met Pro
2030

Thr Ile Thr Gln Phe
2040

Asn Gln Ser Ala Asp Gly Ala

2035

Thr Tyr Asp Gly
2045

Gln Leu Arg Thr Leu Asp Gln Asn Asp Asn Gly Glu Gln Gln Phe Ser
2050 2055 2060

Phe Thr Glu Gly Glu Leu Phe
2065 2070

Ile Thr Leu Glu Gly Glu Val Arg Phe
2075 2080

Glu Pro Asn Arg Asn Leu Asp
2085

His Thr Leu Asn Glu Asp Ile Val Lys
2090 2095

Ser Ile Val Val Thr
2100

Ser Ser Asp Ser Asp Asn Asp Val Leu Thr Ser

2105 2110

Thr Val Thr Leu Thr
2115

Ile Thr Asp Gly Asp Ile Pro Thr Ile Asp Asn

2120 2125

Val Pro Thr Val Ser
2130

Leu Ser Glu Thr Ser Leu Ser Asp Gly Ser Ser
2135 2140

Ser Ala Val Ser

2150

Thr Gln Thr Ile
2155

Pro Ser Gly Ser Thr

2145

Tyr Thr Thr
2160
Phe

Thr Glu Phe Asn

Gln Ser Asp Asp Val Thr Ser

2165
Val Gly Gly Ala Leu Lys Ser
2180

Asp Pro Thr Thr Pro Gly Gly

Arg Ile Glu Pro
2170

Asn Gly Leu Ala Val

2185

Tyr Ile Gly Phe Val

2175

Glu Leu Lys Ala
2190

Thr Asp Gly Ser
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2195 2200 2205

Asn Val Glu Thr Asn Val Phe Thr Ile Ser Phe Ser Asp Thr Asn Leu
2210 2215 2220

Gly Gln Tyr Thr Phe Thr Leu Leu Glu Ala Leu Asp His Ala Asp Ser
2225 2230 2235 2240

Leu Ala Asn Asn Asp Leu Ser Phe Asp Leu Pro Val Tyr Ala Val Asp
2245 2250 2255

Ser Asp Gly Asp Asp Ser Leu Val Ser Gln Leu Asn Val Thr Ile Gly
2260 2265 2270

Asp Asp Val Gln Ile Met Gln Gly Gly Thr Leu Asp Ile Thr Glu Pro
2275 2280 2285

Asn Leu Ala Asp Gly Thr Thr Thr Thr Asn Thr Ile Asp Val Met Pro
2290 2295 2300

Glu Gln Ser Ala Asp Gly Ala Thr Ile Thr Gln Phe Thr Tyr Asp Gly
2305 2310 2315 2320

Gln Val Arg Thr Leu Asp Gln Thr Asp Asn Gly Glu Gln Gln Phe Ser
2325 2330 2335

Phe Thr Glu Gly Glu Leu Phe Ile Thr Leu Gln Gly Asp Val Arg Phe
2340 2345 2350

Glu Pro Asn Arg Asn Leu Asp His Thr Ala Ser Glu Asp Ile Val Lys
2355 2360 2365

Ser Ile Val Val Thr Ser Ser Asp Ser Asp Asn Asp Val Val Thr Ser
2370 2375 2380

Thr Val Thr Leu Thr Ile Thr Asp Gly Asp Leu Pro Thr Ile Asp Ala
2385 2390 2395 2400

Val Pro Ser Val Thr Leu Ser Glu Thr Asn Leu Ser Asp Gly Ser Ala
2405 2410 2415

Pro Ser Gly Ser Ala Val Ser Gln Thr Glu Thr Ile Thr Phe Thr Asn
2420 2425 2430

Gln Ser Asp Asp Val Ala Ser Phe Arg Ile Glu Pro Thr Glu Phe Asn
2435 2440 2445

Val Gly Gly Ala Leu Lys Ser Asn Gly Phe Ala Val Glu Ile Lys Glu
2450 2455 2460

Asp Ser Ala Asn Pro Gly Thr Tyr Ile Gly Phe Ile Ala Asn Gly Ser
2465 2470 2475 2480

Ser Ala Glu Ile Pro Val Phe Thr Ile Ala Phe Ser Thr Ser Thr Leu
2485 2490 2495

Gly Glu Tyr Thr Phe Thr Leu Leu Glu Ala Leu Asp His Ala Asp Gly
2500 2505 2510

Leu Asp Lys Asn Asp Leu Ser Phe Glu Leu Pro Val Tyr Ala Val Asp
2515 2520 2525

Thr Asp Gly Asp Asp Ser Leu Val Ser Gln Leu Asn Val Thr Ile Gly
2530 2535 2540

Asp Asp Val Gln Ile Met Gln Asp Gly Thr Leu Asp Val Ile Glu Pro
2545 2550 2555 2560

Asn Leu Ala Asp Gly Thr Ile Thr Thr Asn Thr Ile Asp Val Met Pro
2565 2570 2575

Glu Gln Ser Ala Asp Gly Ala Thr Ile Thr Gln Phe Thr Tyr Asp Gly
2580 2585 2590

Gln Leu Arg Thr Leu Asp Gln Asn Asp Thr Gly Glu Gln Gln Phe Ser
2595 2600 2605
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Phe Thr Glu Gly Glu Leu Phe Ile Thr Leu Glu Gly Glu Val Arg Phe
2610 2615 2620

Glu Pro Asn Arg Asp Leu Asp His Ser Val Ser Glu Asp Ile Val Lys
2625 2630 2635 2640

Ser Ile Val Val Thr Ser Ser Asp Phe Asp Asn Asp Pro Val Thr Ser
2645 2650 2655

Ala Ile Thr Leu Thr Ile Thr Asp Gly Asp Asn Pro Thr Ile Asp Ser
2660 2665 2670

Val Pro Ser Val Val Leu Glu Glu Ala Asp Leu Thr Asp Gly Ser Ser
2675 2680 2685

Pro Ser Gly Ser Ala Val Ser Gln Thr Glu Thr Ile Thr Phe Thr Asn
2690 2695 2700

Gln Ser Asp Asp Val Glu Lys Phe Arg Leu Glu Pro Ser Glu Phe Asn
2705 2710 2715 2720

Thr Asn Asn Ala Leu Lys Ser Asp Gly Leu Ile Ile Glu Ile Arg Glu
2725 2730 2735

Glu Pro Thr Gly Ser Gly Asn Tyr Ile Gly Phe Thr Thr Asp Ile Ser
2740 2745 2750

Asn Val Glu Thr Thr Val Phe Thr Leu Asp Phe Ser Ser Thr Thr Leu
2755 2760 2765

Gly Glu Tyr Thr Phe Thr Leu Leu Glu Ala Ile Asp His Thr Pro Val
2770 2775 2780

Gln Gly Asn Asn Asp Leu Thr Phe Asn Leu Pro Val Tyr Ala Val Asp
2785 2790 2795 2800

Ser Asp Gly Asp Asp Ser Leu Met Ser Ser Leu Ser Val Thr Ile Thr
2805 2810 2815

Asp Asp Val Gln Val Met Val Ser Gly Ser Leu Ser Ile Glu Glu Pro
2820 2825 2830

Thr Val Ala Asp Leu Ala Ala Gly Thr Pro Thr Thr Ser Val Phe Asp
2835 2840 2845

Val Leu Thr Ser Ala Ser Ala Asp Gly Ala Thr Ile Thr Gln Phe Thr
2850 2855 2860

Tyr Asp Gly Gly Ala Val Leu Thr Leu Asp Gln Asn Asp Thr Gly Glu
2865 2870 2875 2880

Gln Lys Phe Val Val Ala Asp Gly Ala Leu Tyr Ile Thr Leu Gln Gly
2885 2890 2895

Asp Ile Arg Phe Glu Pro Ser Arg Asn Leu Asp His Thr Gly Gly Asp
2900 2905 2910

Ile Val Lys Ser Ile Val Val Thr Ser Ser Asp Ser Asp Ser Asp Leu
2915 2920 2925

Val Ser Ser Thr Val Thr Leu Thr Ile Thr Asp Gly Asp Ile Pro Thr
2930 2935 2940

Ile Asp Thr Val Pro Ser Val Thr Leu Ser Glu Thr Asn Leu Ser Asp
2945 2950 2955 2960

Gly Ser Ala Pro Asn Ala Ser Ala Val Ser Ser Thr Gln Thr Ile Thr
2965 2970 2975

Phe Thr Asn Gln Ser Asp Asp Val Thr Ser Phe Arg Ile Glu Pro Thr
2980 2985 2990

Asp Phe Asn Val Gly Gly Ala Leu Lys Ser Asn Gly Leu Ala Val Glu
2995 3000 3005
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Leu Lys Ala
3010

Asp Pro Thr Thr Pro
3015

Gly Gly Tyr Ile Gly Phe Val Thr
3020

Asn Val Glu Thr Asn
3030

Asp Gly Ser
3025

Val Phe Thr Ile Ser Phe Ser Asp

3035 3040

Thr Thr Leu Leu
3050

Asn Leu Gly Gln Tyr Thr Phe

3045

Glu Ala Leu Asp His
3055
Val

Asp Gly Leu Thr Phe

3065

Leu Val Lys Asn Asp
3060

Asp Leu Pro Val Tyr
3070
Ala Ser Gln Leu Asn Val
3085

Val Asp Ser Asp Gly Asp Asp Ser Leu Val
3075 3080

Thr Ile Gly Asp Asp Val Gln Val Met Gln Asn

3090 3095

Gln Ala
3100

Leu Asn Ile

Thr Thr Ala
3120

Ile Glu Pro Thr Val Ala Asp Leu Ala Ala Gly Thr Pro

3105 3110 3115
Thr Val Asp Val Met Pro Ser Gln Ser Ala Asp Gly
3125 3130

Ala Thr Ile Thr

3135
Gln Phe Thr Tyr Asp Gly Gly Ala Ala Ile Thr Leu
3140 3145

Asp Gln Asn Asp

3150
Thr Gly Glu Gln Lys Phe Val Phe Thr Glu Gly Ser
3155 3160

Leu Phe Ile Thr
3165
Asn His Thr

Leu Gln Gly Glu Val Arg Phe Glu Pro Asn Arg Asn Leu

3170 3175 3180

Ala Ser Glu Asp Ile Val Lys
3185 3190

Ser Ile Val Val Thr
3195

Ser Ser Asp Leu

3200

Thr Val Thr Leu Thr
3210

Asp Asn Asp Val Leu Thr Ser Ile

3205

Thr Asp Gly
3215

Asp Ile Pro Thr Ile
3220

Ala Val Pro Ser Val Thr

3225

Ser Glu Thr
3230

Asp Leu

Ala Val Ser Gln Thr

3245

Pro Ser Ser Ser Ala
3240

Asn Leu Ser Asp Gly
3235

Ser

Glu Thr Ile Thr Phe
3250

Ile Asn Gln Ser Asp Asp Val Ala

3255 3260

Ser Phe Arg

Ile Glu Pro Thr Glu
3265

Phe Asn Val Gly Gly Ala Leu Lys
3270 3275

Ser Asn Gly

3280

Phe Ala Val Glu Ile Lys
3285

Glu Asp Ser Ala Asn
3290

Pro Gly Thr Tyr Ile

3295
Gly Phe Ile Thr Asp Gly
3300

Ser Asn Thr Glu Val
3305

Pro Val Phe Thr Ile

3310
Ala Phe Ser Thr Ser Thr
3315

Phe Thr Leu Leu Glu
3325

Leu Gly Glu Tyr Thr
3320

Ala Leu Asp His Ala Asn

3330

Gly Leu Asp Lys Asn
3335

Asp Leu
3340

Ser Phe Asp

Leu Val Ser
3360

Leu Pro Val Tyr Ala Val Asp Ser Asp Gly Asp Asp Ser
3345 3350 3355

Gln Leu Asn Val Thr Ile Gly Asp Asp Val Gln Ile Met Gln Asp Gly

Thr

Thr

Leu

Thr

Glu

3365

Asp Ile Thr Glu
3380

Ile Asp Val Met
3395

Phe Ser Phe Gly

Pro

Pro

Gly

3370

Asn Leu Ala Asp
3385

Asn Gln Ser Ala
3400

Ile Val Lys Thr

3375

Thr Ile Thr Thr

3390

Gly

Asp Gly Ala Thr Ile

3405

Leu Asp Gln Ser Ile
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3410 3415 3420

Val Gly Glu Gln Gln Phe Ser Phe Thr Glu Gly Glu Leu Phe Ile Thr
3425 3430 3435 3440

Leu Gln Gly Gln Val Arg Phe Glu Pro Asn Arg Asp Leu Asp His Ser
3445 3450 3455

Ala Ser Glu Asp Ile Val Lys Ser Ile Val Val Thr Ser Ser Asp Phe
3460 3465 3470

Asp Asn Asp Pro Val Thr Ser Thr Val Thr Leu Thr Ile Thr Asp Gly
3475 3480 3485

Asp Ile Pro Thr Ile Asp Ala Val Pro Ser Val Thr Leu Ser Glu Thr
3490 3495 3500

Asn Leu Ala Asp Gly Ser Ala Pro Ser Gly Ser Ala Val Ser Gln Thr
3505 3510 3515 3520

Glu Thr Ile Thr Phe Thr Asn Gln Ser Asp Asp Val Val Arg Phe Arg
3525 3530 3535

Leu Glu Pro Thr Glu Phe Asn Thr Asn Asp Ala Leu Lys Ser Asn Gly
3540 3545 3550

Leu Ala Val Glu Leu Arg Glu Glu Pro Gln Gly Ser Gly Gln Tyr Ile
3555 3560 3565

Gly Phe Thr Thr Ser Ser Ser Asn Val Glu Thr Thr Val Phe Thr Leu
3570 3575 3580

Asp Phe Asn Ser Gly Thr Leu Gly Glu Tyr Thr Phe Thr Leu Ile Glu
3585 3590 3595 3600

Ala Leu Asp His Gln Asp Ala Arg Gly Asn Asn Asp Leu Ser Phe Asn
3605 3610 3615

Leu Pro Val Tyr Ala Val Asp Ser Asp Gly Asp Asp Ser Leu Val Ser
3620 3625 3630

Gln Leu Gly Val Thr Ile Gly Asp Asp Val Gln Leu Met Gln Asp Gly
3635 3640 3645

Thr Ile Thr Ser Arg Glu Pro Ala Ala Ser Val Glu Thr Ser Asn Thr
3650 3655 3660

Phe Asp Val Met Pro Asn Gln Ser Ala Asp Gly Ala Lys Val Thr Ser
3665 3670 3675 3680

Phe Val Phe Asp Gly Lys Thr Ala Glu Ser Leu Asp Leu Asn Val Asn
3685 3690 3695

Gly Glu Gln Glu Phe Val Phe Thr Glu Gly Ser Val Phe Ile Thr Thr
3700 3705 3710

Glu Gly Glu Ile Arg Phe Glu Pro Val Arg Asn Gln Asn His Ala Gly
3715 3720 3725

Gly Asp Ile Thr Lys Ser Ile Glu Val Thr Ser Val Asp Leu Asp Gly
3730 3735 3740

Asp Ile Val Thr Ser Thr Val Thr Leu Lys Ile Val Asp Gly Asp Leu
3745 3750 3755 3760

Pro Thr Ile Asp Leu Val Pro Gly Ile Thr Leu Ser Glu Val Asp Leu
3765 3770 3775

Ala Asp Gly Ser Val Pro Thr Gly Asn Pro Val Thr Met Thr Gln Thr
3780 3785 3790

Ile Thr Tyr Thr Ala Gly Ser Asp Asp Val Ser His Phe Arg Ile Asp
3795 3800 3805

Pro Thr Gln Phe Asn Thr Ser Gly Val Leu Lys Ser Asn Gly Leu Asp
3810 3815 3820
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Val Glu Ile Lys Glu Gln Pro Ala Asn Ser Gly Asn Tyr Ile Gly Phe
3825 3830 3835 3840

Val Lys Asp Gly Ser Asn Val Glu Thr Asn Val Phe Thr Ile Ser Phe
3845 3850 3855

Ser Thr Ser Asn Leu Gly Gln Tyr Thr Phe Thr Leu Leu Glu Ala Leu
3860 3865 3870

Asp His Val Asp Gly Leu Gln Asn Asn Ile Leu Ser Phe Asp Val Pro
3875 3880 3885

Val Leu Ala Val Asp Ala Asp Gly Asp Asp Ser Ala Met Ser Pro Met
3890 3895 3900

Thr Val Ala Ile Thr Asp Asp Val Gln Gly Val Gln Asp Gly Thr Leu
3905 3910 3915 3920

Ser Ile Thr Glu Pro Ser Leu Ala Asp Leu Ala Ser Gly Thr Pro Pro
3925 3930 3935

Thr Thr Ala Ile Ile Asp Val Met Pro Thr Gln Ser Ala Asp Gly Ala
3940 3945 3950

Lys Val Thr Gln Phe Thr Tyr Asp Gly Gly Thr Ala Val Thr Leu Asp
3955 3960 3965

Pro Ser Ile Ala Thr Glu Gln Val Phe Thr Val Thr Asp Gly Leu Leu
3970 3975 3980

Tyr Ile Thr Ile Glu Gly Glu Val Arg Phe Glu Pro Ser Arg Asp Leu
3985 3990 3995 4000

Asp His Ser Ser Gly Asp Ile Val Arg Thr Ile Val Val Thr Thr Ser
4005 4010 4015

Asp Phe Asp Asn Asp Thr Asp Thr Ala Asp Val Thr Leu Thr Ile Lys
4020 4025 4030

Asp Gly Ile Asn Pro Val Ile Asn Val Val Pro Asp Val Asn Leu Ser
4035 4040 4045

Glu Val Asn Leu Ala Asp Gly Ser Thr Pro Ser Gly Ser Ala Val Ser
4050 4055 4060

Ser Thr His Thr Ile Thr Tyr Thr Glu Gly Ser Asp Asp Phe Ser His
4065 4070 4075 4080

Phe Arg Ile Ala Thr Asn Glu Phe Asn Pro Gly Asp Leu Leu Lys Ser
4085 4090 4095

Ser Gly Leu Val Val Gln Leu Lys Glu Asp Pro Ala Ser Ala Gly Asp
4100 4105 4110

Tyr Ile Gly Tyr Thr Asp Asp Gly Met Gly Asn Val Thr Asp Val Phe
4115 4120 4125

Thr Ile Ser Phe Asp Ser Ala Asn Lys Ala Gln Phe Thr Phe Thr Leu
4130 4135 4140

Ile Glu Ala Leu Asp His Leu Asp Gly Val Leu Tyr Asn Asp Leu Thr
4145 4150 4155 4160

Phe Arg Leu Pro Ile Tyr Ala Val Asp Thr Asp Asp Ser Glu Ser Thr
4165 4170 4175

Lys Arg Asp Val Val Val Thr Ile Glu Asp Asp Ile Gln Gln Met Gln
4180 4185 4190

Asp Gly Phe Leu Thr Ile Thr Glu Pro Asn Ser Gly Thr Pro Thr Thr
4195 4200 4205

Thr Thr Val Asp Val Met Pro Ile Pro Ser Ala Asp Gly Ala Thr Ile
4210 4215 4220
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Thr Gln Phe Thr Tyr Asp Gly Gly Ser Pro Ile Thr Leu Asn Gln Ser
4225 4230 4235 4240

Ile Ser Gly Glu Gln Glu Phe Val Phe Thr Glu Gly Ser Leu Phe Val
4245 4250 4255

Thr Leu Asp Gly Asp Val Arg Phe Glu Pro Asn Arg Asn Leu Asp His
4260 4265 4270

Ser Ala Gly Asp Ile Val Lys Ser Ile Val Phe Thr Ser Ser Asp Phe
4275 4280 4285

Asp Asn Asp Ile Phe Ser Ser Lys Val Thr Leu Thr Ile Val Asp Gly
4290 4295 4300

Asp Gly Pro Thr Ile Asp Val Val Pro Gly Val Ala Leu Ser Glu Ser
4305 4310 4315 4320

Leu Leu Ala Asp Gly Ser Thr Pro Ser Val Asn Pro Val Ser Met Thr
4325 4330 4335

Gln Thr Ile Thr Ser Leu Ala Ser Ser Asp Asp Ile Ala Glu Ile Val
4340 4345 4350

Val Glu Val Gly Leu Phe Asn Thr Asn Gly Ala Leu Lys Ser Asp Gly
4355 4360 4365

Leu Ser Leu Ser Leu Arg Glu Asp Pro Val Asn Ser Gly Asp Tyr Ile
4370 4375 4380

Ala Phe Thr Thr Asn Gly Ser Gly Val Glu Lys Val Ile Phe Thr Leu
4385 4390 4395 4400

Asp Phe Asp Asp Thr Asn Pro Ser Gln Tyr Thr Phe Thr Leu Leu Glu
4405 4410 4415

Arg Leu Asp His Val Asp Gly Leu Gly Asn Asn Asp Leu Ser Phe Asp
4420 4425 4430

Leu Ser Val Tyr Ala Glu Asp Thr Asp Gly Asp Ile Ser Ala Ser Lys
4435 4440 4445

Pro Leu Thr Val Thr Ile Thr Asp Asp Val Gln Leu Met Gln Ser Gly
4450 4455 4460

Ala Leu Asn Ile Thr Glu Pro Thr Thr Gly Thr Pro Thr Thr Ala Val
4465 4470 4475 4480

Phe Asp Val Met Pro Ala Gln Ser Ala Asp Gly Ala Thr Ile Thr Lys
4485 4490 4495

Phe Thr Tyr Gly Ser Gln Pro Glu Glu Ser Leu Val Gln Thr Val Thr
4500 4505 4510

Gly Glu Gln Glu Phe Val Phe Thr Glu Gly Ser Leu Phe Ile Asn Leu
4515 4520 4525

Glu Gly Asp Val Arg Phe Glu Pro Asn Arg Asn Leu Asp His Ser Gly
4530 4535 4540

Gly Asn Ile Val Lys Thr Ile Thr Val Thr Ser Glu Asp Lys Asp Gly
4545 4550 4555 4560

Asp Ile Val Thr Ser Thr Val Thr Leu Thr Ile Val Asp Gly Ala Pro
4565 4570 4575

Pro Val Ile Asp Thr Val Pro Thr Val Ala Leu Glu Glu Ala Asn Leu
4580 4585 4590

Val Asp Gly Ser Ser Pro Gly Leu Pro Val Ser Gln Thr Glu Ile Ile
4595 4600 4605

Thr Phe Thr Ala Gly Ser Asp Asp Val Ser His Phe Arg Ile Asp Pro
4610 4615 4620

Ala Gln Phe Asn Thr Ser Gly Asp Leu Lys Ala Asp Gly Leu Val Val
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4625 4630

Gln Leu Lys Glu Asp Pro Leu

4645
Glu

Ser Gly Gly Val Gln Thr

4660
Val

Val Leu Gly Glu Tyr Thr

4675
Asn

Leu Pro Val Gln Gly Asn

4690

Ala Val Asp Lys Asp Asn Thr
4705 4710
Thr Ile Thr Asp Asp Val Pro
4725
Thr Phe Val Val Asp Glu Asp
4740

Ser Phe Val Thr Thr Glu
4755

Gly

Leu
4770

Gly Ile Lys Ile Thr Glu Ile
4785 4790
Gln

Gly Ala Thr Asp Pro Ser

4805
Thr

Asp Asp Gly Ala Tyr Thr

4820
Ala Thr Thr Pro Ser Asn
4835

Leu

Val Ala Val Asp Gly Asp

4850

Gly

4695

4775

4855

4635

Asn Ser Asp Asn
4650

Tyr

Asp Ile Phe Thr Ile

4665

Phe Thr Leu Leu
4680

Glu

Asp Gln Ile Phe Thr

4700

Asp Ser Ala Val Lys
4715

Thr Ile Thr Asp Thr
4730

Asp Leu Gly Thr Leu
4745

Gly Ala Asp Gln Val
4760

Arg Asn Ile Ser Thr Leu Glu Ala Thr Leu Ser Ser
4780

Thr Gly Ala Ala Asn

4795
Gly Thr Pro Ile Phe
4810

Phe Thr Leu Leu
4825

Gly
Asp Thr Leu Thr
4840

Asp Asp Ser Asn Gln

4860

4640

Ile Gly Tyr Val
4655

Thr Phe Ser Ser
4670

Glu Leu Asp His
4685

Leu Pro Val Ile
Pro Leu Thr Val
4720

Thr Gly Ala Ser
4735

Ala Gln Ala Thr
4750

Glu Val Tyr Glu
4765

Gly Ser Glu

Thr Thr Thr Tyr

4800
Thr Leu Val Leu
4815

Leu Asn His
4830

Pro
Pro Phe Asp Val
4845

Tyr Val Leu Pro

Jun. 4, 2009

Ile Glu Val Leu Asp Asp Val Pro Val Met Thr Ala Pro

4865

Thr

Glu

4870 4875

Val Val Asp Glu Asp Asp Leu Thr Gly Ile Gly Ser
4885 4890

Asp Thr Ile Ile Asn Gly Leu Phe Thr Val Asp Glu

Thr Gly Glu
4880

Asp Gln Ser
4895

Gly Ala Asp

4900

Gly
4915

Leu
4930

Gly Thr Thr Phe Thr Tyr Val
4945 4950

Val Phe Glu Ile Ile Phe
4965

Asp

Leu Phe Lys Pro Leu His

4980

Lys

Asp Leu Asp Phe Ser Ile Val

4995
Asp Ala Ile Gly Leu Ile
5010

Lys

Thr Thr Gln Ser Ile

5025 5030

4935

5015

4905

4920

Ala Gln Thr Ala Thr
4955
Thr Ser Asp Asn Ser
4970
Pro Asp Gly Ala Asn
4985

Ala Glu Asp Phe
5000

Asp

Thr Val Thr Asp Asp

5020

5035

4910

Val Val Leu Tyr Glu Leu Val Asp Glu Asp Leu Val Leu Thr Gly

4925

Thr Ser Asp Gly Glu Ser Leu Glu Trp Leu Ala Val Ser Gln Asn
4940

Ser Asn Glu Ala
4960

Tyr Gln Phe Glu
4975

Glu Asn Ala Ile
4990

Gln Asp Gln Ser
5005

Val Pro Leu Val

Thr Arg Leu Glu Gly Gln Gly Tyr Gly Asn Ser

5040
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Lys

Val

Phe

Val Asp Met Phe Ala
5045
Leu Ser Arg Ile Glu
5060
Arg Ser Gly Asn Asn
5075

Asn Ala Thr Asp Val
5050

Gly Ile Ser Asn Asn
5065

Gly Pro Tyr Ser Ser
5080

Gly Ala Asp Gly Ala
5055

Gly Ala Asp Ile Val
5070

Gly Phe Asp Leu Asn
5085

Jun. 4, 2009

Val Thr Asn

5100

Ser Gly Ser Gln Gln

5090

Arg Val Tyr Glu Gln
5095

Gly Gly Ala

Asp Thr Arg Glu Leu
5105

Gly Arg
5110

Leu Arg Ile Asn Ser Asn
5115

Gly Glu Val

5120

Glu Phe Arg Ala Asn Gly Tyr
5125

Leu Asp His Asp Gly Asp
5130

Asp Thr Ile
5135

Phe Ser Ile Asn Val Ile
5140

Asp Ala Thr Asp Gly Asp Leu

5145

Asp Thr Ser

5150

Glu Thr Pro Leu Asp Ile Thr
5155

Ile Thr Asp Arg Asp Ser Thr Arg Ile
5160 5165

Ala Leu Lys Val Thr Thr Phe Glu Asp Ala Gly Arg Asp
5170 5175 5180

Ser Thr Ile

Pro Thr Leu Glu Asn
5195

Pro Tyr Ala Thr Gly Asp Glu Val

5185 5190

Gln Asp Asn
5200
Gln

Ala Pro Ala Gln Val Ala

5210

Gln Val Ser
5215

Asn Gly Leu Pro Asn
5205

Leu

Leu Tyr Asp Gln Asp Asn Ala Leu

5220

Glu Ser Ile Gly Gln
5225

Thr Ile Lys
5230
Ser

Ser Pro Asn Gly Gly Asp

5235

His Gln Gly Thr Phe
5240

Tyr Tyr Phe Asp
5245

Gly Ala Asp Tyr Ile Glu
5250

Leu Val Pro Glu Ser Asn Gly Ser Ile Ile
5255 5260

Phe Gly Ser Pro Glu Leu Glu
5265 5270

Gln Ser Phe Ala Pro
5275

Asn Pro Ser Glu
5280

Pro Arg Gln Thr Ile Ala Thr
5285

Ile Asp Asn Leu Phe
5290

Phe Val Pro Asp
5295

Gln His Ala Ser Ser
5300

Asp Glu Thr Gly Gly Arg Val

5305

Arg Tyr Glu Leu
5310

Glu Ile Glu Lys Asn
5315

Gly Ser Thr Asp His Thr Val

5320

Asn Ser Asn Phe
5325

Arg Ile Glu Ile Glu
5330

Ala Val Ala Asp Ile Ala Thr Trp Asp Asp Ser
5335 5340

Asn Ser Thr Tyr Gln
5345

Tyr Gln
5350

Val Asn Glu Asp Glu
5355

Asp Asn Val Thr
5360

Gln Leu Asn Ala Glu
5365

Thr Glu Thr Ile
5375

Leu Ser Gln Asp Asn Ser Asn

5370
Thr Ala

Tyr Glu Leu Glu Val

5380

Phe Glu Leu Leu
5390

Gln Gly Asp Gly
5385

Lys

Val Thr Pro Val Asn

5400

Asp Gln Asn Gly Asn Leu

5395

Gly Val Tyr Ile Ile

5405
Ala Ser Ala Asp Ile
5410

Ser Thr Val Val Asn
5415

Asn Pro Ile Asp Asn Phe

5420

Ser Gly Gln Ile Glu
5425

Phe Lys Ala Thr Ala Ile Thr Glu Glu Thr Leu
5430 5435 5440
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Asn Pro Tyr Asp Asp Ser

5445

Asp Asn Gly Gly Ala
5450

Asn Asp Lys Thr Thr
5455
Ala Arg Ser Val Glu Gln
5460

Ser Ile Val Ile Asp
5465

Val Thr Ala Asp Ala
5470
Asp Pro Gly Thr Phe Ser
5475

Val Ser Arg Ile Gln
5480

Ile Asn Glu Asp Asn
5485

Ile Asp Asp Pro Asp Tyr

5490

Val Gly Pro Leu Asp
5495

Asn Lys Asp Ala Phe
5500

Thr Leu Asp Glu Val Ile Thr
5505 5510

Met Thr Gly Ser Val Asp Ser Asp Ser
5515 5520

Ser Glu Glu Leu Phe Val Arg
5525

Ile Ser Asn Val Thr Glu Gly Ala Val
5530 5535

Leu Tyr Phe Leu Gly Thr Thr
5540

Thr Val Val Pro Thr Ile Thr Ile Asn
5545 5550

Gly Val Asp Tyr Gln Glu Ile
5555

Ala Tyr Ser Asp Leu Ala Asn Val Glu
5560 5565

Val Val Pro Thr Lys His Ser Asn Val Asp Phe Thr Phe
5570 5575 5580

Asp Val Thr

Gly Val Val Lys Asp Thr Ala Asn Leu Ser Thr Gly
5585 5590 5595

Ala Gln Ile Asp

5600
Glu

Glu Ile Leu Gly Thr Val

5605

Lys Thr Val Asn Val Glu
5610

Lys Gly Val

5615
Ala Ser Ala Ile
5630

Asp Thr Pro Tyr
5620

Gly Gly Thr Asn Gly Thr Ala

5625

Trp

Thr Gln Glu Ser Gln

5645

Asp Gly Thr Thr Ser

5635

Gly Val Gln Thr Thr Ile
5640

Gly Asp Thr Phe
5650

Ala Glu Leu Asp Phe Thr Val Leu Ser Gly Glu

5655 5660

Arg Arg Pro Asp Thr
5665

Gly Thr Thr Pro Leu Ala Asp Asp Gly Ser Glu
5670 5675 5680

Ser Ile Thr Val Ile Leu
5685

Ser Gly Ile Pro Asp Gly Val Val Leu Glu
5690 5695

Asp Gly Asp Gly Thr Val
5700

Ile Asp Leu Asn Phe Val Gly Tyr Glu Thr
5705 5710

Gly Pro Gly Gly Ser Pro
5715

Asp Leu Ser Lys Pro Ile Tyr Glu Ala Asn
5720 5725

Ile Thr Glu Ala Gly Lys
5730

Thr Ser Gly Ile Arg Ile Arg Pro Val Asp
5735 5740

Ser Ser Thr Glu Asn Ile His
5745 5750

Ile Gln Gly Lys Val Ile Val Thr Glu
5755 5760
Thr

Asn Asp Gly His Thr Leu

5765

Phe Asp Gln Glu
5770

Ile Arg Val Leu Val
5775
Ile

Pro Arg Ile Asp Thr Ser

5780

Ala Thr Tyr Val
5785

Asn Thr Thr Asn Gly
5790
Ile His

Asp Glu Asp Thr Ala

5795

Asn Ile Asp Trp

5800

Pro Glu Gly Thr Asp
5805

Tyr Ile Asp Asp Asp Glu Ile

5810

His Phe Thr Lys
5815

Thr Ile Asn Gly Ile
5820

Pro Leu Gly Val Thr
5825

Ser Thr Pro Gly Thr

Ala Val Val Asn Gly
5830

Leu Ile Ile Thr Pro

Asp Val Thr Val Asp Asp
5835 5840

Lys Asp Ala Ser Gln Thr
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5845 5850 5855

Pro Glu Gln Phe Thr Gln Ile Ala Leu Ala Asn Asn Phe Ile Gln Met
5860 5865 5870

Thr Pro Pro Ala Asp Ser Ser Ala Asp Phe Thr Leu Thr Thr Glu Leu
5875 5880 5885

Lys Met Glu Glu Arg Asp His Glu Tyr Thr Ser Ser Gly Leu Glu Asp
5890 5895 5900

Glu Asp Gly Gly Tyr Val Glu Ala Asp Pro Asp Ile Thr Gly Ile Ile
5905 5910 5915 5920

Asn Val Gln Val Arg Pro Val Val Glu Pro Gly Asp Ala Asp Asn Lys
5925 5930 5935

Ile Val Val Ser Asn Glu Asp Gly Ser Gly Asp Leu Thr Thr Ile Thr
5940 5945 5950

Ala Asp Ala Asn Gly Val Ile Lys Phe Thr Thr Asn Ser Asp Asn Gln
5955 5960 5965

Thr Thr Asp Thr Asn Gly Asp Glu Ile Trp Asp Gly Glu Tyr Val Val
5970 5975 5980

Arg Tyr Gln Glu Thr Asp Leu Ser Thr Val Glu Glu Gln Val Asp Glu
5985 5990 5995 6000

Val Ile Val Gln Leu Thr Asn Thr Asp Gly Ser Ala Leu Ser Asp Asp
6005 6010 6015

Ile Leu Gly Gln Leu Leu Val Thr Gly Ala Ser Tyr Glu Gly Gly Gly
6020 6025 6030

Arg Trp Val Val Thr Asn Glu Asp Ala Phe Ser Val Ser Ala Pro Asn
6035 6040 6045

Gly Leu Asp Phe Thr Pro Ala Asn Asp Ala Asp Asp Val Ala Thr Asp
6050 6055 6060

Phe Asn Asp Ile Lys Met Thr Ile Phe Thr Leu Val Ser Asp Pro Gly
6065 6070 6075 6080

Asp Ala Asn Asn Glu Thr Ser Ala Gln Val Gln Arg Thr Gly Glu Val
6085 6090 6095

Thr Leu Ser Tyr Pro Glu Val Leu Thr Ala Pro Asp Lys Val Ala Ala
6100 6105 6110

Asp Ile Ala Ile Val Pro Asp Ser Val Ile Asp Ala Val Glu Asp Thr
6115 6120 6125

Gln Leu Asp Leu Gly Ala Ala Leu Asn Gly Ile Leu Ser Leu Thr Gly
6130 6135 6140

Arg Asp Asp Ser Thr Asp Gln Val Thr Val Ile Ile Asp Gly Thr Leu
6145 6150 6155 6160

Val Ile Asp Ala Thr Thr Ser Phe Pro Ile Ser Leu Ser Gly Thr Ser
6165 6170 6175

Asp Val Asp Phe Val Asn Gly Lys Tyr Val Tyr Glu Thr Thr Val Glu
6180 6185 6190

Gln Gly Val Ala Val Asp Ser Ser Gly Leu Leu Leu Asn Leu Pro Pro
6195 6200 6205

Asn Tyr Ser Gly Asp Phe Arg Leu Pro Met Thr Ile Val Thr Lys Asp
6210 6215 6220

Leu Gln Ser Gly Asp Glu Lys Thr Leu Val Thr Glu Val Ile Ile Lys
6225 6230 6235 6240

Val Ala Pro Asp Ala Glu Thr Asp Pro Thr Ile Glu Val Asn Val Val
6245 6250 6255
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Gly Ser Leu Asp Asp Ala Phe Asn Pro Val Asp Thr Asp Gly Gln Ala
6260 6265 6270

Gly Gln Asp Pro Val Gly Tyr Glu Asp Thr Tyr Ile Gln Leu Asp Phe
6275 6280 6285

Asn Ser Thr Ile Ser Asp Gln Val Ser Gly Val Glu Gly Gly Gln Glu
6290 6295 6300

Ala Phe Thr Ser Ile Thr Leu Thr Leu Asp Asp Pro Ser Ile Gly Ala
6305 6310 6315 6320

Phe Tyr Asp Asn Thr Gly Thr Ser Leu Gly Thr Ser Val Thr Phe Asn
6325 6330 6335

Gln Ala Glu Ile Ala Ala Gly Ala Leu Asp Asn Val Leu Phe Arg Ala
6340 6345 6350

Ile Glu Asn Tyr Pro Thr Gly Asn Asp Ile Asn Gln Val Gln Val Asn
6355 6360 6365

Val Ser Gly Thr Val Thr Asp Thr Ala Thr Tyr Asn Asp Pro Ala Ser
6370 6375 6380

Pro Ala Gly Thr Ala Thr Asp Ser Asp Thr Phe Ser Thr Ser Val Ser
6385 6390 6395 6400

Phe Glu Val Val Pro Val Val Asp Asp Val Ser Val Thr Gly Pro Gly
6405 6410 6415

Ser Asp Pro Asp Val Ile Glu Ile Thr Gly Asn Glu Asp Gln Leu Ile
6420 6425 6430

Ser Leu Ser Gly Thr Gly Pro Val Ser Ile Ala Leu Thr Asp Leu Asp
6435 6440 6445

Gly Ser Glu Gln Phe Val Ser Ile Lys Phe Thr Asp Val Pro Asp Gly
6450 6455 6460

Phe Gln Met Arg Ala Asp Ala Gly Ser Thr Tyr Thr Val Lys Asn Asn
6465 6470 6475 6480

Gly Asn Gly Glu Trp Ser Val Gln Leu Pro Gln Ala Ser Gly Leu Ser
6485 6490 6495

Phe Asp Leu Ser Glu Ile Ser Ile Leu Pro Pro Lys Asn Phe Ser Gly
6500 6505 6510

Thr Ala Glu Phe Gly Val Glu Val Phe Thr Gln Glu Ser Leu Leu Gly
6515 6520 6525

Val Pro Thr Ala Ala Ala Asn Leu Pro Ser Phe Lys Leu His Val Val
6530 6535 6540

Pro Val Gly Asp Asp Val Asp Thr Asn Pro Thr Asp Ser Val Thr Gly
6545 6550 6555 6560

Asn Glu Gly Gln Asn Ile Asp Ile Glu Ile Asn Ala Thr Ile Leu Asp
6565 6570 6575

Lys Glu Leu Ser Ala Thr Gly Ser Gly Thr Tyr Thr Glu Asn Ala Pro
6580 6585 6590

Glu Thr Leu Arg Val Glu Val Ala Gly Val Pro Gln Asp Ala Ser Ile
6595 6600 6605

Phe Tyr Pro Asp Gly Thr Thr Leu Ala Ser Tyr Asp Pro Ala Thr Gln
6610 6615 6620

Leu Trp Thr Leu Asp Val Pro Ala Gln Ser Leu Asp Lys Ile Val Phe
6625 6630 6635 6640

Asn Ser Gly Glu His Asn Ser Asp Thr Gly Asn Val Leu Gly Ile Asn
6645 6650 6655
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Gly Pro Leu Gln Ile Thr Val Arg Ser Val Asp Thr Asp Ala Asp Asn
6660 6665 6670

Thr Glu Tyr Leu Gly Thr Pro Thr Ser Phe Asp Val Asp Leu Val Ile
6675 6680 6685

Asp Pro Ile Asn Asp Gln Pro Ile Phe Val Asn Val Thr Asn Ile Glu
6690 6695 6700

Thr Ser Glu Asp Ile Ser Val Ala Ile Asp Asn Phe Ser Ile Tyr Asp
6705 6710 6715 6720

Val Asp Ala Asn Phe Asp Asn Pro Asp Ala Pro Tyr Glu Leu Thr Leu
6725 6730 6735

Lys Val Asp Gln Thr Leu Pro Gly Ala Gln Gly Val Phe Glu Phe Thr
6740 6745 6750

Ser Ser Pro Asp Val Thr Phe Val Leu Gln Pro Asp Gly Ser Leu Val
6755 6760 6765

Ile Thr Gly Lys Glu Ala Asp Ile Asn Thr Ala Leu Thr Asn Gly Ala
6770 6775 6780

Val Thr Phe Lys Pro Asp Pro Asp Gln Asn Tyr Leu Asn Gln Thr Gly
6785 6790 6795 6800

Leu Val Thr Ile Asn Ala Thr Leu Asp Asp Gly Gly Asn Asn Gly Leu
6805 6810 6815

Ile Asp Ala Val Asp Pro Asn Thr Ala Gln Thr Asn Gln Thr Thr Phe
6820 6825 6830

Thr Ile Lys Val Thr Glu Val Asn Asp Ala Pro Val Ala Thr Asn Val
6835 6840 6845

Asp Leu Gly Ser Ile Ala Glu Asp Ala Gln Ile Val Ile Val Glu Ser
6850 6855 6860

Asp Leu Ile Ala Ala Ser Ser Asp Leu Glu Asn His Asn Leu Thr Val
6865 6870 6875 6880

Thr Gly Val Thr Leu Thr Gln Gly Gln Gly Gln Leu Thr Arg Tyr Glu
6885 6890 6895

Asn Ala Gly Gly Ala Asp Asp Ala Ala Ile Thr Gly Pro Phe Trp Ile
6900 6905 6910

Phe Ile Ala Asp Asn Asp Phe Asn Gly Asp Val Lys Phe Asn Tyr Ser
6915 6920 6925

Ile Ile Asp Asp Gly Thr Thr Asn Gly Val Asp Asp Phe Lys Thr Asp
6930 6935 6940

Ser Ala Glu Ile Ser Leu Val Val Thr Glu Val Asn Asp Gln Pro Val
6945 6950 6955 6960

Ala Ser Asn Ile Asp Leu Gly Thr Met Leu Glu Glu Gly Gln Leu Val
6965 6970 6975

Ile Lys Glu Glu Asp Leu Ile Ser Ala Thr Thr Asp Pro Glu Asn Asp
6980 6985 6990

Thr Ile Thr Val Asn Ser Leu Val Leu Asp Gln Gly Gln Gly Gln Leu
6995 7000 7005

Gln Arg Phe Glu Asn Val Gly Gly Ala Asp Asp Ala Thr Ile Thr Gly
7010 7015 7020

Pro Tyr Trp Val Phe Thr Ala Ala Asn Glu Tyr Asn Gly Asp Val Lys
7025 7030 7035 7040

Phe Thr Tyr Thr Val Glu Asp Asp Gly Thr Thr Asn Gly Ala Asp Asp
7045 7050 7055

Phe Leu Thr Asp Thr Gly Glu Ile Ser Val Val Val Thr Glu Val Asn
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7060 7065 7070

Asp Gln Pro Val Ala Thr Asp Ile Asp Leu Gly Asn Ile Leu Glu Glu
7075 7080 7085

Gly Gln Leu Ile Ile Lys Glu Glu Asp Leu Ile Ala Ala Thr Ser Asp
7090 7095 7100

Pro Glu Asn Asp Thr Ile Thr Val Thr Asn Leu Val Leu Asp Glu Gly
7105 7110 7115 7120

Gln Gly Gln Leu Gln Arg Phe Glu Asn Val Gly Gly Ala Asp Asp Ala
7125 7130 7135

Met Ile Thr Gly Pro Tyr Trp Ile Phe Thr Ala Ala Asp Glu Tyr Asn
7140 7145 7150

Gly Asn Val Lys Phe Thr Tyr Thr Val Glu Asp Asp Gly Thr Thr Asn
7155 7160 7165

Gly Ala Asn Asp Phe Leu Thr Asp Thr Ala Glu Ile Thr Ala Ile Val
7170 7175 7180

Asp Gly Val Asn Asp Thr Pro Val Val Asn Gly Asp Ser Val Thr Thr
7185 7190 7195 7200

Ile Val Asp Glu Asp Ala Gly Gln Leu Leu Ser Gly Ile Asn Val Ser
7205 7210 7215

Asp Pro Asp Tyr Val Asp Ala Phe Ser Asn Asp Leu Met Thr Val Thr
7220 7225 7230

Leu Thr Val Asp Tyr Gly Thr Leu Asn Val Ser Leu Pro Ala Val Thr
7235 7240 7245

Thr Val Met Val Asn Gly Asn Asn Thr Gly Ser Val Ile Leu Val Gly
7250 7255 7260

Thr Leu Ser Asp Leu Asn Ala Leu Ile Asp Thr Pro Thr Ser Pro Asn
7265 7270 7275 7280

Gly Val Tyr Leu Asp Ala Ser Leu Ser Pro Thr Asn Ser Ile Gly Leu
7285 7290 7295

Glu Val Ile Ala Lys Asp Ser Gly Asn Pro Ser Gly Ile Ala Ile Glu
7300 7305 7310

Thr Ala Pro Val Val Tyr Asn Ile Ala Val Thr Pro Val Ala Asn Ala
7315 7320 7325

Pro Thr Leu Ser Ile Asp Pro Ala Phe Asn Tyr Val Arg Asn Ile Thr
7330 7335 7340

Thr Ser Ser Ser Val Val Ala Asn Ser Gly Val Ala Leu Val Gly Ile
7345 7350 7355 7360

Val Ala Ala Leu Thr Asp Ile Thr Glu Glu Leu Thr Leu Lys Ile Ser
7365 7370 7375

Asp Val Pro Asp Gly Val Asp Val Thr Ser Asp Val Gly Thr Val Ser
7380 7385 7390

Leu Val Gly Asp Thr Trp Ile Ala Thr Ala Asp Ala Ile Asp Ser Leu
7395 7400 7405

Arg Leu Val Glu Gln Ser Ser Leu Gly Lys Pro Leu Thr Pro Gly Asn
7410 7415 7420

Tyr Thr Leu Lys Val Glu Ala Leu Ser Glu Glu Thr Asp Asn Asn Asp
7425 7430 7435 7440

Ile Ala Ile Ser Gln Asn Ile Asp Leu Asn Leu Asn Ile Val Ala Asn
7445 7450 7455

Pro Ile Asp Leu Asp Leu Ser Ser Glu Thr Asp Asp Val Gln Leu Leu
7460 7465 7470
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Ala Ser Asn Phe Asp Thr Asn Leu Thr Gly Gly Thr Gly Asn Asp Arg
7475 7480 7485

Leu Val Gly Gly Ala Gly Asp Asp Thr Leu Val Gly Gly Asp Gly Asn
7490 7495 7500

Asp Thr Leu Ile Gly Gly Gly Gly Ser Asp Ile Leu Thr Gly Gly Asn
7505 7510 7515 7520

Gly Met Asp Ser Phe Val Trp Leu Asn Ile Glu Asp Gly Val Glu Asp
7525 7530 7535

Thr Ile Thr Asp Phe Ser Leu Ser Glu Gly Asp Gln Ile Asp Leu Arg
7540 7545 7550

Glu Val Leu Pro Glu Leu Lys Asn Thr Ser Pro Asp Met Ser Ala Leu
7555 7560 7565

Leu Gln Gln Ile Asp Ala Lys Val Glu Gly Asp Asp Ile Glu Leu Thr
7570 7575 7580

Ile Lys Ser Asp Gly Leu Gly Thr Thr Glu Gln Val Ile Val Val Glu
7585 7590 7595 7600

Asp Leu Ala Pro Gln Leu Thr Leu Ser Gly Thr Met Pro Ser Asp Ile
7605 7610 7615

Leu Asp Ala Leu Val Gln Gln Asn Val Ile Thr His Gly
7620 7625

<210> SEQ ID NO 5

<211> LENGTH: 765

<212> TYPE: DNA

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 5

atgaaaaaaa catcactatt acttgcttcc attactctgg cactttctgg tgtagtacaa 60
gctgaccage tagaagacat tcaaaaatca ggcacacttc gegtcggcac cacaggcgac 120
tacaaacctt tttcttactt cgacggcaaa acctactctyg gttatgacat tgacgtagcce 180
aaacatgttg cagagcagtt gggcgttgaa ttacagattyg ttcgtaccac atggaaagat 240
ctactgaccg atctagacag cgataaatac gacatcgcga tgggcggtat cacgcegtaaa 300
atgcagcgte agttaaacgc agaacaaact caaggttaca tgacctttgg caagtgttte 360
ttagttgcga aaggcaaagc agaacaatac aacagcattyg agaaagtgaa cctctcttet 420
gtgegtgttyg gegtcaatat cggtgggact aatgagatgt ttgcggatge taacttgcaa 480
gacgcgaget ttacgegtta cgagaacaac ctagacgttce cgcaagcecgt tgcggaaggt 540
aaagttgatg taatggtgac agaaactcct gaaggtctgt tctatcaagt gacggacgaa 600
cgtecttgaag cggcacgetg tgaaacaccg tttaccaaca gtcaattegyg ttacctgata 660
ccaaaaggtg aacaacgctt gttgaacaca gtgaacttca ttatggatga gatgaaattg 720
aaaggcgtcg aagaagagtt cctgatccac aactctctta agtaa 765

<210> SEQ ID NO 6

<211> LENGTH: 254

<212> TYPE: PRT

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 6

Met Lys Lys Thr Ser Leu Leu Leu Ala Ser Ile Thr Leu Ala Leu Ser
1 5 10 15
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Gly Val Val Gln Ala Asp Gln Leu Glu Asp Ile Gln Lys Ser Gly Thr
20 25 30

Leu Arg Val Gly Thr Thr Gly Asp Tyr Lys Pro Phe Ser Tyr Phe Asp
35 40 45

Gly Lys Thr Tyr Ser Gly Tyr Asp Ile Asp Val Ala Lys His Val Ala
50 55 60

Glu Gln Leu Gly Val Glu Leu Gln Ile Val Arg Thr Thr Trp Lys Asp
65 70 75 80

Leu Leu Thr Asp Leu Asp Ser Asp Lys Tyr Asp Ile Ala Met Gly Gly
85 90 95

Ile Thr Arg Lys Met Gln Arg Gln Leu Asn Ala Glu Gln Thr Gln Gly
100 105 110

Tyr Met Thr Phe Gly Lys Cys Phe Leu Val Ala Lys Gly Lys Ala Glu
115 120 125

Gln Tyr Asn Ser Ile Glu Lys Val Asn Leu Ser Ser Val Arg Val Gly
130 135 140

Val Asn Ile Gly Gly Thr Asn Glu Met Phe Ala Asp Ala Asn Leu Gln
145 150 155 160

Asp Ala Ser Phe Thr Arg Tyr Glu Asn Asn Leu Asp Val Pro Gln Ala
165 170 175

Val Ala Glu Gly Lys Val Asp Val Met Val Thr Glu Thr Pro Glu Gly
180 185 190

Leu Phe Tyr Gln Val Thr Asp Glu Arg Leu Glu Ala Ala Arg Cys Glu
195 200 205

Thr Pro Phe Thr Asn Ser Gln Phe Gly Tyr Leu Ile Pro Lys Gly Glu
210 215 220

Gln Arg Leu Leu Asn Thr Val Asn Phe Ile Met Asp Glu Met Lys Leu
225 230 235 240

Lys Gly Val Glu Glu Glu Phe Leu Ile His Asn Ser Leu Lys
245 250

<210> SEQ ID NO 7

<211> LENGTH: 765

<212> TYPE: DNA

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 7

atgaaaaaaa catcactatt acttgcttece attactetgg cactttetgg tgtagtacaa 60
getgaccage tagaagacat tcaaaaatca ggcacactte gegtecggeac cacaggegac 120
tacaaacctt tttcttactt cgacggcaaa acctactctg gttatgacat tgacgtagece 180
aaacatgttyg cagagcagtt gggcgttgaa ttacagattg ttcgtaccac atggaaagat 240
ctactgaccyg atctagacag cgataaatac gacatcgega tgggeggtat cacgegtaaa 300
atgcagcgte agttaaacge agaacaaact caaggttaca tgacctttgg caagtgttte 360
ttagttgcga aaggcaaagc agaacaatac aacagcattg agaaagtgaa cctctettet 420
gtgegtgttyg gegtcaatat cggtgggact aatgagatgt ttgcggatge taacttgeaa 480
gacgcgagcet ttacgcgtta cgagaacaac ctagacgtte cgcaagecegt tgeggaaggt 540
aaagttgatg taatggtgac agaaactcct gaaggtetgt tcetatcaagt gacggacgaa 600
cgtettgaag cggcacgetyg tgaaacaccg tttaccaaca gtcaattegg ttacctgata 660

ccaaaaggtg aacaacgctt gttgaacaca gtgaacttca ttatggatga gatgaaattg 720
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aaaggcgtcg aagaagagtt cctgatccac aactctctta agtaa 765

<210> SEQ ID NO 8

<211> LENGTH: 588

<212> TYPE: PRT

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 8

Met Thr Ile Asp Thr Phe Val Val Leu Ala Tyr Phe Phe Phe Leu Ile
1 5 10 15

Ala Ile Gly Trp Met Phe Arg Lys Phe Thr Thr Ser Thr Ser Asp Tyr
20 25 30

Phe Arg Gly Gly Gly Lys Met Leu Trp Trp Met Val Gly Ala Thr Ala
35 40 45

Phe Met Thr Gln Phe Ser Ala Trp Thr Phe Thr Gly Ala Ala Gly Arg
50 55 60

Ala Phe Asn Asp Gly Phe Val Ile Val Ile Leu Phe Leu Ala Asn Ala
65 70 75 80

Phe Gly Tyr Phe Met Asn Tyr Met Tyr Phe Ala Pro Lys Phe Arg Gln
85 90 95

Leu Arg Val Val Thr Ala Ile Glu Ala Ile Arg Gln Arg Phe Gly Lys
100 105 110

Thr Ser Glu Gln Phe Phe Thr Trp Ala Gly Met Pro Asp Ser Leu Ile
115 120 125

Ser Ala Gly Ile Trp Leu Asn Gly Leu Ala Ile Phe Val Ala Ala Val
130 135 140

Phe Asn Ile Pro Met Glu Ala Thr Ile Val Val Thr Gly Met Val Leu
145 150 155 160

Val Leu Met Ala Val Thr Gly Gly Ser Trp Ala Val Val Ala Ser Asp
165 170 175

Phe Met Gln Met Leu Val Ile Met Ala Val Thr Ile Thr Cys Ala Val
180 185 190

Ala Ala Tyr Phe His Gly Gly Gly Leu Thr Asn Ile Val Ala Asn Phe
195 200 205

Asp Gly Asp Phe Met Leu Gly Asn Asn Leu Asn Tyr Met Ser Ile Phe
210 215 220

Val Leu Trp Val Val Phe Ile Phe Val Lys Gln Phe Gly Val Met Asn
225 230 235 240

Asn Ser Ile Asn Ala Tyr Arg Tyr Leu Cys Ala Lys Asp Ser Glu Asn
245 250 255

Ala Arg Lys Ala Ala Gly Leu Ala Cys Ile Leu Met Val Val Gly Pro
260 265 270

Leu Ile Trp Phe Leu Pro Pro Trp Tyr Val Ser Ala Phe Met Pro Asp
275 280 285

Phe Ala Leu Glu Tyr Ala Ser Met Gly Asp Lys Ala Gly Asp Ala Ala
290 295 300

Tyr Leu Ala Phe Val Gln Asn Val Met Pro Ala Gly Met Val Gly Leu
305 310 315 320

Leu Met Ser Ala Met Phe Ala Ala Thr Met Ser Ser Met Asp Ser Gly
325 330 335

Leu Asn Arg Asn Ala Gly Ile Phe Val Met Asn Phe Tyr Ser Pro Ile
340 345 350
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Leu Arg Gln Asn Ala Thr Gln Lys Glu Leu Val Ile Val Ser Lys Leu
355 360 365

Thr Thr Ile Met Met Gly Ile Ile Ile Ile Ala Ile Gly Leu Phe Ile
370 375 380

Asn Ser Leu Arg His Leu Ser Leu Phe Asp Ile Val Met Asn Val Gly
385 390 395 400

Ala Leu Ile Gly Phe Pro Met Leu Ile Pro Val Leu Leu Gly Met Trp
405 410 415

Ile Arg Lys Thr Pro Asp Trp Ala Gly Trp Ser Thr Leu Ile Val Gly
420 425 430

Gly Phe Val Ser Tyr Ile Phe Gly Ile Ser Leu Gln Ala Glu Asp Ile
435 440 445

Glu His Leu Phe Gly Met Glu Thr Ala Leu Thr Gly Arg Glu Trp Ser
450 455 460

Asp Leu Lys Val Gly Leu Ser Leu Ala Ala His Val Val Phe Thr Gly
465 470 475 480

Gly Tyr Phe Ile Leu Thr Ser Arg Phe Tyr Lys Gly Leu Ser Pro Glu
485 490 495

Arg Glu Lys Glu Val Asp Gln Leu Phe Thr Asn Trp Asn Thr Pro Leu
500 505 510

Val Ala Glu Gly Glu Glu Gln Gln Asn Leu Asp Thr Lys Gln Arg Ser
515 520 525

Met Leu Gly Lys Leu Ile Ser Thr Ala Gly Phe Gly Ile Leu Ala Met
530 535 540

Ala Leu Ile Pro Asn Glu Pro Thr Gly Arg Leu Leu Phe Leu Leu Cys
545 550 555 560

Gly Ser Met Val Leu Thr Val Gly Ile Leu Leu Val Asn Ala Ser Lys
565 570 575

Ala Pro Ala Lys Met Asn Asn Glu Ser Val Ala Lys
580 585

<210> SEQ ID NO 9

<211> LENGTH: 627

<212> TYPE: DNA

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 9

atgacgacat taaatgaaca actagcaaac ctaaaagtaa ttcctgtaat cgcgatcaac 60
cgtgctgaag acgctatccee tctaggtaaa gegttggttg aaaatggeat gecatgtgea 120
gaaattacac tacgtacaga atgtgcaatc gaagcgattce gcatcatgeg taaagaattce 180
ccagacatge taatcggtte aggtactgta ctgactaacg agcaagttga cgcatctate 240
gaagctggtyg ttgatttcat cgtaagccca ggttttaace cacgtactgt tcaatactgt 300
atcgataaag gtattgcaat cgtaccgggt gttaacaacc caagcctagt tgagcaagca 360
atggaaatgg gtcttegeac gttgaagtte ttecctgetg agecttcagg cggtactgge 420
atgcttaaag cactaacage agtttaccct gttaaattca tgectactgg tggegtaage 480
ttgaagaatg ttgatgaata cctatcgate ccttetgtte ttgegtgtgg cggtacttgg 540
atggttccaa ctaaccttat cgatgaaggt aagtgggacg aactaggcaa gcettgttegt 600

gacgcagttg atcacgttaa cgcttaa 627
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<210> SEQ ID NO 10
<211> LENGTH: 208
<212> TYPE: PRT
<213> ORGANISM: Vibrio splendidus
<400> SEQUENCE: 10
Met Thr Thr Leu Asn Glu Gln Leu Ala Asn Leu Lys Val Ile Pro Val
1 5 10 15
Ile Ala Ile Asn Arg Ala Glu Asp Ala Ile Pro Leu Gly Lys Ala Leu
20 25 30
Val Glu Asn Gly Met Pro Cys Ala Glu Ile Thr Leu Arg Thr Glu Cys
35 40 45
Ala Ile Glu Ala Ile Arg Ile Met Arg Lys Glu Phe Pro Asp Met Leu
50 55 60
Ile Gly Ser Gly Thr Val Leu Thr Asn Glu Gln Val Asp Ala Ser Ile
65 70 75 80
Glu Ala Gly Val Asp Phe Ile Val Ser Pro Gly Phe Asn Pro Arg Thr
85 90 95
Val Gln Tyr Cys Ile Asp Lys Gly Ile Ala Ile Val Pro Gly Val Asn
100 105 110
Asn Pro Ser Leu Val Glu Gln Ala Met Glu Met Gly Leu Arg Thr Leu
115 120 125
Lys Phe Phe Pro Ala Glu Pro Ser Gly Gly Thr Gly Met Leu Lys Ala
130 135 140
Leu Thr Ala Val Tyr Pro Val Lys Phe Met Pro Thr Gly Gly Val Ser
145 150 155 160
Leu Lys Asn Val Asp Glu Tyr Leu Ser Ile Pro Ser Val Leu Ala Cys
165 170 175
Gly Gly Thr Trp Met Val Pro Thr Asn Leu Ile Asp Glu Gly Lys Trp
180 185 190
Asp Glu Leu Gly Lys Leu Val Arg Asp Ala Val Asp His Val Asn Ala
195 200 205
<210> SEQ ID NO 11
<211> LENGTH: 933
<212> TYPE: DNA
<213> ORGANISM: Vibrio splendidus
<400> SEQUENCE: 11
atgaaatcat taaacatcgc ggtcattgge gagtgcatgg ttgagctaca aaagaaacaa 60
gacgggctta agcaaagttt tggtggcgat acgctgaata ctgcacttta cttgtcacge 120
ttaacaaaag agcaagatat caacacgagc tacgtaactyg cactaggcac tgacccatte 180
agtaccgaca tgttaaaaaa ttggcaagcg gaaggtatcg acacgagctt aattgctcag 240
ctggaccaca aacaaccagg gctttactac atcgagaccyg atgaaactgg tgaacgcagt 300
ttccactact ggcgtagtga tgctgcageg aagttcatgt ttgatcagga agacacgcct 360
gctettettyg ataagetgtt ctettttgac gecgatttact taagtggtat tacgctggca 420
atcttgacag aaaatggtcg cacgcagcta ttcaacttcet tagacaaatt caaagctcaa 480
ggcggccaag tattcttcga caataactac cgacctaaac tttgggaaag ccaacaagaa 540
gegatttett ggtacttgaa aatgcttaag tacacagata cggctcetget gacgtttgat 600
gatgagcaag agctatacgg cgacgaaagc attgaacaat gtattacacg tacgtcagag 660
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tctggtgtga aagagatcgt cattaaacgt ggcgcgaaag actgcttagt ggttgaaage 720
caaagcgcte aatacgttgce acccaaccct gtagacaaca tcegttgatac gactgecget 780
ggcgactegt tcagtgcagg cttettggece aagegettga geggceggtag tgetegtgat 840
gectgcatttyg caggtcatat tgtggcagga accgtgattce agcatccagg tgctatcatt 900
cctctagaag cgacgcctga tetgtcetcta taa 933

<210> SEQ ID NO 12

<211> LENGTH: 310

<212> TYPE: PRT

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 12

Met Lys Ser Leu Asn Ile Ala Val Ile Gly Glu Cys Met Val Glu Leu
1 5 10 15

Gln Lys Lys Gln Asp Gly Leu Lys Gln Ser Phe Gly Gly Asp Thr Leu
20 25 30

Asn Thr Ala Leu Tyr Leu Ser Arg Leu Thr Lys Glu Gln Asp Ile Asn
Thr Ser Tyr Val Thr Ala Leu Gly Thr Asp Pro Phe Ser Thr Asp Met
50 55 60

Leu Lys Asn Trp Gln Ala Glu Gly Ile Asp Thr Ser Leu Ile Ala Gln
65 70 75 80

Leu Asp His Lys Gln Pro Gly Leu Tyr Tyr Ile Glu Thr Asp Glu Thr
85 90 95

Gly Glu Arg Ser Phe His Tyr Trp Arg Ser Asp Ala Ala Ala Lys Phe
100 105 110

Met Phe Asp Gln Glu Asp Thr Pro Ala Leu Leu Asp Lys Leu Phe Ser
115 120 125

Phe Asp Ala Ile Tyr Leu Ser Gly Ile Thr Leu Ala Ile Leu Thr Glu
130 135 140

Asn Gly Arg Thr Gln Leu Phe Asn Phe Leu Asp Lys Phe Lys Ala Gln
145 150 155 160

Gly Gly Gln Val Phe Phe Asp Asn Asn Tyr Arg Pro Lys Leu Trp Glu
165 170 175

Ser Gln Gln Glu Ala Ile Ser Trp Tyr Leu Lys Met Leu Lys Tyr Thr
180 185 190

Asp Thr Ala Leu Leu Thr Phe Asp Asp Glu Gln Glu Leu Tyr Gly Asp
195 200 205

Glu Ser Ile Glu Gln Cys Ile Thr Arg Thr Ser Glu Ser Gly Val Lys
210 215 220

Glu Ile Val Ile Lys Arg Gly Ala Lys Asp Cys Leu Val Val Glu Ser
225 230 235 240

Gln Ser Ala Gln Tyr Val Ala Pro Asn Pro Val Asp Asn Ile Val Asp
245 250 255

Thr Thr Ala Ala Gly Asp Ser Phe Ser Ala Gly Phe Leu Ala Lys Arg
260 265 270

Leu Ser Gly Gly Ser Ala Arg Asp Ala Ala Phe Ala Gly His Ile Val
275 280 285

Ala Gly Thr Val Ile Gln His Pro Gly Ala Ile Ile Pro Leu Glu Ala
290 295 300
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Thr Pro Asp Leu Ser Leu
305 310
<210> SEQ ID NO 13
<211> LENGTH: 336
<212> TYPE: DNA
<213> ORGANISM: Vibrio splendidus
<400> SEQUENCE: 13
atgaactctt tctttatcct agatgaaaat ccatgggaag aacttggtgg cggcattaag 60
cgtaaaatcg ttgcttacac tgacgatcta atggcagtac acctatgett tgataaggge 120
gegattggece accctcatac tcacgaaatt cacgaccaaa tcggttatgt tgttegtggt 180
agcttcgaag ctgaaatcga cggcgagaag aaagtgctta aagaaggcga tgcttactte 240
gctegtaaac acatgatgca cggtgcagtt getctagaac aagacagcat ccttettgat 300
atcttcaatc ctgcgcgtga agatttccta aaataa 336
<210> SEQ ID NO 14
<211> LENGTH: 111
<212> TYPE: PRT
<213> ORGANISM: Vibrio splendidus
<400> SEQUENCE: 14
Met Asn Ser Phe Phe Ile Leu Asp Glu Asn Pro Trp Glu Glu Leu Gly
1 5 10 15
Gly Gly Ile Lys Arg Lys Ile Val Ala Tyr Thr Asp Asp Leu Met Ala
20 25 30
Val His Leu Cys Phe Asp Lys Gly Ala Ile Gly His Pro His Thr His
35 40 45
Glu Ile His Asp Gln Ile Gly Tyr Val Val Arg Gly Ser Phe Glu Ala
50 55 60
Glu Ile Asp Gly Glu Lys Lys Val Leu Lys Glu Gly Asp Ala Tyr Phe
65 70 75 80
Ala Arg Lys His Met Met His Gly Ala Val Ala Leu Glu Gln Asp Ser
85 90 95
Ile Leu Leu Asp Ile Phe Asn Pro Ala Arg Glu Asp Phe Leu Lys
100 105 110
<210> SEQ ID NO 15
<211> LENGTH: 2208
<212> TYPE: DNA
<213> ORGANISM: Vibrio splendidus
<400> SEQUENCE: 15
atgacgacta aaccagtatt gttgactgaa gctgaaatcg aacagcttca tcttgaagtg 60
ggcegttceta gettaatggg caaaaccatt gcagcgaacyg cgaaagacct agaagcattce 120
atgcgtttac ctattgatgt tccaggtcac ggtgaagetyg ggggttacga acataaccge 180
cacaagcaaa attacacgta catgaaccta gctggtcgea tgttecttgat cactaaagag 240
caaaaatacg ctgactttgt tacagaatta ctagaagagt acgcagacaa atatctaacg 300
tttgattacc acgtacagaa aaacaccaac ccaacaggtce gtttgttcca ccaaatccta 360
aacgaacact gctggttaat gttctcaage ttagettatt cttgtgttge ttcaacactg 420
acacaagatc agcgtgacaa tattgagtct cgecatttttg aacccatget agaaatgtte 480
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acggttaaat acgcacacga cttcgaccgt attcacaatc acggtatttg ggcagtagcc 540
gctgtgggta tctgtggtcet tgctttagge aaacgtgaat acctagaaat gtcagtgtac 600
ggcatcgacc gtaatgatac tggcggtttc ctagcgcaag tttctcaget atttgcacct 660
tctggetact acatggaagg tccttactac catcgttatg cgattcgcce aacgtgtgtg 720
ttcgctgaag tgattcaccg tcatatgcct gaagttgata tctacaacta caaaggcggce 780
gtgattggta acacagtaca agctatgctt gcgacagcgt acccgaacgg cgagttcccg 840
gctctgaatg atgcttcteg tactatgggt atcacagaca tgggtgttca ggttgeggtce 900
agtgtttaca gtaagcatta ctcttctgaa aacggtgtag accaaaacat tctgggtatg 960

gcgaagattc aagacgcagt atggatgcat ccatgtggtc ttgagctatc taaagcatac 1020
gaagccgcecat ctgcagagaa agaaatcggce atgcctttet ggccaagtgt tgaattgaat 1080
gaaggcccte aaggtcacaa cggcgegcaa ggctttatce gtatgcagga taagaaaggce 1140
gacgtttcte aacttgtgat gaactacggc caacacggca tgggtcacgg caactttgat 1200
acgctgggta tttctttett taaccgeggt caagaagtgce tacgtgaata cggcttetgt 1260
cgttgggtta acgttgagcc aaaattcggce ggccgttacce tagacgaaaa caaatcttac 1320
gctegtcaaa cgattgctca caatgcagtt acgattgatg aaaaatgtca gaacaacttt 1380
gacgttgaac gtgcagactc agtacatggt ttacctcact tctttaaagt agaagacgat 1440
caaatcaacg gtatgagtgc atttgctaac gatcattacc aaggctttga catgcaacgc 1500
agcgtgttca tgctaaatct tgaagaatta gaatctcegt tattgttaga cctataccgce 1560
ttagattcta caaaaggcgg cgaaggcgag caccaatacg actattcaca ccaatatgceg 1620
ggtcagattg ttcgcactaa cttcgaatac caagcgaaca aagagctaaa cactctaggt 1680
gacgatttcg gttaccaaca tctatggaac gtcgcaagceg gtgaagtgaa gggcacagca 1740
attgtaagtt ggctacaaaa caacacctac tacacatggc taggtgcaac gtctaacgat 1800
aatgctgaag taatatttac tcgcactggc gctaacgacc caagtttcaa tctacgttca 1860
gagcctgegt tcattctacg cagcaaaggc gaaacaacac tgtttgecttce tgttgttgaa 1920
acgcacggtt atttcaacga agaattcgag caatctgtca atgcacgtgg tgttgtgaaa 1980
gacatcaaag tcgtggctca caccaatgtc ggttcggtag ttgagatcac cacagagaaa 2040
tcaaacgtga cagtgatgat cagcaaccaa cttggcgcga ctgacagcac tgaacacaaa 2100
gtagaactga acggcaaagt atacagctgg aaaggcttct actcagtaga gacaacttta 2160
caagaaacga attcagaaga acttagcact gcagggcagg ggaaataa 2208
<210> SEQ ID NO 16

<211> LENGTH: 735

<212> TYPE: PRT

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 16

Met Thr Thr Lys Pro Val Leu Leu Thr Glu Ala Glu Ile Glu Gln Leu
1 5 10 15

His Leu Glu Val Gly Arg Ser Ser Leu Met Gly Lys Thr Ile Ala Ala
20 25 30

Asn Ala Lys Asp Leu Glu Ala Phe Met Arg Leu Pro Ile Asp Val Pro
35 40 45

Gly His Gly Glu Ala Gly Gly Tyr Glu His Asn Arg His Lys Gln Asn
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50 55 60

Tyr Thr Tyr Met Asn Leu Ala Gly Arg Met Phe Leu Ile Thr Lys Glu
65 70 75 80

Gln Lys Tyr Ala Asp Phe Val Thr Glu Leu Leu Glu Glu Tyr Ala Asp
85 90 95

Lys Tyr Leu Thr Phe Asp Tyr His Val Gln Lys Asn Thr Asn Pro Thr
100 105 110

Gly Arg Leu Phe His Gln Ile Leu Asn Glu His Cys Trp Leu Met Phe
115 120 125

Ser Ser Leu Ala Tyr Ser Cys Val Ala Ser Thr Leu Thr Gln Asp Gln
130 135 140

Arg Asp Asn Ile Glu Ser Arg Ile Phe Glu Pro Met Leu Glu Met Phe
145 150 155 160

Thr Val Lys Tyr Ala His Asp Phe Asp Arg Ile His Asn His Gly Ile
165 170 175

Trp Ala Val Ala Ala Val Gly Ile Cys Gly Leu Ala Leu Gly Lys Arg
180 185 190

Glu Tyr Leu Glu Met Ser Val Tyr Gly Ile Asp Arg Asn Asp Thr Gly
195 200 205

Gly Phe Leu Ala Gln Val Ser Gln Leu Phe Ala Pro Ser Gly Tyr Tyr
210 215 220

Met Glu Gly Pro Tyr Tyr His Arg Tyr Ala Ile Arg Pro Thr Cys Val
225 230 235 240

Phe Ala Glu Val Ile His Arg His Met Pro Glu Val Asp Ile Tyr Asn
245 250 255

Tyr Lys Gly Gly Val Ile Gly Asn Thr Val Gln Ala Met Leu Ala Thr
260 265 270

Ala Tyr Pro Asn Gly Glu Phe Pro Ala Leu Asn Asp Ala Ser Arg Thr
275 280 285

Met Gly Ile Thr Asp Met Gly Val Gln Val Ala Val Ser Val Tyr Ser
290 295 300

Lys His Tyr Ser Ser Glu Asn Gly Val Asp Gln Asn Ile Leu Gly Met
305 310 315 320

Ala Lys Ile Gln Asp Ala Val Trp Met His Pro Cys Gly Leu Glu Leu
325 330 335

Ser Lys Ala Tyr Glu Ala Ala Ser Ala Glu Lys Glu Ile Gly Met Pro
340 345 350

Phe Trp Pro Ser Val Glu Leu Asn Glu Gly Pro Gln Gly His Asn Gly
355 360 365

Ala Gln Gly Phe Ile Arg Met Gln Asp Lys Lys Gly Asp Val Ser Gln
370 375 380

Leu Val Met Asn Tyr Gly Gln His Gly Met Gly His Gly Asn Phe Asp
385 390 395 400

Thr Leu Gly Ile Ser Phe Phe Asn Arg Gly Gln Glu Val Leu Arg Glu
405 410 415

Tyr Gly Phe Cys Arg Trp Val Asn Val Glu Pro Lys Phe Gly Gly Arg
420 425 430

Tyr Leu Asp Glu Asn Lys Ser Tyr Ala Arg Gln Thr Ile Ala His Asn
435 440 445

Ala Val Thr Ile Asp Glu Lys Cys Gln Asn Asn Phe Asp Val Glu Arg
450 455 460
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Ala Asp Ser Val His Gly Leu Pro His Phe Phe Lys Val Glu Asp Asp
465 470 475 480

Gln Ile Asn Gly Met Ser Ala Phe Ala Asn Asp His Tyr Gln Gly Phe
485 490 495

Asp Met Gln Arg Ser Val Phe Met Leu Asn Leu Glu Glu Leu Glu Ser
500 505 510

Pro Leu Leu Leu Asp Leu Tyr Arg Leu Asp Ser Thr Lys Gly Gly Glu
515 520 525

Gly Glu His Gln Tyr Asp Tyr Ser His Gln Tyr Ala Gly Gln Ile Val
530 535 540

Arg Thr Asn Phe Glu Tyr Gln Ala Asn Lys Glu Leu Asn Thr Leu Gly
545 550 555 560

Asp Asp Phe Gly Tyr Gln His Leu Trp Asn Val Ala Ser Gly Glu Val
565 570 575

Lys Gly Thr Ala Ile Val Ser Trp Leu Gln Asn Asn Thr Tyr Tyr Thr
580 585 590

Trp Leu Gly Ala Thr Ser Asn Asp Asn Ala Glu Val Ile Phe Thr Arg
595 600 605

Thr Gly Ala Asn Asp Pro Ser Phe Asn Leu Arg Ser Glu Pro Ala Phe
610 615 620

Ile Leu Arg Ser Lys Gly Glu Thr Thr Leu Phe Ala Ser Val Val Glu
625 630 635 640

Thr His Gly Tyr Phe Asn Glu Glu Phe Glu Gln Ser Val Asn Ala Arg
645 650 655

Gly Val Val Lys Asp Ile Lys Val Val Ala His Thr Asn Val Gly Ser
660 665 670

Val Val Glu Ile Thr Thr Glu Lys Ser Asn Val Thr Val Met Ile Ser
675 680 685

Asn Gln Leu Gly Ala Thr Asp Ser Thr Glu His Lys Val Glu Leu Asn
690 695 700

Gly Lys Val Tyr Ser Trp Lys Gly Phe Tyr Ser Val Glu Thr Thr Leu
705 710 715 720

Gln Glu Thr Asn Ser Glu Glu Leu Ser Thr Ala Gly Gln Gly Lys
725 730 735

<210> SEQ ID NO 17

<211> LENGTH: 2154

<212> TYPE: DNA

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 17

atgagctatc aaccactttt acttaacttt gatgaagcag ctgaacttcg taaagaactt 60
ggcaaggata gcctattagg taacgcactyg actcgcgaca ttaaacaaac tgacgcttac 120
atggctgaag ttggcattga agtaccaggt cacggtgaag geggeggtta cgagcacaac 180
cgtcataage aaaactacat ccatatggat ctagecaggec gtttgttect tatcactgag 240
gaaacaaaat accgagatta catcgttgat atgctaacag cgtacgcgac ggtataccca 300
acacttgaaa gcaacgtaag ccgtgactct aacccteegg gtaagetgtt ccaccaaacg 360
ttgaacgaga acatgtggat gctttacget tcttgtgegt acagetgecat ctaccacacg 420

atctctgaag agcaaaageg tctgatcgaa gacgatctte ttaagcaaat gatcgaaatg 480



US 2009/0139134 Al Jun. 4, 2009
128

-continued
ttcgttgtga cttacgcaca cgacttcgat atcgtacaca accacggctt atgggcagtg 540
gcagcagtag gtatctgtgg ttacgcaatc aacgatcaag agtctgtaga caaagcacta 600
tacggcctga aactagacaa agtcagcgge ggtttcttag cgcaactaga ccaactgttt 660
tcgccagacg gctactacat ggaaggtcct tactaccacc gtttctectcet gegtccaatce 720
tacctgttceg cagaagcgat tgaacgtcgt cagcctgaag ttggtatcta tgaattcaac 780
gattcagtga tcaagacaac gtcttactct gtattcaaaa cggcattccc agacggtaca 840
ttgcctgete tgaacgattc atcgaagaca atctctatca acgatgaagg cgttatcatg 900
gcaacgtctyg tgtgttacca ccgttacgag caaactgaaa ctctacttgg tatggctaac 960

caccagcaaa acgtttgggt tcatgcttca ggtaaaacac tgtctgacgce ggttgatgca 1020
gcagacgaca tcaaagcatt caactggggt agcctgtttg taaccgacgg ccctgaaggce 1080
gaaaaaggcyg gcgtaagcat ccttegtcac cgtgacgaac aagatgacga cacgatggeg 1140
ttgatctggt ttggtcaaca cggttctgat caccagtacc actctgctcet agaccacggt 1200
cactacgatg gcctgcacct aagcgtattt aaccgtggcc acgaagtgct gcacgatttce 1260
ggcttcggte getgggtaaa cgttgagect aagtttggeg gtegttacat cccagagaac 1320
aagtcttact gtaagcagac ggttgctcac aacacagtaa cggttgatca gaaaacgcag 1380
aacaacttca acacagcatt ggctgagtct aagtttggtc agaagcactt cttcgtagca 1440
gacgaccagt ctctacaagg catgagcggce acaatttctg agtactacac tggcgtagac 1500
atgcaacgca gcgtgattcet tgctgaactt cctgagttcg agaagccact tgtaatcgac 1560
gtataccgca tcgaagctga cgctgaacac cagtacgacc tacccgttca ccactctggt 1620
cagatcatcc gtactgactt cgattacaac atggaaaaaa cgcttaagcc gctaggtgaa 1680
gacaacggtt accagcactt atggaacgtg gcttcaggca aagtgaacga agaaggttct 1740
ctagtaagct ggctacatga cagcagctac tacagcctag taaccagcgce gaatgcgggce 1800
agcgaagtga tttttgctceg cactggtgct aacgatccag acttcaacct taagagtgag 1860
cctgcgttca tecttacgtca gtectggtcaa aaccacgtgt ttgcttctgt actagaaacg 1920
catggttact ttaacgagtc tatcgaagcc tctgtaggcg ctcecgtggtcet agttaaatca 1980
gtatctgttyg tgggccataa cagtgtcggg actgttgttce gcattcagac tacttctgge 2040
aacacttacc actacggtat ctcaaaccaa gctgaagaca cgcagcaagce aactcacact 2100
gttgagttcg cgggtgagac atactcgtgg gaaggatcat ttgctcaact gtaa 2154
<210> SEQ ID NO 18

<211> LENGTH: 717

<212> TYPE: PRT

<213> ORGANISM: Vibrio slpendidus

<400> SEQUENCE: 18

Met Ser Tyr Gln Pro Leu Leu Leu Asn Phe Asp Glu Ala Ala Glu Leu
1 5 10 15

Arg Lys Glu Leu Gly Lys Asp Ser Leu Leu Gly Asn Ala Leu Thr Arg
20 25 30

Asp Ile Lys Gln Thr Asp Ala Tyr Met Ala Glu Val Gly Ile Glu Val
35 40 45

Pro Gly His Gly Glu Gly Gly Gly Tyr Glu His Asn Arg His Lys Gln
50 55 60
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Asn Tyr Ile His Met Asp Leu Ala Gly Arg Leu Phe Leu Ile Thr Glu
65 70 75 80

Glu Thr Lys Tyr Arg Asp Tyr Ile Val Asp Met Leu Thr Ala Tyr Ala
85 90 95

Thr Val Tyr Pro Thr Leu Glu Ser Asn Val Ser Arg Asp Ser Asn Pro
100 105 110

Pro Gly Lys Leu Phe His Gln Thr Leu Asn Glu Asn Met Trp Met Leu
115 120 125

Tyr Ala Ser Cys Ala Tyr Ser Cys Ile Tyr His Thr Ile Ser Glu Glu
130 135 140

Gln Lys Arg Leu Ile Glu Asp Asp Leu Leu Lys Gln Met Ile Glu Met
145 150 155 160

Phe Val Val Thr Tyr Ala His Asp Phe Asp Ile Val His Asn His Gly
165 170 175

Leu Trp Ala Val Ala Ala Val Gly Ile Cys Gly Tyr Ala Ile Asn Asp
180 185 190

Gln Glu Ser Val Asp Lys Ala Leu Tyr Gly Leu Lys Leu Asp Lys Val
195 200 205

Ser Gly Gly Phe Leu Ala Gln Leu Asp Gln Leu Phe Ser Pro Asp Gly
210 215 220

Tyr Tyr Met Glu Gly Pro Tyr Tyr His Arg Phe Ser Leu Arg Pro Ile
225 230 235 240

Tyr Leu Phe Ala Glu Ala Ile Glu Arg Arg Gln Pro Glu Val Gly Ile
245 250 255

Tyr Glu Phe Asn Asp Ser Val Ile Lys Thr Thr Ser Tyr Ser Val Phe
260 265 270

Lys Thr Ala Phe Pro Asp Gly Thr Leu Pro Ala Leu Asn Asp Ser Ser
275 280 285

Lys Thr Ile Ser Ile Asn Asp Glu Gly Val Ile Met Ala Thr Ser Val
290 295 300

Cys Tyr His Arg Tyr Glu Gln Thr Glu Thr Leu Leu Gly Met Ala Asn
305 310 315 320

His Gln Gln Asn Val Trp Val His Ala Ser Gly Lys Thr Leu Ser Asp
325 330 335

Ala Val Asp Ala Ala Asp Asp Ile Lys Ala Phe Asn Trp Gly Ser Leu
340 345 350

Phe Val Thr Asp Gly Pro Glu Gly Glu Lys Gly Gly Val Ser Ile Leu
355 360 365

Arg His Arg Asp Glu Gln Asp Asp Asp Thr Met Ala Leu Ile Trp Phe
370 375 380

Gly Gln His Gly Ser Asp His Gln Tyr His Ser Ala Leu Asp His Gly
385 390 395 400

His Tyr Asp Gly Leu His Leu Ser Val Phe Asn Arg Gly His Glu Val
405 410 415

Leu His Asp Phe Gly Phe Gly Arg Trp Val Asn Val Glu Pro Lys Phe
420 425 430

Gly Gly Arg Tyr Ile Pro Glu Asn Lys Ser Tyr Cys Lys Gln Thr Val
435 440 445

Ala His Asn Thr Val Thr Val Asp Gln Lys Thr Gln Asn Asn Phe Asn
450 455 460

Thr Ala Leu Ala Glu Ser Lys Phe Gly Gln Lys His Phe Phe Val Ala
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465 470 475 480

Asp Asp Gln Ser Leu Gln Gly Met Ser Gly Thr Ile Ser Glu Tyr Tyr
485 490 495

Thr Gly Val Asp Met Gln Arg Ser Val Ile Leu Ala Glu Leu Pro Glu
500 505 510

Phe Glu Lys Pro Leu Val Ile Asp Val Tyr Arg Ile Glu Ala Asp Ala
515 520 525

Glu His Gln Tyr Asp Leu Pro Val His His Ser Gly Gln Ile Ile Arg
530 535 540

Thr Asp Phe Asp Tyr Asn Met Glu Lys Thr Leu Lys Pro Leu Gly Glu
545 550 555 560

Asp Asn Gly Tyr Gln His Leu Trp Asn Val Ala Ser Gly Lys Val Asn
565 570 575

Glu Glu Gly Ser Leu Val Ser Trp Leu His Asp Ser Ser Tyr Tyr Ser
580 585 590

Leu Val Thr Ser Ala Asn Ala Gly Ser Glu Val Ile Phe Ala Arg Thr
595 600 605

Gly Ala Asn Asp Pro Asp Phe Asn Leu Lys Ser Glu Pro Ala Phe Ile
610 615 620

Leu Arg Gln Ser Gly Gln Asn His Val Phe Ala Ser Val Leu Glu Thr
625 630 635 640

His Gly Tyr Phe Asn Glu Ser Ile Glu Ala Ser Val Gly Ala Arg Gly
645 650 655

Leu Val Lys Ser Val Ser Val Val Gly His Asn Ser Val Gly Thr Val
660 665 670

Val Arg Ile Gln Thr Thr Ser Gly Asn Thr Tyr His Tyr Gly Ile Ser
675 680 685

Asn Gln Ala Glu Asp Thr Gln Gln Ala Thr His Thr Val Glu Phe Ala
690 695 700

Gly Glu Thr Tyr Ser Trp Glu Gly Ser Phe Ala Gln Leu
705 710 715

<210> SEQ ID NO 19

<211> LENGTH: 825

<212> TYPE: DNA

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 19

atgaagtggt tattggcaat agttgcgatg tctggtgteg cattggegge agaaaataag 60
aatgttgagg tgagcagtga gcatttegte cgttatcaat accaagacaa aatcagctat 120
ggaaagctag acaatgacgc agtgttaccyg gtcageggeg atctetttgg cgaatatteg 180
gtagcaaaaa attcgatccc gttagagtcg gttgaggtgt tactaccgac aaaaccagag 240
aaagtctteg ccgtegggat gaactteget agecacttag cctcacctge cgatgcacca 300
ccgecgatgt ttettaaact tecttettet ttgattetea cgggecgaagt gattcaagtg 360
ccaccaaaag caagaaatgt tcattttgaa ggecgagetgg tggttgtgat tggtagagag 420
ctcagtcaag ccagtgaaga agaagccgaa caagegatcet ttggegtcac ggtgggcaac 480
gatattactyg aaagaagttg gcaaggcgcce gatttacaat ggctccgage gaaagettec 540
gatggttttyg gcceggttgg caacacaatt gtgcgeggca ttgattacaa caatattgag 600

ttaaccactc gtgttaacgg taaagtggtt caacaagaaa atacttcgtt catgatccac 660
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aagccaagaa aagtcgtgag ctatttgage tattatttta ccctcaaacc gggcgatcta 720
attttcatgg gcacgccagg tagaacttat getcectgteceg acaaagatca agtgagtgte 780
acgattgaag gggtagggac tgtggtaaat gaagtgcggt tctga 825

<210> SEQ ID NO 20

<211> LENGTH: 274

<212> TYPE: PRT

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 20

Met Lys Trp Leu Leu Ala Ile Val Ala Met Ser Gly Val Ala Leu Ala
1 5 10 15

Ala Glu Asn Lys Asn Val Glu Val Ser Ser Glu His Phe Val Arg Tyr
20 25 30

Gln Tyr Gln Asp Lys Ile Ser Tyr Gly Lys Leu Asp Asn Asp Ala Val
35 40 45

Leu Pro Val Ser Gly Asp Leu Phe Gly Glu Tyr Ser Val Ala Lys Asn
50 55 60

Ser Ile Pro Leu Glu Ser Val Glu Val Leu Leu Pro Thr Lys Pro Glu
65 70 75 80

Lys Val Phe Ala Val Gly Met Asn Phe Ala Ser His Leu Ala Ser Pro
85 90 95

Ala Asp Ala Pro Pro Pro Met Phe Leu Lys Leu Pro Ser Ser Leu Ile
100 105 110

Leu Thr Gly Glu Val Ile Gln Val Pro Pro Lys Ala Arg Asn Val His
115 120 125

Phe Glu Gly Glu Leu Val Val Val Ile Gly Arg Glu Leu Ser Gln Ala
130 135 140

Ser Glu Glu Glu Ala Glu Gln Ala Ile Phe Gly Val Thr Val Gly Asn
145 150 155 160

Asp Ile Thr Glu Arg Ser Trp Gln Gly Ala Asp Leu Gln Trp Leu Arg
165 170 175

Ala Lys Ala Ser Asp Gly Phe Gly Pro Val Gly Asn Thr Ile Val Arg
180 185 190

Gly Ile Asp Tyr Asn Asn Ile Glu Leu Thr Thr Arg Val Asn Gly Lys
195 200 205

Val Val Gln Gln Glu Asn Thr Ser Phe Met Ile His Lys Pro Arg Lys
210 215 220

Val Val Ser Tyr Leu Ser Tyr Tyr Phe Thr Leu Lys Pro Gly Asp Leu
225 230 235 240

Ile Phe Met Gly Thr Pro Gly Arg Thr Tyr Ala Leu Ser Asp Lys Asp
245 250 255

Gln Val Ser Val Thr Ile Glu Gly Val Gly Thr Val Val Asn Glu Val
260 265 270

Arg Phe

<210> SEQ ID NO 21
<211> LENGTH: 717
<212> TYPE: DNA

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 21
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atggctagca cttttaattc aatttcggge tcgaagcgta gcoctgcacgt gcaagtagca 60
cgcgaaatcg ctcgaggaat tttgtctggt gatctgeege aaggttctat tattcctggt 120
gaaatggcgt tgtgtgaaca gtttggtatc agccgaacgg cacttcgtga agcagttaaa 180
ctactgacct ctaaaggtct gttagagtct cgccctaaaa ttggtactcg cgtagtcgac 240
cgcgcatact ggaacttcct tgatcctcaa ctgattgaat ggatggacgg actaaccgac 300
gtagaccaat tctgttctca gtttttagge cttcecgccgtg cgatcgagec tgaagegtgt 360
gcactggcgg caaaatttgc gacagctgaa caacgtatcg agctttcaga gatcttccaa 420
aagatggtcg aagtggatga agctgaagtg tttgaccaag aacgttggac agacattgat 480
actcgtttcec atagcttgat cttcaatgeg accggtaacg acttctatct accgtteggt 540
aatattctga ctactatgtt cgttaacttc atagtgcatt cttctgaaga gggaagcaca 600
tgcatcaatg aacaccgcag aatctatgaa gctatcatgg ccggtgattg tgacaaggct 660
agaattgctt ctgctgttca cttgcaagat gccaaccacc gtttggcaac agcataa 717

<210> SEQ ID NO 22

<211> LENGTH: 238

<212> TYPE: PRT

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 22

Met Ala Ser Thr Phe Asn Ser Ile Ser Gly Ser Lys Arg Ser Leu His
1 5 10 15

Val Gln Val Ala Arg Glu Ile Ala Arg Gly Ile Leu Ser Gly Asp Leu
Pro Gln Gly Ser Ile Ile Pro Gly Glu Met Ala Leu Cys Glu Gln Phe
35 40 45

Gly Ile Ser Arg Thr Ala Leu Arg Glu Ala Val Lys Leu Leu Thr Ser
50 55 60

Lys Gly Leu Leu Glu Ser Arg Pro Lys Ile Gly Thr Arg Val Val Asp
65 70 75 80

Arg Ala Tyr Trp Asn Phe Leu Asp Pro Gln Leu Ile Glu Trp Met Asp
85 90 95

Gly Leu Thr Asp Val Asp Gln Phe Cys Ser Gln Phe Leu Gly Leu Arg
100 105 110

Arg Ala Ile Glu Pro Glu Ala Cys Ala Leu Ala Ala Lys Phe Ala Thr
115 120 125

Ala Glu Gln Arg Ile Glu Leu Ser Glu Ile Phe Gln Lys Met Val Glu
130 135 140

Val Asp Glu Ala Glu Val Phe Asp Gln Glu Arg Trp Thr Asp Ile Asp
145 150 155 160

Thr Arg Phe His Ser Leu Ile Phe Asn Ala Thr Gly Asn Asp Phe Tyr
165 170 175

Leu Pro Phe Gly Asn Ile Leu Thr Thr Met Phe Val Asn Phe Ile Val
180 185 190

His Ser Ser Glu Glu Gly Ser Thr Cys Ile Asn Glu His Arg Arg Ile
195 200 205

Tyr Glu Ala Ile Met Ala Gly Asp Cys Asp Lys Ala Arg Ile Ala Ser
210 215 220

Ala Val His Leu Gln Asp Ala Asn His Arg Leu Ala Thr Ala
225 230 235
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<210> SEQ ID NO 23
<211> LENGTH: 1779
<212> TYPE: DNA
<213> ORGANISM: Vibrio splendidus
<400> SEQUENCE: 23
atggaactca acacgattat tgtcggcatt tatttcctat tcettgattge gataggttgg 60
atgtttagaa catttacaag tactactagt gactacttcc gegggggegyg taacatgttg 120
tggtggatgg ttggtgcaac cgcctttatg acccagttta gtgcatggac attcaccggt 180
gcagcaggta aagcgtataa cgatggtttc getgtagegg tcatcttegt agecaacgea 240
tttggttact tcatgaacta cgcgtacttc gegecgaaat tcecgtcaact tcegegttgtt 300
acggtaatcg aagcgattcg tatgegtttt ggtgcgacca acgaacaagt attcacttgg 360
tcttecaatge caaactcagt ggtatctgeg ggtgtgtggt taaacgcatt ggcaatcate 420
gecttegggta tetteggttt cgacatgaac atgactatct gggtgactgg cctagtggta 480
ttggcaatgt cggtaacagg tggttcatgg geggtaatceg catctgactt catgcagatg 540
gttatcatca tggcggtaac ggtaacttgt geggttgtag cggttgttca aggtggeggt 600
gttggtgaga ttgttaacaa cttcccagta caagatggtg gttcegttect ttggggcaac 660
aacatcaact acctaagcat ctttacgatt tgggcattct tcatcttegt taagcagtte 720
tcaatcacga acaacatgct taactcttac cgttacctag cggctaaaga ctcaaagaac 780
gctaagaaag ctgcactgct tgettgtgtg ttgatgttgt gtggtgtgtt tatttggtte 840
atgccttett ggttcattge aggccaaggt gttgatttat cageggctta cccgaatgca 900
ggtaaaaaag cgggtgactt tgcttaccta tacttcgtac aagagtacat gccagcaggt 960
atggttggtc tattagttgc cgcgatgttt gcagcgacaa tgtcttcaat ggactcaggt 1020
ctaaaccgta actcaggtat ttttgttaag aacttctacg aaacaatcgt tcgtaaaggt 1080
caagcatcag agaaagagct agtaaccgta tctaaaatta cttcagcggt atttggtttce 1140
gctattatee taatcgcaca gttcatcaac tcattaaaag gcttaagect gtttgatacg 1200
atgatgtacg taggtgcgtt aatcggcttc cctatgacga ttcctgcatt ccttggttte 1260
ttcatcaaga agactccgga ctgggctggt tggggaacgce tagttgttgg tggtatcgta 1320
tcttatgtgg ttggttttgt tatcaacgcg gagatggtag cagcggcgtt tggtcttgat 1380
actctaacag gacgtgaatg gtctgatgtt aaagttgcga ttggtctgat tgctcacatc 1440
acgctaaccg gtggcttett cgtactatct acgatgttcect acaagcecctcect atcaaaagaa 1500
cgtcaagcgg atgttgataa gttctttgge aacttagata ccccattagt agctgaatcg 1560
gcagagcaaa aagtgttgga taacaaacaa cgtcaaatgc ttggtaaact gattgcggta 1620
gcgggtgttyg gtattatgct gatggctett ctgactaacc caatgtgggg gcgcctagtce 1680
ttcatcttat gtggtgtgat agtgggtggt gtcggtattc tacttgtgaa agcggtcgat 1740
gacggcggca agcaagcgaa agcagtaacc gaaagctaa 1779

<210> SEQ ID NO 24
<211> LENGTH: 592
<212> TYPE: PRT

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 24
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Met Glu Leu Asn Thr Ile Ile Val Gly Ile Tyr Phe Leu Phe Leu Ile
Ala Ile Gly Trp Met Phe Arg Thr Phe Thr Ser Thr Thr Ser Asp Tyr
20 25 30

Phe Arg Gly Gly Gly Asn Met Leu Trp Trp Met Val Gly Ala Thr Ala
35 40 45

Phe Met Thr Gln Phe Ser Ala Trp Thr Phe Thr Gly Ala Ala Gly Lys
50 55 60

Ala Tyr Asn Asp Gly Phe Ala Val Ala Val Ile Phe Val Ala Asn Ala
65 70 75 80

Phe Gly Tyr Phe Met Asn Tyr Ala Tyr Phe Ala Pro Lys Phe Arg Gln
85 90 95

Leu Arg Val Val Thr Val Ile Glu Ala Ile Arg Met Arg Phe Gly Ala
100 105 110

Thr Asn Glu Gln Val Phe Thr Trp Ser Ser Met Pro Asn Ser Val Val
115 120 125

Ser Ala Gly Val Trp Leu Asn Ala Leu Ala Ile Ile Ala Ser Gly Ile
130 135 140

Phe Gly Phe Asp Met Asn Met Thr Ile Trp Val Thr Gly Leu Val Val
145 150 155 160

Leu Ala Met Ser Val Thr Gly Gly Ser Trp Ala Val Ile Ala Ser Asp
165 170 175

Phe Met Gln Met Val Ile Ile Met Ala Val Thr Val Thr Cys Ala Val
180 185 190

Val Ala Val Val Gln Gly Gly Gly Val Gly Glu Ile Val Asn Asn Phe
195 200 205

Pro Val Gln Asp Gly Gly Ser Phe Leu Trp Gly Asn Asn Ile Asn Tyr
210 215 220

Leu Ser Ile Phe Thr Ile Trp Ala Phe Phe Ile Phe Val Lys Gln Phe
225 230 235 240

Ser Ile Thr Asn Asn Met Leu Asn Ser Tyr Arg Tyr Leu Ala Ala Lys
245 250 255

Asp Ser Lys Asn Ala Lys Lys Ala Ala Leu Leu Ala Cys Val Leu Met
260 265 270

Leu Cys Gly Val Phe Ile Trp Phe Met Pro Ser Trp Phe Ile Ala Gly
275 280 285

Gln Gly Val Asp Leu Ser Ala Ala Tyr Pro Asn Ala Gly Lys Lys Ala
290 295 300

Gly Asp Phe Ala Tyr Leu Tyr Phe Val Gln Glu Tyr Met Pro Ala Gly
305 310 315 320

Met Val Gly Leu Leu Val Ala Ala Met Phe Ala Ala Thr Met Ser Ser
325 330 335

Met Asp Ser Gly Leu Asn Arg Asn Ser Gly Ile Phe Val Lys Asn Phe
340 345 350

Tyr Glu Thr Ile Val Arg Lys Gly Gln Ala Ser Glu Lys Glu Leu Val
355 360 365

Thr Val Ser Lys Ile Thr Ser Ala Val Phe Gly Phe Ala Ile Ile Leu
370 375 380

Ile Ala Gln Phe Ile Asn Ser Leu Lys Gly Leu Ser Leu Phe Asp Thr
385 390 395 400
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Met Met Tyr Val Gly Ala Leu Ile Gly Phe Pro Met Thr Ile Pro Ala
405 410 415

Phe Leu Gly Phe Phe Ile Lys Lys Thr Pro Asp Trp Ala Gly Trp Gly
420 425 430

Thr Leu Val Val Gly Gly Ile Val Ser Tyr Val Val Gly Phe Val Ile
435 440 445

Asn Ala Glu Met Val Ala Ala Ala Phe Gly Leu Asp Thr Leu Thr Gly
450 455 460

Arg Glu Trp Ser Asp Val Lys Val Ala Ile Gly Leu Ile Ala His Ile
465 470 475 480

Thr Leu Thr Gly Gly Phe Phe Val Leu Ser Thr Met Phe Tyr Lys Pro
485 490 495

Leu Ser Lys Glu Arg Gln Ala Asp Val Asp Lys Phe Phe Gly Asn Leu
500 505 510

Asp Thr Pro Leu Val Ala Glu Ser Ala Glu Gln Lys Val Leu Asp Asn
515 520 525

Lys Gln Arg Gln Met Leu Gly Lys Leu Ile Ala Val Ala Gly Val Gly
530 535 540

Ile Met Leu Met Ala Leu Leu Thr Asn Pro Met Trp Gly Arg Leu Val
545 550 555 560

Phe Ile Leu Cys Gly Val Ile Val Gly Gly Val Gly Ile Leu Leu Val
565 570 575

Lys Ala Val Asp Asp Gly Gly Lys Gln Ala Lys Ala Val Thr Glu Ser
580 585 590

<210> SEQ ID NO 25

<211> LENGTH: 2079

<212> TYPE: DNA

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 25

atgagcgacce aaaaatctct tgatgcaate aggaagatga agctggaaaa cgatacttca 60
gcaggtaatc ttgtagacct actccctatce gaagttcaaa cacgtgactt cgacctatca 120
ttcctagaca ccttgagega agcacgteceg cgtcettettg ttcaagetga tcagetagaa 180
gaattcaaag caaaagtgaa agctgatcaa gctcactgta tgtttgatga tttctacaac 240
aactctaccyg ttaagttect tgagactget cctttegaag agectcaage gtacccaget 300
gagacggtag gtaaagcttc tctatggegt ccttattgge gtcaaatgta cgttgattge 360
caaatggcac tgaacgcgac acgtaaccta gegattgetg gtgttgtaaa agaagacgaa 420
gegetecattyg cgaaagcaaa agcttggact ctaaaactgt ctacgtacga tccagaaggce 480
gtgacttcte gtggctataa cgatgaageg getttcegtg ttategetge tatggettgg 540
ggttacgatt ggctacacgg ctacttcacc gatgaagaac gccagcaagt tcaagatget 600
ttgattgage gtctagacga aatcatgecac cacctgaaag tgacggttga tctattgaac 660
aacccactaa atagccacgg tgttegttet atctettetg ctatcatcce aacgtgtate 720
gegetttace acgatcacce gaaagcagge gagtacattg catacgeget agaatactac 780
gcagtacatt acccaccatg gggcggtgta gacggeggtt gggctgaagyg tcctgattac 840
tggaacacgc aaactgcatt cctaggcgaa gcattcgace tattgaaage atactgtggt 900

gtagacatgt ttaacaaaac attctacgaa aacacaggtg atttccecget ttactgeatg 960
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ccagttcact ctaagcgcgce gagcttectgt gaccagtett caatcggcga tttecccaggt 1020
ttaaaactgg cttacaacat caagcactac gcaggtgtta accagaagcc tgagtacgtt 1080
tggtactata accagcttaa aggccgtgat actgaagcac acaccaaatt ctacaacttc 1140
ggttggtggg acttcggtta tgacgatctt cgttttaact tectttggga tgcacctgaa 1200
gagaaagccc catcgaacga tccactgttg aaagtattcc caatcacggg ttgggctgca 1260
ttccacaaca agatgactga gcgtgataac catattcaca tggtattcaa atgttctccg 1320
tttggctcaa tcagccactce tcacggtgac caaaacgcat ttacgcttca cgcatttggt 1380
gaaacgctag cgtcagtaac aggttactat ggtggtttcg gtgtagacat gcacacgaaa 1440
tggcgtegte aaacgttctce taaaaacctg ccactatttg gecggtaaagg tcagtacggce 1500
gagaacaaga acacaggcta cgaaaaccac caagatcgct tttgtatcga agcgggcgge 1560
actatctctg acttcgacac tgaatctgat gtgaagatgg ttgaaggtga tgcaacggca 1620
tcttacaagt acttcgttcecc tgaaatcgaa tcttacaagce gtaaagtctg gttecgttcaa 1680
ggtaaagtct tcgtaatgca agacaaggca acgctttctg aagagaaaga catgacttgg 1740
ctaatgcaca caactttcgc aaacgaagtg gcagacaagt ctttcactat ccgtggcgaa 1800
gttgcgcacc tagacgtaaa cttcatcaac gagtctgctg ataacatcac gtcagttaag 1860
aacgttgaag gctttggcga agttgaccca tacgagttca aagatcttga gatccaccgt 1920
cacgtggaag tggaattcaa gccatcgaaa gagcacaaca tcctgacgcet tettgttect 1980
aataagaatg aaggcgagca agttgaagtg tttcacaagc ttgaaggcaa cacgctactg 2040
ctaaatgttg acggcgaaac ggtttcaatc gaactgtaa 2079
<210> SEQ ID NO 26

<211> LENGTH: 692

<212> TYPE: PRT

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 26

Met Ser Asp Gln Lys Ser Leu Asp Ala Ile Arg Lys Met Lys Leu Glu
1 5 10 15

Asn Asp Thr Ser Ala Gly Asn Leu Val Asp Leu Leu Pro Ile Glu Val
20 25 30

Gln Thr Arg Asp Phe Asp Leu Ser Phe Leu Asp Thr Leu Ser Glu Ala
35 40 45

Arg Pro Arg Leu Leu Val Gln Ala Asp Gln Leu Glu Glu Phe Lys Ala
50 55 60

Lys Val Lys Ala Asp Gln Ala His Cys Met Phe Asp Asp Phe Tyr Asn
65 70 75 80

Asn Ser Thr Val Lys Phe Leu Glu Thr Ala Pro Phe Glu Glu Pro Gln
85 90 95

Ala Tyr Pro Ala Glu Thr Val Gly Lys Ala Ser Leu Trp Arg Pro Tyr
100 105 110

Trp Arg Gln Met Tyr Val Asp Cys Gln Met Ala Leu Asn Ala Thr Arg
115 120 125

Asn Leu Ala Ile Ala Gly Val Val Lys Glu Asp Glu Ala Leu Ile Ala
130 135 140

Lys Ala Lys Ala Trp Thr Leu Lys Leu Ser Thr Tyr Asp Pro Glu Gly
145 150 155 160
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Val Thr Ser Arg Gly Tyr Asn Asp Glu Ala Ala Phe Arg Val Ile Ala
165 170 175

Ala Met Ala Trp Gly Tyr Asp Trp Leu His Gly Tyr Phe Thr Asp Glu
180 185 190

Glu Arg Gln Gln Val Gln Asp Ala Leu Ile Glu Arg Leu Asp Glu Ile
195 200 205

Met His His Leu Lys Val Thr Val Asp Leu Leu Asn Asn Pro Leu Asn
210 215 220

Ser His Gly Val Arg Ser Ile Ser Ser Ala Ile Ile Pro Thr Cys Ile
225 230 235 240

Ala Leu Tyr His Asp His Pro Lys Ala Gly Glu Tyr Ile Ala Tyr Ala
245 250 255

Leu Glu Tyr Tyr Ala Val His Tyr Pro Pro Trp Gly Gly Val Asp Gly
260 265 270

Gly Trp Ala Glu Gly Pro Asp Tyr Trp Asn Thr Gln Thr Ala Phe Leu
275 280 285

Gly Glu Ala Phe Asp Leu Leu Lys Ala Tyr Cys Gly Val Asp Met Phe
290 295 300

Asn Lys Thr Phe Tyr Glu Asn Thr Gly Asp Phe Pro Leu Tyr Cys Met
305 310 315 320

Pro Val His Ser Lys Arg Ala Ser Phe Cys Asp Gln Ser Ser Ile Gly
325 330 335

Asp Phe Pro Gly Leu Lys Leu Ala Tyr Asn Ile Lys His Tyr Ala Gly
340 345 350

Val Asn Gln Lys Pro Glu Tyr Val Trp Tyr Tyr Asn Gln Leu Lys Gly
355 360 365

Arg Asp Thr Glu Ala His Thr Lys Phe Tyr Asn Phe Gly Trp Trp Asp
370 375 380

Phe Gly Tyr Asp Asp Leu Arg Phe Asn Phe Leu Trp Asp Ala Pro Glu
385 390 395 400

Glu Lys Ala Pro Ser Asn Asp Pro Leu Leu Lys Val Phe Pro Ile Thr
405 410 415

Gly Trp Ala Ala Phe His Asn Lys Met Thr Glu Arg Asp Asn His Ile
420 425 430

His Met Val Phe Lys Cys Ser Pro Phe Gly Ser Ile Ser His Ser His
435 440 445

Gly Asp Gln Asn Ala Phe Thr Leu His Ala Phe Gly Glu Thr Leu Ala
450 455 460

Ser Val Thr Gly Tyr Tyr Gly Gly Phe Gly Val Asp Met His Thr Lys
465 470 475 480

Trp Arg Arg Gln Thr Phe Ser Lys Asn Leu Pro Leu Phe Gly Gly Lys
485 490 495

Gly Gln Tyr Gly Glu Asn Lys Asn Thr Gly Tyr Glu Asn His Gln Asp
500 505 510

Arg Phe Cys Ile Glu Ala Gly Gly Thr Ile Ser Asp Phe Asp Thr Glu
515 520 525

Ser Asp Val Lys Met Val Glu Gly Asp Ala Thr Ala Ser Tyr Lys Tyr
530 535 540

Phe Val Pro Glu Ile Glu Ser Tyr Lys Arg Lys Val Trp Phe Val Gln
545 550 555 560

Gly Lys Val Phe Val Met Gln Asp Lys Ala Thr Leu Ser Glu Glu Lys
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565 570 575

Asp Met Thr Trp Leu Met His Thr Thr Phe Ala Asn Glu Val Ala Asp
580 585 590

Lys Ser Phe Thr Ile Arg Gly Glu Val Ala His Leu Asp Val Asn Phe
595 600 605

Ile Asn Glu Ser Ala Asp Asn Ile Thr Ser Val Lys Asn Val Glu Gly
610 615 620

Phe Gly Glu Val Asp Pro Tyr Glu Phe Lys Asp Leu Glu Ile His Arg
625 630 635 640

His Val Glu Val Glu Phe Lys Pro Ser Lys Glu His Asn Ile Leu Thr
645 650 655

Leu Leu Val Pro Asn Lys Asn Glu Gly Glu Gln Val Glu Val Phe His
660 665 670

Lys Leu Glu Gly Asn Thr Leu Leu Leu Asn Val Asp Gly Glu Thr Val
675 680 685

Ser Ile Glu Leu
690

<210> SEQ ID NO 27

<211> LENGTH: 882

<212> TYPE: DNA

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 27

atgactaaac ctgtaatcgg tttcattgge ctaggtctta tgggcggcaa catggttgaa 60
aacctacaaa agcgcggcta ccacgtaaac gtaatggatce taagcgctga agetgttget 120
cgegtaacag atcgeggcaa cgcaactgea ttcacttcetyg ctaaagaact agcetgetgcea 180
agtgacatcg ttcagttttg tctgacaact tctgctgttyg ttgaaaaaat cgtttacgge 240
gaagacggceyg ttctagcggg catcaaagaa ggcgcagtac tagtagactt cggtacttet 300
atccctgett ctactaagaa aatcggegea getcettgetyg aaaaaggcege gggcatgate 360
gacgcaccte taggtcgtac tcctgcacac gctaaagatg gtcettcetgaa catcatgget 420
gctggcegaca tggaaacttt caacaaagtt aaacctgttce ttgaagagca aggcgaaaac 480
gtattccace taggggctct aggttcectggt cacgtgacta agettgtaaa caacttcatg 540
ggtatgacga ctgttgcgac tatgtctcaa getttegetg ttgctcaacyg cgetggtgtt 600
gatggccaac aactgtttga catcatgtct gcaggtccat ctaactctcc gttcatgcaa 660
ttectgtaagt tctacgeggt agacggcgaa gagaagctag gtttetetgt tgctaacgca 720
aacaaagacc ttggttactt ccttgcactt tgtgaagage taggtactga gtctctaate 780
gctcaaggta ctgcaacaag cctacaagct getgttgatg caggcatggg taacaacgac 840
gtaccagtaa tcttcgacta cttcgctaaa ctagagaagt aa 882

<210> SEQ ID NO 28

<211> LENGTH: 293

<212> TYPE: PRT

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 28

Met Thr Lys Pro Val Ile Gly Phe Ile Gly Leu Gly Leu Met Gly Gly
1 5 10 15

Asn Met Val Glu Asn Leu Gln Lys Arg Gly Tyr His Val Asn Val Met
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20 25 30

Asp Leu Ser Ala Glu Ala Val Ala Arg Val Thr Asp Arg Gly Asn Ala
35 40 45

Thr Ala Phe Thr Ser Ala Lys Glu Leu Ala Ala Ala Ser Asp Ile Val
50 55 60

Gln Phe Cys Leu Thr Thr Ser Ala Val Val Glu Lys Ile Val Tyr Gly
65 70 75 80

Glu Asp Gly Val Leu Ala Gly Ile Lys Glu Gly Ala Val Leu Val Asp
85 90 95

Phe Gly Thr Ser Ile Pro Ala Ser Thr Lys Lys Ile Gly Ala Ala Leu
100 105 110

Ala Glu Lys Gly Ala Gly Met Ile Asp Ala Pro Leu Gly Arg Thr Pro
115 120 125

Ala His Ala Lys Asp Gly Leu Leu Asn Ile Met Ala Ala Gly Asp Met
130 135 140

Glu Thr Phe Asn Lys Val Lys Pro Val Leu Glu Glu Gln Gly Glu Asn
145 150 155 160

Val Phe His Leu Gly Ala Leu Gly Ser Gly His Val Thr Lys Leu Val
165 170 175

Asn Asn Phe Met Gly Met Thr Thr Val Ala Thr Met Ser Gln Ala Phe
180 185 190

Ala Val Ala Gln Arg Ala Gly Val Asp Gly Gln Gln Leu Phe Asp Ile
195 200 205

Met Ser Ala Gly Pro Ser Asn Ser Pro Phe Met Gln Phe Cys Lys Phe
210 215 220

Tyr Ala Val Asp Gly Glu Glu Lys Leu Gly Phe Ser Val Ala Asn Ala
225 230 235 240

Asn Lys Asp Leu Gly Tyr Phe Leu Ala Leu Cys Glu Glu Leu Gly Thr
245 250 255

Glu Ser Leu Ile Ala Gln Gly Thr Ala Thr Ser Leu Gln Ala Ala Val
260 265 270

Asp Ala Gly Met Gly Asn Asn Asp Val Pro Val Ile Phe Asp Tyr Phe
275 280 285

Ala Lys Leu Glu Lys
290

<210> SEQ ID NO 29

<211> LENGTH: 1872

<212> TYPE: DNA

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 29

atggtagcegg tcgtcagttc tagtgetttg geatttacga actggtttac gcttaacttg 60
gccactgaac aggtaaacca aacgatttat aacgagattg atcactcget tacgatagaa 120
atcaatcaaa tagaaagtac cgttcagcgce accatcgata ccgttaactce tgttgcacaa 180
gagttcatga aatcccctta ccaagtgccg aatgaagcac tcatgcatta tgccgctaag 240
cttggtggca ttgacaagat tgtggtgggt tttgacgacyg gcecgttctta tacctctege 300
ccttecagagt cttteectaa cggtgttgga ataaaagaaa aatacaatcc aaccactcga 360
ccttggtatc aacaagcgaa attgaaatca ggcttatcectt ttagtggtet gtttttcact 420

aagagtactc aagtgectat gatcggtgtg acctactcat accaagatcg tgtcatcatg 480
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geecgatatac getttgacga tttggaaacg cagcttgaac agctggacag catctacgaa 540
gccaaaggca ttatcatcga cgaaaagggg atggtggtceg cttcaacaat cgaaaacgtg 600
cttecegcaaa ccaatatatc ttctgcagac actcaaatga aactcaacag tgccattgaa 660
cagcctgate aattcattga gggtgtgatt gatggtaacce agagaatctt gatggccaag 720
aaagtggata ttggcagcca gaaagagtgg ttcatgatct ccagtattga ccctgaacte 780
gegetcaate agetgaatgg cgtgatgtceg agtgcgegea tecttategt cgettgtgta 840
cttggctegg tgatattgat gattttactt ctgaatcgtt tctaccgcce aatcgtgtca 900
ctgcgcaaaa tcgtccacga tctatcacaa ggtaacggag acctcactca aaggettget 960

gagaagggga atgatgactt agggcatatc gccaaagaca tcaacttgtt cattatcggce 1020
ttacaagaga tggttaagga tgtgaaatac aagaactcgg atctcgatac caaggtactg 1080
agtattcgcg aaggttgtaa agaaaccagc gatgtactga aagttcatac tgatgaaacg 1140
gttcaagtgg tctctgcgat taacggettg tctgaagcat caaacgaagt agagaagagt 1200
tctcagtegyg cggcagaagce agcaagagag gecgetgtgt tcagtgatga gacgaaacag 1260
attaacacgg tgacggaaac ctatatcagt gatcttgaga agcaagtctg caccacttct 1320
gatgacattc gctcaatggce caatgaaacg cagagcatcc agtctatcgt gtctgtgatt 1380
ggcggaattyg cggaacaaac taatttgctg gcattgaatg cgtcaattga agcggcgagyg 1440
gcgggtgaac atggtcgagg tttegeggtg gttgctgatg aagtccecgtgce gctagccaac 1500
cgaacgcaaa tcagtacctc tgaaattgat gaagcgttat ctggcttgca gtctaaatca 1560
gatggtttgg ttaaatctat tgagttgacc aaaagtaact gtgaactgac tcgcgctcaa 1620
gttgttcaag ctgtaaacat gttggcgaag ctaaccgagc agatggaaac agtaagtcgt 1680
tttaataatg acatttcggg ttcgtctgtt gagcaaaacg cccttattca gagcattget 1740
aagaacatgc ataagattga aagctttgtt gaggagctta ataaactaag ccaagatcag 1800
ttaactgaat cagcagaaat caaaacactt aacggtagcg ttagtgaatt gatgagcagc 1860
tttaaggttt aa 1872
<210> SEQ ID NO 30

<211> LENGTH: 623

<212> TYPE: PRT

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 30

Met Val Ala Val Val Ser Ser Ser Ala Leu Ala Phe Thr Asn Trp Phe
1 5 10 15

Thr Leu Asn Leu Ala Thr Glu Gln Val Asn Gln Thr Ile Tyr Asn Glu
20 25 30

Ile Asp His Ser Leu Thr Ile Glu Ile Asn Gln Ile Glu Ser Thr Val
35 40 45

Gln Arg Thr Ile Asp Thr Val Asn Ser Val Ala Gln Glu Phe Met Lys
50 55 60

Ser Pro Tyr Gln Val Pro Asn Glu Ala Leu Met His Tyr Ala Ala Lys

Leu Gly Gly Ile Asp Lys Ile Val Val Gly Phe Asp Asp Gly Arg Ser
85 90 95

Tyr Thr Ser Arg Pro Ser Glu Ser Phe Pro Asn Gly Val Gly Ile Lys
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100 105 110

Glu Lys Tyr Asn Pro Thr Thr Arg Pro Trp Tyr Gln Gln Ala Lys Leu
115 120 125

Lys Ser Gly Leu Ser Phe Ser Gly Leu Phe Phe Thr Lys Ser Thr Gln
130 135 140

Val Pro Met Ile Gly Val Thr Tyr Ser Tyr Gln Asp Arg Val Ile Met
145 150 155 160

Ala Asp Ile Arg Phe Asp Asp Leu Glu Thr Gln Leu Glu Gln Leu Asp
165 170 175

Ser Ile Tyr Glu Ala Lys Gly Ile Ile Ile Asp Glu Lys Gly Met Val
180 185 190

Val Ala Ser Thr Ile Glu Asn Val Leu Pro Gln Thr Asn Ile Ser Ser
195 200 205

Ala Asp Thr Gln Met Lys Leu Asn Ser Ala Ile Glu Gln Pro Asp Gln
210 215 220

Phe Ile Glu Gly Val Ile Asp Gly Asn Gln Arg Ile Leu Met Ala Lys
225 230 235 240

Lys Val Asp Ile Gly Ser Gln Lys Glu Trp Phe Met Ile Ser Ser Ile
245 250 255

Asp Pro Glu Leu Ala Leu Asn Gln Leu Asn Gly Val Met Ser Ser Ala
260 265 270

Arg Ile Leu Ile Val Ala Cys Val Leu Gly Ser Val Ile Leu Met Ile
275 280 285

Leu Leu Leu Asn Arg Phe Tyr Arg Pro Ile Val Ser Leu Arg Lys Ile
290 295 300

Val His Asp Leu Ser Gln Gly Asn Gly Asp Leu Thr Gln Arg Leu Ala
305 310 315 320

Glu Lys Gly Asn Asp Asp Leu Gly His Ile Ala Lys Asp Ile Asn Leu
325 330 335

Phe Ile Ile Gly Leu Gln Glu Met Val Lys Asp Val Lys Tyr Lys Asn
340 345 350

Ser Asp Leu Asp Thr Lys Val Leu Ser Ile Arg Glu Gly Cys Lys Glu
355 360 365

Thr Ser Asp Val Leu Lys Val His Thr Asp Glu Thr Val Gln Val Val
370 375 380

Ser Ala Ile Asn Gly Leu Ser Glu Ala Ser Asn Glu Val Glu Lys Ser
385 390 395 400

Ser Gln Ser Ala Ala Glu Ala Ala Arg Glu Ala Ala Val Phe Ser Asp
405 410 415

Glu Thr Lys Gln Ile Asn Thr Val Thr Glu Thr Tyr Ile Ser Asp Leu
420 425 430

Glu Lys Gln Val Cys Thr Thr Ser Asp Asp Ile Arg Ser Met Ala Asn
435 440 445

Glu Thr Gln Ser Ile Gln Ser Ile Val Ser Val Ile Gly Gly Ile Ala
450 455 460

Glu Gln Thr Asn Leu Leu Ala Leu Asn Ala Ser Ile Glu Ala Ala Arg
465 470 475 480

Ala Gly Glu His Gly Arg Gly Phe Ala Val Val Ala Asp Glu Val Arg
485 490 495

Ala Leu Ala Asn Arg Thr Gln Ile Ser Thr Ser Glu Ile Asp Glu Ala
500 505 510
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Leu Ser Gly Leu Gln Ser Lys Ser Asp Gly Leu Val Lys Ser Ile Glu
515 520 525

Leu Thr Lys Ser Asn Cys Glu Leu Thr Arg Ala Gln Val Val Gln Ala
530 535 540

Val Asn Met Leu Ala Lys Leu Thr Glu Gln Met Glu Thr Val Ser Arg
545 550 555 560

Phe Asn Asn Asp Ile Ser Gly Ser Ser Val Glu Gln Asn Ala Leu Ile
565 570 575

Gln Ser Ile Ala Lys Asn Met His Lys Ile Glu Ser Phe Val Glu Glu
580 585 590

Leu Asn Lys Leu Ser Gln Asp Gln Leu Thr Glu Ser Ala Glu Ile Lys
595 600 605

Thr Leu Asn Gly Ser Val Ser Glu Leu Met Ser Ser Phe Lys Val
610 615 620

<210> SEQ ID NO 31

<211> LENGTH: 1743

<212> TYPE: DNA

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 31

gtgaataagc caatctttgt cgtegtacte gettegetta cgtatggetyg cggtggaage 60
agctccagtyg actctagtga cecttetgat accaataact caggagcatce ttatggtgtt 120
gttgctcect atgatattge caagtatcaa aacatccttt ccagetcaga tcttcaggtg 180
tctgatccta atggagagga gggcaataaa acctetgaag tcaaagatgg taacttcgat 240
ggttatgtca gtgattattt ttatgctgac gaagagacgg aaaatctgat cttcaaaatg 300
gcgaactaca agatgcgctce tgaagttcegt gaaggagaaa acttcgatat caatgaagea 360
ggcgtaagac gcagtctaca tgcggaaata agcctacctg atattgagca tgtaatggeg 420
agttctcceg cagatcacga tgaagtgacce gtgctacaga tccacaataa aggtacagac 480
gagagtggca cgggttatat ccctcatceg ctattgegtg tggtttggga gcaagaacga 540
gatggcctca caggtcacta ctgggcagtce atgaaaaata atgccattga ctgtageagt 600
gecgetgact ctteggattg ttatgecact tcatataate gectacgattt gggagaggeg 660
gatctcgata acttcaccaa gtttgatctt tctgtttatg aaaataccct ttegatcaaa 720
gtgaacgatg aagttaaagt cgacgaagac atcacctact ggcagcatct actgagttac 780
tttaaagcgg gtatctacaa tcaatttgaa aatggtgaag ccacggctca ctttcaggca 840
ctgcgataca ccaccacaca ggtcaacgge tcaaacgatt gggatattaa tgattggaag 900
ttgacgattc ctgcgagtaa agacacttgg tatggaagtg ggggtgacag tgcggctgaa 960

ctagaacctg agcgctgcga atcgagcaaa gaccttcteg ccaacgacag tgatgtctac 1020
gacagcgata ttggtcttte ttatttcaat accgatgaag ggagagtgca ctttagagcg 1080
gatatgggat atggcacctc taccgaaaat tctagctata ttcecgctcectga gctcagggag 1140
ttgtatcaaa gcagtgttca accggattgt agcaccagcg atgaagatac aagttggtat 1200
ttggacgaca ctagaacgaa cgctaccagt cacgagttaa ccgcaagctt acgaattgaa 1260
gactacccga acattaataa ccaagacccg aaagtggtgce ttgggcaaat acacggttgg 1320

aagatcaatc aagcattggt gaagttgtta tgggaaggcg agagtaagcc agtaagagtg 1380
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atactgaact ctgattttga gcgcaacaac caagactgta accattgtga cccgttcagt 1440
gtcgagttag gtacttattc ggcaagtgaa gagtggcgat atacgattcg agccaatcaa 1500
gacggtatct acttagcgac tcatgattta gatggaacta atacggtttc tcatttaatc 1560
ccttggggac aagattacac agataaagat ggggacacgg tctcgttgac gtcagattgg 1620
acatcgacag acatcgcttt ctatttcaaa gcgggcatct acccacaatt taagcctgat 1680
agcgactatg cgggtgaagt gtttgatgtg agctttagtt ctctaagagc agagcataac 1740
tga 1743
<210> SEQ ID NO 32

<211> LENGTH: 580

<212> TYPE: PRT

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 32

Met Asn Lys Pro Ile Phe Val Val Val Leu Ala Ser Leu Thr Tyr Gly
1 5 10 15

Cys Gly Gly Ser Ser Ser Ser Asp Ser Ser Asp Pro Ser Asp Thr Asn
20 25 30

Asn Ser Gly Ala Ser Tyr Gly Val Val Ala Pro Tyr Asp Ile Ala Lys
35 40 45

Tyr Gln Asn Ile Leu Ser Ser Ser Asp Leu Gln Val Ser Asp Pro Asn
50 55 60

Gly Glu Glu Gly Asn Lys Thr Ser Glu Val Lys Asp Gly Asn Phe Asp
65 70 75 80

Gly Tyr Val Ser Asp Tyr Phe Tyr Ala Asp Glu Glu Thr Glu Asn Leu
85 90 95

Ile Phe Lys Met Ala Asn Tyr Lys Met Arg Ser Glu Val Arg Glu Gly
100 105 110

Glu Asn Phe Asp Ile Asn Glu Ala Gly Val Arg Arg Ser Leu His Ala
115 120 125

Glu Ile Ser Leu Pro Asp Ile Glu His Val Met Ala Ser Ser Pro Ala
130 135 140

Asp His Asp Glu Val Thr Val Leu Gln Ile His Asn Lys Gly Thr Asp
145 150 155 160

Glu Ser Gly Thr Gly Tyr Ile Pro His Pro Leu Leu Arg Val Val Trp
165 170 175

Glu Gln Glu Arg Asp Gly Leu Thr Gly His Tyr Trp Ala Val Met Lys
180 185 190

Asn Asn Ala Ile Asp Cys Ser Ser Ala Ala Asp Ser Ser Asp Cys Tyr
195 200 205

Ala Thr Ser Tyr Asn Arg Tyr Asp Leu Gly Glu Ala Asp Leu Asp Asn
210 215 220

Phe Thr Lys Phe Asp Leu Ser Val Tyr Glu Asn Thr Leu Ser Ile Lys
225 230 235 240

Val Asn Asp Glu Val Lys Val Asp Glu Asp Ile Thr Tyr Trp Gln His
245 250 255

Leu Leu Ser Tyr Phe Lys Ala Gly Ile Tyr Asn Gln Phe Glu Asn Gly
260 265 270

Glu Ala Thr Ala His Phe Gln Ala Leu Arg Tyr Thr Thr Thr Gln Val
275 280 285
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Asn Gly Ser Asn Asp Trp Asp Ile Asn Asp Trp Lys Leu Thr Ile Pro
290 295 300

Ala Ser Lys Asp Thr Trp Tyr Gly Ser Gly Gly Asp Ser Ala Ala Glu
305 310 315 320

Leu Glu Pro Glu Arg Cys Glu Ser Ser Lys Asp Leu Leu Ala Asn Asp
325 330 335

Ser Asp Val Tyr Asp Ser Asp Ile Gly Leu Ser Tyr Phe Asn Thr Asp
340 345 350

Glu Gly Arg Val His Phe Arg Ala Asp Met Gly Tyr Gly Thr Ser Thr
355 360 365

Glu Asn Ser Ser Tyr Ile Arg Ser Glu Leu Arg Glu Leu Tyr Gln Ser
370 375 380

Ser Val Gln Pro Asp Cys Ser Thr Ser Asp Glu Asp Thr Ser Trp Tyr
385 390 395 400

Leu Asp Asp Thr Arg Thr Asn Ala Thr Ser His Glu Leu Thr Ala Ser
405 410 415

Leu Arg Ile Glu Asp Tyr Pro Asn Ile Asn Asn Gln Asp Pro Lys Val
420 425 430

Val Leu Gly Gln Ile His Gly Trp Lys Ile Asn Gln Ala Leu Val Lys
435 440 445

Leu Leu Trp Glu Gly Glu Ser Lys Pro Val Arg Val Ile Leu Asn Ser
450 455 460

Asp Phe Glu Arg Asn Asn Gln Asp Cys Asn His Cys Asp Pro Phe Ser
465 470 475 480

Val Glu Leu Gly Thr Tyr Ser Ala Ser Glu Glu Trp Arg Tyr Thr Ile
485 490 495

Arg Ala Asn Gln Asp Gly Ile Tyr Leu Ala Thr His Asp Leu Asp Gly
500 505 510

Thr Asn Thr Val Ser His Leu Ile Pro Trp Gly Gln Asp Tyr Thr Asp
515 520 525

Lys Asp Gly Asp Thr Val Ser Leu Thr Ser Asp Trp Thr Ser Thr Asp
530 535 540

Ile Ala Phe Tyr Phe Lys Ala Gly Ile Tyr Pro Gln Phe Lys Pro Asp
545 550 555 560

Ser Asp Tyr Ala Gly Glu Val Phe Asp Val Ser Phe Ser Ser Leu Arg
565 570 575

Ala Glu His Asn
580

<210> SEQ ID NO 33

<211> LENGTH: 1569

<212> TYPE: DNA

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 33

atgaaacaaa ttactctaaa aactttactc gecttettecta ttctacttge ggttggttgt 60
gecgagcacga gcacgcctac tgctgatttt ccaaataaca aagaaactgyg tgaagegett 120
ctgacgccag ttgctgttte cgctagtage catgatggta acggacctga tcegtcetegtt 180
gaccaagacc taactacacg ttggtcatct gegggtgacg gcegagtggge aacgctagac 240
tatggttcag tacaggagtt tgacgcggtt caggcatctt tcagtaaagg taatcagcege 300

caatctaaat ttgatatcca agtgagtgtt gatggcgaaa getggacaac ggtactagaa 360
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aaccaactaa gctcaggtaa agcgatcgge ctagagegtt tccaatttga gccagtagtg 420
caagcacgct acgtaagata cgttggtcac ggtaacacca aaaacggttg gaacagtgtg 480
actggattag cggcggttaa ctgtagcatt aacgcatgtc ctgctagcca tatcatcact 540
tcagacgtgg ttgcagcaga agccgtgatt attgctgaaa tgaaagcggc agaaaaagca 600
cgtaaagatg cgcgcaaaga tctacgctct ggtaactteg gtgtagcagce ggtttaccct 660
tgtgagacga ccgttgaatg tgacactcge agtgcacttc cagttccgac aggectgcca 720
gcgacaccag ttgcaggtaa ctcgccaagc gaaaactttg acatgacgca ttggtaccta 780
tctcaaccat ttgaccatga caaaaatggc aaacctgatg atgtgtctga gtggaacctt 840
gcaaacggtt accaacaccc tgaaatcttc tacacagctg atgacggegg cctagtattc 900
aaagcttacg tgaaaggtgt acgtacctct aaaaacacta agtacgcgcg tacagagcett 960

cgtgaaatga tgcgtcgtgg tgatcagtct attagcacta aaggtgttaa taagaataac 1020
tgggtattct caagcgctcece tgaatctgac ttagagtcegg cagcgggtat tgacggecgtt 1080
ctagaagcga cgttgaaaat cgaccatgca acaacgacgg gtaatgcgaa tgaagtaggt 1140
cgctttatca ttggtcagat tcacgatcaa aacgatgaac caattcgttt gtactaccgt 1200
aaactgccaa accaagaaac gggtgcggtt tacttcegcac atgaaagcca agacgcaact 1260
aaagaggact tctaccctcet agtgggcgac atgacggctg aagtgggtga cgatggtatce 1320
gcgettggeg aagtgttcag ctaccgtatt gacgttaaag gcaacacgat gactgtaacyg 1380
ctaatacgtg aaggcaaaga cgatgttgta caagtggttg atatgagcaa cagcggctac 1440
gacgcaggcg gcaagtacat gtacttcaaa gccggtgttt acaaccaaaa catcagcggce 1500
gacctagacg attactcaca agcgactttc tatcagctag atgtatcgca cgatcaatac 1560
aaaaagtaa 1569
<210> SEQ ID NO 34

<211> LENGTH: 522

<212> TYPE: PRT

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 34

Met Lys Gln Ile Thr Leu Lys Thr Leu Leu Ala Ser Ser Ile Leu Leu
1 5 10 15

Ala Val Gly Cys Ala Ser Thr Ser Thr Pro Thr Ala Asp Phe Pro Asn
20 25 30

Asn Lys Glu Thr Gly Glu Ala Leu Leu Thr Pro Val Ala Val Ser Ala
35 40 45

Ser Ser His Asp Gly Asn Gly Pro Asp Arg Leu Val Asp Gln Asp Leu
50 55 60

Thr Thr Arg Trp Ser Ser Ala Gly Asp Gly Glu Trp Ala Thr Leu Asp
65 70 75 80

Tyr Gly Ser Val Gln Glu Phe Asp Ala Val Gln Ala Ser Phe Ser Lys
85 90 95

Gly Asn Gln Arg Gln Ser Lys Phe Asp Ile Gln Val Ser Val Asp Gly
100 105 110

Glu Ser Trp Thr Thr Val Leu Glu Asn Gln Leu Ser Ser Gly Lys Ala
115 120 125

Ile Gly Leu Glu Arg Phe Gln Phe Glu Pro Val Val Gln Ala Arg Tyr



US 2009/0139134 Al Jun. 4, 2009
146

-continued

130 135 140

Val Arg Tyr Val Gly His Gly Asn Thr Lys Asn Gly Trp Asn Ser Val
145 150 155 160

Thr Gly Leu Ala Ala Val Asn Cys Ser Ile Asn Ala Cys Pro Ala Ser
165 170 175

His Ile Ile Thr Ser Asp Val Val Ala Ala Glu Ala Val Ile Ile Ala
180 185 190

Glu Met Lys Ala Ala Glu Lys Ala Arg Lys Asp Ala Arg Lys Asp Leu
195 200 205

Arg Ser Gly Asn Phe Gly Val Ala Ala Val Tyr Pro Cys Glu Thr Thr
210 215 220

Val Glu Cys Asp Thr Arg Ser Ala Leu Pro Val Pro Thr Gly Leu Pro
225 230 235 240

Ala Thr Pro Val Ala Gly Asn Ser Pro Ser Glu Asn Phe Asp Met Thr
245 250 255

His Trp Tyr Leu Ser Gln Pro Phe Asp His Asp Lys Asn Gly Lys Pro
260 265 270

Asp Asp Val Ser Glu Trp Asn Leu Ala Asn Gly Tyr Gln His Pro Glu
275 280 285

Ile Phe Tyr Thr Ala Asp Asp Gly Gly Leu Val Phe Lys Ala Tyr Val
290 295 300

Lys Gly Val Arg Thr Ser Lys Asn Thr Lys Tyr Ala Arg Thr Glu Leu
305 310 315 320

Arg Glu Met Met Arg Arg Gly Asp Gln Ser Ile Ser Thr Lys Gly Val
325 330 335

Asn Lys Asn Asn Trp Val Phe Ser Ser Ala Pro Glu Ser Asp Leu Glu
340 345 350

Ser Ala Ala Gly Ile Asp Gly Val Leu Glu Ala Thr Leu Lys Ile Asp
355 360 365

His Ala Thr Thr Thr Gly Asn Ala Asn Glu Val Gly Arg Phe Ile Ile
370 375 380

Gly Gln Ile His Asp Gln Asn Asp Glu Pro Ile Arg Leu Tyr Tyr Arg
385 390 395 400

Lys Leu Pro Asn Gln Glu Thr Gly Ala Val Tyr Phe Ala His Glu Ser
405 410 415

Gln Asp Ala Thr Lys Glu Asp Phe Tyr Pro Leu Val Gly Asp Met Thr
420 425 430

Ala Glu Val Gly Asp Asp Gly Ile Ala Leu Gly Glu Val Phe Ser Tyr
435 440 445

Arg Ile Asp Val Lys Gly Asn Thr Met Thr Val Thr Leu Ile Arg Glu
450 455 460

Gly Lys Asp Asp Val Val Gln Val Val Asp Met Ser Asn Ser Gly Tyr
465 470 475 480

Asp Ala Gly Gly Lys Tyr Met Tyr Phe Lys Ala Gly Val Tyr Asn Gln
485 490 495

Asn Ile Ser Gly Asp Leu Asp Asp Tyr Ser Gln Ala Thr Phe Tyr Gln
500 505 510

Leu Asp Val Ser His Asp Gln Tyr Lys Lys
515 520

<210> SEQ ID NO 35
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<211> LENGTH: 1230
<212> TYPE: DNA
<213> ORGANISM: Vibrio splendidus
<400> SEQUENCE: 35
atgcaaattt ctaaagtcge tacagctgte getctttega caggtttatt atttggttgt 60
aacagtgatg gtttacctat tccaacagat ccaggcggaa cagaccctgt tgaacctgtt 120
gaagtttact ctatagaaaa cgtctattgg gatctgacag gtggtgctgt tgetgcacag 180
tcactcageg gaacttcacce atatcgettt gataataatg aggaaggtac tcegtgctcta 240
agcatttaca gtggagacgt agctaatgge ttcacttttg agagttcaat atatactgcet 300
gaagaagaag gtgttgtttc ctttgaaggt aaggactgta cttacacagt gactgagcaa 360
cagctagata tgacctgtga aaaagatgac gtagaaacag cttactcage aacagagatt 420
acagatgaat ctgttataac tgcattagaa aatgccgatg atggaaaacc taaatcagtce 480
gatgatgtga acgctgcgat tgcatcagca gaagatggceg cgattattga tttatcatct 540
gaaggtacgt ttgataccgg tgttattgag ctaaataaag ctgtcacaat tgatggtget 600
ggtttagcaa ccattaccgg agatgcttgt attgatgtca ctgcaccegyg tgcaggtatc 660
aaaaacatga cttttgctaa cgacaatttg gecegggtgtt ttggtaggga gtcagetggt 720
acttcagata atgaaactgg tgcgatcgtt attggtaaaa ttggtaaaga ttcagatcct 780
gtagcacttyg aaaacctaaa gttcgatgca aacggcatta ccgaagatga tctaggtact 840
aaaaaagcaa gttggttatt ctctecgaggt tactttacat tagacaatag cgaatttgte 900
ggtttaagtyg gcagtttcca aaataatgca attcgtatta actgtagtag tgacaacggg 960

cgatttggtt cacaaatcac aaataataca ttcactatta actctggtgg tagtgatgtg 1020
ggcggaatta aagttggtga ttctagcagt gccgtcataa agaatagtga tgataacctt 1080
ggctgtaatg tcactattga aagcaatacg ttcaatggtt acaaaaccct actttcagcet 1140
gacaacggta aagatataag aaatacagcc atctacgcac aaccatctgc agtgaacact 1200
gcggcaggta aagaaaatat cttgaactaa 1230
<210> SEQ ID NO 36

<211> LENGTH: 409

<212> TYPE: PRT

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 36

Met Gln Ile Ser Lys Val Ala Thr Ala Val Ala Leu Ser Thr Gly Leu
1 5 10 15

Leu Phe Gly Cys Asn Ser Asp Gly Leu Pro Ile Pro Thr Asp Pro Gly
20 25 30

Gly Thr Asp Pro Val Glu Pro Val Glu Val Tyr Ser Ile Glu Asn Val
35 40 45

Tyr Trp Asp Leu Thr Gly Gly Ala Val Ala Ala Gln Ser Leu Ser Gly
50 55 60

Thr Ser Pro Tyr Arg Phe Asp Asn Asn Glu Glu Gly Thr Arg Ala Leu
65 70 75 80

Ser Ile Tyr Ser Gly Asp Val Ala Asn Gly Phe Thr Phe Glu Ser Ser

Ile Tyr Thr Ala Glu Glu Glu Gly Val Val Ser Phe Glu Gly Lys Asp
100 105 110
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Cys Thr Tyr Thr Val Thr Glu Gln Gln Leu Asp Met Thr Cys Glu Lys
115 120 125

Asp Asp Val Glu Thr Ala Tyr Ser Ala Thr Glu Ile Thr Asp Glu Ser
130 135 140

Val Ile Thr Ala Leu Glu Asn Ala Asp Asp Gly Lys Pro Lys Ser Val
145 150 155 160

Asp Asp Val Asn Ala Ala Ile Ala Ser Ala Glu Asp Gly Ala Ile Ile
165 170 175

Asp Leu Ser Ser Glu Gly Thr Phe Asp Thr Gly Val Ile Glu Leu Asn
180 185 190

Lys Ala Val Thr Ile Asp Gly Ala Gly Leu Ala Thr Ile Thr Gly Asp
195 200 205

Ala Cys Ile Asp Val Thr Ala Pro Gly Ala Gly Ile Lys Asn Met Thr
210 215 220

Phe Ala Asn Asp Asn Leu Ala Gly Cys Phe Gly Arg Glu Ser Ala Gly
225 230 235 240

Thr Ser Asp Asn Glu Thr Gly Ala Ile Val Ile Gly Lys Ile Gly Lys
245 250 255

Asp Ser Asp Pro Val Ala Leu Glu Asn Leu Lys Phe Asp Ala Asn Gly
260 265 270

Ile Thr Glu Asp Asp Leu Gly Thr Lys Lys Ala Ser Trp Leu Phe Ser
275 280 285

Arg Gly Tyr Phe Thr Leu Asp Asn Ser Glu Phe Val Gly Leu Ser Gly
290 295 300

Ser Phe Gln Asn Asn Ala Ile Arg Ile Asn Cys Ser Ser Asp Asn Gly
305 310 315 320

Arg Phe Gly Ser Gln Ile Thr Asn Asn Thr Phe Thr Ile Asn Ser Gly
325 330 335

Gly Ser Asp Val Gly Gly Ile Lys Val Gly Asp Ser Ser Ser Ala Val
340 345 350

Ile Lys Asn Ser Asp Asp Asn Leu Gly Cys Asn Val Thr Ile Glu Ser
355 360 365

Asn Thr Phe Asn Gly Tyr Lys Thr Leu Leu Ser Ala Asp Asn Gly Lys
370 375 380

Asp Ile Arg Asn Thr Ala Ile Tyr Ala Gln Pro Ser Ala Val Asn Thr
385 390 395 400

Ala Ala Gly Lys Glu Asn Ile Leu Asn
405

<210> SEQ ID NO 37

<211> LENGTH: 861

<212> TYPE: DNA

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 37

atgaattctyg ttacaaaaat tgctgcaget gttgecatgta ctettttage gggcacagcet 60
getggtgeat ctettgatta tegttacgag tatcgtgetg cgacggatta tacaaagact 120
aatggtgata cggctcacgt agacgctege catcaacacce gagttaaget aggtgaaage 180
tttaagctgt cagacaagtg gaagcactct actggtctag aacttaagtt ccacggtgat 240

gactcttact atgatgaaga ttcaggttct gttaaatcag caaacagcca gagtttttac 300
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gatggcaatt ggtacatcta tggtatggag atcgataaca ctgcgacata caaaatagac 360
aataattggt atctacaaat gggtatgect attgettggg attgggatga gcctaatget 420
aacgatggceg actggaagat gaaaaaggtt acgtttaaac ctcagttccg cgttggctat 480
aaagcagata tgggtttaac aactgctatt cgttaccgte atgaatatgce tgacttccgt 540
aaccacacac aatttggcga caaagattct gaaactggeg agcegtttaga atcagctcaa 600
aagtctaaag ttacactgac gggctcttac aaaattgaat ctctacctaa gcttggectt 660
tcttacgaag caaactatgt aaaatctttg gataacgtac ttctttataa tagtgatgac 720
tgggaatggg atgctggett aaaggtaaac tacaagtteg gttcttggaa accttttget 780
gaaatctggt cttctgatat cagttcatct tcaaaagatc gtgaagctaa ataccgtgtt 840
ggtattgctt actcattcta a 861

<210> SEQ ID NO 38

<211> LENGTH: 286

<212> TYPE: PRT

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 38

Met Asn Ser Val Thr Lys Ile Ala Ala Ala Val Ala Cys Thr Leu Leu
1 5 10 15

Ala Gly Thr Ala Ala Gly Ala Ser Leu Asp Tyr Arg Tyr Glu Tyr Arg
20 25 30

Ala Ala Thr Asp Tyr Thr Lys Thr Asn Gly Asp Thr Ala His Val Asp
35 40 45

Ala Arg His Gln His Arg Val Lys Leu Gly Glu Ser Phe Lys Leu Ser
50 55 60

Asp Lys Trp Lys His Ser Thr Gly Leu Glu Leu Lys Phe His Gly Asp
65 70 75 80

Asp Ser Tyr Tyr Asp Glu Asp Ser Gly Ser Val Lys Ser Ala Asn Ser
85 90 95

Gln Ser Phe Tyr Asp Gly Asn Trp Tyr Ile Tyr Gly Met Glu Ile Asp
100 105 110

Asn Thr Ala Thr Tyr Lys Ile Asp Asn Asn Trp Tyr Leu Gln Met Gly
115 120 125

Met Pro Ile Ala Trp Asp Trp Asp Glu Pro Asn Ala Asn Asp Gly Asp
130 135 140

Trp Lys Met Lys Lys Val Thr Phe Lys Pro Gln Phe Arg Val Gly Tyr
145 150 155 160

Lys Ala Asp Met Gly Leu Thr Thr Ala Ile Arg Tyr Arg His Glu Tyr
165 170 175

Ala Asp Phe Arg Asn His Thr Gln Phe Gly Asp Lys Asp Ser Glu Thr
180 185 190

Gly Glu Arg Leu Glu Ser Ala Gln Lys Ser Lys Val Thr Leu Thr Gly
195 200 205

Ser Tyr Lys Ile Glu Ser Leu Pro Lys Leu Gly Leu Ser Tyr Glu Ala
210 215 220

Asn Tyr Val Lys Ser Leu Asp Asn Val Leu Leu Tyr Asn Ser Asp Asp
225 230 235 240

Trp Glu Trp Asp Ala Gly Leu Lys Val Asn Tyr Lys Phe Gly Ser Trp
245 250 255
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Lys Pro Phe Ala Glu Ile Trp Ser Ser Asp Ile Ser Ser Ser Ser Lys
260 265 270

Asp Arg Glu Ala Lys Tyr Arg Val Gly Ile Ala Tyr Ser Phe
275 280 285

<210> SEQ ID NO 39

<211> LENGTH: 1038

<212> TYPE: DNA

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 39

atgtttaaga aaaacatatt agcagtggeg ttattagcga ctgtgccaat ggttacttte 60
gcaaataacg gtgtttctta cccegtacct gecgataaat tcgatatgea taattggaaa 120
ataaccatac cttcagatat taatgaagat ggtcgegttg atgaaataga aggggtcegcet 180
atgatgagct actcacatag tgatttctte catcttgata aagacggcaa ccttgtattt 240
gaagtgcaga accaagcgat tacgacgaaa aactcgaaga atgcgegtte tgagttacge 300
cagatgccaa gaggcgcaga tttetcetate gatacggetg ataaaggaaa ccagtgggca 360
ctgtcgagte acccagegge tagtgaatac agtgetgtgg geggaacatt agaagcgaca 420
ttaaaagtga atcacgtcte agttaacgct aagttcccag aaaaatacce agctcattcet 480
gttgtggttyg gtcagattca tgctaaaaaa cacaacgagce taatcaaagc tggaaccggt 540
tatgggcatg gtaatgaacc actaaagatc ttctataaga agtttectga ccaagaaatg 600
ggttcagtat tctggaacta tgaacgtaac ctagagaaaa aagatcctaa ccgtgecgat 660
atcgcttate cagtgtgggg taacacgtgg gaaaaccctg cagagecggdg tgaageceggt 720
attgctecttyg gtgaagagtt tagctacaaa gtggaagtga aaggcaccat gatgtaccta 780
acgtttgaaa ccgagegtca cgataccgtt aagtatgaaa tegacctgag taagggcatce 840
gatgaacttyg actcaccaac gggctatgct gaagatgatt tttactacaa agegggegea 900
tacggccaat gtagegtgag cgattctcac cctgtatggg ggeetggttyg tggeggtact 960

ggcgattteg ctgtcgataa aaagaatggc gattacaaca gtgtgacttt ctectgcgett 1020
aagttaaacg gtaaatag 1038
<210> SEQ ID NO 40

<211> LENGTH: 345

<212> TYPE: PRT

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 40

Met Phe Lys Lys Asn Ile Leu Ala Val Ala Leu Leu Ala Thr Val Pro
1 5 10 15

Met Val Thr Phe Ala Asn Asn Gly Val Ser Tyr Pro Val Pro Ala Asp
20 25 30

Lys Phe Asp Met His Asn Trp Lys Ile Thr Ile Pro Ser Asp Ile Asn
35 40 45

Glu Asp Gly Arg Val Asp Glu Ile Glu Gly Val Ala Met Met Ser Tyr
50 55 60

Ser His Ser Asp Phe Phe His Leu Asp Lys Asp Gly Asn Leu Val Phe

Glu Val Gln Asn Gln Ala Ile Thr Thr Lys Asn Ser Lys Asn Ala Arg
85 90 95
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Ser Glu Leu Arg Gln Met Pro Arg Gly Ala Asp Phe Ser Ile Asp Thr
100 105 110

Ala Asp Lys Gly Asn Gln Trp Ala Leu Ser Ser His Pro Ala Ala Ser
115 120 125

Glu Tyr Ser Ala Val Gly Gly Thr Leu Glu Ala Thr Leu Lys Val Asn
130 135 140

His Val Ser Val Asn Ala Lys Phe Pro Glu Lys Tyr Pro Ala His Ser
145 150 155 160

Val Val Val Gly Gln Ile His Ala Lys Lys His Asn Glu Leu Ile Lys
165 170 175

Ala Gly Thr Gly Tyr Gly His Gly Asn Glu Pro Leu Lys Ile Phe Tyr
180 185 190

Lys Lys Phe Pro Asp Gln Glu Met Gly Ser Val Phe Trp Asn Tyr Glu
195 200 205

Arg Asn Leu Glu Lys Lys Asp Pro Asn Arg Ala Asp Ile Ala Tyr Pro
210 215 220

Val Trp Gly Asn Thr Trp Glu Asn Pro Ala Glu Pro Gly Glu Ala Gly
225 230 235 240

Ile Ala Leu Gly Glu Glu Phe Ser Tyr Lys Val Glu Val Lys Gly Thr
245 250 255

Met Met Tyr Leu Thr Phe Glu Thr Glu Arg His Asp Thr Val Lys Tyr
260 265 270

Glu Ile Asp Leu Ser Lys Gly Ile Asp Glu Leu Asp Ser Pro Thr Gly
275 280 285

Tyr Ala Glu Asp Asp Phe Tyr Tyr Lys Ala Gly Ala Tyr Gly Gln Cys
290 295 300

Ser Val Ser Asp Ser His Pro Val Trp Gly Pro Gly Cys Gly Gly Thr
305 310 315 320

Gly Asp Phe Ala Val Asp Lys Lys Asn Gly Asp Tyr Asn Ser Val Thr
325 330 335

Phe Ser Ala Leu Lys Leu Asn Gly Lys
340 345

<210> SEQ ID NO 41

<211> LENGTH: 897

<212> TYPE: DNA

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 41

atggataact ctcecggtgct gagccgattt ttagagaatg gatttttact ccagcagaaa 60
ctgagccttg ttetttgttg tgtgttgatce gcagecttetg catggatttt aggacagcett 120
gcatggttta ttgaacctge tgagcaaacc gtcgtgecat ggacagcaac ggcttccteg 180
tcttcaacge ctcaatcgac tcttgatate tettetttge agcagagcaa catgtttggt 240
gcttataacce caaccacgcce tgctgtggtt gagcagcaag ttatccaaga tgcgccaaag 300
acgcgactga acctegtttt agtgggtgca gtagccagtt ctaatccaaa gctgagettg 360
getgtgattyg ccaatcgegg cacacaagca acctacggca ttaatgaaga gatcgaaggt 420
acgcgagcta agttaaaagc ggtattagtc gatcgcgtga ttattgataa ctcaggtcga 480
gacgaaacct tgatgcttga aggcattgag tacaagegtt tgtctgtatc agcacctgeg 540

ccacctegta cctettette tgtgegtgge aacaacccag cttetgcaga agagaagcta 600
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gatgaaatta aagcgaagat aatgaaagat ccgcaacaaa tcttccaata tgttcgactg 660
tctcaggtga aacgcgacga taaagtgatt ggttatcgtg tgagccctgg caaagattca 720
gaacttttta actctgttgg gctccaaaac ggagatattg ccactcagtt aaatggacaa 780
gacctgacag accctgctge tatgggcaac atattccgtt ctatctcaga gctgacagag 840
ctaaacctcg tcgtcgagag agatggtcaa caacatgaag tgtttattga attttag 897

<210> SEQ ID NO 42

<211> LENGTH: 298

<212> TYPE: PRT

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 42

Met Asp Asn Ser Pro Val Leu Ser Arg Phe Leu Glu Asn Gly Phe Leu
1 5 10 15

Leu Gln Gln Lys Leu Ser Leu Val Leu Cys Cys Val Leu Ile Ala Ala
20 25 30

Ser Ala Trp Ile Leu Gly Gln Leu Ala Trp Phe Ile Glu Pro Ala Glu
Gln Thr Val Val Pro Trp Thr Ala Thr Ala Ser Ser Ser Ser Thr Pro
50 55 60

Gln Ser Thr Leu Asp Ile Ser Ser Leu Gln Gln Ser Asn Met Phe Gly
65 70 75 80

Ala Tyr Asn Pro Thr Thr Pro Ala Val Val Glu Gln Gln Val Ile Gln
85 90 95

Asp Ala Pro Lys Thr Arg Leu Asn Leu Val Leu Val Gly Ala Val Ala
100 105 110

Ser Ser Asn Pro Lys Leu Ser Leu Ala Val Ile Ala Asn Arg Gly Thr
115 120 125

Gln Ala Thr Tyr Gly Ile Asn Glu Glu Ile Glu Gly Thr Arg Ala Lys
130 135 140

Leu Lys Ala Val Leu Val Asp Arg Val Ile Ile Asp Asn Ser Gly Arg
145 150 155 160

Asp Glu Thr Leu Met Leu Glu Gly Ile Glu Tyr Lys Arg Leu Ser Val
165 170 175

Ser Ala Pro Ala Pro Pro Arg Thr Ser Ser Ser Val Arg Gly Asn Asn
180 185 190

Pro Ala Ser Ala Glu Glu Lys Leu Asp Glu Ile Lys Ala Lys Ile Met
195 200 205

Lys Asp Pro Gln Gln Ile Phe Gln Tyr Val Arg Leu Ser Gln Val Lys
210 215 220

Arg Asp Asp Lys Val Ile Gly Tyr Arg Val Ser Pro Gly Lys Asp Ser
225 230 235 240

Glu Leu Phe Asn Ser Val Gly Leu Gln Asn Gly Asp Ile Ala Thr Gln
245 250 255

Leu Asn Gly Gln Asp Leu Thr Asp Pro Ala Ala Met Gly Asn Ile Phe
260 265 270

Arg Ser Ile Ser Glu Leu Thr Glu Leu Asn Leu Val Val Glu Arg Asp
275 280 285

Gly Gln Gln His Glu Val Phe Ile Glu Phe
290 295
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<210> SEQ ID NO 43
<211> LENGTH: 2025
<212> TYPE: DNA
<213> ORGANISM: Vibrio splendidus
<400> SEQUENCE: 43
gtgaagcatt ggtttaagaa aagtgcatgg ttattggcag gaagcttaat ctgcacaccce 60
gcagccateg cgagtgattt tagtgccage tttaaaggca ctgatattca agagtttatt 120
aatattgttg gtcgtaacct agagaagacg atcatcgttyg acccttceggt gcecgeggaaaa 180
atcgatgtac gcagctacga cgtactcaat gaagagcaat actacagctt cttcectaaac 240
gtattggaag tgtatggcta cgcggttgtc gaaatggact cgggtgttcet taagatcatce 300
aaggccaaag attcgaaaac atcggcaatt ccagtcegttyg gagacagtga cacgatcaaa 360
ggcgacaatyg tggtgacacg tgttgtgacg gttcegtaatg tcteggtgeg tgaactttet 420
cctetgette gtcaactaaa cgacaatgca ggcgcegggta acgttgtgea ctacgaccca 480
gccaacatca tecttattac aggecgagceg geggtagtaa accgtttage tgaaatcatce 540
aagcgtgttyg accaagcggg tgataaagag attgaagteg ttgagctaaa gaatgettcet 600
gcggcagaaa tggtacgtat cgttgatgceg ttaagcaaaa ccactgatgc gaaaaacaca 660
cctgcattte tacaacctaa attagttgec gatgaacgta ccaatgcgat tcttatctca 720
ggcgacccta aagtacgtag ccgtttaaga aggctgattg aacagcttga tgttgaaatg 780
gcaaccaagyg gcaataacca agttatttac cttaaatatg caaaagccga agatctagtt 840
gatgtgctga aaggcgtgte ggacaaccta caatcagaga agcagacatc aaccaaagga 900
agttcatcge agcgtaacca agtgatgatce tcagctcaca gtgacaccaa ctctttagtg 960
attaccgcac agccggacat catgaatgcg cttcaagatg tgatcgcaca gctggatatt 1020
cgtcgtgete aagtattgat tgaagcactg attgtcgaaa tggccgaagg tgacggcgtt 1080
aaccttggtg tgcagtgggg taaccttgaa acgggtgcca tgattcagta cagcaacact 1140
ggcgctteca ttggeggtgt gatggttggt ttagaagaag cgaaagacag cgaaacgaca 1200
accgctgttt atgattcaga cggtaaattc ttacgtaatg aaaccacgac ggaagaaggt 1260
gactattcaa cattagcttc cgcactttct ggtgttaatg gtgcggcaat gagtgtggta 1320
atgggtgact ggaccgcctt gatcagtgca gtagcgaccg attcaaattc aaatatccta 1380
tcttcectecaa gtatcaccgt gatggataac ggcgaagegt cattcattgt gggtgaagag 1440
gtgcectgtte taaccggtte tacagcaggce tcaagtaacg acaacccatt ccaaacagtt 1500
gaacgtaaag aagtgggtat caagcttaaa gtggtgccgc aaatcaatga aggtgattcg 1560
gttcaactgc aaatagaaca agaagtatcg aacgtattag gcgccaatgg tgcggttgat 1620
gtgcgttttyg ctaagcgaca gctaaataca tcagtgattg ttcaagacgg tcaaatgctg 1680
gtgttgggtyg gcttgattga cgagcgagca ttggaaagtg aatctaaggt gccgttettg 1740
ggagatattc ctgtgcttgg acacttgttc aaatcaacca gtactcaggt tgagaaaaag 1800
aacctaatgg tcttcatcaa accaaccatt attcgtgatg gtatgacagce cgatggtatc 1860
acgcagcgta aatacaactt catccgtgct gagcagttgt acaaggctga gcaaggactg 1920
aagttaatgg cagacgataa catcccagta ttgcctaaat ttggtgccga catgaatcac 1980
ccggctgaaa ttcaagcctt catcgatcaa atggaacaag aataa 2025
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<210> SEQ ID NO 44

<211> LENGTH: 674

<212> TYPE: PRT

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 44

Met Lys His Trp Phe Lys Lys Ser Ala Trp Leu Leu Ala Gly Ser
1 5 10 15

Ile Cys Thr Pro Ala Ala Ile Ala Ser Asp Phe Ser Ala Ser Phe
20 25 30

Gly Thr Asp Ile Gln Glu Phe Ile Asn Ile Val Gly Arg Asn Leu
Lys Thr Ile Ile Val Asp Pro Ser Val Arg Gly Lys Ile Asp Val
50 55 60

Ser Tyr Asp Val Leu Asn Glu Glu Gln Tyr Tyr Ser Phe Phe Leu
65 70 75

Val Leu Glu Val Tyr Gly Tyr Ala Val Val Glu Met Asp Ser Gly
85 90 95

Leu Lys Ile Ile Lys Ala Lys Asp Ser Lys Thr Ser Ala Ile Pro
100 105 110

Val Gly Asp Ser Asp Thr Ile Lys Gly Asp Asn Val Val Thr Arg
115 120 125

Val Thr Val Arg Asn Val Ser Val Arg Glu Leu Ser Pro Leu Leu
130 135 140

Gln Leu Asn Asp Asn Ala Gly Ala Gly Asn Val Val His Tyr Asp
145 150 155

Ala Asn Ile Ile Leu Ile Thr Gly Arg Ala Ala Val Val Asn Arg
165 170 175

Ala Glu Ile Ile Lys Arg Val Asp Gln Ala Gly Asp Lys Glu Ile
180 185 190

Val Val Glu Leu Lys Asn Ala Ser Ala Ala Glu Met Val Arg Ile
195 200 205

Asp Ala Leu Ser Lys Thr Thr Asp Ala Lys Asn Thr Pro Ala Phe
210 215 220

Gln Pro Lys Leu Val Ala Asp Glu Arg Thr Asn Ala Ile Leu Ile
225 230 235

Gly Asp Pro Lys Val Arg Ser Arg Leu Arg Arg Leu Ile Glu Gln
245 250 255

Asp Val Glu Met Ala Thr Lys Gly Asn Asn Gln Val Ile Tyr Leu
260 265 270

Tyr Ala Lys Ala Glu Asp Leu Val Asp Val Leu Lys Gly Val Ser
275 280 285

Asn Leu Gln Ser Glu Lys Gln Thr Ser Thr Lys Gly Ser Ser Ser
290 295 300

Arg Asn Gln Val Met Ile Ser Ala His Ser Asp Thr Asn Ser Leu
305 310 315

Ile Thr Ala Gln Pro Asp Ile Met Asn Ala Leu Gln Asp Val Ile
325 330 335

Gln Leu Asp Ile Arg Arg Ala Gln Val Leu Ile Glu Ala Leu Ile
340 345 350

Glu Met Ala Glu Gly Asp Gly Val Asn Leu Gly Val Gln Trp Gly
355 360 365

Leu

Lys

Glu

Arg

Asn

80

Val

Val

Val

Arg

Pro

160

Leu

Glu

Val

Leu

Ser

240

Leu

Lys

Asp

Gln

Val

320

Ala

Val

Asn



US 2009/0139134 Al Jun. 4, 2009
155

-continued

Leu Glu Thr Gly Ala Met Ile Gln Tyr Ser Asn Thr Gly Ala Ser Ile
370 375 380

Gly Gly Val Met Val Gly Leu Glu Glu Ala Lys Asp Ser Glu Thr Thr
385 390 395 400

Thr Ala Val Tyr Asp Ser Asp Gly Lys Phe Leu Arg Asn Glu Thr Thr
405 410 415

Thr Glu Glu Gly Asp Tyr Ser Thr Leu Ala Ser Ala Leu Ser Gly Val
420 425 430

Asn Gly Ala Ala Met Ser Val Val Met Gly Asp Trp Thr Ala Leu Ile
435 440 445

Ser Ala Val Ala Thr Asp Ser Asn Ser Asn Ile Leu Ser Ser Pro Ser
450 455 460

Ile Thr Val Met Asp Asn Gly Glu Ala Ser Phe Ile Val Gly Glu Glu
465 470 475 480

Val Pro Val Leu Thr Gly Ser Thr Ala Gly Ser Ser Asn Asp Asn Pro
485 490 495

Phe Gln Thr Val Glu Arg Lys Glu Val Gly Ile Lys Leu Lys Val Val
500 505 510

Pro Gln Ile Asn Glu Gly Asp Ser Val Gln Leu Gln Ile Glu Gln Glu
515 520 525

Val Ser Asn Val Leu Gly Ala Asn Gly Ala Val Asp Val Arg Phe Ala
530 535 540

Lys Arg Gln Leu Asn Thr Ser Val Ile Val Gln Asp Gly Gln Met Leu
545 550 555 560

Val Leu Gly Gly Leu Ile Asp Glu Arg Ala Leu Glu Ser Glu Ser Lys
565 570 575

Val Pro Phe Leu Gly Asp Ile Pro Val Leu Gly His Leu Phe Lys Ser
580 585 590

Thr Ser Thr Gln Val Glu Lys Lys Asn Leu Met Val Phe Ile Lys Pro
595 600 605

Thr Ile Ile Arg Asp Gly Met Thr Ala Asp Gly Ile Thr Gln Arg Lys
610 615 620

Tyr Asn Phe Ile Arg Ala Glu Gln Leu Tyr Lys Ala Glu Gln Gly Leu
625 630 635 640

Lys Leu Met Ala Asp Asp Asn Ile Pro Val Leu Pro Lys Phe Gly Ala
645 650 655

Asp Met Asn His Pro Ala Glu Ile Gln Ala Phe Ile Asp Gln Met Glu
660 665 670

Gln Glu

<210> SEQ ID NO 45
<211> LENGTH: 1503
<212> TYPE: DNA

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 45

atggctgaat tggtagggge ggcacgtact tatcageget tgcegtttag ctttgcgaat 60
cgctacaaga tggtgttgga ataccaacat ccagagegeg caccgatact ttattatgtt 120
gagccactga aatcggegge gatcattgaa gtgagtcegtg ttgtgaaaaa tggtttcacg 180
ccacaagcga ttactctega tgagtttgat aaaaaactaa cecgatgetta tcagegtgac 240

tcgtcagaag ctegtcaget catggaagac attggtgetg atagtgatga tttettetca 300
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ctagcggaag aactgcctca agacgaagac ttacttgaat cagaagatga tgcaccaatc 360
atcaagttaa tcaatgcgat gctgggtgag gcgatcaaag agggtgcttc ggatatacac 420
atcgaaacct ttgaaaagtc actttgtatc cgtttccgag ttgatggtgt gectgegtgat 480
gttctagecge caagccgtaa actggctcceg ctattggttt cacgtgtcaa ggttatgget 540
aaactggata ttgcggaaaa acgcgtgcca caagatggtce gtatttctct gegtattggt 600
ggccgagegg ttgatgttceg tgtttcaacc atgccttett cgcatggtga gegtgtggta 660
atgcgtctgt tggacaaaaa tgccactcgt ctagacttge acagtttagg tatgacagcc 720
gaaaaccatg aaaacttccg taagctgatt cagcgcccac atggcattat cttggtgacc 780
ggcccgacag gttcaggtaa atcgacgacc ttgtacgcag gtctgcaaga actcaacagce 840
aatgaacgaa acattttaac cgttgaagac ccaatcgaat tcgatatcga tggcattggt 900
caaacacaag tgaaccctaa ggttgatatg acctttgege gtggtttacg tgccattcett 960

cgtcaagatc ctgatgttgt tatgattggt gagatccgtg acttggagac cgcagagatt 1020
gctgtccagg cctetttgac aggtcactta gttatgtcga ctectgcatac caatactgece 1080
gtcggtgcga ttacacgtct acgtgatatg ggcattgaac ctttcttgat ctecttcetteg 1140
ctgctgggtg ttttggctca gegettggtt cgtactttat gtaacgaatg taaagaacct 1200
tatgaagccg ataaagagca gaagaaactg tttgggttga agaagaaaga aagcttgacg 1260
ctttaccatg ccaaaggttg tgaagagtgt ggccataagg gttatcgagg tcecgtacgggt 1320
attcatgagc tgttgatgat tgatgattca gtacaagagc tgattcacag tgaagcgggt 1380
gagcaggcga ttgataaagc aattcgtggce acaacaccaa gtattcgaga tgatggettg 1440
agcaaagttc tgaaaggggt aacgtcccta gaagaagtga tgcgcgtgac caaggaagtce 1500
tag 1503
<210> SEQ ID NO 46

<211> LENGTH: 500

<212> TYPE: PRT

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 46

Met Ala Glu Leu Val Gly Ala Ala Arg Thr Tyr Gln Arg Leu Pro Phe
1 5 10 15

Ser Phe Ala Asn Arg Tyr Lys Met Val Leu Glu Tyr Gln His Pro Glu
20 25 30

Arg Ala Pro Ile Leu Tyr Tyr Val Glu Pro Leu Lys Ser Ala Ala Ile
35 40 45

Ile Glu Val Ser Arg Val Val Lys Asn Gly Phe Thr Pro Gln Ala Ile
50 55 60

Thr Leu Asp Glu Phe Asp Lys Lys Leu Thr Asp Ala Tyr Gln Arg Asp
65 70 75 80

Ser Ser Glu Ala Arg Gln Leu Met Glu Asp Ile Gly Ala Asp Ser Asp
85 90 95

Asp Phe Phe Ser Leu Ala Glu Glu Leu Pro Gln Asp Glu Asp Leu Leu
100 105 110

Glu Ser Glu Asp Asp Ala Pro Ile Ile Lys Leu Ile Asn Ala Met Leu
115 120 125

Gly Glu Ala Ile Lys Glu Gly Ala Ser Asp Ile His Ile Glu Thr Phe
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130 135 140

Glu Lys Ser Leu Cys Ile Arg Phe Arg Val Asp Gly Val Leu Arg Asp
145 150 155 160

Val Leu Ala Pro Ser Arg Lys Leu Ala Pro Leu Leu Val Ser Arg Val
165 170 175

Lys Val Met Ala Lys Leu Asp Ile Ala Glu Lys Arg Val Pro Gln Asp
180 185 190

Gly Arg Ile Ser Leu Arg Ile Gly Gly Arg Ala Val Asp Val Arg Val
195 200 205

Ser Thr Met Pro Ser Ser His Gly Glu Arg Val Val Met Arg Leu Leu
210 215 220

Asp Lys Asn Ala Thr Arg Leu Asp Leu His Ser Leu Gly Met Thr Ala
225 230 235 240

Glu Asn His Glu Asn Phe Arg Lys Leu Ile Gln Arg Pro His Gly Ile
245 250 255

Ile Leu Val Thr Gly Pro Thr Gly Ser Gly Lys Ser Thr Thr Leu Tyr
260 265 270

Ala Gly Leu Gln Glu Leu Asn Ser Asn Glu Arg Asn Ile Leu Thr Val
275 280 285

Glu Asp Pro Ile Glu Phe Asp Ile Asp Gly Ile Gly Gln Thr Gln Val
290 295 300

Asn Pro Lys Val Asp Met Thr Phe Ala Arg Gly Leu Arg Ala Ile Leu
305 310 315 320

Arg Gln Asp Pro Asp Val Val Met Ile Gly Glu Ile Arg Asp Leu Glu
325 330 335

Thr Ala Glu Ile Ala Val Gln Ala Ser Leu Thr Gly His Leu Val Met
340 345 350

Ser Thr Leu His Thr Asn Thr Ala Val Gly Ala Ile Thr Arg Leu Arg
355 360 365

Asp Met Gly Ile Glu Pro Phe Leu Ile Ser Ser Ser Leu Leu Gly Val
370 375 380

Leu Ala Gln Arg Leu Val Arg Thr Leu Cys Asn Glu Cys Lys Glu Pro
385 390 395 400

Tyr Glu Ala Asp Lys Glu Gln Lys Lys Leu Phe Gly Leu Lys Lys Lys
405 410 415

Glu Ser Leu Thr Leu Tyr His Ala Lys Gly Cys Glu Glu Cys Gly His
420 425 430

Lys Gly Tyr Arg Gly Arg Thr Gly Ile His Glu Leu Leu Met Ile Asp
435 440 445

Asp Ser Val Gln Glu Leu Ile His Ser Glu Ala Gly Glu Gln Ala Ile
450 455 460

Asp Lys Ala Ile Arg Gly Thr Thr Pro Ser Ile Arg Asp Asp Gly Leu
465 470 475 480

Ser Lys Val Leu Lys Gly Val Thr Ser Leu Glu Glu Val Met Arg Val
485 490 495

Thr Lys Glu Val
500

<210> SEQ ID NO 47

<211> LENGTH: 1221

<212> TYPE: DNA

<213> ORGANISM: Vibrio splendidus
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<400> SEQUENCE: 47

atggcggcat ttgaatacaa agcactggat gccaaaggca aaagtaaaaa aggctcaatt 60
gaagcagata atgctcgtca ggctcgccaa agaataaaag agcttggett gatgceggtt 120
gagatgaccg aggctaaagc aaaaacagca aaaggtgctc agccatcgac cagctttaaa 180
cgcggeatca gtacgcctga tcttgegett attactcgte aaatatccac gctegttcaa 240
tctggtatge cgctagaaga gtgtttgaaa gcecgttgccg aacagtctga gaaacctegt 300
attcgcacca tgctactcge ggtgagatct aaggtgactg aaggttattc gttagcagac 360
agcttgtectg attatcccca tatcttcegat gagctattca gagccatggt tgctgetggt 420
gagaagtcag ggcatctaga tgcggtattg gaacgattgg ctgactacgc agaaaaccgt 480
cagaagatgc gttctaagtt gctgcaagcg atgatctacc ccatcgtget ggtggtgttt 540
gcggtgacga ttgtgtegtt cctactggca acggtagtgce cgaagatcgt tgagectatt 600
atccaaatgg gacaagagct ccctcagtcg acacaatttt tattagcatc gagtgaattt 660
atccagaatt ggggcatcca attactggtg ttgaccattg gtgtgattgt gttggttaag 720
actgcgctga aaaagccggg cgttcgcatg agectgggatc gcaaattatt gagcatcccg 780
ctgataggca agatagcgaa agggatcaac acctctecgtt ttgcacgaac actttctatc 840
tgtacctcta gtgcgattce tatccttgaa gggatgaagg tcgceggtaga tgtgatgtceg 900
aatcatcacg tgaaacaaca agtattacag gcatcagata gcgttagaga aggggcaagc 960

ctgcgtaaag cgcttgatca aaccaaactc tttecccecga tgatgctgca tatgatcgece 1020
agtggtgagc agagtggcca attggaacag atgctgacaa gagcggcaga taatcaggat 1080
caaagctttg aatcgaccgt taatatcgcg ttaggcattt ttaccccage gettattgeg 1140
ttgatggctg gecttagtget gtttategtg atggcgacge tgatgccaat gettgaaatg 1200
aacaatttaa tgagtggtta a 1221
<210> SEQ ID NO 48

<211> LENGTH: 406

<212> TYPE: PRT

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 48

Met Ala Ala Phe Glu Tyr Lys Ala Leu Asp Ala Lys Gly Lys Ser Lys
1 5 10 15

Lys Gly Ser Ile Glu Ala Asp Asn Ala Arg Gln Ala Arg Gln Arg Ile
20 25 30

Lys Glu Leu Gly Leu Met Pro Val Glu Met Thr Glu Ala Lys Ala Lys
35 40 45

Thr Ala Lys Gly Ala Gln Pro Ser Thr Ser Phe Lys Arg Gly Ile Ser
50 55 60

Thr Pro Asp Leu Ala Leu Ile Thr Arg Gln Ile Ser Thr Leu Val Gln
65 70 75 80

Ser Gly Met Pro Leu Glu Glu Cys Leu Lys Ala Val Ala Glu Gln Ser
85 90 95

Glu Lys Pro Arg Ile Arg Thr Met Leu Leu Ala Val Arg Ser Lys Val
100 105 110

Thr Glu Gly Tyr Ser Leu Ala Asp Ser Leu Ser Asp Tyr Pro His Ile
115 120 125
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Phe Asp Glu Leu Phe Arg Ala Met Val Ala Ala Gly Glu Lys Ser Gly
130 135 140

His Leu Asp Ala Val Leu Glu Arg Leu Ala Asp Tyr Ala Glu Asn Arg
145 150 155 160

Gln Lys Met Arg Ser Lys Leu Leu Gln Ala Met Ile Tyr Pro Ile Val
165 170 175

Leu Val Val Phe Ala Val Thr Ile Val Ser Phe Leu Leu Ala Thr Val
180 185 190

Val Pro Lys Ile Val Glu Pro Ile Ile Gln Met Gly Gln Glu Leu Pro
195 200 205

Gln Ser Thr Gln Phe Leu Leu Ala Ser Ser Glu Phe Ile Gln Asn Trp
210 215 220

Gly Ile Gln Leu Leu Val Leu Thr Ile Gly Val Ile Val Leu Val Lys
225 230 235 240

Thr Ala Leu Lys Lys Pro Gly Val Arg Met Ser Trp Asp Arg Lys Leu
245 250 255

Leu Ser Ile Pro Leu Ile Gly Lys Ile Ala Lys Gly Ile Asn Thr Ser
260 265 270

Arg Phe Ala Arg Thr Leu Ser Ile Cys Thr Ser Ser Ala Ile Pro Ile
275 280 285

Leu Glu Gly Met Lys Val Ala Val Asp Val Met Ser Asn His His Val
290 295 300

Lys Gln Gln Val Leu Gln Ala Ser Asp Ser Val Arg Glu Gly Ala Ser
305 310 315 320

Leu Arg Lys Ala Leu Asp Gln Thr Lys Leu Phe Pro Pro Met Met Leu
325 330 335

His Met Ile Ala Ser Gly Glu Gln Ser Gly Gln Leu Glu Gln Met Leu
340 345 350

Thr Arg Ala Ala Asp Asn Gln Asp Gln Ser Phe Glu Ser Thr Val Asn
355 360 365

Ile Ala Leu Gly Ile Phe Thr Pro Ala Leu Ile Ala Leu Met Ala Gly
370 375 380

Leu Val Leu Phe Ile Val Met Ala Thr Leu Met Pro Met Leu Glu Met
385 390 395 400

Asn Asn Leu Met Ser Gly
405

<210> SEQ ID NO 49

<211> LENGTH: 444

<212> TYPE: DNA

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 49

atgaaaaata aaatgaaaaa acaatcaggc tttaccctat tagaagtcat ggttgttgte 60
gttatccttyg gtgttctage aagttttgtt gtacctaacce tgttgggcaa caaagagaag 120
gecggatcaac aaaaagccat cactgatatt gtggegetag agaacgeget cgacatgtac 180
aaactggata acagcgttta cccaacaacg gatcaaggec tggacgggtt ggtgacaaag 240
ccaagcagte cagagecteg taactaccga gacggeggtt acatcaageg tctacctaac 300
gacccatggg gcaatgagta ccaataccta agtcctggtg ataacggcac aattgatatc 360

ttcactcttyg gegcagatgg tcaagaaggt ggtgaaggta ttgetgcaga tatcggcaac 420
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tggaacatgc aggacttcca ataa 444
<210> SEQ ID NO 50
<211> LENGTH: 146
<212> TYPE: PRT
<213> ORGANISM: Vibrio splendidus
<400> SEQUENCE: 50
Lys Asn Lys Met Lys Lys Gln Ser Gly Phe Thr Leu Leu Glu Val Met
1 5 10 15
Val Val Val Val Ile Leu Gly Val Leu Ala Ser Phe Val Val Pro Asn
20 25 30
Leu Leu Gly Asn Lys Glu Lys Ala Asp Gln Gln Lys Ala Ile Thr Asp
35 40 45
Ile Val Ala Leu Glu Asn Ala Leu Asp Met Tyr Lys Leu Asp Asn Ser
50 55 60
Val Tyr Pro Thr Thr Asp Gln Gly Leu Asp Gly Leu Val Thr Lys Pro
65 70 75 80
Ser Ser Pro Glu Pro Arg Asn Tyr Arg Asp Gly Gly Tyr Ile Lys Arg
85 90 95
Leu Pro Asn Asp Pro Trp Gly Asn Glu Tyr Gln Tyr Leu Ser Pro Gly
100 105 110
Asp Asn Gly Thr Ile Asp Ile Phe Thr Leu Gly Ala Asp Gly Gln Glu
115 120 125
Gly Gly Glu Gly Ile Ala Ala Asp Ile Gly Asn Trp Asn Met Gln Asp
130 135 140
Phe Gln
145
<210> SEQ ID NO 51
<211> LENGTH: 594
<212> TYPE: DNA
<213> ORGANISM: Vibrio splendidus
<400> SEQUENCE: 51
gtgaaaacta agcaaacaca gccaggtttc accttgattg agattctttt ggtgttggta 60
ttactgtcag tatcggeggt cgcggtgate tegaccatcee ctaccaatag caaagatgtt 120
gctaaaaaat acgctcaaag cttttatcag cgaattcagce tactcaatga agaggctatt 180
ttgagtggct tagattttgg tgttcgtgtt gatgaaaaaa aatcgactta cgttctgatg 240
actttgaagt ctgatggctg gcaagaaacg gagttcgaaa agatccctte ttcaactgaa 300
ttaccggaag aactggcact gtcgctgaca ttaggtggtyg gegegtggga agacgatgat 360
cggttgttca atccaggaag cttatttgat gaagatatgt ttgctgatct tgaagaggaa 420
aagaagccga aaccaccaca gatctacatce ttgtcgagtg ctgaaatgac gccatttgta 480
ctgtegtttt acccaaatac cggtgacaca atacaagatg tttggcgcat tcgagtattg 540
gataatggtyg tgattcgatt actcgagccg ggagaagaag atgaagaaga ataa 594

<210> SEQ ID NO 52
<211> LENGTH: 197

<212> TYPE:

PRT

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 52
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Met Lys Thr Lys Gln Thr Gln Pro Gly Phe Thr Leu Ile Glu Ile Leu
Leu Val Leu Val Leu Leu Ser Val Ser Ala Val Ala Val Ile Ser Thr
20 25 30

Ile Pro Thr Asn Ser Lys Asp Val Ala Lys Lys Tyr Ala Gln Ser Phe
35 40 45

Tyr Gln Arg Ile Gln Leu Leu Asn Glu Glu Ala Ile Leu Ser Gly Leu
50 55 60

Asp Phe Gly Val Arg Val Asp Glu Lys Lys Ser Thr Tyr Val Leu Met
Thr Leu Lys Ser Asp Gly Trp Gln Glu Thr Glu Phe Glu Lys Ile Pro
85 90 95

Ser Ser Thr Glu Leu Pro Glu Glu Leu Ala Leu Ser Leu Thr Leu Gly
100 105 110

Gly Gly Ala Trp Glu Asp Asp Asp Arg Leu Phe Asn Pro Gly Ser Leu
115 120 125

Phe Asp Glu Asp Met Phe Ala Asp Leu Glu Glu Glu Lys Lys Pro Lys
130 135 140

Pro Pro Gln Ile Tyr Ile Leu Ser Ser Ala Glu Met Thr Pro Phe Val
145 150 155 160

Leu Ser Phe Tyr Pro Asn Thr Gly Asp Thr Ile Gln Asp Val Trp Arg
165 170 175

Ile Arg Val Leu Asp Asn Gly Val Ile Arg Leu Leu Glu Pro Gly Glu
180 185 190

Glu Asp Glu Glu Glu
195

<210> SEQ ID NO 53

<211> LENGTH: 396

<212> TYPE: DNA

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 53

atgaagaaga ataaccgttc tccttategt tetegeggta tgectettgg ttcetegagga 60
atgactctge ttgaagtatt ggttgegetg getatctteg ctacggegge gatcagtgtg 120
attcgtgetyg tcacccagca catcaatacg ctcagttate tcgaagaaaa aaccttcgeg 180
gecgatggteg ttgataatca aatggcccta gtcatgetac atcctgagat gcttaaaaaa 240
gegecagggcea cgcaagagtt agcgggaaga gaatggttcet ggaaggtgac tceccatcgat 300
accagcgata atttattaaa ggcgtttgat gtgagtgegg caaccagtaa gaaagcgtct 360
ccagtcgtta cggtgcgcag ttatgtggtt aattaa 396

<210> SEQ ID NO 54

<211> LENGTH: 131

<212> TYPE: PRT

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 54

Met Lys Lys Asn Asn Arg Ser Pro Tyr Arg Ser Arg Gly Met Pro Leu
1 5 10 15

Gly Ser Arg Gly Met Thr Leu Leu Glu Val Leu Val Ala Leu Ala Ile
20 25 30
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Phe Ala Thr Ala Ala Ile Ser Val Ile Arg Ala Val Thr Gln His Ile
35 40 45

Asn Thr Leu Ser Tyr Leu Glu Glu Lys Thr Phe Ala Ala Met Val Val
50 55 60

Asp Asn Gln Met Ala Leu Val Met Leu His Pro Glu Met Leu Lys Lys
65 70 75 80

Ala Gln Gly Thr Gln Glu Leu Ala Gly Arg Glu Trp Phe Trp Lys Val
85 90 95

Thr Pro Ile Asp Thr Ser Asp Asn Leu Leu Lys Ala Phe Asp Val Ser
100 105 110

Ala Ala Thr Ser Lys Lys Ala Ser Pro Val Val Thr Val Arg Ser Tyr
115 120 125

Val Val Asn
130

<210> SEQ ID NO 55

<211> LENGTH: 804

<212> TYPE: DNA

<213> ORGANISM: Vibrio slpendidus

<400> SEQUENCE: 55

atgtggttaa ttaagagaat gtggtcaatt aagagcatgt tattaattaa gaacagctcg 60
ctaactaaga gcgtgtcgcet aactaagagce atgtcggaaa ataagcgtac gccgegtaaa 120
caaggtctac cttcaaaagg gagaggcttt accttaattyg aagtcttggt ctcgattget 180
atctttgcca cgctaagtat ggcggcttat caggtggtta atcaggtgca gcgaagcaac 240
gagatctcta ttgagcgcag tgctegtttg aaccaactgce aacgcagttt agtcatttta 300
gataatgatt ttcgccagat ggcggtgcga aaatttegta ccaacggtga agaagcatca 360
tctaagctga tcttaatgaa agagtattta ttggactceg acagtgtagyg catcatgttt 420
actcgtctag gttggcacaa cccacaacag cagtttecte geggtgaagt cacgaaggtt 480
ggctaccgta ttaaagaaga aacacttgag cgtgtatggt ggcgttatcc cgatacacct 540
tcaggccaag aaggtgtgat tacccctetg cttgatgatg ttgaaagett ggaattcgag 600
ttttatgacg gaagccgetyg ggggaaagag tggcaaaccyg ataaatcact gccgaaagcg 660
gtgaggctta agctgacact gaaagactat ggtgagatag agcgtgttta tctcactcecce 720
ggtggcacce tagatcagge cgatgattct tcaaacagtg actcttcagg cagtagtgag 780
gggaataatg actcatcgaa ctaa 804

<210> SEQ ID NO 56

<211> LENGTH: 267

<212> TYPE: PRT

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 56

Met Trp Leu Ile Lys Arg Met Trp Ser Ile Lys Ser Met Leu Leu Ile
1 5 10 15

Lys Asn Ser Ser Leu Thr Lys Ser Val Ser Leu Thr Lys Ser Met Ser
20 25 30

Glu Asn Lys Arg Thr Pro Arg Lys Gln Gly Leu Pro Ser Lys Gly Arg
35 40 45

Gly Phe Thr Leu Ile Glu Val Leu Val Ser Ile Ala Ile Phe Ala Thr
50 55 60
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Leu Ser Met Ala Ala Tyr Gln Val Val Asn Gln Val Gln Arg Ser Asn
65 70 75 80

Glu Ile Ser Ile Glu Arg Ser Ala Arg Leu Asn Gln Leu Gln Arg Ser
85 90 95

Leu Val Ile Leu Asp Asn Asp Phe Arg Gln Met Ala Val Arg Lys Phe
100 105 110

Arg Thr Asn Gly Glu Glu Ala Ser Ser Lys Leu Ile Leu Met Lys Glu
115 120 125

Tyr Leu Leu Asp Ser Asp Ser Val Gly Ile Met Phe Thr Arg Leu Gly
130 135 140

Trp His Asn Pro Gln Gln Gln Phe Pro Arg Gly Glu Val Thr Lys Val
145 150 155 160

Gly Tyr Arg Ile Lys Glu Glu Thr Leu Glu Arg Val Trp Trp Arg Tyr
165 170 175

Pro Asp Thr Pro Ser Gly Gln Glu Gly Val Ile Thr Pro Leu Leu Asp
180 185 190

Asp Val Glu Ser Leu Glu Phe Glu Phe Tyr Asp Gly Ser Arg Trp Gly
195 200 205

Lys Glu Trp Gln Thr Asp Lys Ser Leu Pro Lys Ala Val Arg Leu Lys
210 215 220

Leu Thr Leu Lys Asp Tyr Gly Glu Ile Glu Arg Val Tyr Leu Thr Pro
225 230 235 240

Gly Gly Thr Leu Asp Gln Ala Asp Asp Ser Ser Asn Ser Asp Ser Ser
245 250 255

Gly Ser Ser Glu Gly Asn Asn Asp Ser Ser Asn
260 265

<210> SEQ ID NO 57

<211> LENGTH: 1050

<212> TYPE: DNA

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 57

atgactcatc gaactaataa gegtttageg acaaggtcag ccttgggacg taaacaacgt 60
ggtgtcgege tgatcattat tttgatgcta ttggcegatca tggcaaccat tgetggeage 120
atgtccgage gtttgtttac geaattcaag cgegttggta accaactgaa ttaccaacag 180
gettactggt acagcattgg tgtggaageyg cttgtgcaaa acggtattag gcaaagttac 240
aaagacagtyg ataccgtgaa cctaagccaa ccatgggegt tagaagagca ggtataccca 300
ttggattatg gccaagttaa gggccgecatt gttgatgete aggecatgttt taatcttaat 360
gecttagecyg gagtggegac cacttcaagt aaccagactce cttatttaat cacggtttgg 420
caaaccttat tggaaaacca agacgttgag ccttatcagg ctgaggttat cgcaaattca 480
acgtgggaat ttgttgatge ggatacacga accacctctt cgtetggtgt agaagacage 540
acgtatgaag cgatgaagcce ctettatttg geggegaatg gettaatgge cgatgaatce 600
gagctacgag cggtttatca agtcactggt gaagtgatga ataaggtteg ccectttgtt 660
tgcgectetge caaccgatga tttecgettyg aatgtgaata ctctcacgga aaaacaagca 720
cegttattgg aagcgatgtt tgegecagge ttaagtgaat cggatgccaa acagcetgata 780

gataaacgce catttgatgg ctgggatacg gtagatgett tcatggetga acctgecatt 840
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gttggtgtaa

tattttgage

ttctatagta

gagcgagttt

gtgccgaagt
tagatgcaga
gtaatcgaga

ctgaccgtte

<210> SEQ ID NO 58
<211> LENGTH: 349
<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 58

Met Thr His Arg Thr

1

Arg

Ile

Phe

Ser

65

Lys

Gln

Ala

Ser

Glu

145

Thr

Val

Asn

Thr

Thr

225

Pro

Lys

Ala

Lys

Asp
305

Lys

Met

Lys

50

Ile

Asp

Val

Gln

Ser

130

Asn

Trp

Glu

Gly

Gly

210

Asp

Leu

Gln

Phe

Lys

290

Ala

Gln

Ala

35

Arg

Gly

Ser

Tyr

Ala

115

Asn

Gln

Glu

Asp

Leu

195

Glu

Asp

Leu

Leu

Met

275

Ala

Glu

Arg Gly
20

Thr Ile

Val Gly

Val Glu

Asp Thr
85

Pro Leu
100

Cys Phe

Gln Thr

Asp Val

Phe Val

165

Ser Thr
180

Met Ala

Val Met

Phe Arg

Glu Ala

245
Ile Asp
260
Ala Glu

Lys Ala

Val Leu

Asn

Val

Ala

Asn

Ala

70

Val

Asp

Asn

Pro

Glu

150

Asp

Tyr

Asp

Asn

Leu

230

Met

Lys

Pro

Tyr

Val
310

Lys

Ala

Gly

Gln

55

Leu

Asn

Tyr

Leu

Tyr

135

Pro

Ala

Glu

Glu

Lys

215

Asn

Phe

Arg

Ala

Leu

295

Glu

cagcaagaaa

ggtattagtt

aacagtgacg

gactgagtag

Arg

Leu

Ser

40

Leu

Val

Leu

Gly

Asn

120

Leu

Tyr

Asp

Ala

Ser

200

Val

Val

Ala

Pro

Ile

280

Thr

Gln

gcgaaagcat atttaactgt agatagcgec
gagcagtcac gtgtacgtat acggacgcett

gtagtacgce gtegttttgg aggaatcagt

Vibrio splendidus

Leu

Ile

25

Met

Asn

Gln

Ser

Gln

105

Ala

Ile

Gln

Thr

Met

185

Glu

Arg

Asn

Pro

Phe

265

Val

Val

Ser

Ala

10

Ile

Ser

Tyr

Asn

Gln

90

Val

Leu

Thr

Ala

Arg

170

Lys

Leu

Pro

Thr

Gly

250

Asp

Gly

Asp

Arg

Thr

Ile

Glu

Gln

Gly

75

Pro

Lys

Ala

Val

Glu

155

Thr

Pro

Arg

Phe

Leu

235

Leu

Gly

Val

Ser

Val
315

Arg

Leu

Arg

Gln

60

Ile

Trp

Gly

Gly

Trp

140

Val

Thr

Ser

Ala

Val

220

Thr

Ser

Trp

Ser

Ala

300

Arg

Ser

Met

Leu

45

Ala

Arg

Ala

Arg

Val

125

Gln

Ile

Ser

Tyr

Val

205

Cys

Glu

Glu

Asp

Ala

285

Tyr

Ile

Ala

Leu

30

Phe

Tyr

Gln

Leu

Ile

110

Ala

Thr

Ala

Ser

Leu

190

Tyr

Ala

Lys

Ser

Thr

270

Glu

Phe

Arg

Leu

15

Leu

Thr

Trp

Ser

Glu

95

Val

Thr

Leu

Asn

Ser

175

Ala

Gln

Leu

Gln

Asp

255

Val

Val

Glu

Thr

Gly

Ala

Gln

Tyr

Tyr

80

Glu

Asp

Thr

Leu

Ser

160

Gly

Ala

Val

Pro

Ala

240

Ala

Asp

Ser

Leu

Leu
320

900

960

1020

1050
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Phe Tyr Ser Ser Asn Arg Glu Thr Val Thr Val Val Arg Arg Arg Phe
325 330 335

Gly Gly Ile Ser Glu Arg Val Ser Asp Arg Ser Thr Glu
340 345

<210> SEQ ID NO 59

<211> LENGTH: 1248

<212> TYPE: DNA

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 59

gtgagcgagt ttctgaccgt tcegactgagt agcgaaccac aaagccctgt geagtggtta 60
gtttggtcga caagccaaca agaagtgata gcaagceggtg aactgtctag ctgggaacag 120
cttgacgagt taacgectta cgctgaaaag cgcagctgta tegetttatt gecgggaagt 180
gaatgcttaa ttaagcgtgt tgagatcccg aaaggtgetg ctegecagtt tgattctatg 240
ctgcegttet tattagaaga cgaagtcgca caagatateg aagacttaca cctgactatt 300
ttagataaag atgccactca cgctaccgtyg tgtggtgtgg atcgtgaatg gctaaaacaa 360
getttagace tgtttcgega agccaatata atcttcegta aggtgctacce agatacacta 420
gecgtgectt ttgaagaaca aggcatcagt gegttgcaga tagatcagea ttggttattg 480
cgccaaggte actctcaacg tcaaggtcac tatcaageeg tatcgatcag tgaagcatgg 540
ttaccgatgt ttttgcaaag tgattgggtt gtegetggtg aggaagagca agcgacgact 600
atcttcaget ataccgegat gecgagegac gacgttcaac agcaaagegg cctcegagtgg 660
caagcaaagc ctgcggaatt ggtgatgtcet ttattgagte agcaagegat cacaagcegge 720
gtaaatttac tgactggcac ctttaaaacc aaatcttcat tcagtaaata ttggegtgtt 780
tggcagaaag tggcgattge tgettgtttyg ctggtggeeg tgattgtgac tcagcaagtg 840
ttgaaggttc agcaatacga agcgcaagca caagectacce geatggagag tgagegtate 900
tttagagctyg tgctgectgg caaacaacge attccgaceg tgagttacct caagegtcag 960

atgaatgatg aagctaagaa atacggtggt tcaggcgaag gtgattcttt acttggttgg 1020
ttagctttge tgcctgaaac cttagggcaa gtgaagacga tcgaagttga aagcattcgce 1080
tacgatggca accgttctga ggttcgactg caggctaaaa gttctgactt ccaacacttt 1140
gagaccgcaa gggtgaagct cgaagagaag tttgtcgttg agcaagggcc attgaaccgt 1200
aatggcgatg ccgtatttgg cagttttact cttaaaccce atcaataa 1248
<210> SEQ ID NO 60

<211> LENGTH: 415

<212> TYPE: PRT

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 60

Met Ser Glu Phe Leu Thr Val Arg Leu Ser Ser Glu Pro Gln Ser Pro
1 5 10 15

Val Gln Trp Leu Val Trp Ser Thr Ser Gln Gln Glu Val Ile Ala Ser
20 25 30

Gly Glu Leu Ser Ser Trp Glu Gln Leu Asp Glu Leu Thr Pro Tyr Ala
35 40 45

Glu Lys Arg Ser Cys Ile Ala Leu Leu Pro Gly Ser Glu Cys Leu Ile
50 55 60
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Lys Arg Val Glu Ile Pro Lys Gly Ala Ala Arg Gln Phe Asp Ser Met
65 70 75 80

Leu Pro Phe Leu Leu Glu Asp Glu Val Ala Gln Asp Ile Glu Asp Leu
85 90 95

His Leu Thr Ile Leu Asp Lys Asp Ala Thr His Ala Thr Val Cys Gly
100 105 110

Val Asp Arg Glu Trp Leu Lys Gln Ala Leu Asp Leu Phe Arg Glu Ala
115 120 125

Asn Ile Ile Phe Arg Lys Val Leu Pro Asp Thr Leu Ala Val Pro Phe
130 135 140

Glu Glu Gln Gly Ile Ser Ala Leu Gln Ile Asp Gln His Trp Leu Leu
145 150 155 160

Arg Gln Gly His Ser Gln Arg Gln Gly His Tyr Gln Ala Val Ser Ile
165 170 175

Ser Glu Ala Trp Leu Pro Met Phe Leu Gln Ser Asp Trp Val Val Ala
180 185 190

Gly Glu Glu Glu Gln Ala Thr Thr Ile Phe Ser Tyr Thr Ala Met Pro
195 200 205

Ser Asp Asp Val Gln Gln Gln Ser Gly Leu Glu Trp Gln Ala Lys Pro
210 215 220

Ala Glu Leu Val Met Ser Leu Leu Ser Gln Gln Ala Ile Thr Ser Gly
225 230 235 240

Val Asn Leu Leu Thr Gly Thr Phe Lys Thr Lys Ser Ser Phe Ser Lys
245 250 255

Tyr Trp Arg Val Trp Gln Lys Val Ala Ile Ala Ala Cys Leu Leu Val
260 265 270

Ala Val Ile Val Thr Gln Gln Val Leu Lys Val Gln Gln Tyr Glu Ala
275 280 285

Gln Ala Gln Ala Tyr Arg Met Glu Ser Glu Arg Ile Phe Arg Ala Val
290 295 300

Leu Pro Gly Lys Gln Arg Ile Pro Thr Val Ser Tyr Leu Lys Arg Gln
305 310 315 320

Met Asn Asp Glu Ala Lys Lys Tyr Gly Gly Ser Gly Glu Gly Asp Ser
325 330 335

Leu Leu Gly Trp Leu Ala Leu Leu Pro Glu Thr Leu Gly Gln Val Lys
340 345 350

Thr Ile Glu Val Glu Ser Ile Arg Tyr Asp Gly Asn Arg Ser Glu Val
355 360 365

Arg Leu Gln Ala Lys Ser Ser Asp Phe Gln His Phe Glu Thr Ala Arg
370 375 380

Val Lys Leu Glu Glu Lys Phe Val Val Glu Gln Gly Pro Leu Asn Arg
385 390 395 400

Asn Gly Asp Ala Val Phe Gly Ser Phe Thr Leu Lys Pro His Gln
405 410 415

<210> SEQ ID NO 61

<211> LENGTH: 489

<212> TYPE: DNA

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 61

atgagaaata tgattgaacc actccaageg tggtgggett caataagtca gcgggaacaa 60
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cgattagtca ttggttgttc tattttattg atactgggcg ttgtctattg gggattaata 120
caaccactta gccaacgagc cgagcttgca caaagccgca ttcaaagtga gaagcaactt 180
ctggettggg taacggacaa agcgaatcaa gtggttgaac tacgaggcag tggtggcate 240
agtgccagte agcctttgaa ccaatctgtg cctgettceta tgegecgttt taacatcgag 300
ctgatacgeg tgcaaccacg cggtgagatg ctgcaagttt ggattaagece tgtgecattt 360
aataagttceg ttgactggct gacatacctg aaagaaaagce agggtgttga ggttgagttt 420
atggatattg atcgctctga tagccctggg gttattgaga tcaaccgact acagtttaaa 480
cgaggttaa 489

<210> SEQ ID NO 62

<211> LENGTH: 162

<212> TYPE: PRT

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 62

Met Arg Asn Met Ile Glu Pro Leu Gln Ala Trp Trp Ala Ser Ile Ser
1 5 10 15

Gln Arg Glu Gln Arg Leu Val Ile Gly Cys Ser Ile Leu Leu Ile Leu
20 25 30

Gly Val Val Tyr Trp Gly Leu Ile Gln Pro Leu Ser Gln Arg Ala Glu
35 40 45

Leu Ala Gln Ser Arg Ile Gln Ser Glu Lys Gln Leu Leu Ala Trp Val
50 55 60

Thr Asp Lys Ala Asn Gln Val Val Glu Leu Arg Gly Ser Gly Gly Ile
65 70 75 80

Ser Ala Ser Gln Pro Leu Asn Gln Ser Val Pro Ala Ser Met Arg Arg
85 90 95

Phe Asn Ile Glu Leu Ile Arg Val Gln Pro Arg Gly Glu Met Leu Gln
100 105 110

Val Trp Ile Lys Pro Val Pro Phe Asn Lys Phe Val Asp Trp Leu Thr
115 120 125

Tyr Leu Lys Glu Lys Gln Gly Val Glu Val Glu Phe Met Asp Ile Asp
130 135 140

Arg Ser Asp Ser Pro Gly Val Ile Glu Ile Asn Arg Leu Gln Phe Lys
145 150 155 160

Arg Gly

<210> SEQ ID NO 63
<211> LENGTH: 780
<212> TYPE: DNA

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 63

gtgaaacgcg gtttatcttt caaatacgge ctgttattca gegtcatttt tategttttt 60
ttcteggtaa gettgttget geatttgect geegettttg ctetcaagea tgcaccegte 120
gtgcegtggtt taagcattga aggcgttgag ggcaccgttt ggcaaggteg cgctaacaat 180
atcgegtgge agegtgtcaa ttacggetca gtgcagtggg acttccagtt ctctaaacta 240
ttccaagcca aagcagaact tgeggttege tttggecgea acagcgacat gaacttatca 300

ggtaaaggac gtgtcggata tagcatgagt ggtgcttacg cggaaaactt agtggcatca 360
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atgccagcca gcaacgtgat gaaatatgcg ccagctatcc cagtgcctgt gtctattgcea 420
gggcaagttg aactgacgat caaacatgcg gttcatgctc aaccttggtg tcaatcaggt 480
gaaggtacgc ttgcttggtce tggtgcagca gtcgactcge cagtgggttce gttagacctt 540
ggccctgtga ttgcggacat aacgtgtgaa gacagcacaa ttgcagccaa aggcactcag 600
aagagcgatc aggtagacag cgagttctca gcgagcgtaa cacctaacca acgctacacc 660
tcggcagcat ggtttaagcce aggcgctgaa ttcccgeccag caatgcagag tcagcttaag 720
tggttgggca atcctgatag ccaaggtaaa taccaattta cttatcaagg ccgcttttag 780

<210> SEQ ID NO 64

<211> LENGTH: 259

<212> TYPE: PRT

<213> ORGANISM: Vibrio splendidus

<400> SEQUENCE: 64

Met Lys Arg Gly Leu Ser Phe Lys Tyr Gly Leu Leu Phe Ser Val Ile
1 5 10 15

Phe Ile Val Phe Phe Ser Val Ser Leu Leu Leu His Leu Pro Ala Ala
20 25 30

Phe Ala Leu Lys His Ala Pro Val Val Arg Gly Leu Ser Ile Glu Gly
35 40 45

Val Glu Gly Thr Val Trp Gln Gly Arg Ala Asn Asn Ile Ala Trp Gln
50 55 60

Arg Val Asn Tyr Gly Ser Val Gln Trp Asp Phe Gln Phe Ser Lys Leu
65 70 75 80

Phe Gln Ala Lys Ala Glu Leu Ala Val Arg Phe Gly Arg Asn Ser Asp
85 90 95

Met Asn Leu Ser Gly Lys Gly Arg Val Gly Tyr Ser Met Ser Gly Ala
100 105 110

Tyr Ala Glu Asn Leu Val Ala Ser Met Pro Ala Ser Asn Val Met Lys
115 120 125

Tyr Ala Pro Ala Ile Pro Val Pro Val Ser Ile Ala Gly Gln Val Glu
130 135 140

Leu Thr Ile Lys His Ala Val His Ala Gln Pro Trp Cys Gln Ser Gly
145 150 155 160

Glu Gly Thr Leu Ala Trp Ser Gly Ala Ala Val Asp Ser Pro Val Gly
165 170 175

Ser Leu Asp Leu Gly Pro Val Ile Ala Asp Ile Thr Cys Glu Asp Ser
180 185 190

Thr Ile Ala Ala Lys Gly Thr Gln Lys Ser Asp Gln Val Asp Ser Glu
195 200 205

Phe Ser Ala Ser Val Thr Pro Asn Gln Arg Tyr Thr Ser Ala Ala Trp
210 215 220

Phe Lys Pro Gly Ala Glu Phe Pro Pro Ala Met Gln Ser Gln Leu Lys
225 230 235 240

Trp Leu Gly Asn Pro Asp Ser Gln Gly Lys Tyr Gln Phe Thr Tyr Gln
245 250 255

Gly Arg Phe
<210> SEQ ID NO 65

<211> LENGTH: 10967
<212> TYPE: DNA
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<213> ORGANISM: Erwinia carotovora subsp. Atroseptica SCRI1043

<400> SEQUENCE: 65

aagttgcagg atatgacgaa agcgtggecg acgactatac cggccacget ttgaggaatt 60
acaggaaatc agctcgctta ggcgagaaag catcgatcag tacgctaccyg tcttecageg 120
aaaccacgcce gtgcatcteg tgtttcacceg ccagatagge gtegeccegtt ttcagggtge 180
gtttttcace ttcgatcacg acttcaaagc tgccageggce aacataagca atctggtegt 240
gaatctcatyg gaagtgcgge gtaccaatcg cacctttatc aaagtgcacg taaaccatca 300
tcagctcate gctccatgte atgattttac gtttaatgec accgcccage tctteccatg 360
gcgtttcate atcaataaag tatcttctca tcatctctet cctctaacgce tetttttgece 420
cataccttet attgegtcaa caaaccgtgt acgacaacga atgcatgget atggattgeg 480
acattttagc cacatcagta ccagaagaaa cataaaataa gcaaaaccat gacggcccte 540
aagaaataaa taaaacatta tttcattttt attgaattcg catctcatcc aaactatcat 600
ccegeataac aagaaagaac cgggcatgtt gaggaacagyg tgacgttgte actgecacge 660
aacatcatct gtttegeccg gegetttege caggaacgat tectettett ggaacggege 720
ctgatttttg tttttetetg aaagagagge taagaaatge aagttcgtca aagcattcac 780
agcgatcacg cgaagcagct agatacagca ggectgegte gtgaattcect gatcgaacag 840
attttttcetyg ccgatgecta cactatgacce tatagccaca tcgaccgaat catcgteggt 900
ggcatcatge ccgtacacag cgccgtaacg attggeggtyg aagtgggtaa acaactcgge 960

gttagctatt tceccttgagcg tcgcgaactce ggagccatca acattggegg cgcgggtacce 1020
gttactgtcg atggcgagcg ctatgacgtg ggtaatgaag aagcaattta tgttggcatg 1080
ggcgtgaaag acgtgcagtt taccagcact gatgccacta acccggccaa gttctactac 1140
aacagcgcgce ctgcacatac gacatatcct acccgcaaga ttacccaagce tgacgcttca 1200
ccacaaaccg tgggagaaga tgcaagctgt aatcgtcgca caattaacaa atacattgtt 1260
ccecgatgtat tgccaacctg ccagctcacce atgggattaa ccaagttage tgaaggcagc 1320
ctgtggaaca ccatgccttg tcatacgcat gagcgccgga tggaagtcta tttctatttt 1380
gatatggatg aggaaacggc cgttttccac atgatggggc aaccgcagga aacccgtcac 1440
atagttatta aaaacgagca ggcggtgatt tcaccgagct ggtcgattca ttcecggtgtt 1500
ggcaccagac gctacacctt tatctggggce atggttggeg agaatcaagt tttecggtgac 1560
atggatcacg tcaaggttag cgagttacgt taatcgcttt caaccggaat taccggtgtt 1620
ccctacagta acagctaacg actaagtatt gtcgcttata gagagattat tgatatgatt 1680
ttaaattctt ttgatttgca aggtaaagtt gctcttatca cgggttgtga tacgggttta 1740
ggtcagggta tggctatcgg tctggcacaa gcectggctgtg atatcgttgg cgtcaacatce 1800
gttgaaccaa aagataccat cgaaaaagtt accgcactgg gacgccgttt cctcagectg 1860
accgctgaca tgagcaacgt agcgggtcat gccgagetgg tagagaaagce cgttgctgaa 1920
tttggtcacg ttgacattct ggtcaacaac gccggtatca tccgtecgtga agatgctatce 1980
gagttcagcg agaaaaactg ggacgacgtc atgaatctga acattaagag cgttttettt 2040
atgtctcagg ctgttgcacg ccagtttatc aaacaaggta aaggcggcaa gatcatcaac 2100

atcgecteta tgctgtectt ccaaggeggt atcecgegtge cttcettacac tgcgtcaaaa 2160
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agcgeegtta

gttaacgcca

gaagaccgca

gatctgatgg

acgattgeeg

cgctaatcca

tatttcgttt

aacgttcega

aatataatca

aaggtactcc

atgggttget

ccaaccgacyg

gcaattteceyg

aagaacgctyg

cgcacaaagc

gggcggccat

tcaggtgcat

ggaaaagacg

actggatctg

taaccgtcat

gacgtttgtt

gggcgatagc

caacccagaa

gccggaagac

cccagagtte

getgattgat

gctgaattygg

caatacgttyg

cgatggcetat

tttattacct

taacaccatg

tttgttgace

cgcacaactyg

tgcacagcat

tgcegectgt

tcacggegat

tccagagtta

gtaagcatta

tgggtgtaac

ttgctecagy

gcaaagagat

geccatcegt

ttgatggtgg

cgataaaaag

tttataattc

ctttgatcac

atcaaaacag

atgagtattt

gcacttgata

ctattactgg

gatgggcaca

tgcgccatga

gaatatttce

cgctttatta

gaattaaagc

ctgaacttct

ggtegtcatyg

gatgtcgteg

aatgceggea

catgcegegyg

accggtatge

gataaccaga

ggtgaaatcyg

aaccecgetygyg

gtaatctetyg

cgcecgatgt

tacggcaaag

ctggttegtyg

ctgacacgge

gttatcgaac

gcgggcgtta

cgttatgtte

cgcaacaaat

tttcacgtta

ttaacagcett

tgaatgaaaa

cegtetgetyg

gtacatggca

tctggacegt

cttectggea

ctggetgget

cacaatttag

tettttetge

actttcgata

tgtttctatt

ttgaaaactt

gccacatatce

ccgatggttt

gegegectat

gegtegttac

tggatcattt

atctggatac

accacctgec

ttcaggggtt

gcgattacag

atccggcaca

cggatctgat

catggggtaa

cggtgtatca

cgcagtectyg

cacgtgaage

caatgctgga

gattaaaaaa

ggaacaacgg

cgggaacgga

cttatcgtet

tgaataaaga

tggccgatca

tgtttgaaca

gtctggatga

taaacgatat

acggggaaaa

aattttatgt

cagaatgetg

gctaacgagt
accaacaata
atccecggetyg
tccagegeat
cgctaagtgt
gttgtgettt
ctaaatccett
ttgcgtgeat
tataaggaac
atacaccagc
ctgegtteag
tgatgtggaa
ttctaatttt
gggtaatgat
cgttgatgat
getggaagge
ctattacgeg
ctggaacgca
caaaaaacgc
gtggceegtt
ttacgccgea
acacctttat
attcagttca
gtttggcgat
caatgtgcetg
tatccteege
ttattaccag
gcaggacatg
attaaaaccyg
gageggtgat
agatattcag
caagcaatca
acatttccat
tacctatceg
ccegecgtat
tagaattgtt
tttttttaat

gggttagect

gggcaaaaca cggcatcaac

ctcagcaact gcgegecgat

geegttgggg tttaccacag

ctgattacat caatggctac

aatttttett ageggeattt

ttatttattt ttcaagttgt

tcttaaaaaa aaatcaaaac

gacgacaagg ttaatagcgce

tgttcacgca gttccataag

aggaaatcge agctcgacga

gaaaaaggce gcagccaaag

aattatgcge ctgeggtatg

gecagecage agaattgget

agttaccaac agcacgctat

aatagcggece tgttctactg

gaagggccag aatccaaagce

ctgttacatc gtgttaacge

cacgttgaag attggaattc

gatcctgatg ttttectgeca

ctgccattaa cgaaaggect

ttcaaatatg cagaatatac

cgccaatacyg ttetggeteg

ccacagcage gccagcecagt

cgcgetcaac gecagtttygyg

ttcegegata tgcegtecact

acacagcctyg atgcagaaat

tacgcctacyg atgtcaccag

acaggctacce gttttaaacg

ttcgcattag aaggtgatta

gaagacctgt acgcactggt

cacatcgeca gtccgetact

gaatcetggg cacattacge

cgtggtttgt ttgttegete

ctggetttac tgactttegt

ctgacacaag gtggatatgt

tatgacgtgg aattaattta

gattcacaat taatcaatag

atatctccce ctatattata

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440
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gggctgatag

tatgatttga

gaggatgatc

ccattgaaat

atcggtttet

geegttetgt

tttggettty

ctgetgegeg

gtccegcaat

ctgaaagtaa

actcaggcat

tacacctatc

tatggtgetyg

tttaagtegt

catgcattca

gcgtaaagag

gatgctttac

cacgacactg

aaccggtacyg

gaaagtgcta

gattccatgg

cgtgttgetyg

gccactgtac

gttcctgegt

cttecaggtt

getgttecag

cgtggataaa

tcegtggaat

cttectggea

gaggatttat

tcaaagcggt

gecegtcagyg

geggeggtga

ggattgcaat

tggcgtttgg

aagcagccaa

gtggtcagge

tgtttgatga

tttttaccge

tgagtcegec

ttttttggaa

taatcttege

tcegtactge

ggcegtgeect

atgccatcaa

tatggcagtt

cacagtatga

cggttecact

tccaggagtt

tgttcteget

cgctggeatyg

cgaaatactg

aacctgacta

aaactcagtg

ccactagegt

ggCCtgtggC

gaatacaatt

ctgaccatta

aagggcttcet

attccgcagt

ttgcecgatgyg

ggtgtaccac

ctgtggtatg

ttecatgtggt

tatccgattyg

gaaatcctygg

cagcgttact

catggctgaa

tcacggcatce

ctgtgcgaaa

agttcgcatce

ggtgttccag

tctgaagetyg

aattctggag

gcagegtgtg

accgttatct

tttcceettt

tgagtttacg

atcaatggge

actgttaatt

ttactatgtg

attcgecatce

ctggctgggc

tggttecegee

agcagccatg

gattacgccyg

tacggcacct

ctatatctat

ggttetgtte

ggtgttctac

cagcacaaga

cctecateceyg

ggatgttcte

cggaacacgc

tcggtcacta

tctcttecac

ggttcgggac

acatcatgtt

cgtttgcaac

gtgatatgga

tggtcgtgee

caatgaacga

cgetggeget

caatgtccag

tcgtacaagyg

gttattttca

gacctgacca

tcaacgacge

dgcgagegcey

aactatgege

agcaaaatgc

ctggaagacc

geegtaggece

aacctggatg

atttcgteat

ggtcettgaga

gtcaccttty

gegtttgtac

ccttectatte

gatggettge

gaaccttege

atggttatct

atcgacggtyg

gttattttcet

tacgtcatca

gataccgegt

ctggttgtty

tccgetgata

aattgctget

ttacgtgata

agcgtegtte

cacatgggac

catgatcaat

cattgtcget

getgatcace

ccgtgaaatg

acaagggtte

agaagccgec

gattttgaaa

cttcatcggt

gaaaatgtct

catctccatt

cgtgaccage

ataaactgga

ttaaagacgg

tgcgtatgtt

ttgttaacaa

tctaccctca

ctaaagatca

tgatggatcg

gtgccategt

ccaaactgeg

ttatcctcag ttttactgag

actatcaccyg tatgttcatg

cctatgtatt tctgaccatt

ttaatttcaa attacgtggt

tgggcagcag cgtggccatt

tgaacagctt ccteggegta

tggcactgat gtcggtaacc

tcecttgetge attgcagaac

catccaaatg gcaaatgttce

ttaactttat catgcagacc

ctggeggegyg tccaacgcac

tcaagtattt cgatatgggce

cggtatttge ggcaatctece

aaggaggaaa aaatggctga

gcagaagtac gccgcacgcet

ctgetgtteyg ttggettact

aaaccgaacc aagagatctt

ggtttegtta acggttggaa

acgctcaagt tcgtgattce

tacggctttyg ccegtttega

accatgctgt taccaagcac

ggcatgctga acagctatct

tttgtgttca tgctgatcca

cagatcgatg gctgtaactce

ccagccatca tctetgttge

ccgetgattt atgtctatag

atcgacgtta ctgaaggcge

ctgccatcca ttattgtttt

agcggaatta aaggttaata

aaaagtatac accaacggct

tgagttcatg gttatcgteg

agcgggtcetyg gaaaccatca

tctggcacceyg aaagagcgtyg

tatgacggta aaagagaacc

aattgaagcg caagtaacgg

tctgccacge cagctatcetg

taaaaagccg gatgttttee

tgctteccatyg cgtatcegta

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720
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tttctgacct gcataagcag ttgaagaaaa gcggtaaagc ggcaacgacg gtatatgtta 6780
cccacgacca gactgaagcec atgaccatgg gcgaccgtat ctgcgttatg aagctgggtce 6840
acatcatgca ggtcgatacg ccggataacc tgtaccattt ccctgtcaac atgttcegttg 6900
ctggcttcat tggctcacca gaaatgaaca ttaagccgtg caaactggtc gagaaagacg 6960
gtcagattgg cgttgttgtg ggtaataacg cgctggtatt aaatactgaa aaacaagata 7020
aagtgcgcag ctacgtagga caagacgtat tcttcggegt tcgcccagac tatgtttect 7080
tgtcagatac gccatttgaa ggcagccact cacagggtga actggttcgce gtagaaaaca 7140
tgggtcacga attctttatg tacattaaag tcgatggctt tgaattaacc agccgcattce 7200
cttatgacga aggtcggctg attatcgaga agggactgca tcgtccggta tatttccagt 7260
tcgacatgga aaaatgccat atttttgatg caaaaacaga aaaaaatatc tctctttaac 7320
aggagtagta accgatgaaa aaagcgatcc tacacacgtt aatagcttca tcectttggcat 7380
tagttgcaat gccatctctg gcagceccgate aggttgagtt gagaatgtcce tggtggggcg 7440
gcaacagceyg tcaccaacag acgctcaagg cgattgaaga gttccataag cagcacccag 7500
acatcaccgt gaaagcggaa tacaccggat gggatggtca cctgtctcegt ctgacaacac 7560
agattgccgg taacactgag ccagatgtga tgcagactaa ctggaactgg ctgccgattt 7620
tctccaaaaa cggcgatggt ttttatgatc tgaacaaagt gaaagattct ctggatctga 7680
cccagttcega agcaaaagaa ctgcaaaaca ccacggttaa cggcaagcetyg aacggtatte 7740
ctatttectgt taccgctege gtgttctatt tcaacaacga aagctgggca aaagcgggac 7800
tggaatacce gaaaacgtgg gacgaactgce tgaacgcegyg taaagtgttc aaagagaagce 7860
tgggcgacca atactaccct atcgtgttgg aacaccagga ttctctggca ctgctgaact 7920
cttacatggt tcaaaaatac aacattcctg ctattgatgt gaaaagtcag aaattcgcct 7980
ataccgatgc acaatgggtt gaattctttg gcatgtataa gaaactgatc gacagccatg 8040
tcatgcctga tgcgaaatac tatgcctctt tcggtaagag caacatgtat gagatgaagc 8100
catggatcaa tggcgagtgg tctggtactt acatgtggaa ctccactatc actaagtact 8160
ctgacaactt gcaaccacca gcaaaactgg cgttaggtaa ctacccaatg ctgcctggtg 8220
caaaagatgc tggcttgttc ttcaaacctg cacaaatgct gtctatcggt aagtcaacca 8280
agcatcctaa agagtctgcect cagttgatca acttcctgect gaacagcaaa gaaggtgctce 8340
aggctttggg tctggaacgt ggtgtaccgt tgagtaaagce ggctgtggcet cagctgaccg 8400
ctgatggcat catcaaagat gatgctccag cagttgccegg gttgaagctg gegectgtcete 8460
tgccgcatga agttgctgtt tetcecttatt tcgacgacce acaaatcgtt tetetgtttg 8520
gtgataccat ccaatctatc gattatggtc agaaatctgt ggaagacgca gcgaaatact 8580
tccagegtca atctgagegt gttctgaaac gcgcaatgaa ataatgtage actcgattta 8640
ccetgtaatt catcecctgec gcaccgacgg cagggatttt tcatttaaat taaaacatcce 8700
tctatattca attcgatctce cctcacaatt tgaaacccta ttttactttt tgttactcaa 8760
aacgatctcg atcacagaac gtaatttaat aataaataga atagaacttg tcccaaaaaa 8820
cataatgcgce ctttcgaatt aaagtattaa gcacagtcect aaccaatggg gaatataaca 8880
atgaaattta aattattagc tctggctgtt acatcattaa ttagtgtgaa tgcaatggct 8940

gtaactatcg attaccgtca tgaaatgaaa gatacaccga aaaatgatca ccgcgatcgt 9000



US 2009/0139134 Al Jun. 4, 2009
173

-continued

ttgtcaatgt cacaccgttt tgccaatggc tttggtttat ccgttgaagce aaaatggegt 9060
caatccagtg ctgacagcac accgaataaa ccatttaatg aaaccgtcag caacggtact 9120
gaagttgtcg ccagctatgt ttacaacttc aacaaaactt tttctctgga gccaggttte 9180
tctttagatt caagctctac ctctaacaac tatcgccectt atctgcegcgg taaagtgaat 9240
atcactgacg atctttctac ctctttacgt tatcgtectt actacaaacg taacagcggt 9300
gatgttccaa atgcatcaaa aaacaaccaa gagaatggtt ataacctaac cgccgttcetce 9360
agctataaat tcctgaaaga tttccaagtt gattacgaac tggactacaa aaaagcaaat 9420
aaagccggtg cgtatcaata cgacaatgaa acatacaatt tcgaccatga tgtaaaattg 9480
tcttataaaa tggataaaaa ctggaagcct tatatggcetg taggtaatgt tgcagattcce 9540
ggcaccaacg atcatcgtca aactcgttac cgtgttggtg tgcaatacag cttctaataa 9600
cggccttgtt atttaaataa gegttattag gtagcagaag ggatgttatt gttaatcgat 9660
ttactcagat ctacttttat cattaacatc cctttattat ggtgtccgtt gtaggttaag 9720
caggttagtt acgtttcttt gttgtacatg atttagttat atgcgtttta gctgctgtaa 9780
ttgctgtgte tgatttaccce tecttcecgtgta tgaatgttat ttctttatta aaatttgegg 9840
ttcagggtag tcattttttc tccgatgtga tggctaccct attttttacce accgcccaac 9900
gattccceee tcattcectt tgtcaggtga tcectatcatga ttgttegtte tcetgettgte 9960
ggggccatta tgatgtctgt aaatggatta agttacgcac aacctgtttt ctetgtctgg 10020
ccacacggtg aagcaccggg tgcctcettcet tcaacggcac agceccgcaagt ggtcgaacgg 10080
agtaaagatc cttctcttec cgatcgagcc gcaacgggta ttcgcagccce tgaaattacce 10140
gtttatcecgg cagagaaacc caatggcatg gcattactca ttacgccggg cggttcttat 10200
cagcgegteg tgctagataa agaaggcagc gatctagceccce ctttectttaa tcaacaagge 10260
tacacccttt tcgtgatgac ctatcgtatg cccggtgaag gccataaaga aggcgctgac 10320
gcteegcectag ccgatgeccca acgagccatce agaacactga gagccaacgce cgaaaagtgg 10380
cacattaacc cgcagcgcat cggtattatg gggttcteccg ccggtggtca cgttgecgee 10440
agccttggaa cccgattege acagtcecgtt taccccgega tggacgccgt tgataacgta 10500
agcgcacgcece ctgacttcat ggtgttgatg taccccgtaa tttctatgca ggcagatatt 10560
gcgcacgeceg gttcacgtaa acagttaatc ggcgagcaac cgatggaagt acaagcggta 10620
cgttattcte ctgagaaaca ggttactgat cagactccce ccacgttttt ggtgcatgeg 10680
gttgacgatc cgtcagtgtc ggttgataac agcctggtga tgtttagegce gctgegggca 10740
aagcagattc cggtcgaaat gcatctcttt gagaaaggta aacacggctt cggtctccge 10800
ggcaccaagg ggcttcecctge cgetgectgg cctcaactge tggacaactg gctacgceget 10860
ttacctgcaa gcaacgaatt gccgaaagcce gcgccataag gtatagcaaa catcgtaacce 10920
gaaataaatc gttacgccgt caccgcttcecce gcagacaggg ataatct 10967
<210> SEQ ID NO 66

<211> LENGTH: 2582

<212> TYPE: DNA

<213> ORGANISM: Erwinia carotovora subsp. Atroseptica SCRI1043

<400> SEQUENCE: 66

ccaacggegyg gtgcgacata aacataageg aatcgaageg ctgegetecg gtgagtatcet 60
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gaagtaattt acgatagttt ctttccaaag gcccattcgg gectttgtta tttcagegtt 120
tattgattca tcaaacctgc getttetetg ctegaatgtt ttcactagat ctgaaacagg 180
tggtgaaaac atgaagaatg ttttataaaa taaaaccacyg atcacggaaa aatgaaacat 240
tgtttctata ataccgatat gacaggegte tegegtgaga tttgtggect gatttttgaa 300
caaccggtgt cggggtgacce gattcgtegg acgttcagta atgtcaggtt atcgaagcegt 360
atgcgtgtgt ggcgtcaaat tcttcatgat aagttctaag gatttacgga tggccaaagg 420
taataagatc cccctaacgt ttcataccta ccaggatgca gcaaccggca ccgaagttgt 480
gegtttaace cecgeccgatg ttatctgcca ccggaattat ttctaccaga agtgtttett 540
caatgacggt agcaagctgce tgtttggege tgecatttgat ggeccatgga actactatct 600
gectggattta aaagagcaga acgccacaca gttgacggaa ggcaaaggcg acaatacttt 660
tggtggttte ctgtcteccga atgacgatge getatattac gttaaaaata cccgtaattt 720
gatgcgtgte gatctgacta cgctggaaga gaaaacgatt tatcaggtgc ctgacgattg 780
ggteggctac ggtacttggg ttgccaactce cgattgcacce aaaatggtcg gtattgagat 840
caagaaagaa gactggaagc cactgaccga ttggaaaaaa ttccaggagt tctacttcac 900
taatccttge tgtegtetga ttegegtega tttggtaacyg ggcgaagegyg agactatcct 960

tcaggaaaac cagtggctgg gtcacccaat ctaccgtcecca ggtgatgaca acacggttgce 1020
tttctgtcac gaaggccege atgacctggt tgatgctegt atgtggttca tcaacgaaga 1080
tggcaccaac atgcgcaaag tgaaagagca tgcagaaggce gaaagctgca cccacgaatt 1140
ttgggtgcecg gatggcteceg cgatgattta tgtctcttat cttaaagacg ataccaaccg 1200
ttatattcge agcatcgatc ccgttacgct ggaagatcge caactgcgtg taatgccgcece 1260
gtgttctcac ctgatgagta actatgatgg cacactgttg gtcggtgatg gttccgatge 1320
accggtegac gtgcaggatg atggtggcta caaaattgag aacgatccgt tcecctgtatgt 1380
tttcaacctg aaaactggca aagaacatcg tattgcgcag cacaatacat cctgggaagt 1440
gttggaaggg gaccgtcagg tcactcaccc gcaccecgtet ttcacgccgg ataataaaca 1500
agttctgttt acttctgacg tagatggaaa acctgcgttg tatctggcga aggttcecctga 1560
ttcagtctgg aactaataat actaataaat ccgcgtcacg tttcatggcg cggattattt 1620
taaaatattt acttacatat tattttatta agtctctgac gcggttattt ctcaaactta 1680
acttgattat cgttgttgct ccattgccat aatcaaagcg ttccectttat actaaaacca 1740
ttgttctatt ttttttaaaa caaaaaaacc tgagtagggt aaccacaaaa atggctagtg 1800
cagatttaga taaacaaccc gattccgtgt cgtccgtttt aaaggttttt ggtattttgce 1860
aggcattagg tgaagagaga gaaattggta ttaccgagct ttctcagcga gtcatgatgt 1920
ctaagagtac cgtttaccgt ttcttgcaga cgatgaaatc cctgggctat gtcgcecgcagg 1980
aaggtgaatc agagaagtat tcgctaacgc tcaagttgtt tgaacttggt gcaaaagcat 2040
tgcagaacgt agacttaatc cgcagtgcgg atatacagat gcgcgagttg tetgtgctga 2100
cgcgggaaac gattcacctt ggcgegttgg atgaagacgg catcgtttat atccacaaga 2160
ttgattctat gtataacctg cgtatgtatt cgcgcatcgg tcgccgtaat ccactacaca 2220
gtaccgcaat tggtaaagtg ttgctggctt ggcgcgatceg cggtgaagtg gaagaggttce 2280

tgtcgactgt cgaattcacg cgtagtacgc cacacacatt gtgtactgct gaagatcttce 2340
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tcaatcaact ggatgtcgtg cgtgagcaag gctacgggga agataaagaa gagcaggaag 2400
aagggctgeg ttgtatcget gtgccagtat tcgatcgttt tggtgtggtg attgcecggece 2460
tcagtatttc cttcccaacg attcgttttt cagaagaaaa caaacacgaa tatgtggcca 2520
tgctgcacac cgcagctaga aatatctctg agcaaatggg ctaccacaat ttccctttet 2580
ga 2582
<210> SEQ ID NO 67

<211> LENGTH: 2331

<212> TYPE: DNA

<213> ORGANISM: Agrobacterium tumefaciens

<400> SEQUENCE: 67

atgcegtcect ctgcccegge catctcecaga cagacactte tegatgaace ccgeceggge 60
tcattgacca ttggctacga gecgagegaa gaagcacaac cgacggagaa ccctceegege 120
ttttcatgge tacccgatat tgacgacgge gegegttacg tgctgegeat ttegaccgat 180
cceggtttta cagacaaaaa aacgctegte ttegaggate tegectggaa tttettcace 240
ccggatgaag cactgecgga cggecattat cactggtgtt atgegetatg ggatcagaaa 300
tcegcaacag cgcattccaa ctggagcace gtacgcagtt tegagatcag tgaagcactg 360
ccgaaaacge cgctgecegg caggtetgee cgecatgetg cegegecaaac cagcecaccect 420
cggetgtgge tcaactccga gcaattgagt gecttegeeg atgecgttge gaaggaccece 480
aaccattgtyg gctgggecga gttttacgaa aaateggteg agecegtgget cgageggecg 540
gtcatgcegg aaccgcagec ctatcccaac aacacgcegtg tegecacget ctggeggeag 600
atgtatatag actgccagga agtgatctat gegatcegge acctggecat tgcceggecge 660
gtgcteggac gegacgacct tcetegatgea tcccgcaaat ggetgetgge cgtegecgec 720
tgggacacga aaggtgcgac ctcacgegece tataatgacg aggeggggtt cegegtegte 780
gtcgcacteg cctggggtta tgactggetyg tacgaccate tgagcgaaga cgaacgcagg 840
accgtgcegat cegttettet cgaacggacg cgggaagttg cegatcatgt catcgcacac 900
gecegeatte acgtetttec ctatgacage catgeggtge getegettte ggetgtattg 960

acgceggect gcatcgecact tcagggagaa agcgacgagyg ctggcgaatyg gctcgactat 1020
accgtcgaat tecttgccac getctattcet ccecetgggegg gaaccgatgg tggttgggeg 1080
gaaggtccge attactggat gaccggcatg gectatctca tcecgaggccgce caatctgatce 1140
cgctectata ttggttatga cctctatcaa cggeccgtttt tccagaatac cggtcegette 1200
cegetttaca ccaaggcgcece gggaacccege cgegecaact teggcgacga ctccaccctt 1260
ggcgacctte ceggectgaa gctgggatac aacgtecgge aattcegecgg cgtcaccgge 1320
aatggccatt accagtggta tttcgatcac atcaaggccg atgcgacagg cacggaaatg 1380
gccttttaca attacggctg gtgggacctce aacttcgacg atctcegtcta tcgceccacgat 1440
taccecgcagg tggaagcegt gtcectcecccgcee gacctgecegg cactcgceccgt tttecgatgat 1500
attggttggg cgaccatcca aaaagacatg gaagacccgg accggcacct gcagttegtce 1560
ttcaaatcca gecccttacgg ttegctcage cacagtcacg gcgaccagaa tgcctttgtg 1620
ctttatgcece atggcgagga tcectggcgatce cagtccggtt attacgtgge gttcaattceg 1680

cagatgcatc tgaattggcg gcgtcagaca cggtcgaaaa atgccgtgcet gatcggcggce 1740
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aaaggccaat atgcggaaaa ggacaaggceg cttgcacgece gegecgcecegyg ccgcategte 1800
tcggtggagg aacagcccegg ccatgttcegt atcgtcggeg atgcaaccge cgcctaccag 1860
gttgcgaacc cgctggttca aaaggtgctg cgcgaaaccc acttcgttaa tgacagctat 1920
ttcgtgattg tcgacgaagt cgaatgttcg gaaccccagg aactgcaatg getttgccat 1980
acactcggag cgccgcagac cggcaggtca agettceceget acaatggecyg gaaagcecggt 2040
ttctacggac agttcgttta ctectteggge ggcacgcecge aaatcagcgce cgtggagggt 2100
tttceccgata tcgacccgaa agaattcgaa gggctcgaca tacaccacca tgtctgecgece 2160
acggttecgg cecgccacceg gcatcgectt gtcacccette tggtgectta cagectgaag 2220
gagccgaagce gcattttcag cttcatcgat gatcagggtt tttccaccga catctactte 2280
agtgatgtcg atgacgagcg tttcaagctc tccctteccca agcagttcta a 2331
<210> SEQ ID NO 68

<211> LENGTH: 776

<212> TYPE: PRT

<213> ORGANISM: Agrobacterium tumefaciens

<400> SEQUENCE: 68

Met Arg Pro Ser Ala Pro Ala Ile Ser Arg Gln Thr Leu Leu Asp Glu
1 5 10 15

Pro Arg Pro Gly Ser Leu Thr Ile Gly Tyr Glu Pro Ser Glu Glu Ala
20 25 30

Gln Pro Thr Glu Asn Pro Pro Arg Phe Ser Trp Leu Pro Asp Ile Asp
35 40 45

Asp Gly Ala Arg Tyr Val Leu Arg Ile Ser Thr Asp Pro Gly Phe Thr
50 55 60

Asp Lys Lys Thr Leu Val Phe Glu Asp Leu Ala Trp Asn Phe Phe Thr
65 70 75 80

Pro Asp Glu Ala Leu Pro Asp Gly His Tyr His Trp Cys Tyr Ala Leu
85 90 95

Trp Asp Gln Lys Ser Ala Thr Ala His Ser Asn Trp Ser Thr Val Arg
100 105 110

Ser Phe Glu Ile Ser Glu Ala Leu Pro Lys Thr Pro Leu Pro Gly Arg
115 120 125

Ser Ala Arg His Ala Ala Ala Gln Thr Ser His Pro Arg Leu Trp Leu
130 135 140

Asn Ser Glu Gln Leu Ser Ala Phe Ala Asp Ala Val Ala Lys Asp Pro
145 150 155 160

Asn His Cys Gly Trp Ala Glu Phe Tyr Glu Lys Ser Val Glu Pro Trp
165 170 175

Leu Glu Arg Pro Val Met Pro Glu Pro Gln Pro Tyr Pro Asn Asn Thr
180 185 190

Arg Val Ala Thr Leu Trp Arg Gln Met Tyr Ile Asp Cys Gln Glu Val
195 200 205

Ile Tyr Ala Ile Arg His Leu Ala Ile Ala Gly Arg Val Leu Gly Arg
210 215 220

Asp Asp Leu Leu Asp Ala Ser Arg Lys Trp Leu Leu Ala Val Ala Ala
225 230 235 240

Trp Asp Thr Lys Gly Ala Thr Ser Arg Ala Tyr Asn Asp Glu Ala Gly
245 250 255
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Phe Arg Val Val Val Ala Leu Ala Trp Gly Tyr Asp Trp Leu Tyr Asp
260 265 270

His Leu Ser Glu Asp Glu Arg Arg Thr Val Arg Ser Val Leu Leu Glu
275 280 285

Arg Thr Arg Glu Val Ala Asp His Val Ile Ala His Ala Arg Ile His
290 295 300

Val Phe Pro Tyr Asp Ser His Ala Val Arg Ser Leu Ser Ala Val Leu
305 310 315 320

Thr Pro Ala Cys Ile Ala Leu Gln Gly Glu Ser Asp Glu Ala Gly Glu
325 330 335

Trp Leu Asp Tyr Thr Val Glu Phe Leu Ala Thr Leu Tyr Ser Pro Trp
340 345 350

Ala Gly Thr Asp Gly Gly Trp Ala Glu Gly Pro His Tyr Trp Met Thr
355 360 365

Gly Met Ala Tyr Leu Ile Glu Ala Ala Asn Leu Ile Arg Ser Tyr Ile
370 375 380

Gly Tyr Asp Leu Tyr Gln Arg Pro Phe Phe Gln Asn Thr Gly Arg Phe
385 390 395 400

Pro Leu Tyr Thr Lys Ala Pro Gly Thr Arg Arg Ala Asn Phe Gly Asp
405 410 415

Asp Ser Thr Leu Gly Asp Leu Pro Gly Leu Lys Leu Gly Tyr Asn Val
420 425 430

Arg Gln Phe Ala Gly Val Thr Gly Asn Gly His Tyr Gln Trp Tyr Phe
435 440 445

Asp His Ile Lys Ala Asp Ala Thr Gly Thr Glu Met Ala Phe Tyr Asn
450 455 460

Tyr Gly Trp Trp Asp Leu Asn Phe Asp Asp Leu Val Tyr Arg His Asp
465 470 475 480

Tyr Pro Gln Val Glu Ala Val Ser Pro Ala Asp Leu Pro Ala Leu Ala
485 490 495

Val Phe Asp Asp Ile Gly Trp Ala Thr Ile Gln Lys Asp Met Glu Asp
500 505 510

Pro Asp Arg His Leu Gln Phe Val Phe Lys Ser Ser Pro Tyr Gly Ser
515 520 525

Leu Ser His Ser His Gly Asp Gln Asn Ala Phe Val Leu Tyr Ala His
530 535 540

Gly Glu Asp Leu Ala Ile Gln Ser Gly Tyr Tyr Val Ala Phe Asn Ser
545 550 555 560

Gln Met His Leu Asn Trp Arg Arg Gln Thr Arg Ser Lys Asn Ala Val
565 570 575

Leu Ile Gly Gly Lys Gly Gln Tyr Ala Glu Lys Asp Lys Ala Leu Ala
580 585 590

Arg Arg Ala Ala Gly Arg Ile Val Ser Val Glu Glu Gln Pro Gly His
595 600 605

Val Arg Ile Val Gly Asp Ala Thr Ala Ala Tyr Gln Val Ala Asn Pro
610 615 620

Leu Val Gln Lys Val Leu Arg Glu Thr His Phe Val Asn Asp Ser Tyr
625 630 635 640

Phe Val Ile Val Asp Glu Val Glu Cys Ser Glu Pro Gln Glu Leu Gln
645 650 655

Trp Leu Cys His Thr Leu Gly Ala Pro Gln Thr Gly Arg Ser Ser Phe
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660 665 670

Arg Tyr Asn Gly Arg Lys Ala Gly Phe Tyr Gly Gln Phe Val Tyr Ser
675 680 685

Ser Gly Gly Thr Pro Gln Ile Ser Ala Val Glu Gly Phe Pro Asp Ile
690 695 700

Asp Pro Lys Glu Phe Glu Gly Leu Asp Ile His His His Val Cys Ala
705 710 715 720

Thr Val Pro Ala Ala Thr Arg His Arg Leu Val Thr Leu Leu Val Pro
725 730 735

Tyr Ser Leu Lys Glu Pro Lys Arg Ile Phe Ser Phe Ile Asp Asp Gln
740 745 750

Gly Phe Ser Thr Asp Ile Tyr Phe Ser Asp Val Asp Asp Glu Arg Phe
755 760 765

Lys Leu Ser Leu Pro Lys Gln Phe
770 775

<210> SEQ ID NO 69

<211> LENGTH: 1068

<212> TYPE: DNA

<213> ORGANISM: Agrobacterium temefaciens C58

<400> SEQUENCE: 69

atgttcacaa cgtcegecta tgectgegat gacggetcett cgecgatgaa getcegegace 60
atcaggcgece gcgatcceegg tecgegegat gtegaaateg agatagaatt ctgtggegte 120
tgccactegyg acatccatac ggcccgecage gaatggecgg geteccteta ccecettgegte 180
cceggecacyg aaatcegtegg cegtgteggt cgggtgggeg cgcaagtcac ccggttcaag 240
acgggtgacce gcgteggtgt cggetgtate gtegataget gecgegaatg cgcaagetge 300
geccgaaggge tggagcaata ttgcgaaaac ggcatgaccg gcacctataa ctecectgac 360

aaggcgatgg gcggeggege gcatacgett ggeggetatt cegeccatgt ggtggtggat 420

gaccgctatyg tgctcaatat tcccgaaggyg ctegatcegg cggcagcagce accgetactce 480
tgcgctggta tcaccaccta ctegeegetyg cgecactgga atgecggece cggcaaacgce 540
gtecggegteg teggtetggg cggectegge catatggeeg tcaagetege caatgecatg 600
ggtgcgactyg tcgtgatgat caccaccteg cccggcaagg cggaggatge caaaaaactc 660
ggcgcacacg aggtgatcat ctcccgegat geggagcaga tgaagaaggce tacctegage 720
ctcgatctca tcatcgatge tgtegecgee gaccacgaca tegacgecta tcetggegetg 780
ctgaaacgeg atggegeget ggtgcaggtyg ggegegecgg aaaagecact tteggtgatg 840
gecttecagee tcatccecegg cegcaagace tttgcegget cgatgategg cggtattecce 900
gagactcagg aaatgctgga tttcectgegee gaaaaaggca tcgecggega aatcgagatg 960

atcgatatcg atcagatcaa tgacgcttat gaacgcatga taaaaagcga tgtgcgttat 1020
cgtttegtca ttgatatgaa gagcctgccg cgccagaagg ccgcectga 1068
<210> SEQ ID NO 70

<211> LENGTH: 355

<212> TYPE: PRT

<213> ORGANISM: Agrobacterium tumefaciens C58

<400> SEQUENCE: 70

Met Phe Thr Thr Ser Ala Tyr Ala Cys Asp Asp Gly Ser Ser Pro Met
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1 5 10 15

Lys Leu Ala Thr Ile Arg Arg Arg Asp Pro Gly Pro Arg Asp Val Glu
20 25 30

Ile Glu Ile Glu Phe Cys Gly Val Cys His Ser Asp Ile His Thr Ala
35 40 45

Arg Ser Glu Trp Pro Gly Ser Leu Tyr Pro Cys Val Pro Gly His Glu
50 55 60

Ile Val Gly Arg Val Gly Arg Val Gly Ala Gln Val Thr Arg Phe Lys
Thr Gly Asp Arg Val Gly Val Gly Cys Ile Val Asp Ser Cys Arg Glu
85 90 95

Cys Ala Ser Cys Ala Glu Gly Leu Glu Gln Tyr Cys Glu Asn Gly Met
100 105 110

Thr Gly Thr Tyr Asn Ser Pro Asp Lys Ala Met Gly Gly Gly Ala His
115 120 125

Thr Leu Gly Gly Tyr Ser Ala His Val Val Val Asp Asp Arg Tyr Val
130 135 140

Leu Asn Ile Pro Glu Gly Leu Asp Pro Ala Ala Ala Ala Pro Leu Leu
145 150 155 160

Cys Ala Gly Ile Thr Thr Tyr Ser Pro Leu Arg His Trp Asn Ala Gly
165 170 175

Pro Gly Lys Arg Val Gly Val Val Gly Leu Gly Gly Leu Gly His Met
180 185 190

Ala Val Lys Leu Ala Asn Ala Met Gly Ala Thr Val Val Met Ile Thr
195 200 205

Thr Ser Pro Gly Lys Ala Glu Asp Ala Lys Lys Leu Gly Ala His Glu
210 215 220

Val Ile Ile Ser Arg Asp Ala Glu Gln Met Lys Lys Ala Thr Ser Ser
225 230 235 240

Leu Asp Leu Ile Ile Asp Ala Val Ala Ala Asp His Asp Ile Asp Ala
245 250 255

Tyr Leu Ala Leu Leu Lys Arg Asp Gly Ala Leu Val Gln Val Gly Ala
260 265 270

Pro Glu Lys Pro Leu Ser Val Met Ala Phe Ser Leu Ile Pro Gly Arg
275 280 285

Lys Thr Phe Ala Gly Ser Met Ile Gly Gly Ile Pro Glu Thr Gln Glu
290 295 300

Met Leu Asp Phe Cys Ala Glu Lys Gly Ile Ala Gly Glu Ile Glu Met
305 310 315 320

Ile Asp Ile Asp Gln Ile Asn Asp Ala Tyr Glu Arg Met Ile Lys Ser
325 330 335

Asp Val Arg Tyr Arg Phe Val Ile Asp Met Lys Ser Leu Pro Arg Gln
340 345 350

Lys Ala Ala
355

<210> SEQ ID NO 71

<211> LENGTH: 1047

<212> TYPE: DNA

<213> ORGANISM: Agrobacterium tumefaciens C58

<400> SEQUENCE: 71
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atggctattg caagaggtta tgctgcgacc gacgcgtcga agccgcttac cccegttcacce 60
ttcgaacgcec gcgagccgaa tgatgacgac gtcgtcateg atatcaaata tgccggcatc 120
tgccactcgg acatccacac cgtccgcaac gaatggcaca atgccgttta cccgatcegtt 180
cecgggecacg aaatcgccgg tgtcegtgegg geegttggtt ccaaggtcac geggttcaag 240
gtcggcgace atgteggegt cggcetgettt gtegattect gegttggetg cgecacccege 300
gatgtcgaca atgagcagta tatgccgggt ctegtgcaga cctacaattc cgttgaacgg 360
gacggcaaga gcgcgaccca gggcggttat tccgaccata tcecgtggtcag ggaagactac 420
gtcctgtcca tccecggacaa cctgecgetce gatgectceg cgecgettet ctgegecgge 480
atcacgctct attcgccget gcagcactgg aatgcaggec ccggcaagaa agtggctatce 540

gtcggeatgg gtggecttgg ccacatggge gtgaagatceg geteggecat gggegetgat 600

atcaccgtte tctegecagac getgtegaag aaggaagacg gectcaaget cggegcegaag 660
gaatattacg ccaccagcga cgcctegacce tttgagaaac tcgecggcac cttegacctg 720
atcctgtgea cagtctegge cgaaatcgac tggaacgect acctcaacct gcetcaaggte 780
aacggcacga tggttetget cggegtgecg gaacatgega teceggtgca cgcatteteg 840
gtcattcceg ccegecgtte getegeeggt tegatgateg getcgatcaa ggaaacccag 900
gaaatgctgg atttctgegg caagcacgac atcgtttegg aaatcgaaac gatcggeatc 960

aaggacgtca acgaagccta tgagcgcegtg ctgaagagcg acgtgcgtta ccgettegte 1020
atcgacatgg cctcgctecga cgcttga 1047
<210> SEQ ID NO 72

<211> LENGTH: 348

<212> TYPE: PRT

<213> ORGANISM: Agrobacterium tumefaciens C58

<400> SEQUENCE: 72

Met Ala Ile Ala Arg Gly Tyr Ala Ala Thr Asp Ala Ser Lys Pro Leu
1 5 10 15

Thr Pro Phe Thr Phe Glu Arg Arg Glu Pro Asn Asp Asp Asp Val Val
20 25 30

Ile Asp Ile Lys Tyr Ala Gly Ile Cys His Ser Asp Ile His Thr Val
35 40 45

Arg Asn Glu Trp His Asn Ala Val Tyr Pro Ile Val Pro Gly His Glu
50 55 60

Ile Ala Gly Val Val Arg Ala Val Gly Ser Lys Val Thr Arg Phe Lys
65 70 75 80

Val Gly Asp His Val Gly Val Gly Cys Phe Val Asp Ser Cys Val Gly
85 90 95

Cys Ala Thr Arg Asp Val Asp Asn Glu Gln Tyr Met Pro Gly Leu Val
100 105 110

Gln Thr Tyr Asn Ser Val Glu Arg Asp Gly Lys Ser Ala Thr Gln Gly
115 120 125

Gly Tyr Ser Asp His Ile Val Val Arg Glu Asp Tyr Val Leu Ser Ile
130 135 140

Pro Asp Asn Leu Pro Leu Asp Ala Ser Ala Pro Leu Leu Cys Ala Gly
145 150 155 160

Ile Thr Leu Tyr Ser Pro Leu Gln His Trp Asn Ala Gly Pro Gly Lys
165 170 175
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Lys Val Ala Ile Val Gly Met Gly Gly Leu Gly His Met Gly Val Lys
180 185 190

Ile Gly Ser Ala Met Gly Ala Asp Ile Thr Val Leu Ser Gln Thr Leu
195 200 205

Ser Lys Lys Glu Asp Gly Leu Lys Leu Gly Ala Lys Glu Tyr Tyr Ala
210 215 220

Thr Ser Asp Ala Ser Thr Phe Glu Lys Leu Ala Gly Thr Phe Asp Leu
225 230 235 240

Ile Leu Cys Thr Val Ser Ala Glu Ile Asp Trp Asn Ala Tyr Leu Asn
245 250 255

Leu Leu Lys Val Asn Gly Thr Met Val Leu Leu Gly Val Pro Glu His
260 265 270

Ala Ile Pro Val His Ala Phe Ser Val Ile Pro Ala Arg Arg Ser Leu
275 280 285

Ala Gly Ser Met Ile Gly Ser Ile Lys Glu Thr Gln Glu Met Leu Asp
290 295 300

Phe Cys Gly Lys His Asp Ile Val Ser Glu Ile Glu Thr Ile Gly Ile
305 310 315 320

Lys Asp Val Asn Glu Ala Tyr Glu Arg Val Leu Lys Ser Asp Val Arg
325 330 335

Tyr Arg Phe Val Ile Asp Met Ala Ser Leu Asp Ala
340 345

<210> SEQ ID NO 73

<211> LENGTH: 1029

<212> TYPE: DNA

<213> ORGANISM: Agrobacterium tumefaciens C58

<400> SEQUENCE: 73

atgactaaaa caatgaaggc ggcggttgte cgegeatttg gaaaaccget gaccatcgag 60
gaagtggcaa taccggatcc cggeccceggt gaaattctca tcaactacaa ggecgacggge 120
gtttgccaca ccgacctgca cgccgcaacyg ggggattgge cggtcaagec caacccgecc 180
ttcattcceg gacatgaagg tgcaggttac gtegecaaga teggegetgg cgtcaccegge 240
atcaaggagg gcgaccgege cggcacgece tggctctaca cegectgegg atgetgeatt 300
cectgeegta ceggetggga aaccctgtge ccgagcecaga agaactcagg ttattcegte 360
aacggcagcet ttgccgaata tggecttgee gatccgaaat tegteggecg cctgectgac 420
aatctegatt tecggeccage cgcaccegtg ctetgegeeg gegttacagt ctataaggge 480
ctgaaggaaa ccgaagtcag geccggtgaa tgggtggtea tttcaggeat tggegggett 540
ggccacatgg ccgtgcaata tgcgaaagcce atgggcatge atgtggttge cgecgatatt 600
ttcgacgaca agctggeget tgccaaaaag cteggageeg acgtegtegt caacggecge 660

gegectgacyg cggtggagca agtgcaaaag gcaaccggeg gegtecatgyg cgegetggtyg 720

acggceggttt caccgaagge catggageag gcttatgget tectgegete caagggcacg 780
atggcgettyg teggtetgee gecgggette atctecatte cggtgttega cacggtgetg 840
aagcgcatca cggtgegtgg ctecategte ggecacgegge aggatctgga ggaggegttg 900
accttegeeg gtgaaggcaa ggtggecgece cacttctegt gggacaaget cgaaaacatce 960

aatgatatct tccatcgcat ggaagagggc aagatcgacg gccgtatcgt cgtggatctce 1020
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gccgectga 1029

<210> SEQ ID NO 74

<211> LENGTH: 342

<212> TYPE: PRT

<213> ORGANISM: Agrobacterium tumefaciens C58

<400> SEQUENCE: 74

Met Thr Lys Thr Met Lys Ala Ala Val Val Arg Ala Phe Gly Lys Pro
1 5 10 15

Leu Thr Ile Glu Glu Val Ala Ile Pro Asp Pro Gly Pro Gly Glu Ile
20 25 30

Leu Ile Asn Tyr Lys Ala Thr Gly Val Cys His Thr Asp Leu His Ala
35 40 45

Ala Thr Gly Asp Trp Pro Val Lys Pro Asn Pro Pro Phe Ile Pro Gly
50 55 60

His Glu Gly Ala Gly Tyr Val Ala Lys Ile Gly Ala Gly Val Thr Gly
65 70 75 80

Ile Lys Glu Gly Asp Arg Ala Gly Thr Pro Trp Leu Tyr Thr Ala Cys
Gly Cys Cys Ile Pro Cys Arg Thr Gly Trp Glu Thr Leu Cys Pro Ser
100 105 110

Gln Lys Asn Ser Gly Tyr Ser Val Asn Gly Ser Phe Ala Glu Tyr Gly
115 120 125

Leu Ala Asp Pro Lys Phe Val Gly Arg Leu Pro Asp Asn Leu Asp Phe
130 135 140

Gly Pro Ala Ala Pro Val Leu Cys Ala Gly Val Thr Val Tyr Lys Gly
145 150 155 160

Leu Lys Glu Thr Glu Val Arg Pro Gly Glu Trp Val Val Ile Ser Gly
165 170 175

Ile Gly Gly Leu Gly His Met Ala Val Gln Tyr Ala Lys Ala Met Gly
180 185 190

Met His Val Val Ala Ala Asp Ile Phe Asp Asp Lys Leu Ala Leu Ala
195 200 205

Lys Lys Leu Gly Ala Asp Val Val Val Asn Gly Arg Ala Pro Asp Ala
210 215 220

Val Glu Gln Val Gln Lys Ala Thr Gly Gly Val His Gly Ala Leu Val
225 230 235 240

Thr Ala Val Ser Pro Lys Ala Met Glu Gln Ala Tyr Gly Phe Leu Arg
245 250 255

Ser Lys Gly Thr Met Ala Leu Val Gly Leu Pro Pro Gly Phe Ile Ser
260 265 270

Ile Pro Val Phe Asp Thr Val Leu Lys Arg Ile Thr Val Arg Gly Ser
275 280 285

Ile Val Gly Thr Arg Gln Asp Leu Glu Glu Ala Leu Thr Phe Ala Gly
290 295 300

Glu Gly Lys Val Ala Ala His Phe Ser Trp Asp Lys Leu Glu Asn Ile
305 310 315 320

Asn Asp Ile Phe His Arg Met Glu Glu Gly Lys Ile Asp Gly Arg Ile
325 330 335

Val Val Asp Leu Ala Ala
340
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<210> SEQ ID NO 75
<211> LENGTH: 1008
<212> TYPE: DNA
<213> ORGANISM: Agrobacterium tumefaciens C58
<400> SEQUENCE: 75
atgaccgggg cgaaccagcce ttgggaggtt caagaggtte cegttcecgaa ggcagagcca 60
ggacttgtee ttgttaaaat ccacgectcce ggcatgtget acacggacgt gtgggcgacyg 120
cagggtgceg gtggegacat ctatccegecag acccccggece atgaggttgt cggegagate 180
atcgaggteg gegegggegt tcatacgege aaggtgggag accgggtegyg caccacctgg 240
gtgcagtecet cttgtggacyg atgctcectac tgccegecaga accgtceegtt gaccggecag 300
acagccatga actgcgattc acccaggaca acggggtteg cgacgcaagyg cgggcacgca 360
gagtacatcyg cgatctctge tgaaggcaca gtgttattac ccgacgggcet cgactacacyg 420
gatgccgecac ccatgatgtg cgcaggctac acgacctgga geggcttgeg cgacgccgag 480
cccaaacctyg gtgacagaat tgcggtactt ggcatcggeg ggetggggea cgtegeegtyg 540
cagttctcca aagecttggg gtttgagacce atcgcegatca cgcattcacce cgacaagcac 600
aagttggcca ccgatcttgg tgcagacatce gtegtegecyg atggcaaaga gttattggag 660
geeggeggty cggacgttet tcetggttacg accaacgact tcgacaccgce cgaaaaagceg 720
atggcgggeg taaggectga cgggcgeate gttetttgeg cgetegactt cagcaagccyg 780
ttctegatee cgtecgacgg caagccgtte cacatgatge gecaacgegt ggttgggtcece 840
acgcatggeg gacagcacta tctcgecgaa atcctcegate tegecgccaa gggcaaggte 900
aagccgattg tcgagacctt cgccctegag caggcaaccyg aggcatatga gcggetatce 960
accgggaaga tgcgctteeg gggcgtgtte cttecgcacg gecgcttga 1008

<210> SEQ ID NO 76
<211> LENGTH: 335

<212> TYPE:

PRT

<213> ORGANISM: Agrobacterium tumefaciens C58

<400> SEQUENCE: 76

Met Thr Gly
1

Lys Ala Glu
Cys Tyr Thr
35

Pro Gln Thr
50

Ala Gly Val
65

Val Gln Ser

Leu Thr Gly

Phe Ala Thr
115

Gly Thr Val
130

Ala Asn G1
Pro Gly Le
20

Asp Val Tr

Pro Gly Hi

His Thr Ar

70

Ser Cys Gl
85

Gln Thr Al
100

Gln Gly Gl

Leu Leu Pr

n Pro Trp

u Val Leu

P Ala Thr
40

s Glu Val
55

g Lys Val

Yy Arg Cys

a Met Asn

y His Ala
120

o Asp Gly
135

Glu Val Gln
10

Val Lys Ile
25

Gln Gly Ala

Val Gly Glu

Gly Asp Arg

75

Ser Tyr Cys
90

Cys Asp Ser
105

Glu Tyr Ile

Leu Asp Tyr

Glu Val Pro
His Ala Ser
30

Gly Gly Asp
45

Ile Ile Glu

Val Gly Thr

Arg Gln Asn

Pro Arg Thr
110

Ala Ile Ser
125

Thr Asp Ala
140

Val Pro
15

Gly Met

Ile Tyr

Val Gly

Thr Trp

80
Arg Pro
95
Thr Gly

Ala Glu

Ala Pro
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Met Met Cys Ala Gly Tyr Thr Thr Trp Ser Gly Leu Arg Asp Ala Glu
145 150 155 160

Pro Lys Pro Gly Asp Arg Ile Ala Val Leu Gly Ile Gly Gly Leu Gly
165 170 175

His Val Ala Val Gln Phe Ser Lys Ala Leu Gly Phe Glu Thr Ile Ala
180 185 190

Ile Thr His Ser Pro Asp Lys His Lys Leu Ala Thr Asp Leu Gly Ala
195 200 205

Asp Ile Val Val Ala Asp Gly Lys Glu Leu Leu Glu Ala Gly Gly Ala
210 215 220

Asp Val Leu Leu Val Thr Thr Asn Asp Phe Asp Thr Ala Glu Lys Ala
225 230 235 240

Met Ala Gly Val Arg Pro Asp Gly Arg Ile Val Leu Cys Ala Leu Asp
245 250 255

Phe Ser Lys Pro Phe Ser Ile Pro Ser Asp Gly Lys Pro Phe His Met
260 265 270

Met Arg Gln Arg Val Val Gly Ser Thr His Gly Gly Gln His Tyr Leu
275 280 285

Ala Glu Ile Leu Asp Leu Ala Ala Lys Gly Lys Val Lys Pro Ile Val
290 295 300

Glu Thr Phe Ala Leu Glu Gln Ala Thr Glu Ala Tyr Glu Arg Leu Ser
305 310 315 320

Thr Gly Lys Met Arg Phe Arg Gly Val Phe Leu Pro His Gly Ala
325 330 335

<210> SEQ ID NO 77

<211> LENGTH: 1017

<212> TYPE: DNA

<213> ORGANISM: Agrobacterium tumefaciens C58

<400> SEQUENCE: 77

atgaccatge atgccattca attegtegag aagggacgeg cegtgetgge ggaactcccce 60
gtcgecgate tgecgeeggg ccatgegete gtgegggtea aggetteggyg getttgecat 120
accgatatcg acgtgetgea tgegegttat ggegacggtg cgttcecegt catteegggg 180
catgaatatyg ctggcgaagt cgcagcegtg gettecgatg tgacagtett caaggetgge 240
gaccgggttyg tegtegatee caatctgece tgtggcacct gegecagetyg caggaaaggg 300
ctgaccaacce tttgcagcac attgaaagcet tacggegttt ceccacaatgg cggetttgeg 360
gagttcagtyg tggtgcgtge cgatcacctyg cacggtatceg gttegatgec ctatcacgte 420
geggegetgg ctgageceget tgectgtgtt gtcaatggea tgcagagtge gggtattgge 480
gagagtggceg tggtgccgga gaatgegett gtttteggtg ctgggeccat cggectgetg 540
cttgecectgt cgctgaaate acgeggeatt gegacggtga cgatggcecga tatcaatgaa 600
agcaggctgyg cctttgecca ggaccteggg cttcagacgg cggtatcegg cteggaageg 660
ctctegegge agceggaagga gttegattte gtggecgatg cgacgggtat tgecceggte 720
gecgaggega tgatcceget ggttgeggat ggceggcacgg cgetattett cggegtetge 780
gegecggatyg ccegtattte ggtggcacceg tttgaaatct teecggegeca getgaaactt 840
gtcggetege attcgetgaa cegcaacata ccgcaggege ttgecattet ggagacggat 900

ggcgaggtca tggegegget cgtttegcac cgettgecge ttteggagat getgecgtte 960
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tttacgaaaa aaccgtctga tcecggegacg atgaaagtge aatttgcage cgaatga

<210> SEQ ID NO 78

<211> LENGTH: 338

<212> TYPE: PRT

<213> ORGANISM: Agrobacterium tumefaciens C58
<400> SEQUENCE: 78

Met Thr Met His Ala Ile Gln Phe Val Glu Lys Gly Arg Ala Val Leu
1 5 10 15

Ala Glu Leu Pro Val Ala Asp Leu Pro Pro Gly His Ala Leu Val Arg
20 25 30

Val Lys Ala Ser Gly Leu Cys His Thr Asp Ile Asp Val Leu His Ala
35 40 45

Arg Tyr Gly Asp Gly Ala Phe Pro Val Ile Pro Gly His Glu Tyr Ala
50 55 60

Gly Glu Val Ala Ala Val Ala Ser Asp Val Thr Val Phe Lys Ala Gly
Asp Arg Val Val Val Asp Pro Asn Leu Pro Cys Gly Thr Cys Ala Ser
85 90 95

Cys Arg Lys Gly Leu Thr Asn Leu Cys Ser Thr Leu Lys Ala Tyr Gly
100 105 110

Val Ser His Asn Gly Gly Phe Ala Glu Phe Ser Val Val Arg Ala Asp
115 120 125

His Leu His Gly Ile Gly Ser Met Pro Tyr His Val Ala Ala Leu Ala
130 135 140

Glu Pro Leu Ala Cys Val Val Asn Gly Met Gln Ser Ala Gly Ile Gly
145 150 155 160

Glu Ser Gly Val Val Pro Glu Asn Ala Leu Val Phe Gly Ala Gly Pro
165 170 175

Ile Gly Leu Leu Leu Ala Leu Ser Leu Lys Ser Arg Gly Ile Ala Thr
180 185 190

Val Thr Met Ala Asp Ile Asn Glu Ser Arg Leu Ala Phe Ala Gln Asp
195 200 205

Leu Gly Leu Gln Thr Ala Val Ser Gly Ser Glu Ala Leu Ser Arg Gln
210 215 220

Arg Lys Glu Phe Asp Phe Val Ala Asp Ala Thr Gly Ile Ala Pro Val
225 230 235 240

Ala Glu Ala Met Ile Pro Leu Val Ala Asp Gly Gly Thr Ala Leu Phe
245 250 255

Phe Gly Val Cys Ala Pro Asp Ala Arg Ile Ser Val Ala Pro Phe Glu
260 265 270

Ile Phe Arg Arg Gln Leu Lys Leu Val Gly Ser His Ser Leu Asn Arg
275 280 285

Asn Ile Pro Gln Ala Leu Ala Ile Leu Glu Thr Asp Gly Glu Val Met
290 295 300

Ala Arg Leu Val Ser His Arg Leu Pro Leu Ser Glu Met Leu Pro Phe
305 310 315 320

Phe Thr Lys Lys Pro Ser Asp Pro Ala Thr Met Lys Val Gln Phe Ala
325 330 335

Ala Glu

1017
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<210> SEQ ID NO 79
<211> LENGTH: 1044
<212> TYPE: DNA
<213> ORGANISM: Agrobacterium tumefaciens C58
<400> SEQUENCE: 79
atgcgegege tttattacga acgattegge gagacccectyg tagtegegte cctgectgat 60
cecggeaccga gcegatggegg cgtggtgatt geggtgaagyg caaccggect ctgecgcage 120
gactggcatyg gctggatggg acatgacacg gatatcegte tgccgcatgt geccggecac 180
gagttcgeeyg gegtcatcte cgcagtcegge agaaacgtca cecgcttcaa gacgggtgat 240
cgegttaceg tgcctttegt ctecceggetge ggecattgece atgagtgecyg ctcecggcaat 300
cagcaggtct gcgaaacgca gttccagecce ggettcacce attggggtte cttegecgaa 360
tatgtcgcca tcgactatge cgatcagaac ctegtgcace tgccggaatce gatgagttac 420
gecaccgeeyg ceggectegg ttgeegttte gecacctect tecgggeggt gacggatcag 480
ggacgcctga agggcggcga atggetgget gtccatgget geggeggtgt cggtcetctec 540
gecatcatga teggegecgg ccteggegca caggtegteg ccatcgatat tgecgaagac 600
aagctcgaac tcgeccggca actgggtgea accgcaacca tcaacagcecyg ctceegttgece 660
gatgtcgeeyg aageggtgeg cgacatcacce ggtggeggeg cgcatgtgtce ggtggatgeg 720
cttggecate cgcagacctg ctgcaattcee atcagcaacce tgcgeccggeyg cggacgcecat 780
gtgcaggtygyg ggctgatgcet ggcagaccat gecatgecgg ccattceccat ggeccgggtyg 840
atcgectcatg agctggagat ctatggecage cacggcatge aggcatggeyg ttacgaggac 900
atgctggcca tgatcgaaag cggcaggett gegecggaaa agetgattgg ccgecatate 960
tegetgaceg aageggecgt cgccctgece ggaatggata ggttccagga gagceggcate 1020
agcatcatcg accggttcga atag 1044

<210> SEQ ID NO 80
<211> LENGTH: 357

<212> TYPE:

PRT

<213> ORGANISM: Agrobacterium tumefaciens C58

<400> SEQUENCE: 80

Met Asn Leu
1

Glu Arg Phe

Pro Ser Asp

Arg Ser Asp
50

Pro His Val
65

Arg Asn Val

Val Ser Gly

Val Cys Glu
115

Arg Thr As

n Asp Glu

Gly Glu Thr Pro Val

20

Gly Gly Va

Trp His G1

Pro Gly Hi
70

1 val Ile

y Trp Met
55

s Glu Phe

Thr Arg Phe Lys Thr

85

Cys Gly Hi
100

s Cys His

Thr Gln Phe Gln Pro

120

Ala Met Met
10

Val Ala Ser
25

Ala Val Lys

Gly His Asp

Ala Gly Val

75

Gly Asp Arg
90

Glu Cys Arg
105

Gly Phe Thr

Arg Ala Leu
Leu Pro Asp
30

Ala Thr Gly
45

Thr Asp Ile
60

Ile Ser Ala

Val Thr Val

Ser Gly Asn
110

His Trp Gly
125

Tyr Tyr
15

Pro Ala

Leu Cys

Arg Leu

Val Gly

80

Pro Phe
95

Gln Gln

Ser Phe
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Ala Glu Tyr Val Ala Ile Asp Tyr Ala Asp Gln Asn Leu Val His Leu
130 135 140

Pro Glu Ser Met Ser Tyr Ala Thr Ala Ala Gly Leu Gly Cys Arg Phe
145 150 155 160

Ala Thr Ser Phe Arg Ala Val Thr Asp Gln Gly Arg Leu Lys Gly Gly
165 170 175

Glu Trp Leu Ala Val His Gly Cys Gly Gly Val Gly Leu Ser Ala Ile
180 185 190

Met Ile Gly Ala Gly Leu Gly Ala Gln Val Val Ala Ile Asp Ile Ala
195 200 205

Glu Asp Lys Leu Glu Leu Ala Arg Gln Leu Gly Ala Thr Ala Thr Ile
210 215 220

Asn Ser Arg Ser Val Ala Asp Val Ala Glu Ala Val Arg Asp Ile Thr
225 230 235 240

Gly Gly Gly Ala His Val Ser Val Asp Ala Leu Gly His Pro Gln Thr
245 250 255

Cys Cys Asn Ser Ile Ser Asn Leu Arg Arg Arg Gly Arg His Val Gln
260 265 270

Val Gly Leu Met Leu Ala Asp His Ala Met Pro Ala Ile Pro Met Ala
275 280 285

Arg Val Ile Ala His Glu Leu Glu Ile Tyr Gly Ser His Gly Met Gln
290 295 300

Ala Trp Arg Tyr Glu Asp Met Leu Ala Met Ile Glu Ser Gly Arg Leu
305 310 315 320

Ala Pro Glu Lys Leu Ile Gly Arg His Ile Ser Leu Thr Glu Ala Ala
325 330 335

Val Ala Leu Pro Gly Met Asp Arg Phe Gln Glu Ser Gly Ile Ser Ile
340 345 350

Ile Asp Arg Phe Glu
355

<210> SEQ ID NO 81

<211> LENGTH: 1011

<212> TYPE: DNA

<213> ORGANISM: Agrobacterium tumefaciens C58

<400> SEQUENCE: 81

atgctggega ttttetgtga cactcceggt caattaaceg ccaaggatct gecgaaccece 60
gtgcgeggeyg aaggtgaagt cctggtacgt attcgecgga ttggegtttyg cggcacggat 120
ctgcacatct ttaccggcaa ccagccctat ctttectate cgeggatcat gggtcacgaa 180
cttteceggea cggttgagga ggcacccgcet ggeagcecace tttecgetgg cgatgtggtg 240
accataattc cctatatgte ctgcgggaaa tgcaatgect gectgaaggg taagagcaat 300
tgctgccgeca atatceggtgt gettggegtt catcgegatg geggcatggt ggaatatctg 360
agcgtgeege agcaattegt getgaaggeg gaggggetga gectcgacca ggcagecatg 420
acggaattte tggcgategg tgcccatgeg gtgegtegeg gtgecgtega aaaagggcaa 480
aaggtcctga tegteggtge cggeccgate ggeatggegg ttgetgtett tgeggttete 540
gatggcacgg aagtgacgat gatcgacggt cgcaccgacce ggctggattt ctgcaaggac 600
caccteggtyg tegetcatac agtegeccte ggegacggtg acaaagatceg tcetgtcecgac 660

attaccggtyg gcaatttett cgatgeggtyg tttgatgega ceggcaatce gaaagcecatg 720
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gagecgeggtt tetecttegt cggtcacgge ggctectatg ttetggtgte catcgtegece 780
agcgatatca gcttcaacga cccggaattt cacaagegtyg agacgacgcet gctceggcage 840
cgcaacgcga cggctgatga tttcgagegg gtgettegeg cettgcgega agggaaagtyg 900
ccggaggcac taatcaccca tcgcatgaca cttgccgatyg tteectcgaa gttegecgge 960
ctgaccgatc cgaaagccgg agtcatcaag ggcatggtgg aggtcgcatg a 1011

<210> SEQ ID NO 82

<211> LENGTH: 336

<212> TYPE: PRT

<213> ORGANISM: Agrobacterium tumefaciens C58

<400> SEQUENCE: 82

Met Leu Ala Ile Phe Cys Asp Thr Pro Gly Gln Leu Thr Ala Lys Asp
1 5 10 15

Leu Pro Asn Pro Val Arg Gly Glu Gly Glu Val Leu Val Arg Ile Arg
20 25 30

Arg Ile Gly Val Cys Gly Thr Asp Leu His Ile Phe Thr Gly Asn Gln
Pro Tyr Leu Ser Tyr Pro Arg Ile Met Gly His Glu Leu Ser Gly Thr
50 55 60

Val Glu Glu Ala Pro Ala Gly Ser His Leu Ser Ala Gly Asp Val Val
65 70 75 80

Thr Ile Ile Pro Tyr Met Ser Cys Gly Lys Cys Asn Ala Cys Leu Lys
85 90 95

Gly Lys Ser Asn Cys Cys Arg Asn Ile Gly Val Leu Gly Val His Arg
100 105 110

Asp Gly Gly Met Val Glu Tyr Leu Ser Val Pro Gln Gln Phe Val Leu
115 120 125

Lys Ala Glu Gly Leu Ser Leu Asp Gln Ala Ala Met Thr Glu Phe Leu
130 135 140

Ala Ile Gly Ala His Ala Val Arg Arg Gly Ala Val Glu Lys Gly Gln
145 150 155 160

Lys Val Leu Ile Val Gly Ala Gly Pro Ile Gly Met Ala Val Ala Val
165 170 175

Phe Ala Val Leu Asp Gly Thr Glu Val Thr Met Ile Asp Gly Arg Thr
180 185 190

Asp Arg Leu Asp Phe Cys Lys Asp His Leu Gly Val Ala His Thr Val
195 200 205

Ala Leu Gly Asp Gly Asp Lys Asp Arg Leu Ser Asp Ile Thr Gly Gly
210 215 220

Asn Phe Phe Asp Ala Val Phe Asp Ala Thr Gly Asn Pro Lys Ala Met
225 230 235 240

Glu Arg Gly Phe Ser Phe Val Gly His Gly Gly Ser Tyr Val Leu Val
245 250 255

Ser Ile Val Ala Ser Asp Ile Ser Phe Asn Asp Pro Glu Phe His Lys
260 265 270

Arg Glu Thr Thr Leu Leu Gly Ser Arg Asn Ala Thr Ala Asp Asp Phe
275 280 285

Glu Arg Val Leu Arg Ala Leu Arg Glu Gly Lys Val Pro Glu Ala Leu
290 295 300
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Ile Thr His Arg Met Thr Leu Ala Asp Val Pro Ser Lys Phe Ala Gly
310

305

315

320

Leu Thr Asp Pro Lys Ala Gly Val Ile Lys Gly Met Val Glu Val Ala

325

<210> SEQ ID NO 83
<211> LENGTH: 1005
<212> TYPE: DNA

<213> ORGANISM: Agrobacterium tumefaciens C58

<400> SEQUENCE: 83

gtgaaagcct tcegtegtcga

cccaatcegyg

cttetegact

ttecattcteg

ttcaagacag

gaaatgattyg

caggcagegt

aaggtcaagt

gccatccage

gecgaactygg

gaacaggtge

aagtcgttga

gttgectttyg

agcegtggtg

cgegecgaag

ceggtegteg

tcatcggege

ccaaggtgeg

gtcatgatct

gegacgaggt

cggtegatge

cgatceeget

ceggecagaa

ttgccaagca

tcaaaagcct

tgtccggeta

acgtgetgag

ccagategtt

tcctgaaaaa

gtcagcaatt

acaaggtgtt

accggacggyg caaggggcaa

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 84
LENGTH: 359
TYPE :
ORGANISM: Agrobacterium tumefaciens C58

PRT

SEQUENCE: 84

caagtacaag

caatgatgtg

cgacggggaa

ggccggaacg

tttegetege

cgcagacctt

cgteggactyg

ggttttcate

tcteggeget

cggegcagat

cgatctegte

accgggcgga

gaaactgaat

ggcaagcaga

gecatgagatce

tcaatttgeg

ggttgtggtt

Met Pro Ser Leu Cys Arg Lys Pro

1

Ile

Lys

Val

Asn

65

Pro

Ile

Asn

Tyr

Ile

50

Leu

Tyr

Arg

Val

Lys

35

Gly

Leu

Arg

Val

Ser His Trp Arg Lys

20

Lys Lys Gly Pro Leu

40

Ala Asn Asp Val Leu

55

Asp Ser Lys Val Arg

70

Pro Pro Phe Ile Leu

85

Gly Ala Asn Val Arg

100

330

aagaagggcc
ctggttegea
ttcaagctgt
gtcatcegeyg
cegegtgate
gegetgaage
actgcctgge
caggceggtt
accgtggeca
gtggtgatcg
ctgaacagec
aagctcattt
cegetectge
cgeggtgteg
gccgaactga
cagacgceceg

acatacgcat

Trp Leu Ser
10

Pro Val Lys
25

Arg Leu Ala

Val Arg Ile

Asp Gly Glu
75

Gly His Asp

Gln Phe Lys
105

cgectgegtet

tccatgecac

tcctgececta

tcggegegaa

accgggtcgg

caacgagect

aggcgettat

Cngngtgt

cgaccaccag

actacaagac

aggatgccaa

cgatcteegy

gttttgtegt

attactcttt

tcgatgeegy

acgcectgge

cctag

Ser

Ala

Asp

His

60

Phe

Leu

Thr

Leu

Phe

Met

45

Ala

Lys

Ala

Gly

Pro

Val

Pro

Thr

Leu

Gly

Asp
110

335

ggcegacatg
tgccatcaat
tegtectece
tgtacggcag
aaccttegea
gtccatggag
cgaggttgge
cggcacctte
cgcegegaat
gcaggactte
gacgctggaa
tcegecggat
cagaatgctyg
cctgtteatyg
caccatcegt

ctatgtcgag

Asp Leu
15

Val Asp

Asn Pro

Ala Ile

Phe Leu
80

Thr Val
95

Glu Val

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1005



US 2009/0139134 Al Jun. 4, 2009
190

-continued

Phe Ala Arg Pro Arg Asp His Arg Val Gly Thr Phe Ala Glu Met Ile
115 120 125

Ala Val Asp Ala Ala Asp Leu Ala Leu Lys Pro Thr Ser Leu Ser Met
130 135 140

Glu Gln Ala Ala Ser Ile Pro Leu Val Gly Leu Thr Ala Trp Gln Ala
145 150 155 160

Leu Ile Glu Val Gly Lys Val Lys Ser Gly Gln Lys Val Phe Ile Gln
165 170 175

Ala Gly Ser Gly Gly Val Gly Thr Phe Ala Ile Gln Leu Ala Lys His
180 185 190

Leu Gly Ala Thr Val Ala Thr Thr Thr Ser Ala Ala Asn Ala Glu Leu
195 200 205

Val Lys Ser Leu Gly Ala Asp Val Val Ile Asp Tyr Lys Thr Gln Asp
210 215 220

Phe Glu Gln Val Leu Ser Gly Tyr Asp Leu Val Leu Asn Ser Gln Asp
225 230 235 240

Ala Lys Thr Leu Glu Lys Ser Leu Asn Val Leu Arg Pro Gly Gly Lys
245 250 255

Leu Ile Ser Ile Ser Gly Pro Pro Asp Val Ala Phe Ala Arg Ser Leu
260 265 270

Lys Leu Asn Pro Leu Leu Arg Phe Val Val Arg Met Leu Ser Arg Gly
275 280 285

Val Leu Lys Lys Ala Ser Arg Arg Gly Val Asp Tyr Ser Phe Leu Phe
290 295 300

Met Arg Ala Glu Gly Gln Gln Leu His Glu Ile Ala Glu Leu Ile Asp
305 310 315 320

Ala Gly Thr Ile Arg Pro Val Val Asp Lys Val Phe Gln Phe Ala Gln
325 330 335

Thr Pro Asp Ala Leu Ala Tyr Val Glu Thr Gly Arg Ala Arg Gly Lys
340 345 350

Val Val Val Thr Tyr Ala Ser
355

<210> SEQ ID NO 85

<211> LENGTH: 1032

<212> TYPE: DNA

<213> ORGANISM: Agrobacterium tumefaciens C58

<400> SEQUENCE: 85

atgaaagcga ttgtcgecca cggggcaaag gatgtgegea tegaagaccg gecggaggaa 60

aagcegggte cgggcegaggt geggeteegt ctggegaggg gegggatetyg cggcagtgat 120

ctgcattatt acaatcatgg cggtttegge geegtgegge ttegtgaace catggtgetg 180
ggccatgagg tttceegecgt catcgaggaa ctgggcgaag gegttgaggyg getgaagatc 240
ggeggtetgg tggeggttte gecgtegege ccatgecgaa cctgecgett ctgecaggag 300
ggtctgcaca atcagtgcct caacatgegyg ttttatggca gegecatgec ttteccgeat 360
attcagggceg cgttecggga aattectggtg geggacgeece tgcaatgegt gecggecgat 420
ggtctcageyg ccggggaage cgccatggeyg gaaccgcetgg cggtgacget geatgecaca 480
cgeegggecg gcegatttget gggaaaacgt gtgctegtea cgggttgegyg ccccatcegge 540

attcteteca ttetggetge gegecgggeg ggtgetgetg aaatcegtege caccgacctt 600



US 2009/0139134 Al Jun. 4, 2009
191

-continued
tccgatttca cgectecggcaa ggcgcgtgaa gcegggggcegg accgtgtcat caacagcaag 660
gatgagcceg atgegctege cgcttatggt gcaaacaagg gaaccttcga cattctctat 720

gaatgctegg gtgeggecgt ggegettgeo ggeggcatta cggcactgeyg geecgegegge 780

atcatcgtce ageteggget cggeggegat atgagectge cgatgatgge gatcacagece 840
aaggaactcg acctgegtgg ttectttege ttecacgagg aattcgecac cggegtcegag 900
ctgatgcgca agggectgat cgacgtcaaa cccttcatca ceccagacegt cgatcttgece 960

gacgccatcect cggecttcga attecgecteg gatcgcagec gcegccatgaa ggtgcagatce 1020
gccttttect aa 1032
<210> SEQ ID NO 86

<211> LENGTH: 343

<212> TYPE: PRT

<213> ORGANISM: Agrobacterium tumefaciens C58

<400> SEQUENCE: 86

Met Lys Ala Ile Val Ala His Gly Ala Lys Asp Val Arg Ile Glu Asp
1 5 10 15

Arg Pro Glu Glu Lys Pro Gly Pro Gly Glu Val Arg Leu Arg Leu Ala
20 25 30

Arg Gly Gly Ile Cys Gly Ser Asp Leu His Tyr Tyr Asn His Gly Gly
35 40 45

Phe Gly Ala Val Arg Leu Arg Glu Pro Met Val Leu Gly His Glu Val
50 55 60

Ser Ala Val Ile Glu Glu Leu Gly Glu Gly Val Glu Gly Leu Lys Ile
65 70 75 80

Gly Gly Leu Val Ala Val Ser Pro Ser Arg Pro Cys Arg Thr Cys Arg
85 90 95

Phe Cys Gln Glu Gly Leu His Asn Gln Cys Leu Asn Met Arg Phe Tyr
100 105 110

Gly Ser Ala Met Pro Phe Pro His Ile Gln Gly Ala Phe Arg Glu Ile
115 120 125

Leu Val Ala Asp Ala Leu Gln Cys Val Pro Ala Asp Gly Leu Ser Ala
130 135 140

Gly Glu Ala Ala Met Ala Glu Pro Leu Ala Val Thr Leu His Ala Thr
145 150 155 160

Arg Arg Ala Gly Asp Leu Leu Gly Lys Arg Val Leu Val Thr Gly Cys
165 170 175

Gly Pro Ile Gly Ile Leu Ser Ile Leu Ala Ala Arg Arg Ala Gly Ala
180 185 190

Ala Glu Ile Val Ala Thr Asp Leu Ser Asp Phe Thr Leu Gly Lys Ala
195 200 205

Arg Glu Ala Gly Ala Asp Arg Val Ile Asn Ser Lys Asp Glu Pro Asp
210 215 220

Ala Leu Ala Ala Tyr Gly Ala Asn Lys Gly Thr Phe Asp Ile Leu Tyr
225 230 235 240

Glu Cys Ser Gly Ala Ala Val Ala Leu Ala Gly Gly Ile Thr Ala Leu
245 250 255

Arg Pro Arg Gly Ile Ile Val Gln Leu Gly Leu Gly Gly Asp Met Ser
260 265 270
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Leu Pro Met
275

Phe Arg Phe
290

Gly Leu Ile
305

Asp Ala Ile

Lys Val Gln

Met Ala Ile Thr Ala Lys

280

His Glu Glu Phe Ala Thr Gly Val

295

Asp Val Lys Pro Phe Ile Thr Gln
310

315

Ser Ala Phe Glu Phe Ala Ser Asp

325

Ile Ala Phe Ser

340

<210> SEQ ID NO 87
<211> LENGTH: 939

<212> TYPE:

DNA

330

285

Glu Leu Asp Leu Arg Gly Ser

Glu Leu Met Arg Lys

300

Thr Val Asp Leu Ala

320

Arg Ser Arg Ala Met

<213> ORGANISM: Agrobacterium tumefaciens C58

<400> SEQUENCE: 87

atgccgatgg
cgcgatettyg
ctgeectgty
ggcaggctgt
cttggtgtgt
gaccgegate
ggcgeegteyg
ggeggtgtgg
geegtegace
gtgaacggac
gattatgect
aaacgtggeg
aacgtegtge
gtgcctetee
aaccgectte

cacgacggaa

cgctegggea

agcccggega

cggaaggcag

tgggtggege

cggectttge

ttccatttgt

tgaatacgge

gecttgeege

tttcegcagga

gcgatgagga

tcgagatgge

gcaccaccgt

agctegtegyg

gggatattce

tgagcggaag

gegecgtteg

<210> SEQ ID NO 88
<211> LENGTH: 312

<212> TYPE:

PRT

cgaageggeg
tcatgtggte
gecegetety
cacccgectyg
cgaatatgec
cgaggeggea
aagggtcagg
ggttctegga
aaagcttgca
tgcecgtegag
agggtctatt
taccgeeggt
cgaggagcegyg
gegetteate
gctgaageta

gcaagtcatc

ggcegtegteg
atggtcttca
tgcgagecegg
aactatcatg
gtggtgtege
ctecttegget
accggcetega
gecegggegy
ctegecageyg
caggtccgeyg
cgegeecteg
ctgccacege
acactcaagg
gecctttate
gaagacatca

gaattctga

aggcattggg
tgcccagtty
gegecgecge
gegaggtegt
gcaattcget
gegeggttet
ctgeggtegt
ccggtgecag
aactgggege
agctcactte
aaaacgccett
cgggtgcgge
gcagctatat
gegacggecg

atgaagggtt

<213> ORGANISM: Agrobacterium tumefaciens C58

<400> SEQUENCE: 88

Met Pro Met
1

Ala Leu Gly His Glu

Gly Glu Gly Val Arg Asp Leu Glu

Phe Met Pro
35

Ala Leu Cys
50

Gly Gly Ala

20

Ser Cys Gly His Cys

40

Glu Pro Gly Ala Ala

55

Thr Arg Leu Asn Tyr

Ala Ala Gly

10

Pro Gly Asp
25
Leu Pro Cys

Ala Asn Ala

His Gly Glu

335

cgaaggcgtyg
cggacattge
caatgcagca
ccatcatcac
ggtcaagatc
caccggegte
catcggactt
caagatcgte
gaccgccate
cggeggtgece
caggatgacc
cctgeegete
cggcacctgt
gttgceggtyg

cgaccgecty

Val Val Glu Ala Leu

His Val Val

30

15

Met Val

Ala Glu Gly Arg Pro

45

Ala Gly Arg

60

Val Val His

Leu Leu

His His

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

939
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65 70 75 80

Leu Gly Val Ser Ala Phe Ala Glu Tyr Ala Val Val Ser Arg Asn Ser
85 90 95

Leu Val Lys Ile Asp Arg Asp Leu Pro Phe Val Glu Ala Ala Leu Phe
100 105 110

Gly Cys Ala Val Leu Thr Gly Val Gly Ala Val Val Asn Thr Ala Arg
115 120 125

Val Arg Thr Gly Ser Thr Ala Val Val Ile Gly Leu Gly Gly Val Gly
130 135 140

Leu Ala Ala Val Leu Gly Ala Arg Ala Ala Gly Ala Ser Lys Ile Val
145 150 155 160

Ala Val Asp Leu Ser Gln Glu Lys Leu Ala Leu Ala Ser Glu Leu Gly
165 170 175

Ala Thr Ala Ile Val Asn Gly Arg Asp Glu Asp Ala Val Glu Gln Val
180 185 190

Arg Glu Leu Thr Ser Gly Gly Ala Asp Tyr Ala Phe Glu Met Ala Gly
195 200 205

Ser Ile Arg Ala Leu Glu Asn Ala Phe Arg Met Thr Lys Arg Gly Gly
210 215 220

Thr Thr Val Thr Ala Gly Leu Pro Pro Pro Gly Ala Ala Leu Pro Leu
225 230 235 240

Asn Val Val Gln Leu Val Gly Glu Glu Arg Thr Leu Lys Gly Ser Tyr
245 250 255

Ile Gly Thr Cys Val Pro Leu Arg Asp Ile Pro Arg Phe Ile Ala Leu
260 265 270

Tyr Arg Asp Gly Arg Leu Pro Val Asn Arg Leu Leu Ser Gly Arg Leu
275 280 285

Lys Leu Glu Asp Ile Asn Glu Gly Phe Asp Arg Leu His Asp Gly Ser
290 295 300

Ala Val Arg Gln Val Ile Glu Phe
305 310

<210> SEQ ID NO 89

<211> LENGTH: 1035

<212> TYPE: DNA

<213> ORGANISM: Agrobacterium tumefaciens C58

<400> SEQUENCE: 89

atgaaacatt ctcaggacaa accacgcctg ctgattgega tgcgtagega gettccagaa 60
ggcttetteg gteegegega atgggcaagyg ctgaatgeeg tageggacat tatteeggge 120
tttccccata cggatttega cacggegaac ggtgecgagg ctcetegecga ageggatatt 180
ctgctegetyg cctggggtac gecatceetyg acacgcgaac gactttcacg cgegecgegg 240
ctgaaaatge tggectatge ggcatcateg gtgeggatgg ttgegecege agaattcetgg 300
gagacgtcgg atattctggt cacgacagca gettccgeca tggecgtgeco ggttgecgaa 360
ttcacctatg cggcaatcat catgtgegge aaggatgtgt ttecgattgeg ggatgaacat 420
agaacagagc gcggcaccgg cgtttttgge agecaggegeg gecagaagect gecectatcett 480
ggcaatcatg cccgcaaggt tggcattgte ggegectege geatcgggeyg getggtgatg 540
gagatgctgg cgegeggcac attcgagatt gecgtttacg atccctttet gteggeggaa 600

gaggccegeat cccttggege gaagaaagec gaactggacg agettcetege atggtecgat 660
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gtggtctege tgcacgcgcece gatcctgecceg gaaacgcacce atatgatcgg cgcccgegaa 720
ctggecgctga tggcggacca tgccatctte atcaacacgg cgcggggctyg gectggtcegac 780
cacgatgcat tgctgactga agcgatttcc ggacggetge gcattctgat tgacacgccce 840
gaacccgage ccctgcccac ggacagccceg ttttacgatce tgcccaatgt cgttctaacc 900
ccccatatag ccggggceget gggcaatgaa ttgcgegcac tttccgatct ggccattacce 960

gaaattgaac gtttcgtggce gggacttgcg cccctceccacce cggtccacaa gcaggatatg 1020
gaacgtatgg catga 1035
<210> SEQ ID NO 90

<211> LENGTH: 331

<212> TYPE: PRT

<213> ORGANISM: Agrobacterium tumefaciens C58

<400> SEQUENCE: 90

Met Arg Ser Glu Leu Pro Glu Gly Phe Phe Gly Pro Arg Glu Trp Ala
1 5 10 15

Arg Leu Asn Ala Val Ala Asp Ile Ile Pro Gly Phe Pro His Thr Asp
20 25 30

Phe Asp Thr Ala Asn Gly Ala Glu Ala Leu Ala Glu Ala Asp Ile Leu
35 40 45

Leu Ala Ala Trp Gly Thr Pro Ser Leu Thr Arg Glu Arg Leu Ser Arg
50 55 60

Ala Pro Arg Leu Lys Met Leu Ala Tyr Ala Ala Ser Ser Val Arg Met
65 70 75 80

Val Ala Pro Ala Glu Phe Trp Glu Thr Ser Asp Ile Leu Val Thr Thr
85 90 95

Ala Ala Ser Ala Met Ala Val Pro Val Ala Glu Phe Thr Tyr Ala Ala
100 105 110

Ile Ile Met Cys Gly Lys Asp Val Phe Arg Leu Arg Asp Glu His Arg
115 120 125

Thr Glu Arg Gly Thr Gly Val Phe Gly Ser Arg Arg Gly Arg Ser Leu
130 135 140

Pro Tyr Leu Gly Asn His Ala Arg Lys Val Gly Ile Val Gly Ala Ser
145 150 155 160

Arg Ile Gly Arg Leu Val Met Glu Met Leu Ala Arg Gly Thr Phe Glu
165 170 175

Ile Ala Val Tyr Asp Pro Phe Leu Ser Ala Glu Glu Ala Ala Ser Leu
180 185 190

Gly Ala Lys Lys Ala Glu Leu Asp Glu Leu Leu Ala Trp Ser Asp Val
195 200 205

Val Ser Leu His Ala Pro Ile Leu Pro Glu Thr His His Met Ile Gly
210 215 220

Ala Arg Glu Leu Ala Leu Met Ala Asp His Ala Ile Phe Ile Asn Thr
225 230 235 240

Ala Arg Gly Trp Leu Val Asp His Asp Ala Leu Leu Thr Glu Ala Ile
245 250 255

Ser Gly Arg Leu Arg Ile Leu Ile Asp Thr Pro Glu Pro Glu Pro Leu
260 265 270

Pro Thr Asp Ser Pro Phe Tyr Asp Leu Pro Asn Val Val Leu Thr Pro
275 280 285
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His Ile Ala Gly Ala Leu Gly Asn Glu Leu Arg Ala Leu Ser Asp Leu
290 295 300

Ala Ile Thr Glu Ile Glu Arg Phe Val Ala Gly Leu Ala Pro Leu His
305 310 315 320

Pro Val His Lys Gln Asp Met Glu Arg Met Ala
325 330

<210> SEQ ID NO 91

<211> LENGTH: 750

<212> TYPE: DNA

<213> ORGANISM: Agrobacterium tumefaciens C58

<400> SEQUENCE: 91

atgcagcgtt ttaccaacag aaccategtt gtegeegggg ceggeeggga tatcggecegg 60
gecatgegeca tcegtttege acaggaagge gccaatgteg ttettaccta taatggegeg 120
gcagagggceg cggccacage cgttgccgaa atcgaaaage ttggtegtte ggetetggeg 180
atcaaggcgyg atctcacaaa cgeccgecgaa gtegaggetg ccatatctge ggetgeggac 240
aagtttgggg agatccacgg cctegtecat gttgecggeg gectgatege ccgcaagaca 300
atcgcagaaa tggatgaage cttcetggeat caggtccteg acgtcaatct gacatcgetg 360
ttcctgacgg ccaagaccge attgccgaag atggecaagg geggegegat cgtcacttte 420
tegtegecagyg ceggecgtga tggeggegge ccgggegete ttgectatge cacttccaag 480
ggtgcegtga tgaccttcac cegeggactt gccaaagaag tcggecccaa aatcegegte 540
aacgcegttt gecceggtat gatctcecace accttecacg ataccttcac caagecggag 600

gtgcgcegaac gggtggccgg cgcgacgteg ctcaagegeyg aagggtcgag cgaagacgtce 660
geeggtetygyg tggecttect cgegtetgac gatgecgett atgtcaccgg cgectgctac 720
gacatcaatg gcggcgtcecct gttttectga 750
<210> SEQ ID NO 92

<211> LENGTH: 249

<212> TYPE: PRT

<213> ORGANISM: Agrobacterium tumefaciens C58

<400> SEQUENCE: 92

Met Gln Arg Phe Thr Asn Arg Thr Ile Val Val Ala Gly Ala Gly Arg
1 5 10 15

Asp Ile Gly Arg Ala Cys Ala Ile Arg Phe Ala Gln Glu Gly Ala Asn
20 25 30

Val Val Leu Thr Tyr Asn Gly Ala Ala Glu Gly Ala Ala Thr Ala Val
35 40 45

Ala Glu Ile Glu Lys Leu Gly Arg Ser Ala Leu Ala Ile Lys Ala Asp
50 55 60

Leu Thr Asn Ala Ala Glu Val Glu Ala Ala Ile Ser Ala Ala Ala Asp
65 70 75 80

Lys Phe Gly Glu Ile His Gly Leu Val His Val Ala Gly Gly Leu Ile
85 90 95

Ala Arg Lys Thr Ile Ala Glu Met Asp Glu Ala Phe Trp His Gln Val
100 105 110

Leu Asp Val Asn Leu Thr Ser Leu Phe Leu Thr Ala Lys Thr Ala Leu
115 120 125



US 2009/0139134 Al Jun. 4, 2009
196

-continued

Pro Lys Met Ala Lys Gly Gly Ala Ile Val Thr Phe Ser Ser Gln Ala
130 135 140

Gly Arg Asp Gly Gly Gly Pro Gly Ala Leu Ala Tyr Ala Thr Ser Lys
145 150 155 160

Gly Ala Val Met Thr Phe Thr Arg Gly Leu Ala Lys Glu Val Gly Pro
165 170 175

Lys Ile Arg Val Asn Ala Val Cys Pro Gly Met Ile Ser Thr Thr Phe
180 185 190

His Asp Thr Phe Thr Lys Pro Glu Val Arg Glu Arg Val Ala Gly Ala
195 200 205

Thr Ser Leu Lys Arg Glu Gly Ser Ser Glu Asp Val Ala Gly Leu Val
210 215 220

Ala Phe Leu Ala Ser Asp Asp Ala Ala Tyr Val Thr Gly Ala Cys Tyr
225 230 235 240

Asp Ile Asn Gly Gly Val Leu Phe Ser
245

<210> SEQ ID NO 93

<211> LENGTH: 930

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli DH10B

<400> SEQUENCE: 93

atgtccaaaa agattgccgt gattggegaa tgcatgattg agetttcecga gaaaggcgeg 60
gacgttaage geggtttcegg cggegatace ctgaacactt cegtctatat cgeccgtceag 120
gtegatccetyg cggcattaac cgttcattac gtaacggege tgggaacgga cagttttage 180
cagcagatgce tggacgectg gcacggegag aacgttgata cttecctgac ccaacggatg 240
gaaaaccgte tgccgggect ttactacatt gaaaccgaca gcaccggega gegtacgtte 300
tactactggce ggaacgaagc cgccgccaaa ttetggetgg agagtgagea gtcetgeggeg 360
atttgcgaag agctggcgaa tttcgattat ctectacctga gegggattag cctggegate 420
ttaagcccga ccagecgega aaagctgett teectgetge gegaatgecyg cgccaacgge 480
ggaaaagtga ttttcgacaa taactatcgt ccgcgectgt gggccagcaa agaagagaca 540
cagcaggtgt accaacaaat gctggaatge acggatateg ccttectgac gctggacgac 600
gaagacgcge tgtggggtca acagccggtg gaagacgtca ttgcgegcac ccataacgeg 660
ggcgtgaaayg aagtggtggt gaaacgcggg geggattett gectggtgte cattgetgge 720
gaagggttag tggatgttcce ggcggtgaaa ctgccgaaag aaaaagtgat cgataccacce 780
gcagetggeyg actctttcag tgccggttat ctggeggtac gtetgacagg cggcagcegeg 840
gaagacgcgyg cgaaacgtgg gcacctgacce gcaagtaccg ttattcagta tegeggegeg 900
attatcccge gtgaggcgat gccagcgtaa 930

<210> SEQ ID NO 94

<211> LENGTH: 309

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli DH10B

<400> SEQUENCE: 94

Met Ser Lys Lys Ile Ala Val Ile Gly Glu Cys Met Ile Glu Leu Ser
1 5 10 15

Glu Lys Gly Ala Asp Val Lys Arg Gly Phe Gly Gly Asp Thr Leu Asn
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20 25 30
Thr Ser Val Tyr Ile Ala Arg Gln Val Asp Pro Ala Ala Leu Thr Val
His Tyr Val Thr Ala Leu Gly Thr Asp Ser Phe Ser Gln Gln Met Leu
50 55 60

Asp Ala Trp His Gly Glu Asn Val Asp Thr Ser Leu Thr Gln Arg Met
65 70 75 80

Glu Asn Arg Leu Pro Gly Leu Tyr Tyr Ile Glu Thr Asp Ser Thr Gly
85 90 95

Glu Arg Thr Phe Tyr Tyr Trp Arg Asn Glu Ala Ala Ala Lys Phe Trp
100 105 110

Leu Glu Ser Glu Gln Ser Ala Ala Ile Cys Glu Glu Leu Ala Asn Phe
115 120 125

Asp Tyr Leu Tyr Leu Ser Gly Ile Ser Leu Ala Ile Leu Ser Pro Thr
130 135 140

Ser Arg Glu Lys Leu Leu Ser Leu Leu Arg Glu Cys Arg Ala Asn Gly
145 150 155 160

Gly Lys Val Ile Phe Asp Asn Asn Tyr Arg Pro Arg Leu Trp Ala Ser
165 170 175

Lys Glu Glu Thr Gln Gln Val Tyr Gln Gln Met Leu Glu Cys Thr Asp
180 185 190

Ile Ala Phe Leu Thr Leu Asp Asp Glu Asp Ala Leu Trp Gly Gln Gln
195 200 205

Pro Val Glu Asp Val Ile Ala Arg Thr His Asn Ala Gly Val Lys Glu
210 215 220

Val Val Val Lys Arg Gly Ala Asp Ser Cys Leu Val Ser Ile Ala Gly
225 230 235 240

Glu Gly Leu Val Asp Val Pro Ala Val Lys Leu Pro Lys Glu Lys Val
245 250 255

Ile Asp Thr Thr Ala Ala Gly Asp Ser Phe Ser Ala Gly Tyr Leu Ala
260 265 270

Val Arg Leu Thr Gly Gly Ser Ala Glu Asp Ala Ala Lys Arg Gly His
275 280 285

Leu Thr Ala Ser Thr Val Ile Gln Tyr Arg Gly Ala Ile Ile Pro Arg
290 295 300

Glu Ala Met Pro Ala
305

<210> SEQ ID NO 95

<211> LENGTH: 642

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli DH10B

<400> SEQUENCE: 95

atgaaaaact ggaaaacaag tgcagaatca atcctgacca ceggeccggt tgtacceggtt 60
atcgtggtaa aaaaactgga acacgeggtyg ccgatggcaa aagegttggt tgetggtggg 120
gtgcgegtte tggaagtgac tctgegtace gagtgtgcag ttgacgetat cegtgetatc 180
gccaaagaag tgcctgaage gattgtgggt gecggtacgg tgctgaatcce acageagetg 240
gcagaagtca ctgaagcggg tgcacagtte gcaattagece cgggtctgac cgagecgetg 300

ctgaaagetyg ctaccgaagg gactattect ctgatteegg ggatcagecac tgtttcecgaa 360
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ctgatgcetgg gtatggacta cggtttgaaa gagttcaaat tctteccgge tgaagctaac 420
ggcggegtga aagcecectgca ggcgatcegeg ggtceegttet cecaggtecg tttetgeceg 480
acgggtggta tttctecgge taactaccgt gactacctgyg cgctgaaaag cgtgetgtge 540
atcggtggtt cctggetggt tccggcagat gegetggaag cgggcgatta cgaccgeatt 600
actaagctgg cgcgtgaagce tgtagaaggc gctaagctgt aa 642

<210> SEQ ID NO 96

<211> LENGTH: 213

<212> TYPE: PRT

<213> ORGANISM: Escherichia coli DH10B

<400> SEQUENCE: 96

Met Lys Asn Trp Lys Thr Ser Ala Glu Ser Ile Leu Thr Thr Gly Pro
1 5 10 15

Val Val Pro Val Ile Val Val Lys Lys Leu Glu His Ala Val Pro Met
20 25 30

Ala Lys Ala Leu Val Ala Gly Gly Val Arg Val Leu Glu Val Thr Leu
Arg Thr Glu Cys Ala Val Asp Ala Ile Arg Ala Ile Ala Lys Glu Val
50 55 60

Pro Glu Ala Ile Val Gly Ala Gly Thr Val Leu Asn Pro Gln Gln Leu
65 70 75 80

Ala Glu Val Thr Glu Ala Gly Ala Gln Phe Ala Ile Ser Pro Gly Leu
85 90 95

Thr Glu Pro Leu Leu Lys Ala Ala Thr Glu Gly Thr Ile Pro Leu Ile
100 105 110

Pro Gly Ile Ser Thr Val Ser Glu Leu Met Leu Gly Met Asp Tyr Gly
115 120 125

Leu Lys Glu Phe Lys Phe Phe Pro Ala Glu Ala Asn Gly Gly Val Lys
130 135 140

Ala Leu Gln Ala Ile Ala Gly Pro Phe Ser Gln Val Arg Phe Cys Pro
145 150 155 160

Thr Gly Gly Ile Ser Pro Ala Asn Tyr Arg Asp Tyr Leu Ala Leu Lys
165 170 175

Ser Val Leu Cys Ile Gly Gly Ser Trp Leu Val Pro Ala Asp Ala Leu
180 185 190

Glu Ala Gly Asp Tyr Asp Arg Ile Thr Lys Leu Ala Arg Glu Ala Val
195 200 205

Glu Gly Ala Lys Leu
210

<210> SEQ ID NO 97

<211> LENGTH: 780

<212> TYPE: DNA

<213> ORGANISM: Lactobaccilus brevis ATCC 367

<400> SEQUENCE: 97

atggcatcaa atggaaaagt agcaatggtt accggtggeg gacaaggaat tggtgaagcece 60
atctcgaaac ggttagctaa cgacggettt getgtggeaa ttgetgattt gaacttggac 120
aatgccaaca aggtegttte tgatattgaa getgetggtg gcaaggccat tgeggtcaag 180

accgatgtcet ctgategtga tagegtgttt getgeggtta atgaagegge cgacaagetg 240
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ggcggetttyg acgttatcegt taataacgcc ggecttggec caaccacgcc aattgacacc 300
atcacccaag aacagtttga tacggtttat cacgttaacg tgggtggggt tctttggggce 360
attcaagcag cccatgcgaa gttcaaggaa ttgggtcatg gtgggaagat catttccgeg 420
acgtctcaag ccggggttgt tggtaacceg aacttagcte tgtacagtgg aactaagttt 480
gccattegtg gtgtgaccca agttgcggeg cgtgacttag cecgctgaagg tatcacggtce 540
aatgcttatg cacccgggat tgttaagaca ccaatgatgt ttgacatcgc tcacaaggtt 600
ggtcaaaatg ctggtaaaga cgacgaatgg gggatgcaaa ccttctcaaa ggacatcget 660
ttatgtcgat tgtcagaacc agaagatgtg gctaacgggg tggctttctt agcecggtccce 720
gattctaact acattacggg tcaaacactt gaagttgatg gtgggatgca gttccactaa 780

<210> SEQ ID NO 98

<211> LENGTH: 259

<212> TYPE: PRT

<213> ORGANISM: Lactobaccilus brevis ATCC 367

<400> SEQUENCE: 98

Met Ala Ser Asn Gly Lys Val Ala Met Val Thr Gly Gly Gly Gln Gly
1 5 10 15

Ile Gly Glu Ala Ile Ser Lys Arg Leu Ala Asn Asp Gly Phe Ala Val
20 25 30

Ala Ile Ala Asp Leu Asn Leu Asp Asn Ala Asn Lys Val Val Ser Asp
35 40 45

Ile Glu Ala Ala Gly Gly Lys Ala Ile Ala Val Lys Thr Asp Val Ser
50 55 60

Asp Arg Asp Ser Val Phe Ala Ala Val Asn Glu Ala Ala Asp Lys Leu
65 70 75 80

Gly Gly Phe Asp Val Ile Val Asn Asn Ala Gly Leu Gly Pro Thr Thr
85 90 95

Pro Ile Asp Thr Ile Thr Gln Glu Gln Phe Asp Thr Val Tyr His Val
100 105 110

Asn Val Gly Gly Val Leu Trp Gly Ile Gln Ala Ala His Ala Lys Phe
115 120 125

Lys Glu Leu Gly His Gly Gly Lys Ile Ile Ser Ala Thr Ser Gln Ala
130 135 140

Gly Val Val Gly Asn Pro Asn Leu Ala Leu Tyr Ser Gly Thr Lys Phe
145 150 155 160

Ala Ile Arg Gly Val Thr Gln Val Ala Ala Arg Asp Leu Ala Ala Glu
165 170 175

Gly Ile Thr Val Asn Ala Tyr Ala Pro Gly Ile Val Lys Thr Pro Met
180 185 190

Met Phe Asp Ile Ala His Lys Val Gly Gln Asn Ala Gly Lys Asp Asp
195 200 205

Glu Trp Gly Met Gln Thr Phe Ser Lys Asp Ile Ala Leu Cys Arg Leu
210 215 220

Ser Glu Pro Glu Asp Val Ala Asn Gly Val Ala Phe Leu Ala Gly Pro
225 230 235 240

Asp Ser Asn Tyr Ile Thr Gly Gln Thr Leu Glu Val Asp Gly Gly Met
245 250 255

Gln Phe His
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<210> SEQ ID NO 99
<211> LENGTH: 1089
<212> TYPE: DNA
<213> ORGANISM: Pseudomonas putida KT2440
<400> SEQUENCE: 99
atgaatgacc tgagccacac ccacatgege geggecgtet ggcatggecg ccacgatatt 60
cgtgtegaac aggtaccttt geccggecgac cetgegeegyg gcetgggtgea gatcaaggtyg 120
gactggtgeyg gcatctgegg ctcecgacctg cacgaatatg ttgccggecce ggtgttcatce 180
cecggtagagg ccccgcacce getgacegge attcagggece agtgcatcct cggecacgaa 240
ttetgeggee acatcgecaa gettggegaa ggegtggaag gcetatgeegt aggegacccg 300
gtggceggcayg acgcgtgcca gcattgtggt acctgctatt actgcaccca tggectgtac 360
aacatctgeg aacgectgge gttcacegge ctgatgaaca acggtgcectt cgccgagetg 420
gtcaacgtge ccgecaacct gctctaccgg ctgccgecagg gettceectge cgaagccggyg 480
gcactgateyg agccgetgge ggtgggtatg cacgceggtga aaaaggcecgg cagectgett 540
gggcaaaccyg ttgtagtggt tggggccgge accatcggec tgtgcaccat catgtgegec 600
aaggctgcag gtgcggcaca ggtcategece cttgagatgt cctetgegeg caaagcecaag 660
gccaaggaag cgggcgccaa cgtggtgetg gaccccagee agtgcgatge cctggcggaa 720
atccgegecac tgactgetgg getgggegece gatgtgagtt ttgagtgcat cggcaacaaa 780
catacggcca agctggecat cgacaccatce cgcaaagcag gcaagtgegt getggtgggt 840
attttcgaag agcccagcga gttcaactte ttecgagetgg tgtccaccga gaagcaagtg 900
ctgggggegt tggegtacaa cggcgagttt getgacgtga ttgecttcat tgctgatggt 960
cggctggata ttcgcccget ggtaaccgge cggatcggat tggagcagat tgtcgagetg 1020
ggcttcgagg aactggtgaa caacaaagag gagaacgtga agatcatcgt ttcaccaggt 1080
gtgcgetga 1089

<210> SEQ ID NO 100
<211> LENGTH: 362

<212> TYPE:

<213> ORGANISM: Pseudomonas

PRT

<400> SEQUENCE: 100

Met Asn Asp
1

Arg His Asp
Pro Gly Trp
35

Asp Leu His
50

Pro His Pro
65
Phe Cys Gly

Val Gly Asp

Tyr Tyr Cys

Leu Ser Hi
5

Ile Arg Va
20

Val Gln Il

Glu Tyr Va

s Thr His

1 Glu Gln

e Lys Val

1 Ala Gly
55

Leu Thr Gly Ile Gln

70

His Ile Al

Pro Val Al
100

a Lys Leu

a Ala Asp

Thr His Gly Leu Tyr

putida KT2440

Met Arg Ala

10

Val Pro Leu
25
Asp Trp Cys

Pro Val Phe

Gly Gln Cys

75

Gly Glu Gly

90

Ala Cys Gln
105

Asn Ile Cys

Ala Val Trp

Pro Ala Asp
30

Gly Ile Cys
Ile Pro Val
60

Ile Leu Gly

Val Glu Gly

His Cys Gly

110

Glu Arg Leu

His Gly
15

Pro Ala

Gly Ser

Glu Ala

His Glu

80

Tyr Ala
95

Thr Cys

Ala Phe
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115 120 125

Thr Gly Leu Met Asn Asn Gly Ala Phe Ala Glu Leu Val Asn Val Pro
130 135 140

Ala Asn Leu Leu Tyr Arg Leu Pro Gln Gly Phe Pro Ala Glu Ala Gly
145 150 155 160

Ala Leu Ile Glu Pro Leu Ala Val Gly Met His Ala Val Lys Lys Ala
165 170 175

Gly Ser Leu Leu Gly Gln Thr Val Val Val Val Gly Ala Gly Thr Ile
180 185 190

Gly Leu Cys Thr Ile Met Cys Ala Lys Ala Ala Gly Ala Ala Gln Val
195 200 205

Ile Ala Leu Glu Met Ser Ser Ala Arg Lys Ala Lys Ala Lys Glu Ala
210 215 220

Gly Ala Asn Val Val Leu Asp Pro Ser Gln Cys Asp Ala Leu Ala Glu
225 230 235 240

Ile Arg Ala Leu Thr Ala Gly Leu Gly Ala Asp Val Ser Phe Glu Cys
245 250 255

Ile Gly Asn Lys His Thr Ala Lys Leu Ala Ile Asp Thr Ile Arg Lys
260 265 270

Ala Gly Lys Cys Val Leu Val Gly Ile Phe Glu Glu Pro Ser Glu Phe
275 280 285

Asn Phe Phe Glu Leu Val Ser Thr Glu Lys Gln Val Leu Gly Ala Leu
290 295 300

Ala Tyr Asn Gly Glu Phe Ala Asp Val Ile Ala Phe Ile Ala Asp Gly
305 310 315 320

Arg Leu Asp Ile Arg Pro Leu Val Thr Gly Arg Ile Gly Leu Glu Gln
325 330 335

Ile Val Glu Leu Gly Phe Glu Glu Leu Val Asn Asn Lys Glu Glu Asn
340 345 350

Val Lys Ile Ile Val Ser Pro Gly Val Arg
355 360

<210> SEQ ID NO 101

<211> LENGTH: 771

<212> TYPE: DNA

<213> ORGANISM: Klebsiella pneumoniae MGH78578

<400> SEQUENCE: 101

atgaaaaaag tcgcacttgt taccggegee ggecagggga ttggtaaage tatcgecctt 60
cgtetggtga aggatggatt tgcegtggee attgecgatt ataacgacge caccgccaaa 120
geggtegect cggaaatcaa ccaggecgge ggacacgeeg tggceggtgaa agtggatgte 180
tccgaccegeg atcaggtatt tgccgecgtt gaacaggege gcaaaacgcet gggeggette 240
gacgtcatcg tcaataacgc cggtgtggca ccgtctacge cgatcgagte cattaccceg 300
gagattgtcg acaaagtcta caacatcaac gtcaaagggg tgatctgggyg tattcaggeg 360
geggtegagg cctttaagaa agaggggcac ggcgggaaaa tcatcaacge ctgtteccag 420
gecggecacyg tcggcaacce ggagetggeyg gtgtataget ccagtaaatt cgeggtacge 480
ggcttaacce agaccgecge tegegaccte gegecegetgg gecatcacggt caacggetac 540
tgccegggga ttgtcaaaac gecaatgtgg gecgaaattg accgccaggt gtecgaagece 600

gecggtaaac cgetgggcta cggtaccgee gagttegeca aacgcatcac tcteggtegt 660
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ctgtecgage cggaagatgt cgccgectge gtetectate ttgecagecce ggattctgat 720
tacatgaccg gtcagtcgtt gctgatcgac ggcgggatgg tatttaacta a 771

<210> SEQ ID NO 102

<211> LENGTH: 256

<212> TYPE: PRT

<213> ORGANISM: Klebsiella pneumoniae MGH78578

<400> SEQUENCE: 102

Met Lys Lys Val Ala Leu Val Thr Gly Ala Gly Gln Gly Ile Gly Lys
1 5 10 15

Ala Ile Ala Leu Arg Leu Val Lys Asp Gly Phe Ala Val Ala Ile Ala
20 25 30

Asp Tyr Asn Asp Ala Thr Ala Lys Ala Val Ala Ser Glu Ile Asn Gln
35 40 45

Ala Gly Gly His Ala Val Ala Val Lys Val Asp Val Ser Asp Arg Asp
50 55 60

Gln Val Phe Ala Ala Val Glu Gln Ala Arg Lys Thr Leu Gly Gly Phe
65 70 75 80

Asp Val Ile Val Asn Asn Ala Gly Val Ala Pro Ser Thr Pro Ile Glu
85 90 95

Ser Ile Thr Pro Glu Ile Val Asp Lys Val Tyr Asn Ile Asn Val Lys
100 105 110

Gly Val Ile Trp Gly Ile Gln Ala Ala Val Glu Ala Phe Lys Lys Glu
115 120 125

Gly His Gly Gly Lys Ile Ile Asn Ala Cys Ser Gln Ala Gly His Val
130 135 140

Gly Asn Pro Glu Leu Ala Val Tyr Ser Ser Ser Lys Phe Ala Val Arg
145 150 155 160

Gly Leu Thr Gln Thr Ala Ala Arg Asp Leu Ala Pro Leu Gly Ile Thr
165 170 175

Val Asn Gly Tyr Cys Pro Gly Ile Val Lys Thr Pro Met Trp Ala Glu
180 185 190

Ile Asp Arg Gln Val Ser Glu Ala Ala Gly Lys Pro Leu Gly Tyr Gly
195 200 205

Thr Ala Glu Phe Ala Lys Arg Ile Thr Leu Gly Arg Leu Ser Glu Pro
210 215 220

Glu Asp Val Ala Ala Cys Val Ser Tyr Leu Ala Ser Pro Asp Ser Asp
225 230 235 240

Tyr Met Thr Gly Gln Ser Leu Leu Ile Asp Gly Gly Met Val Phe Asn
245 250 255

<210> SEQ ID NO 103

<211> LENGTH: 1665

<212> TYPE: DNA

<213> ORGANISM: Klebsiella pneumoniae MGH78578

<400> SEQUENCE: 103

atgagatcga aaagatttga agcactggeg aaacgcectg tgaatcagga tggtttegtt 60
aaggagtgga ttgaagaggg ctttatcgeg atggaaagec ctaacgatce caaaccttet 120
atccgeateg tcaacggege ggtgaccgaa ctegacgata aaccggttga gcagttcgac 180

ctgattgacce actttatege gegctacgge attaatcteg cecgggecga agaagtgatg 240
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gccatggatt cggttaagct cgccaacatg ctctgcgacce cgaacgttaa acgcagcgac 300
atcgtgcege tcactaccge gatgaccceg gcgaaaatcg tggaagtggt gtcegeatatg 360
aacgtggtcg agatgatgat ggcgatgcaa aaaatgcgeg cccgeccgcac gccegtceccag 420
caggcgcatg tcactaatat caaagataat ccggtacaga ttgccgccga cgccgctgaa 480
ggcgcatgge gecggetttga cgagcaggag accaccgteg cegtggegeg ctacgegecg 540
ttcaacgcca tcgccctget ggteggttca caggttggec gcecccggegt cctcacccag 600
tgttegetgg aagaagccac cgagctgaaa ctgggcatge tgggccacac ctgctatgec 660
gaaaccattt cggtatacgg tacggaaccg gtgtttaccg atggcgatga cacccegtgg 720
tcgaaaggcet tcctegecte ctectacgece tcegegeggece tgaaaatgeg ctttacctcece 780
ggttccgget cggaggtgca gatgggctat gccgaaggca aatcgatget ttatctcgaa 840
gcgegetgea tctacatcac caaagccgcec ggggtgcaag gcctgcagaa tggctcecgtce 900
agctgtatceg gegtgeccegte cgeccegtgceg tccgggatce gegecgtact ggcggaaaac 960

ctgatctgcet cagcgctgga tcetggagtge gcctccagca acgatcaaac ctttacccac 1020
tcggatatge ggcgtaccge gegtcectgcectg atgcagttece tgccaggtac cgactttatce 1080
tcetecggtt actcecggcecggt gecgaactac gacaacatgt tcgccggtte caacgaagat 1140
gccgaagact tcgatgacta caacgtgatc cagcgcgacce tgaaggtcga tggecggectg 1200
cggeeggtge gtgaagagga cgtgatcgece attcgcaaca aagcecgccceyg cgcgetgcag 1260
gcggtatttyg ccggcatggg tttgccgect attacggatg aagaagtaga agccgccacce 1320
tacgcccacg gttcaaaaga tatgcctgag cgcaatatcg tcgaggacat caagtttget 1380
caggagatca tcaacaagaa ccgcaacggce ctggaggtgg tgaaagccct ggcgaaaggce 1440
ggcttceceeg atgtcecgecca ggacatgetce aatattcaga aagccaagct caccggcgac 1500
tacctgcata cctcecgcecat cattgttgge gagggccagg tgctctcecgge cgtgaatgac 1560
gtgaacgatt atgccggtcee ggcaacaggce taccgectge aaggcgageg ctgggaagag 1620
attaaaaata tcccgggegce gctcgatcce aatgaacttg gctaa 1665
<210> SEQ ID NO 104

<211> LENGTH: 554

<212> TYPE: PRT

<213> ORGANISM: Klebsiella pneumoniae MGH78578

<400> SEQUENCE: 104

Met Arg Ser Lys Arg Phe Glu Ala Leu Ala Lys Arg Pro Val Asn Gln
1 5 10 15

Asp Gly Phe Val Lys Glu Trp Ile Glu Glu Gly Phe Ile Ala Met Glu
Ser Pro Asn Asp Pro Lys Pro Ser Ile Arg Ile Val Asn Gly Ala Val
35 40 45

Thr Glu Leu Asp Asp Lys Pro Val Glu Gln Phe Asp Leu Ile Asp His
50 55 60

Phe Ile Ala Arg Tyr Gly Ile Asn Leu Ala Arg Ala Glu Glu Val Met
65 70 75 80

Ala Met Asp Ser Val Lys Leu Ala Asn Met Leu Cys Asp Pro Asn Val
85 90 95

Lys Arg Ser Asp Ile Val Pro Leu Thr Thr Ala Met Thr Pro Ala Lys
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100 105 110

Ile Val Glu Val Val Ser His Met Asn Val Val Glu Met Met Met Ala
115 120 125

Met Gln Lys Met Arg Ala Arg Arg Thr Pro Ser Gln Gln Ala His Val
130 135 140

Thr Asn Ile Lys Asp Asn Pro Val Gln Ile Ala Ala Asp Ala Ala Glu
145 150 155 160

Gly Ala Trp Arg Gly Phe Asp Glu Gln Glu Thr Thr Val Ala Val Ala
165 170 175

Arg Tyr Ala Pro Phe Asn Ala Ile Ala Leu Leu Val Gly Ser Gln Val
180 185 190

Gly Arg Pro Gly Val Leu Thr Gln Cys Ser Leu Glu Glu Ala Thr Glu
195 200 205

Leu Lys Leu Gly Met Leu Gly His Thr Cys Tyr Ala Glu Thr Ile Ser
210 215 220

Val Tyr Gly Thr Glu Pro Val Phe Thr Asp Gly Asp Asp Thr Pro Trp
225 230 235 240

Ser Lys Gly Phe Leu Ala Ser Ser Tyr Ala Ser Arg Gly Leu Lys Met
245 250 255

Arg Phe Thr Ser Gly Ser Gly Ser Glu Val Gln Met Gly Tyr Ala Glu
260 265 270

Gly Lys Ser Met Leu Tyr Leu Glu Ala Arg Cys Ile Tyr Ile Thr Lys
275 280 285

Ala Ala Gly Val Gln Gly Leu Gln Asn Gly Ser Val Ser Cys Ile Gly
290 295 300

Val Pro Ser Ala Val Pro Ser Gly Ile Arg Ala Val Leu Ala Glu Asn
305 310 315 320

Leu Ile Cys Ser Ala Leu Asp Leu Glu Cys Ala Ser Ser Asn Asp Gln
325 330 335

Thr Phe Thr His Ser Asp Met Arg Arg Thr Ala Arg Leu Leu Met Gln
340 345 350

Phe Leu Pro Gly Thr Asp Phe Ile Ser Ser Gly Tyr Ser Ala Val Pro
355 360 365

Asn Tyr Asp Asn Met Phe Ala Gly Ser Asn Glu Asp Ala Glu Asp Phe
370 375 380

Asp Asp Tyr Asn Val Ile Gln Arg Asp Leu Lys Val Asp Gly Gly Leu
385 390 395 400

Arg Pro Val Arg Glu Glu Asp Val Ile Ala Ile Arg Asn Lys Ala Ala
405 410 415

Arg Ala Leu Gln Ala Val Phe Ala Gly Met Gly Leu Pro Pro Ile Thr
420 425 430

Asp Glu Glu Val Glu Ala Ala Thr Tyr Ala His Gly Ser Lys Asp Met
435 440 445

Pro Glu Arg Asn Ile Val Glu Asp Ile Lys Phe Ala Gln Glu Ile Ile
450 455 460

Asn Lys Asn Arg Asn Gly Leu Glu Val Val Lys Ala Leu Ala Lys Gly
465 470 475 480

Gly Phe Pro Asp Val Ala Gln Asp Met Leu Asn Ile Gln Lys Ala Lys
485 490 495

Leu Thr Gly Asp Tyr Leu His Thr Ser Ala Ile Ile Val Gly Glu Gly
500 505 510
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Gln Val Leu Ser Ala Val Asn Asp Val Asn Asp Tyr Ala Gly Pro Ala
515 520 525

Thr Gly Tyr Arg Leu Gln Gly Glu Arg Trp Glu Glu Ile Lys Asn Ile
530 535 540

Pro Gly Ala Leu Asp Pro Asn Glu Leu Gly
545 550

<210> SEQ ID NO 105

<211> LENGTH: 690

<212> TYPE: DNA

<213> ORGANISM: Klebsiella pneumoniae MGH78578

<400> SEQUENCE: 105

atggaaatta acgaaacgct gctgcgecag attatcgaag aggtgctgte ggagatgaaa 60
tcaggcgcag ataagccggt ctectttage gegectgegyg cttetgtege ctetgecgeg 120
ceggtegeeg ttgegectgt gtcecggegac agettcectga cggaaatcegyg cgaagcecaaa 180
cceggeacge agcaggatga agtcattatt geecgteggge cagegtttgyg tetggegcaa 240
accgccaata tcgteggcat tccgcataaa aatattctge gegaagtgat cgccggeatt 300
gaggaagaag gcatcaaagc ccgggtgatc cgetgettta agtcttetga cgtegectte 360
gtggcagtygyg aaggcaaccg cctgagcgge tccggecatcet cgatcggtat tcagtcgaaa 420
ggcaccacceyg tcatccacca gcgeggectg ccgecgettt ccaatctgga actcttecceg 480
caggcgecge tgctgacgcet ggaaacctac cgtcagattyg gcaaaaacgce cgcgegetac 540
gccaaacgeyg agtcgeccgca gcecggtgecg acgcttaacyg atcagatgge tegtceccaaa 600
taccaggcga agtcggecat tttgcacatt aaagagacca aatacgtggt gacgggcaaa 660
aacccgcagg aactgcgegt ggcgctttaa 690

<210> SEQ ID NO 106

<211> LENGTH: 229

<212> TYPE: PRT

<213> ORGANISM: Klebsiella pneumoniae MGH78578

<400> SEQUENCE: 106

Met Glu Ile Asn Glu Thr Leu Leu Arg Gln Ile Ile Glu Glu Val Leu
1 5 10 15

Ser Glu Met Lys Ser Gly Ala Asp Lys Pro Val Ser Phe Ser Ala Pro
20 25 30

Ala Ala Ser Val Ala Ser Ala Ala Pro Val Ala Val Ala Pro Val Ser
35 40 45

Gly Asp Ser Phe Leu Thr Glu Ile Gly Glu Ala Lys Pro Gly Thr Gln
Gln Asp Glu Val Ile Ile Ala Val Gly Pro Ala Phe Gly Leu Ala Gln
65 70 75 80

Thr Ala Asn Ile Val Gly Ile Pro His Lys Asn Ile Leu Arg Glu Val
85 90 95

Ile Ala Gly Ile Glu Glu Glu Gly Ile Lys Ala Arg Val Ile Arg Cys
100 105 110

Phe Lys Ser Ser Asp Val Ala Phe Val Ala Val Glu Gly Asn Arg Leu
115 120 125

Ser Gly Ser Gly Ile Ser Ile Gly Ile Gln Ser Lys Gly Thr Thr Val
130 135 140
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Ile His Gln Arg Gly Leu Pro Pro Leu Ser Asn Leu Glu Leu Phe Pro
145 150 155 160

Gln Ala Pro Leu Leu Thr Leu Glu Thr Tyr Arg Gln Ile Gly Lys Asn
165 170 175

Ala Ala Arg Tyr Ala Lys Arg Glu Ser Pro Gln Pro Val Pro Thr Leu
180 185 190

Asn Asp Gln Met Ala Arg Pro Lys Tyr Gln Ala Lys Ser Ala Ile Leu
195 200 205

His Ile Lys Glu Thr Lys Tyr Val Val Thr Gly Lys Asn Pro Gln Glu
210 215 220

Leu Arg Val Ala Leu
225

<210> SEQ ID NO 107

<211> LENGTH: 525

<212> TYPE: DNA

<213> ORGANISM: Klebsiella pneumoniae MGH78578

<400> SEQUENCE: 107

atgaataccg acgcaattga atccatggta cgegacgtge tgagceggat gaacagcecta 60
caggacggga taacgcccge gecagecgeg ccgacaaacg acaccgtteg ccagccaaaa 120
gttagcgact acccgttage gacccgecat ccggagtggg tcaaaaccgce taccaataaa 180
acgctegatyg acctgacget ggagaacgta ttaagegatce gegttacgge gcaggacatg 240
cgcatcacte cggaaacgct gegtatgeag geggegateg cecaggatge cggacgcegat 300
cggcetggega tgaactttga gegggecgca gagctcaceg cggttecega cgaccgaatce 360
cttgagatct acaacgccct gegeccatac cgttecacee aggeggaget actggegate 420
getgatgace tcgagcateg ctaccaggca cgactctgtg cegectttgt tegggaageg 480
geegggetgt acatcgageg taagaagctyg aaaggcgacg attaa 525

<210> SEQ ID NO 108

<211> LENGTH: 174

<212> TYPE: PRT

<213> ORGANISM: Klebsiella pneumoniae MGH78578

<400> SEQUENCE: 108

Met Asn Thr Asp Ala Ile Glu Ser Met Val Arg Asp Val Leu Ser Arg
1 5 10 15

Met Asn Ser Leu Gln Asp Gly Ile Thr Pro Ala Pro Ala Ala Pro Thr
20 25 30

Asn Asp Thr Val Arg Gln Pro Lys Val Ser Asp Tyr Pro Leu Ala Thr
35 40 45

Arg His Pro Glu Trp Val Lys Thr Ala Thr Asn Lys Thr Leu Asp Asp
50 55 60

Leu Thr Leu Glu Asn Val Leu Ser Asp Arg Val Thr Ala Gln Asp Met
65 70 75 80

Arg Ile Thr Pro Glu Thr Leu Arg Met Gln Ala Ala Ile Ala Gln Asp
85 90 95

Ala Gly Arg Asp Arg Leu Ala Met Asn Phe Glu Arg Ala Ala Glu Leu
100 105 110

Thr Ala Val Pro Asp Asp Arg Ile Leu Glu Ile Tyr Asn Ala Leu Arg
115 120 125
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Pro Tyr Arg Ser Thr Gln Ala Glu Leu Leu Ala Ile Ala Asp Asp Leu
130 135 140

Glu His Arg Tyr Gln Ala Arg Leu Cys Ala Ala Phe Val Arg Glu Ala
145 150 155 160

Ala Gly Leu Tyr Ile Glu Arg Lys Lys Leu Lys Gly Asp Asp
165 170

<210> SEQ ID NO 109

<211> LENGTH: 789

<212> TYPE: DNA

<213> ORGANISM: Pseudomonas putida KT2440

<400> SEQUENCE: 109

atgacagtca attatgattt ttccggaaaa gtegtgetgyg ttaccggege tggetctggt
attggccegtyg ccactgeget tgecttegeg cagtegggeyg catcegttge ggtcgcagac
atctcgactg accacggttt gaaaaccgta gagttggtca aagccgaagyg aggcgaggcyg
accttettee atgtegatgt aggctctgaa cecagegtece agtcgatget ggetggtgte
gtggcgcatt acggcggcect ggacattgceg cacaacaacg ccggcattga ggccaatatce
gtgccgetygyg ccgagetgga ctcecgacaac tggegtegtyg tcatcgatgt gaacctttec
tcggtgttet attgectgaa aggtgaaatce cctetgatge tgaaaagggyg cggeggegece
attgtgaata ccgcatcgge ctccgggetg attggegget atcgecttte cgggtatace
gccacgaage acggcgtagt ggggetgact aaggctgetg ctatcgatta tgcaaaccag
aatatccgga ttaatgccgt gtgccctggt ccagttgact ccccattect ggctgacatg
ccgcaaccca tgcgegatceg acttctettt ggcactccaa ttggacgatt ggccaccgca
gaggagatcyg cgegtteggt tetgtggetg tgttctgacyg atgcaaaata cgtggtggge
cattcgatgt cagtcgacgg tggcgtggeca gtgactgegyg ttggtacteyg aatggatgat
ctcttttaa

<210> SEQ ID NO 110

<211> LENGTH: 262

<212> TYPE: PRT

<213> ORGANISM: Pseudomonas putida KT2440

<400> SEQUENCE: 110

Met Thr Val Asn Tyr Asp Phe Ser Gly Lys Val Val Leu Val Thr Gly
1 5 10 15

Ala Gly Ser Gly Ile Gly Arg Ala Thr Ala Leu Ala Phe Ala Gln Ser
20 25 30

Gly Ala Ser Val Ala Val Ala Asp Ile Ser Thr Asp His Gly Leu Lys
35 40 45

Thr Val Glu Leu Val Lys Ala Glu Gly Gly Glu Ala Thr Phe Phe His
50 55 60

Val Asp Val Gly Ser Glu Pro Ser Val Gln Ser Met Leu Ala Gly Val
65 70 75 80

Val Ala His Tyr Gly Gly Leu Asp Ile Ala His Asn Asn Ala Gly Ile

Glu Ala Asn Ile Val Pro Leu Ala Glu Leu Asp Ser Asp Asn Trp Arg
100 105 110

Arg Val Ile Asp Val Asn Leu Ser Ser Val Phe Tyr Cys Leu Lys Gly

60

120

180

240

300

360

420

480

540

600

660

720

780

789
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115 120 125

Glu Ile Pro Leu Met Leu Lys Arg Gly Gly Gly Ala Ile Val Asn Thr
130 135 140

Ala Ser Ala Ser Gly Leu Ile Gly Gly Tyr Arg Leu Ser Gly Tyr Thr
145 150 155 160

Ala Thr Lys His Gly Val Val Gly Leu Thr Lys Ala Ala Ala Ile Asp
165 170 175

Tyr Ala Asn Gln Asn Ile Arg Ile Asn Ala Val Cys Pro Gly Pro Val
180 185 190

Asp Ser Pro Phe Leu Ala Asp Met Pro Gln Pro Met Arg Asp Arg Leu
195 200 205

Leu Phe Gly Thr Pro Ile Gly Arg Leu Ala Thr Ala Glu Glu Ile Ala
210 215 220

Arg Ser Val Leu Trp Leu Cys Ser Asp Asp Ala Lys Tyr Val Val Gly
225 230 235 240

His Ser Met Ser Val Asp Gly Gly Val Ala Val Thr Ala Val Gly Thr
245 250 255

Arg Met Asp Asp Leu Phe
260

<210> SEQ ID NO 111

<211> LENGTH: 762

<212> TYPE: DNA

<213> ORGANISM: Pseudomonas putida KT2440

<400> SEQUENCE: 111

atgagcatga ccttttectgg ccaggtagece ctggtgaceyg gegegggtge cggcatcgge 60
cgggcaaccg ccctggegtt cgcccacgag ggcatgaaag tggtggtgge ggacctcgac 120
ceggteggeg gegaggecac cgtggegeag atccacgegyg caggceggega agegetgtte 180
attgectgeg acgtgaccceg cgacgecgag gtgcgccagt tgcatgageg cctgatggece 240

gectacggee ggcetggacta cgecttcaac aacgccggga tcegagatcga gcaacaccgc 300

ctggccgaag gcagcgaage ggagttegat gecatcatgg gegtgaacgt gaagggegtg 360

tggttgtgca tgaagtatca gttgcecttyg ttgctggece aaggeggtgg ggccategte 420
aataccgegt cggtggeggg getaggggeg gegccaaaga tgagcatcta cagegecage 480
aagcatgegyg tcatcggtet gaccaagteg geggecateg agtacgccaa gaagggcatce 540
cgegtgaacyg cegtgtgece ggccegtgate gacaccgaca tgttcegecg cgettaccag 600
gecgaccege gcaaggcecga gttegecgea gecatgcace cggtagggeyg cattggeaag 660
gtcgaggaaa tcgccagege cgtgetgtat ctgtgcagtg acggegegge gtttaccacc 720
gggcattgcec tgacggtgga tggtggggct acggcgatct ga 762

<210> SEQ ID NO 112

<211> LENGTH: 253

<212> TYPE: PRT

<213> ORGANISM: Pseudomonas putida KT2440

<400> SEQUENCE: 112

Met Ser Met Thr Phe Ser Gly Gln Val Ala Leu Val Thr Gly Ala Gly
1 5 10 15

Ala Gly Ile Gly Arg Ala Thr Ala Leu Ala Phe Ala His Glu Gly Met
20 25 30
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Lys Val Val Val Ala Asp Leu Asp Pro Val Gly Gly Glu Ala Thr Val
35 40 45

Ala Gln Ile His Ala Ala Gly Gly Glu Ala Leu Phe Ile Ala Cys Asp
50 55 60

Val Thr Arg Asp Ala Glu Val Arg Gln Leu His Glu Arg Leu Met Ala
65 70 75 80

Ala Tyr Gly Arg Leu Asp Tyr Ala Phe Asn Asn Ala Gly Ile Glu Ile
85 90 95

Glu Gln His Arg Leu Ala Glu Gly Ser Glu Ala Glu Phe Asp Ala Ile
100 105 110

Met Gly Val Asn Val Lys Gly Val Trp Leu Cys Met Lys Tyr Gln Leu
115 120 125

Pro Leu Leu Leu Ala Gln Gly Gly Gly Ala Ile Val Asn Thr Ala Ser
130 135 140

Val Ala Gly Leu Gly Ala Ala Pro Lys Met Ser Ile Tyr Ser Ala Ser
145 150 155 160

Lys His Ala Val Ile Gly Leu Thr Lys Ser Ala Ala Ile Glu Tyr Ala
165 170 175

Lys Lys Gly Ile Arg Val Asn Ala Val Cys Pro Ala Val Ile Asp Thr
180 185 190

Asp Met Phe Arg Arg Ala Tyr Gln Ala Asp Pro Arg Lys Ala Glu Phe
195 200 205

Ala Ala Ala Met His Pro Val Gly Arg Ile Gly Lys Val Glu Glu Ile
210 215 220

Ala Ser Ala Val Leu Tyr Leu Cys Ser Asp Gly Ala Ala Phe Thr Thr
225 230 235 240

Gly His Cys Leu Thr Val Asp Gly Gly Ala Thr Ala Ile
245 250

<210> SEQ ID NO 113

<211> LENGTH: 810

<212> TYPE: DNA

<213> ORGANISM: Pseudomonas putida KT2440

<400> SEQUENCE: 113

atgtctttte aaaacaaaat cgttgtgete acaggegcag cttetggeat cggcaaagceg 60
acagcacagce tgctagtgga gcagggegece catgtggttg ccatggatct taaaagcgac 120
ttgcttcaac aagcattegg cagtgaggag cacgttetgt geatcectac cgacgtcage 180
gatagcgaag ccgtgcgage cgccttccag gcagtggacg cgaaatttgg cegtgtegac 240
gtgattatta acgccgeggg catcaacgca cctacgcgag aagccaacca gaaaatggtt 300
gatgccaacg tcgctgecct cgatgecatyg aagagceggge gggegeccac tttegactte 360
ctggccgata ccteggatca ggattteegg cgegtaatgg aagtcaattt gttcagecag 420
ttttactgca ttcgagaggg tgttcegetyg atgegecgag cgggtggegyg cagcategte 480
aacatctcca gegtggeage getectggge gtggecaatge cactttacta ccecgectece 540
aaggcggegyg tgctgggect caccegtgea geggeagetg agttggcace ttacaacatt 600
cgtgtgaatyg ccatcgetee aggctctgte gacacaccat tgatgecatga gcaaccaccg 660
gaagtcgtte agttectggt cagcatgcaa cccatcaage ggetggecca acccgaggag 720

cttgcccaaa gcatcctgtt ccttgeeggt gagcattegt cettcatcac cggacagacg 780
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ctttctecca acggcgggat gcacatgtaa 810

<210> SEQ ID NO 114

<211> LENGTH: 269

<212> TYPE: PRT

<213> ORGANISM: Pseudomonas putida KT2440
<400> SEQUENCE: 114

Met Ser Phe Gln Asn Lys Ile Val Val Leu Thr Gly Ala Ala Ser Gly
1 5 10 15

Ile Gly Lys Ala Thr Ala Gln Leu Leu Val Glu Gln Gly Ala His Val
20 25 30

Val Ala Met Asp Leu Lys Ser Asp Leu Leu Gln Gln Ala Phe Gly Ser
35 40 45

Glu Glu His Val Leu Cys Ile Pro Thr Asp Val Ser Asp Ser Glu Ala
50 55 60

Val Arg Ala Ala Phe Gln Ala Val Asp Ala Lys Phe Gly Arg Val Asp
65 70 75 80

Val Ile Ile Asn Ala Ala Gly Ile Asn Ala Pro Thr Arg Glu Ala Asn
85 90 95

Gln Lys Met Val Asp Ala Asn Val Ala Ala Leu Asp Ala Met Lys Ser
100 105 110

Gly Arg Ala Pro Thr Phe Asp Phe Leu Ala Asp Thr Ser Asp Gln Asp
115 120 125

Phe Arg Arg Val Met Glu Val Asn Leu Phe Ser Gln Phe Tyr Cys Ile
130 135 140

Arg Glu Gly Val Pro Leu Met Arg Arg Ala Gly Gly Gly Ser Ile Val
145 150 155 160

Asn Ile Ser Ser Val Ala Ala Leu Leu Gly Val Ala Met Pro Leu Tyr
165 170 175

Tyr Pro Ala Ser Lys Ala Ala Val Leu Gly Leu Thr Arg Ala Ala Ala
180 185 190

Ala Glu Leu Ala Pro Tyr Asn Ile Arg Val Asn Ala Ile Ala Pro Gly
195 200 205

Ser Val Asp Thr Pro Leu Met His Glu Gln Pro Pro Glu Val Val Gln
210 215 220

Phe Leu Val Ser Met Gln Pro Ile Lys Arg Leu Ala Gln Pro Glu Glu
225 230 235 240

Leu Ala Gln Ser Ile Leu Phe Leu Ala Gly Glu His Ser Ser Phe Ile
245 250 255

Thr Gly Gln Thr Leu Ser Pro Asn Gly Gly Met His Met
260 265

<210> SEQ ID NO 115

<211> LENGTH: 771

<212> TYPE: DNA

<213> ORGANISM: Pseudomonas putida KT2440

<400> SEQUENCE: 115

atgacccttyg aaggcaaaac tgcactegte accggttceca ccageggcat tggectggge 60

atcgcccagyg tattggeceg ggectggegee aacatcgtge tcaacggett tggtgacceg 120

ggcccegeca tggcggaaat tgcccggcac ggggtgaagg ttgtgcacca cceggecgac 180
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ctgtcggatg tggtccagat cgaggctttyg ttcaacctgg ccgaacgcga gtteggegge 240
gtcgacatce tggtcaacaa cgccggtatc cagcatgtgg caccggttga gcagttcceg 300
ccagaaagct gggacaagat catcgccctg aacctgtegg ccegtattcca tggcacgege 360
ctggegetge cgggcatgeg cacgcgcaac tgggggcgca tcatcaatat cgctteggtg 420
catggcctgg tcggctcgat tggcaaggca gcoctacgtgg cagccaagca tggegtgatce 480
ggcctgacca aggtggtcegg cctggaaacc gccaccagtce atgtcacctg caatgccata 540
tgcceggget gggtgetgac accgctggtg caaaagcaga tcgacgatcyg tgcggccaag 600
ggtggcgatc ggctgcaagce gcagcacgat ctgctggcag aaaagcaacc gtcgcetgget 660
ttcgtcacce ccgaacacct cggtgagetg gtactcettte tgtgcagega ggccggtagce 720
caggttcgeg gecgccgectyg gaacgtcgat ggtggetggt tggeccagtg a 771

<210> SEQ ID NO 116

<211> LENGTH: 256

<212> TYPE: PRT

<213> ORGANISM: Pseudomonas putida KT2440

<400> SEQUENCE: 116

Met Thr Leu Glu Gly Lys Thr Ala Leu Val Thr Gly Ser Thr Ser Gly
1 5 10 15

Ile Gly Leu Gly Ile Ala Gln Val Leu Ala Arg Ala Gly Ala Asn Ile
20 25 30

Val Leu Asn Gly Phe Gly Asp Pro Gly Pro Ala Met Ala Glu Ile Ala
35 40 45

Arg His Gly Val Lys Val Val His His Pro Ala Asp Leu Ser Asp Val
50 55 60

Val Gln Ile Glu Ala Leu Phe Asn Leu Ala Glu Arg Glu Phe Gly Gly
65 70 75 80

Val Asp Ile Leu Val Asn Asn Ala Gly Ile Gln His Val Ala Pro Val
85 90 95

Glu Gln Phe Pro Pro Glu Ser Trp Asp Lys Ile Ile Ala Leu Asn Leu
100 105 110

Ser Ala Val Phe His Gly Thr Arg Leu Ala Leu Pro Gly Met Arg Thr
115 120 125

Arg Asn Trp Gly Arg Ile Ile Asn Ile Ala Ser Val His Gly Leu Val
130 135 140

Gly Ser Ile Gly Lys Ala Ala Tyr Val Ala Ala Lys His Gly Val Ile
145 150 155 160

Gly Leu Thr Lys Val Val Gly Leu Glu Thr Ala Thr Ser His Val Thr
165 170 175

Cys Asn Ala Ile Cys Pro Gly Trp Val Leu Thr Pro Leu Val Gln Lys
180 185 190

Gln Ile Asp Asp Arg Ala Ala Lys Gly Gly Asp Arg Leu Gln Ala Gln
195 200 205

His Asp Leu Leu Ala Glu Lys Gln Pro Ser Leu Ala Phe Val Thr Pro
210 215 220

Glu His Leu Gly Glu Leu Val Leu Phe Leu Cys Ser Glu Ala Gly Ser
225 230 235 240

Gln Val Arg Gly Ala Ala Trp Asn Val Asp Gly Gly Trp Leu Ala Gln
245 250 255
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<210> SEQ ID NO 117
<211> LENGTH: 750
<212> TYPE: DNA
<213> ORGANISM: Pseudomonas putida KT2440
<400> SEQUENCE: 117
atgtccaagce aacttacact cgaaggcaaa gtggccctgg ttcagggegyg ttceccgagge 60
attggcgcag ctatcgtaag gecgcectggece cgegaaggeyg cgcaagtgge cttcacctat 120
gtecagetetyg ceggeccgge tgaagaactg getcegggaaa ttaccgagaa cggcggcaaa 180
gecttggeee tgegggctga cagegetgat gecgeggecg tgcagetgge ggttgatgac 240
accgagaaag ccttgggccg getggatatce ctggtcaaca acgccggtgt gcetggcagtg 300
geeccagtga cagagttcga cctggecgac ttcgatcata tgctggecgt gaacgtacge 360
agcegtgtteg tcegecageca ggccgeggea cgetatatgg gecagggegyg tcegtatcate 420
aacattggca gcaccaacgc cgagcgcatg cegtttgecg gtggtgcacce gtacgcecatg 480
agcaagtcgg cactggttgg tctgaccege ggcatggcac gegacctegyg gcecgecaggge 540
attaccgtga acaacgtgca gcccggeceg gtggacacceyg acatgaaccce ggccagtgge 600
gagtttgceyg agagectgat tccgetgatg gecattggge gatatggega gecggaggag 660
attgccaget tcgtggetta cctggcaggg cctgaagecyg ggtatatcac cggggecage 720
ctgactgtag atggtgggtt tgcagcctga 750
<210> SEQ ID NO 118
<211> LENGTH: 249
<212> TYPE: PRT
<213> ORGANISM: Pseudomonas putida KT2440
<400> SEQUENCE: 118
Met Ser Lys Gln Leu Thr Leu Glu Gly Lys Val Ala Leu Val Gln Gly
1 5 10 15
Gly Ser Arg Gly Ile Gly Ala Ala Ile Val Arg Arg Leu Ala Arg Glu
20 25 30
Gly Ala Gln Val Ala Phe Thr Tyr Val Ser Ser Ala Gly Pro Ala Glu
35 40 45
Glu Leu Ala Arg Glu Ile Thr Glu Asn Gly Gly Lys Ala Leu Ala Leu
50 55 60
Arg Ala Asp Ser Ala Asp Ala Ala Ala Val Gln Leu Ala Val Asp Asp
65 70 75 80
Thr Glu Lys Ala Leu Gly Arg Leu Asp Ile Leu Val Asn Asn Ala Gly
85 90 95
Val Leu Ala Val Ala Pro Val Thr Glu Phe Asp Leu Ala Asp Phe Asp
100 105 110
His Met Leu Ala Val Asn Val Arg Ser Val Phe Val Ala Ser Gln Ala
115 120 125
Ala Ala Arg Tyr Met Gly Gln Gly Gly Arg Ile Ile Asn Ile Gly Ser
130 135 140
Thr Asn Ala Glu Arg Met Pro Phe Ala Gly Gly Ala Pro Tyr Ala Met
145 150 155 160
Ser Lys Ser Ala Leu Val Gly Leu Thr Arg Gly Met Ala Arg Asp Leu
165 170 175
Gly Pro Gln Gly Ile Thr Val Asn Asn Val Gln Pro Gly Pro Val Asp
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180 185 190

Thr Asp Met Asn Pro Ala Ser Gly Glu Phe Ala Glu Ser Leu Ile Pro
195 200 205

Leu Met Ala Ile Gly Arg Tyr Gly Glu Pro Glu Glu Ile Ala Ser Phe
210 215 220

Val Ala Tyr Leu Ala Gly Pro Glu Ala Gly Tyr Ile Thr Gly Ala Ser
225 230 235 240

Leu Thr Val Asp Gly Gly Phe Ala Ala
245

<210> SEQ ID NO 119

<211> LENGTH: 858

<212> TYPE: DNA

<213> ORGANISM: Pseudomonas putida KT2440

<400> SEQUENCE: 119

atgagcgact accctaccce tccattecca teccaaccge aaagegttece cggttceccag 60
cgcaagatgg atcegtatcce ggactgeggt gagcagaget acaccggcaa caatcgecte 120
gcaggcaaga tcgecttgat aaccggtgct gacageggca tegggegtge ggtggcegatt 180
gectatgece gagaaggcge tgacgttgcece attgectatce tgaatgaaca cgacgatgeg 240
caggaaaccg cgcgetgggt caaagegget ggecgcecagt gectgetget gceceggegac 300
ctggcacaga aacagcactg ccacgacatc gtcgacaaga ccgtggcegea gtttggtcege 360
atcgatatce tggtcaacaa cgccgegtte cagatggecce atgaaagcect ggacgacatt 420
gatgacgatyg aatgggtgaa gaccttcgat accaacatca ccgccatttt cegeatttge 480
cagcgegett tgcectecgat gecaaaggge ggttcgatca tcaacaccag ttceggtcaac 540
tctgacgace cgtcacccag cctgttggece tatgcecgega ccaaagggge tattgcecaat 600
ttcactgcag gccttgegca actgctggge aagcagggca ttegegtcaa cagegtcgca 660
cceggeccga tetggacccee getgateceg gecaccatge ctgatgagge ggtgagaaac 720
tteggtteeg gttacccgat gggacggecg ggtcaacctyg tggaggtgge gccaatctat 780
gtettgetgyg ggtccgatga agccagctac atctegggtt cgegttacge cgtgacggga 840
ggcaaaccta ttctgtga 858

<210> SEQ ID NO 120

<211> LENGTH: 285

<212> TYPE: PRT

<213> ORGANISM: Pseudomonas putida KT2440
<400> SEQUENCE: 120

Met Ser Asp Tyr Pro Thr Pro Pro Phe Pro Ser Gln Pro Gln Ser Val
1 5 10 15

Pro Gly Ser Gln Arg Lys Met Asp Pro Tyr Pro Asp Cys Gly Glu Gln
20 25 30

Ser Tyr Thr Gly Asn Asn Arg Leu Ala Gly Lys Ile Ala Leu Ile Thr
35 40 45

Gly Ala Asp Ser Gly Ile Gly Arg Ala Val Ala Ile Ala Tyr Ala Arg

Glu Gly Ala Asp Val Ala Ile Ala Tyr Leu Asn Glu His Asp Asp Ala
65 70 75 80

Gln Glu Thr Ala Arg Trp Val Lys Ala Ala Gly Arg Gln Cys Leu Leu
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85 90 95

Leu Pro Gly Asp Leu Ala Gln Lys Gln His Cys His Asp Ile Val Asp
100 105 110

Lys Thr Val Ala Gln Phe Gly Arg Ile Asp Ile Leu Val Asn Asn Ala
115 120 125

Ala Phe Gln Met Ala His Glu Ser Leu Asp Asp Ile Asp Asp Asp Glu
130 135 140

Trp Val Lys Thr Phe Asp Thr Asn Ile Thr Ala Ile Phe Arg Ile Cys
145 150 155 160

Gln Arg Ala Leu Pro Ser Met Pro Lys Gly Gly Ser Ile Ile Asn Thr
165 170 175

Ser Ser Val Asn Ser Asp Asp Pro Ser Pro Ser Leu Leu Ala Tyr Ala
180 185 190

Ala Thr Lys Gly Ala Ile Ala Asn Phe Thr Ala Gly Leu Ala Gln Leu
195 200 205

Leu Gly Lys Gln Gly Ile Arg Val Asn Ser Val Ala Pro Gly Pro Ile
210 215 220

Trp Thr Pro Leu Ile Pro Ala Thr Met Pro Asp Glu Ala Val Arg Asn
225 230 235 240

Phe Gly Ser Gly Tyr Pro Met Gly Arg Pro Gly Gln Pro Val Glu Val
245 250 255

Ala Pro Ile Tyr Val Leu Leu Gly Ser Asp Glu Ala Ser Tyr Ile Ser
260 265 270

Gly Ser Arg Tyr Ala Val Thr Gly Gly Lys Pro Ile Leu
275 280 285

<210> SEQ ID NO 121

<211> LENGTH: 774

<212> TYPE: DNA

<213> ORGANISM: Pseudomonas putida KT2440

<400> SEQUENCE: 121

atgatcgaaa tcagcggcag caccceggge cacaatggec gggtagectt ggtcacggge 60
gecgecegeg gecateggtet gggcattgee gecatggetga tetgegaagyg ctggcaagtyg 120
gtgctgagtyg atctggaccg ccagegtggt accaaagtgg ccaaggegtt gggegacaac 180
gectggttcea tcaccatgga cgttgccgac gaggcccagg tcagtgeegyg cgtgtecgaa 240
gtgcteggge agtteggeeg getggacgeg ctggtgtgeca atgeggecat tgecaacceg 300
cacaaccaga cgctggaaag cctgagectyg gcacaatgga accgggtget gggggtcaac 360
ctcageggee ccatgetget ggecaageat tgtgegecgt acctgegtge gcacaatggg 420
gegatcegtca acctgaccte tacccgtget cggcagtceeg aacccgacac cgaggcttac 480
geggcaagcea agggeggect ggtggetttyg acccatgece tggecatgag cctgggeceg 540
gagattcgeg tcaatgeggt gageceggge tggatcgatg ccegtgatcce gtegeagege 600
cgtgcegage cgttgagega agectgaccat geccageatce caacgggeag ggtagggacce 660
gtggaagatg tcgcggccat ggttgectgyg ttgctgtcac gecaggegge atttgtcacce 720
ggccaggagt ttgtggtcga tggeggcatyg acccgcaaga tgatctatac ctga 774

<210> SEQ ID NO 122
<211> LENGTH: 257
<212> TYPE: PRT
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<213> ORGANISM: Pseudomonas putida KT2440
<400> SEQUENCE: 122

Met Ile Glu Ile Ser Gly Ser Thr Pro Gly His Asn Gly Arg Val Ala
1 5 10 15

Leu Val Thr Gly Ala Ala Arg Gly Ile Gly Leu Gly Ile Ala Ala Trp
20 25 30

Leu Ile Cys Glu Gly Trp Gln Val Val Leu Ser Asp Leu Asp Arg Gln
35 40 45

Arg Gly Thr Lys Val Ala Lys Ala Leu Gly Asp Asn Ala Trp Phe Ile
Thr Met Asp Val Ala Asp Glu Ala Gln Val Ser Ala Gly Val Ser Glu
65 70 75 80

Val Leu Gly Gln Phe Gly Arg Leu Asp Ala Leu Val Cys Asn Ala Ala
85 90 95

Ile Ala Asn Pro His Asn Gln Thr Leu Glu Ser Leu Ser Leu Ala Gln
100 105 110

Trp Asn Arg Val Leu Gly Val Asn Leu Ser Gly Pro Met Leu Leu Ala
115 120 125

Lys His Cys Ala Pro Tyr Leu Arg Ala His Asn Gly Ala Ile Val Asn
130 135 140

Leu Thr Ser Thr Arg Ala Arg Gln Ser Glu Pro Asp Thr Glu Ala Tyr
145 150 155 160

Ala Ala Ser Lys Gly Gly Leu Val Ala Leu Thr His Ala Leu Ala Met
165 170 175

Ser Leu Gly Pro Glu Ile Arg Val Asn Ala Val Ser Pro Gly Trp Ile
180 185 190

Asp Ala Arg Asp Pro Ser Gln Arg Arg Ala Glu Pro Leu Ser Glu Ala
195 200 205

Asp His Ala Gln His Pro Thr Gly Arg Val Gly Thr Val Glu Asp Val
210 215 220

Ala Ala Met Val Ala Trp Leu Leu Ser Arg Gln Ala Ala Phe Val Thr
225 230 235 240

Gly Gln Glu Phe Val Val Asp Gly Gly Met Thr Arg Lys Met Ile Tyr
245 250 255

Thr

<210> SEQ ID NO 123
<211> LENGTH: 741
<212> TYPE: DNA

<213> ORGANISM: Pseudomonas putida KT2440

<400> SEQUENCE: 123

atgagcctge aaggtaaagt tgcactggtt accggegeca gecgtggeat tggecaggece 60
atcgeecteg agetgggecog ccagggegeg accgtgateg gtaccgecac gteggegtece 120
ggtgccgage gcatcgetge caccctgaaa gaacacggca ttaccggcac tggcatggag 180
ctgaacgtga ccagcgecga atcggttgaa geegtactgg cegecattgg cgagcagtte 240
ggcgegeegg ccatcettggt caacaatgec ggtatcacce gegacaacct catgetgege 300
atgaaagacg acgagtggtt tgatgtcate gacaccaacc tgaacagect ctaccgtetg 360

tccaagggeg tgctgegtgg catgaccaag gegegttggg gtegtatcat cagcatcegge 420
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teggtegttyg gtgccatggg taacgcaggt caggccaact acgeggcetge caaggecggt 480
ctggaaggtt tcageccgege cctggegegt gaagtgggtt cgegtggtat caccgtcaac 540
tecggtgacce caggettcat cgataccgac atgacccegeg agetgccaga agctcagege 600
gaagccctyge agacccagat tccgetggge cgectgggee aggctgacga aattgccaag 660
gtggtttegt tectggcate cgacggegece gectacgtga ceggcegetac cgtgeccggte 720
aacggcggga tgtacatgta a 741

<210> SEQ ID NO 124

<211> LENGTH: 246

<212> TYPE: PRT

<213> ORGANISM: Pseudomonas putida KT2440

<400> SEQUENCE: 124

Met Ser Leu Gln Gly Lys Val Ala Leu Val Thr Gly Ala Ser Arg Gly
1 5 10 15

Ile Gly Gln Ala Ile Ala Leu Glu Leu Gly Arg Gln Gly Ala Thr Val
Ile Gly Thr Ala Thr Ser Ala Ser Gly Ala Glu Arg Ile Ala Ala Thr
35 40 45

Leu Lys Glu His Gly Ile Thr Gly Thr Gly Met Glu Leu Asn Val Thr
50 55 60

Ser Ala Glu Ser Val Glu Ala Val Leu Ala Ala Ile Gly Glu Gln Phe
65 70 75 80

Gly Ala Pro Ala Ile Leu Val Asn Asn Ala Gly Ile Thr Arg Asp Asn
Leu Met Leu Arg Met Lys Asp Asp Glu Trp Phe Asp Val Ile Asp Thr
100 105 110

Asn Leu Asn Ser Leu Tyr Arg Leu Ser Lys Gly Val Leu Arg Gly Met
115 120 125

Thr Lys Ala Arg Trp Gly Arg Ile Ile Ser Ile Gly Ser Val Val Gly
130 135 140

Ala Met Gly Asn Ala Gly Gln Ala Asn Tyr Ala Ala Ala Lys Ala Gly
145 150 155 160

Leu Glu Gly Phe Ser Arg Ala Leu Ala Arg Glu Val Gly Ser Arg Gly
165 170 175

Ile Thr Val Asn Ser Val Thr Pro Gly Phe Ile Asp Thr Asp Met Thr
180 185 190

Arg Glu Leu Pro Glu Ala Gln Arg Glu Ala Leu Gln Thr Gln Ile Pro
195 200 205

Leu Gly Arg Leu Gly Gln Ala Asp Glu Ile Ala Lys Val Val Ser Phe
210 215 220

Leu Ala Ser Asp Gly Ala Ala Tyr Val Thr Gly Ala Thr Val Pro Val
225 230 235 240

Asn Gly Gly Met Tyr Met
245

<210> SEQ ID NO 125

<211> LENGTH: 738

<212> TYPE: DNA

<213> ORGANISM: Pseudomonas putida KT2440

<400> SEQUENCE: 125
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atgactcaga aaatagctgt cgtgaccggce ggcagtcgeg gcattggcaa gtccatcegtg 60
ctggececctgg cecggegeggg ttatcaggtt gecttcagtt atgtcegtga cgaggegtca 120

gecgetgect tgcaggegca ggtcgaaggyg cteggeceggg actgectgge cgtgeagtgt 180

gatgtcaagyg aagcgccgag cattcaggceg ttttttgaac gggtcgagca acgtttcgag 240
cgtatcgact tgttggtcaa caacgccggt attaccegtyg acggtttget cgccacgcaa 300
tegttgaacyg acatcaccga ggtcatccag accaacctgg teggcacgtt gttgtgetgt 360
cagcaggtge tgccctgcat gatgcgecaa cgcagcegggt gcatcgtcaa cctcagttceg 420
gtggccegege aaaagcccgg caagggccag agcaactacg cegecgecaa aggeggtgta 480
gaagcattga cacgcgcact ggcggtggag ttggcgecge gcaacatccg ggtcaacgeg 540
gtggcgeceyg gecategtcag caccgacatg agccaagcecce tggtceggege ccatgagcag 600
gaaatccagt cgeggetgtt gatcaaacgg ttegceccgge ctgaagaaat tgccgacgeg 660
gtgctgtate tggecgageg cggectgtac atcacgggeyg aagtcectgtce cgtcaacgge 720
ggattgaaaa tgccatga 738

<210> SEQ ID NO 126

<211> LENGTH: 245

<212> TYPE: PRT

<213> ORGANISM: Pseudomonas putida KT2440

<400> SEQUENCE: 126

Met Thr Gln Lys Ile Ala Val Val Thr Gly Gly Ser Arg Gly Ile Gly
1 5 10 15

Lys Ser Ile Val Leu Ala Leu Ala Gly Ala Gly Tyr Gln Val Ala Phe
20 25 30

Ser Tyr Val Arg Asp Glu Ala Ser Ala Ala Ala Leu Gln Ala Gln Val
35 40 45

Glu Gly Leu Gly Arg Asp Cys Leu Ala Val Gln Cys Asp Val Lys Glu
50 55 60

Ala Pro Ser Ile Gln Ala Phe Phe Glu Arg Val Glu Gln Arg Phe Glu
65 70 75 80

Arg Ile Asp Leu Leu Val Asn Asn Ala Gly Ile Thr Arg Asp Gly Leu
85 90 95

Leu Ala Thr Gln Ser Leu Asn Asp Ile Thr Glu Val Ile Gln Thr Asn
100 105 110

Leu Val Gly Thr Leu Leu Cys Cys Gln Gln Val Leu Pro Cys Met Met
115 120 125

Arg Gln Arg Ser Gly Cys Ile Val Asn Leu Ser Ser Val Ala Ala Gln
130 135 140

Lys Pro Gly Lys Gly Gln Ser Asn Tyr Ala Ala Ala Lys Gly Gly Val
145 150 155 160

Glu Ala Leu Thr Arg Ala Leu Ala Val Glu Leu Ala Pro Arg Asn Ile
165 170 175

Arg Val Asn Ala Val Ala Pro Gly Ile Val Ser Thr Asp Met Ser Gln
180 185 190

Ala Leu Val Gly Ala His Glu Gln Glu Ile Gln Ser Arg Leu Leu Ile
195 200 205

Lys Arg Phe Ala Arg Pro Glu Glu Ile Ala Asp Ala Val Leu Tyr Leu
210 215 220
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Ala Glu Arg Gly Leu Tyr Ile Thr Gly Glu Val Leu Ser Val Asn Gly
225 230 235 240

Gly Leu Lys Met Pro
245

<210> SEQ ID NO 127

<211> LENGTH: 768

<212> TYPE: DNA

<213> ORGANISM: Pseudomonas putida KT2440

<400> SEQUENCE: 127

atgtccaaga cccacctgtt cgacctecgac ggcaagattg cctttgttte cggegecage
cgtggecateg gcgaggecat cgcccacttg ctegegcage aaggggcecca tgtgategtt
tccagecgea agettgacgg gtgccagecag gtggecgacyg ccatcattge cgecggegge
aaggccacgg ctgtggectg ccacattggt gagctggaac agattcagca ggtgttcgece
ggcattegeyg aacagttcgg gcgactggac gtgctggtca acaatgcagce caccaacccyg
caattctgca atgtgetgga caccgaccca ggggcegttece agaagaccgt ggacgtgaac
atccgtggtt acttcttcat gtceggtggag getggcaage tgatgcgega gaacggegge
ggcagcatca tcaacgtgge gtcgatcaac ggtgtttcac cecgggetgtt ccaaggcatce
tactcggtga ccaaggcggce ggtcatcaac atgaccaagg tgttcgccaa agagtgtgca
ccetteggta ttegetgcaa cgcgctactg ceggggcetga ccegataccaa gttegetteg
gcattggtga agaacgaagc catcctcaac gecgecttge agcagatccce cctcaaacge
gtggccgace ccaaggaaat ggcgggtgceg gtgctgtace tggccagega tgectccage
tacaccaccg gcaccacgct caatgtcgac ggtggettece tgtectga

<210> SEQ ID NO 128

<211> LENGTH: 255

<212> TYPE: PRT

<213> ORGANISM: Pseudomonas putida KT2440

<400> SEQUENCE: 128

Met Ser Lys Thr His Leu Phe Asp Leu Asp Gly Lys Ile Ala Phe Val
1 5 10 15

Ser Gly Ala Ser Arg Gly Ile Gly Glu Ala Ile Ala His Leu Leu Ala
20 25 30

Gln Gln Gly Ala His Val Ile Val Ser Ser Arg Lys Leu Asp Gly Cys
35 40 45

Gln Gln Val Ala Asp Ala Ile Ile Ala Ala Gly Gly Lys Ala Thr Ala
50 55 60

Val Ala Cys His Ile Gly Glu Leu Glu Gln Ile Gln Gln Val Phe Ala
65 70 75 80

Gly Ile Arg Glu Gln Phe Gly Arg Leu Asp Val Leu Val Asn Asn Ala
85 90 95

Ala Thr Asn Pro Gln Phe Cys Asn Val Leu Asp Thr Asp Pro Gly Ala
100 105 110

Phe Gln Lys Thr Val Asp Val Asn Ile Arg Gly Tyr Phe Phe Met Ser
115 120 125

Val Glu Ala Gly Lys Leu Met Arg Glu Asn Gly Gly Gly Ser Ile Ile
130 135 140

Asn Val Ala Ser Ile Asn Gly Val Ser Pro Gly Leu Phe Gln Gly Ile

60

120

180

240

300

360

420

480

540

600

660

720

768
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145 150 155 160

Tyr Ser Val Thr Lys Ala Ala Val Ile Asn Met Thr Lys Val Phe Ala
165 170 175

Lys Glu Cys Ala Pro Phe Gly Ile Arg Cys Asn Ala Leu Leu Pro Gly
180 185 190

Leu Thr Asp Thr Lys Phe Ala Ser Ala Leu Val Lys Asn Glu Ala Ile
195 200 205

Leu Asn Ala Ala Leu Gln Gln Ile Pro Leu Lys Arg Val Ala Asp Pro
210 215 220

Lys Glu Met Ala Gly Ala Val Leu Tyr Leu Ala Ser Asp Ala Ser Ser
225 230 235 240

Tyr Thr Thr Gly Thr Thr Leu Asn Val Asp Gly Gly Phe Leu Ser
245 250 255

<210> SEQ ID NO 129

<211> LENGTH: 762

<212> TYPE: DNA

<213> ORGANISM: Pseudomonas fluorescens Pf-5

<400> SEQUENCE: 129

atgagcatga cgttttcecgg ccaggtggcce ctagtgaccg gcegcagccaa tggtatcggce 60
cgecgecacceg cccaggcatt tgccgcacaa ggcttgaagg tggtggtgge ggacctggac 120

acggeggggy gcgagggeac cgtggegetyg atccgegagg ceggtggega ggcattgtte 180

gtgcegtgca acgttaccct ggaggceggat gtgcaaagece tcatggeccyg caccatcgaa 240
gectatggge gectggatta cgecttcaac aatgccggta tcgagatcga aaagggecgce 300
cttgcggagyg gctccatgga tgagttegac gecatcatgg gggtcaacgt caaaggggte 360
tggctgtgca tgaagtacca gttgeccgetyg ctgetggece agggeggtgg ggegategte 420
aacaccgect cggtggeggg cctgggegeg gegecgaaga tgagcatcta tgeggectece 480
aagcatgegyg tgatcggect gaccaagteg geggecateg aatatgcgaa gaagaaaatce 540
cgegtgaacyg cggtatgece ggeggtgate gacaccgaca tgttcegecg tgectacgag 600
geggaccega agaaggccga gttegecegeg gecatgcace cggtggggeyg catcggeaag 660
gtcgaggaga tcgccagtge ggtgctctac ctgtgcageg atggegegge ctttaccacce 720
ggccatgcac tggcggtcga cggcggggcece accgcgatcect ga 762

<210> SEQ ID NO 130

<211> LENGTH: 253

<212> TYPE: PRT

<213> ORGANISM: Pseudomonas fluorscens Pf-5

<400> SEQUENCE: 130

Met Ser Met Thr Phe Ser Gly Gln Val Ala Leu Val Thr Gly Ala Ala
1 5 10 15

Asn Gly Ile Gly Arg Ala Thr Ala Gln Ala Phe Ala Ala Gln Gly Leu
20 25 30

Lys Val Val Val Ala Asp Leu Asp Thr Ala Gly Gly Glu Gly Thr Val
35 40 45

Ala Leu Ile Arg Glu Ala Gly Gly Glu Ala Leu Phe Val Pro Cys Asn
50 55 60

Val Thr Leu Glu Ala Asp Val Gln Ser Leu Met Ala Arg Thr Ile Glu
65 70 75 80
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Ala Tyr Gly Arg Leu Asp Tyr Ala Phe Asn Asn Ala Gly Ile Glu Ile
85 90 95

Glu Lys Gly Arg Leu Ala Glu Gly Ser Met Asp Glu Phe Asp Ala Ile
100 105 110

Met Gly Val Asn Val Lys Gly Val Trp Leu Cys Met Lys Tyr Gln Leu
115 120 125

Pro Leu Leu Leu Ala Gln Gly Gly Gly Ala Ile Val Asn Thr Ala Ser
130 135 140

Val Ala Gly Leu Gly Ala Ala Pro Lys Met Ser Ile Tyr Ala Ala Ser
145 150 155 160

Lys His Ala Val Ile Gly Leu Thr Lys Ser Ala Ala Ile Glu Tyr Ala
165 170 175

Lys Lys Lys Ile Arg Val Asn Ala Val Cys Pro Ala Val Ile Asp Thr
180 185 190

Asp Met Phe Arg Arg Ala Tyr Glu Ala Asp Pro Lys Lys Ala Glu Phe
195 200 205

Ala Ala Ala Met His Pro Val Gly Arg Ile Gly Lys Val Glu Glu Ile
210 215 220

Ala Ser Ala Val Leu Tyr Leu Cys Ser Asp Gly Ala Ala Phe Thr Thr
225 230 235 240

Gly His Ala Leu Ala Val Asp Gly Gly Ala Thr Ala Ile
245 250

<210> SEQ ID NO 131

<211> LENGTH: 735

<212> TYPE: DNA

<213> ORGANISM: Klebsiella pneumoniae subsp. pneumoniae MGH78578

<400> SEQUENCE: 131

atgaaacttg ccagtaaaac cgccattgte accggcegecyg cacgeggtat cggetttgge 60
attgcccagg tgcttgegeg ggaaggegeg cgagtgatta tegecgatceg tgatgcacac 120
ggcgaageeyg ccgecgette cctgegegaa tegggegcac aggcgetgtt tatcagetge 180
aatatcgctyg aaaaaacgca ggtcgaagece ctgtattcecee aggccgaaga ggcegtttgge 240
ccggtagaca ttctggtgaa taacgccgga atcaaccgeg acgccatget gcacaaatta 300
acggaagcgg actgggacac ggttatcgac gttaacctga aaggcacttt cctctgtatg 360
cagcaggcceg ctatccgecat gegcgagege ggtgcegggece gcattatcaa tatcgettcee 420
gecagttgge ttggcaacgt cgggcaaacc aactattcgg cgtcaaaagce cggegtggtyg 480
ggaatgacca aaaccgcctg ccgcgaactg gcgaaaaaag gtgtcacggt gaatgccatce 540
tgcceggget ttatcgatac cgacatgacg cgeggcegtac cggaaaacgt ctggcaaatce 600
atggtcagca aaattcccge gggttacgece ggcgaggcga aagacgtcegyg cgagtgtgtg 660
gegtttetgyg cgtecgatgg cgcgegetat atcaatggtyg aagtgattaa cgtcggegge 720
ggcatggtge tgtaa 735

<210> SEQ ID NO 132

<211> LENGTH: 253

<212> TYPE: PRT

<213> ORGANISM: Klebsiella pneumoniae subsp. pneumoniae MGH78578

<400> SEQUENCE: 132
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Met Ser Met Thr Phe Ser Gly Gln Val Ala Leu Val Thr Gly Ala Ala
1 5 10 15

Asn Gly Ile Gly Arg Ala Thr Ala Gln Ala Phe Ala Ala Gln Gly Leu
20 25 30

Lys Val Val Val Ala Asp Leu Asp Thr Ala Gly Gly Glu Gly Thr Val
35 40 45

Ala Leu Ile Arg Glu Ala Gly Gly Glu Ala Leu Phe Val Pro Cys Asn
50 55 60

Val Thr Leu Glu Ala Asp Val Gln Ser Leu Met Ala Arg Thr Ile Glu
65 70 75 80

Ala Tyr Gly Arg Leu Asp Tyr Ala Phe Asn Asn Ala Gly Ile Glu Ile
85 90 95

Glu Lys Gly Arg Leu Ala Glu Gly Ser Met Asp Glu Phe Asp Ala Ile
100 105 110

Met Gly Val Asn Val Lys Gly Val Trp Leu Cys Met Lys Tyr Gln Leu
115 120 125

Pro Leu Leu Leu Ala Gln Gly Gly Gly Ala Ile Val Asn Thr Ala Ser
130 135 140

Val Ala Gly Leu Gly Ala Ala Pro Lys Met Ser Ile Tyr Ala Ala Ser
145 150 155 160

Lys His Ala Val Ile Gly Leu Thr Lys Ser Ala Ala Ile Glu Tyr Ala
165 170 175

Lys Lys Lys Ile Arg Val Asn Ala Val Cys Pro Ala Val Ile Asp Thr
180 185 190

Asp Met Phe Arg Arg Ala Tyr Glu Ala Asp Pro Lys Lys Ala Glu Phe
195 200 205

Ala Ala Ala Met His Pro Val Gly Arg Ile Gly Lys Val Glu Glu Ile
210 215 220

Ala Ser Ala Val Leu Tyr Leu Cys Ser Asp Gly Ala Ala Phe Thr Thr
225 230 235 240

Gly His Ala Leu Ala Val Asp Gly Gly Ala Thr Ala Ile
245 250

<210> SEQ ID NO 133

<211> LENGTH: 750

<212> TYPE: DNA

<213> ORGANISM: Klebsiella pneumoniae subsp. pneumoniae MGH78578

<400> SEQUENCE: 133

atgttattga aagataaagt cgccattatt actggegegg cctecgcacyg cggtttggge 60
ttcgegactyg cgaaattatt cgccgaaaac ggegegaaag tggtcattat cgacctcaat 120
ggcgaagcca gtaaaaccge cgcggeggca ttaggcgaag accatctegg cctggeggec 180
aacgtcgetyg atgaagtgca ggtgcaggeg gecatcgaac agatcetgge gaaatacggt 240
cgggttgatg tactggtcaa taacgccggg attacccage cgctgaaget gatggatate 300
aagcgegeca actatgacge ggtgettgat gttagectge geggcacget getgatgteg 360
caggcggtta tccccaccat gegggegcaa aaatccggea geatcgtetg catctegtece 420
gtcteegece agegeggegg cggtatttte ggeggaccge actacagege ggcaaaagec 480

ggggtgetgg gtetggegeg ggcgatggeyg cgcegagettg geccggataa cgteegegtt 540

aactgcatca cccegggget gattcagace gacattaceg ceggcaaget gactgatgac 600
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atgacggcca acattcttge cggcattceg atgaaccgece ttggcgacge gatagacate 660
gegegegeeyg cgetgttect cggcagegat ctttectect actccaccgg catcaccctg 720
gacgttaacg gcggcatgtt aattcactaa 750

<210> SEQ ID NO 134

<211> LENGTH: 249

<212> TYPE: PRT

<213> ORGANISM: Klebsiella pneumoniae subsp. pneumoniae MGH78578
<400> SEQUENCE: 134

Met Leu Leu Lys Asp Lys Val Ala Ile Ile Thr Gly Ala Ala Ser Ala
1 5 10 15

Arg Gly Leu Gly Phe Ala Thr Ala Lys Leu Phe Ala Glu Asn Gly Ala
20 25 30

Lys Val Val Ile Ile Asp Leu Asn Gly Glu Ala Ser Lys Thr Ala Ala
35 40 45

Ala Ala Leu Gly Glu Asp His Leu Gly Leu Ala Ala Asn Val Ala Asp
Glu Val Gln Val Gln Ala Ala Ile Glu Gln Ile Leu Ala Lys Tyr Gly
65 70 75 80

Arg Val Asp Val Leu Val Asn Asn Ala Gly Ile Thr Gln Pro Leu Lys
85 90 95

Leu Met Asp Ile Lys Arg Ala Asn Tyr Asp Ala Val Leu Asp Val Ser
100 105 110

Leu Arg Gly Thr Leu Leu Met Ser Gln Ala Val Ile Pro Thr Met Arg
115 120 125

Ala Gln Lys Ser Gly Ser Ile Val Cys Ile Ser Ser Val Ser Ala Gln
130 135 140

Arg Gly Gly Gly Ile Phe Gly Gly Pro His Tyr Ser Ala Ala Lys Ala
145 150 155 160

Gly Val Leu Gly Leu Ala Arg Ala Met Ala Arg Glu Leu Gly Pro Asp
165 170 175

Asn Val Arg Val Asn Cys Ile Thr Pro Gly Leu Ile Gln Thr Asp Ile
180 185 190

Thr Ala Gly Lys Leu Thr Asp Asp Met Thr Ala Asn Ile Leu Ala Gly
195 200 205

Ile Pro Met Asn Arg Leu Gly Asp Ala Ile Asp Ile Ala Arg Ala Ala
210 215 220

Leu Phe Leu Gly Ser Asp Leu Ser Ser Tyr Ser Thr Gly Ile Thr Leu
225 230 235 240

Asp Val Asn Gly Gly Met Leu Ile His
245

<210> SEQ ID NO 135

<211> LENGTH: 750

<212> TYPE: DNA

<213> ORGANISM: Klebsiella pneumoniae subsp. pneumoniae MGH78578

<400> SEQUENCE: 135

atgttattga aagataaagt cgccattatt actggegegg cctecgcacyg cggtttggge 60

ttcgegactyg cgaaattatt cgccgaaaac ggegegaaag tggtcattat cgacctcaat 120

ggcgaagcca gtaaaaccge cgcggeggca ttaggcgaag accatctegg cctggeggec 180
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aacgtcgetg atgaagtgca ggtgcaggeg gccatcgaac agatcctggce gaaatacggt 240
cgggttgatg tactggtcaa taacgccggg attacccage cgctgaagcet gatggatatc 300
aagcgcgceca actatgacge ggtgcttgat gttagectge geggcacgcet gectgatgtceg 360
caggcggtta tccccaccat gecgggcgcaa aaatccggca gcatcgtctg catctegtcece 420
gtctccegece agegeggegg cggtatttte ggeggaccge actacagegce ggcaaaagcec 480

ggggtgetgg gtetggegeg ggcgatggeyg cgcegagettg geccggataa cgteegegtt 540

aactgcatca ccceggggcet gattcagacce gacattaccyg ceggcaaget gactgatgac 600
atgacggcca acattcttge cggcattceg atgaaccgece ttggcgacge gatagacate 660
gegegegeeyg cgetgttect cggcagegat ctttectect actccaccgg catcaccctg 720
gacgttaacg gcggcatgtt aattcactaa 750

<210> SEQ ID NO 136

<211> LENGTH: 249

<212> TYPE: PRT

<213> ORGANISM: Klebsiella pneumoniae subsp. pneumoniae MGH78578

<400> SEQUENCE: 136

Met Leu Leu Lys Asp Lys Val Ala Ile Ile Thr Gly Ala Ala Ser Ala
1 5 10 15

Arg Gly Leu Gly Phe Ala Thr Ala Lys Leu Phe Ala Glu Asn Gly Ala
20 25 30

Lys Val Val Ile Ile Asp Leu Asn Gly Glu Ala Ser Lys Thr Ala Ala
35 40 45

Ala Ala Leu Gly Glu Asp His Leu Gly Leu Ala Ala Asn Val Ala Asp
50 55 60

Glu Val Gln Val Gln Ala Ala Ile Glu Gln Ile Leu Ala Lys Tyr Gly
65 70 75 80

Arg Val Asp Val Leu Val Asn Asn Ala Gly Ile Thr Gln Pro Leu Lys
85 90 95

Leu Met Asp Ile Lys Arg Ala Asn Tyr Asp Ala Val Leu Asp Val Ser
100 105 110

Leu Arg Gly Thr Leu Leu Met Ser Gln Ala Val Ile Pro Thr Met Arg
115 120 125

Ala Gln Lys Ser Gly Ser Ile Val Cys Ile Ser Ser Val Ser Ala Gln
130 135 140

Arg Gly Gly Gly Ile Phe Gly Gly Pro His Tyr Ser Ala Ala Lys Ala
145 150 155 160

Gly Val Leu Gly Leu Ala Arg Ala Met Ala Arg Glu Leu Gly Pro Asp
165 170 175

Asn Val Arg Val Asn Cys Ile Thr Pro Gly Leu Ile Gln Thr Asp Ile
180 185 190

Thr Ala Gly Lys Leu Thr Asp Asp Met Thr Ala Asn Ile Leu Ala Gly
195 200 205

Ile Pro Met Asn Arg Leu Gly Asp Ala Ile Asp Ile Ala Arg Ala Ala
210 215 220

Leu Phe Leu Gly Ser Asp Leu Ser Ser Tyr Ser Thr Gly Ile Thr Leu
225 230 235 240

Asp Val Asn Gly Gly Met Leu Ile His
245
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<210> SEQ ID NO 137

<211> LENGTH: 714

<212> TYPE: DNA

<213> ORGANISM: Klebsiella pneumoniae subsp. pneumoniae MGH78578

<400> SEQUENCE: 137

atgacagcgt ttcacaacaa atcagtgetg gttttaggeg ggagtegggg aattggegeg 60
gegatcegtca ggegttttgt cgccgatgge gegteggtgg tgtttageta tteeggtteg 120

ccggaagegyg ccgagegget ggeggeagag accggcagea cggeggtgca ggeggacage 180

gecgategeg atgeggtgat aagectggte cgcegacageg geccgetgga cgtgttagtg 240
gtcaatgceg ggatcgeget ttteggtgac getctegage aggacagcega tgcaatcgat 300
cgectgttee acatcaatat tcacgeccce taccatgect cegtcgaage ggegegecge 360
atgccggaag gcgggegeat tattgtcate ggetcagtea atggegatceg catgecegttg 420
cegggaatgg cggectatge getcageaaa teggecctge aggggetgge gegeggectg 480
gegegggatt ttggecegeg cggcatcacyg gtcaacgteg tccageccgyg cccaattgat 540
accgacgcca acccggagaa cggeccgatg aaagagetga tgcacagett tatggecatt 600

aagcgccatyg geegtecgga agaggtggeg ggaatggtgg cgtggetgge cggtcecggag 660

gegtegtttyg tcactggege catgcacacce atcgacggag cgtttggege ctga 714

<210> SEQ ID NO 138

<211> LENGTH: 237

<212> TYPE: PRT

<213> ORGANISM: Klebsiella pneumoniae subsp. pneumoniae MGH78578

<400> SEQUENCE: 138

Met Thr Ala Phe His Asn Lys Ser Val Leu Val Leu Gly Gly Ser Arg
1 5 10 15

Gly Ile Gly Ala Ala Ile Val Arg Arg Phe Val Ala Asp Gly Ala Ser
20 25 30

Val Val Phe Ser Tyr Ser Gly Ser Pro Glu Ala Ala Glu Arg Leu Ala
35 40 45

Ala Glu Thr Gly Ser Thr Ala Val Gln Ala Asp Ser Ala Asp Arg Asp
50 55 60

Ala Val Ile Ser Leu Val Arg Asp Ser Gly Pro Leu Asp Val Leu Val
65 70 75 80

Val Asn Ala Gly Ile Ala Leu Phe Gly Asp Ala Leu Glu Gln Asp Ser
85 90 95

Asp Ala Ile Asp Arg Leu Phe His Ile Asn Ile His Ala Pro Tyr His
100 105 110

Ala Ser Val Glu Ala Ala Arg Arg Met Pro Glu Gly Gly Arg Ile Ile
115 120 125

Val Ile Gly Ser Val Asn Gly Asp Arg Met Pro Leu Pro Gly Met Ala
130 135 140

Ala Tyr Ala Leu Ser Lys Ser Ala Leu Gln Gly Leu Ala Arg Gly Leu
145 150 155 160

Ala Arg Asp Phe Gly Pro Arg Gly Ile Thr Val Asn Val Val Gln Pro
165 170 175

Gly Pro Ile Asp Thr Asp Ala Asn Pro Glu Asn Gly Pro Met Lys Glu
180 185 190
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Leu Met His Ser Phe Met Ala Ile Lys Arg His Gly Arg Pro Glu Glu
195 200 205

Val Ala Gly Met Val Ala Trp Leu Ala Gly Pro Glu Ala Ser Phe Val
210 215 220

Thr Gly Ala Met His Thr Ile Asp Gly Ala Phe Gly Ala
225 230 235

<210> SEQ ID NO 139

<211> LENGTH: 750

<212> TYPE: DNA

<213> ORGANISM: Klebsiella pneumoniae subp. pneumoniae MGH78578

<400> SEQUENCE: 139

atgaacggcece tgctaaacgg taaacgtatt gtegtcaceg gtgeggegeg cggtceteggg 60
taccactttyg ccgaagectg cgecgeteag ggegegacgg tggtgatgtg cgacatcctg 120
cagggagagce tggcggaaag cgctcatege ctgcagecaga agggctatca ggtcgaatct 180
cacgccateg atcttgecag tcaagcateg atcgageagg tettcagege catcggegeg 240
caggggtcta tcgatggett agtcaataac gcagegatgg ccaccggegt cggcggaaaa 300
aatatgatcg attacgatcc ggatctgtgg gatcgggtaa tgacggtcaa cgttaaagge 360
acctggttgyg tgaccegege ggeggtaceg ctgctgegeg aaggggegge gatcgtcaac 420
gtegettegyg ataccgeget gtggggegeyg cegeggctga tggectatgt cgecagtaag 480
ggcgeggtga ttgcgatgac cegetcecatyg geccgegage tgggtgaaaa geggatcegt 540
atcaacgcca tcgegeeggg actgaccege gttgaggeca cggaatacgt tcccgecgag 600
cgtcatcage tgtatgagaa cggecgegeg ctecageggeg cgcageagece ggaagatgte 660
accggcageg tggtetgget getgagegat ctttegeget ttatcacegg ccaactgate 720
ccggtcaacg gecggttttgt ctttaactaa 750

<210> SEQ ID NO 140

<211> LENGTH: 249

<212> TYPE: PRT

<213> ORGANISM: Klebsiella pneumoniae subsp. pneumoinae MGH78578
<400> SEQUENCE: 140

Met Asn Gly Leu Leu Asn Gly Lys Arg Ile Val Val Thr Gly Ala Ala
1 5 10 15

Arg Gly Leu Gly Tyr His Phe Ala Glu Ala Cys Ala Ala Gln Gly Ala
20 25 30

Thr Val Val Met Cys Asp Ile Leu Gln Gly Glu Leu Ala Glu Ser Ala
35 40 45

His Arg Leu Gln Gln Lys Gly Tyr Gln Val Glu Ser His Ala Ile Asp
Leu Ala Ser Gln Ala Ser Ile Glu Gln Val Phe Ser Ala Ile Gly Ala
65 70 75 80

Gln Gly Ser Ile Asp Gly Leu Val Asn Asn Ala Ala Met Ala Thr Gly
85 90 95

Val Gly Gly Lys Asn Met Ile Asp Tyr Asp Pro Asp Leu Trp Asp Arg
100 105 110

Val Met Thr Val Asn Val Lys Gly Thr Trp Leu Val Thr Arg Ala Ala
115 120 125

Val Pro Leu Leu Arg Glu Gly Ala Ala Ile Val Asn Val Ala Ser Asp
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130 135 140

Thr Ala Leu Trp Gly Ala Pro Arg Leu Met Ala Tyr Val Ala Ser Lys
145 150 155 160

Gly Ala Val Ile Ala Met Thr Arg Ser Met Ala Arg Glu Leu Gly Glu
165 170 175

Lys Arg Ile Arg Ile Asn Ala Ile Ala Pro Gly Leu Thr Arg Val Glu
180 185 190

Ala Thr Glu Tyr Val Pro Ala Glu Arg His Gln Leu Tyr Glu Asn Gly
195 200 205

Arg Ala Leu Ser Gly Ala Gln Gln Pro Glu Asp Val Thr Gly Ser Val
210 215 220

Val Trp Leu Leu Ser Asp Leu Ser Arg Phe Ile Thr Gly Gln Leu Ile
225 230 235 240

Pro Val Asn Gly Gly Phe Val Phe Asn
245

<210> SEQ ID NO 141

<211> LENGTH: 795

<212> TYPE: DNA

<213> ORGANISM: Klebsiella pneumoniae subsp. pneumoniae MGH78578

<400> SEQUENCE: 141

atgaatgcac aaattgaagg gcgcgtegeg gtagtcaceyg geggttegte aggaatcgge 60
tttgaaacgce tgcgectgcet getgggegaa ggggcgaaag tegecttttyg cggecgcaac 120
ccggategge ttgccagege ccatgeggeg ttgcaaaacyg aatatccaga aggtgaggtg 180
ttctectgge getgtgacgt actgaacgaa getgaagttyg aggegttege cgceegeggte 240
geegegegtt teggeggegt cgatatgetg attaataacyg ceggcecaggg ctatgtcegece 300
cacttegeeg atacgecacg tgaggectgg ctgcacgaag ccgaactgaa actgttegge 360
gtgattaacc cggtaaaggc ctttcagtcce ctgctagagg cgtcggatat cgectcgatt 420
acctgtgtga actcgetget ggegttacag cecggaagage acatgatcege cacctcetgece 480
geeegegeeyg cgetgctcaa tatgacgetg actcetgtega aagagetggt ggataaaggt 540
attcgtgtga attccattct getggggatg gtggagteeg ggcagtggea gegeegtttt 600
gagagccgaa gcgataagag ccagagttgg cagcagtgga ccgccgatat cgeccgtaag 660
cgggggatcee cgatggegeg tctceggtaag cegcaggage cagegcaage gctgetatte 720
ctegettege cgcetggecte ctttaccace ggegeggege tggacgttte cggeggttte 780
tgtcgecate tgtaa 795

<210> SEQ ID NO 142

<211> LENGTH: 264

<212> TYPE: PRT

<213> ORGANISM: Klebsiella pneumoniae subsp. pneumoniae MGH78578

<400> SEQUENCE: 142

Met Asn Ala Gln Ile Glu Gly Arg Val Ala Val Val Thr Gly Gly Ser
1 5 10 15

Ser Gly Ile Gly Phe Glu Thr Leu Arg Leu Leu Leu Gly Glu Gly Ala
20 25 30

Lys Val Ala Phe Cys Gly Arg Asn Pro Asp Arg Leu Ala Ser Ala His
35 40 45
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Ala Ala Leu Gln Asn Glu Tyr Pro Glu Gly Glu Val Phe Ser Trp Arg
50 55 60

Cys Asp Val Leu Asn Glu Ala Glu Val Glu Ala Phe Ala Ala Ala Val
65 70 75 80

Ala Ala Arg Phe Gly Gly Val Asp Met Leu Ile Asn Asn Ala Gly Gln
85 90 95

Gly Tyr Val Ala His Phe Ala Asp Thr Pro Arg Glu Ala Trp Leu His
100 105 110

Glu Ala Glu Leu Lys Leu Phe Gly Val Ile Asn Pro Val Lys Ala Phe
115 120 125

Gln Ser Leu Leu Glu Ala Ser Asp Ile Ala Ser Ile Thr Cys Val Asn
130 135 140

Ser Leu Leu Ala Leu Gln Pro Glu Glu His Met Ile Ala Thr Ser Ala
145 150 155 160

Ala Arg Ala Ala Leu Leu Asn Met Thr Leu Thr Leu Ser Lys Glu Leu
165 170 175

Val Asp Lys Gly Ile Arg Val Asn Ser Ile Leu Leu Gly Met Val Glu
180 185 190

Ser Gly Gln Trp Gln Arg Arg Phe Glu Ser Arg Ser Asp Lys Ser Gln
195 200 205

Ser Trp Gln Gln Trp Thr Ala Asp Ile Ala Arg Lys Arg Gly Ile Pro
210 215 220

Met Ala Arg Leu Gly Lys Pro Gln Glu Pro Ala Gln Ala Leu Leu Phe
225 230 235 240

Leu Ala Ser Pro Leu Ala Ser Phe Thr Thr Gly Ala Ala Leu Asp Val
245 250 255

Ser Gly Gly Phe Cys Arg His Leu
260

<210> SEQ ID NO 143

<211> LENGTH: 1795

<212> TYPE: DNA

<213> ORGANISM: Pseudomonas fluorescens

<400> SEQUENCE: 143

cgccaagcaa tcgggetttyg gggcagaatt gggtegegaa gggettgagg agtttgecca 60
gtccaagatce atcaacgcceg cgctataaat taaaggatcce cccatggega tgattacagg 120
cggcegaactyg gttgttegea cectaataaa ggetggggte gaacatctgt teggectgea 180
cggegegeat atcgatacga tttttcaage ctgtetegat catgatgtge cgatcatcga 240
caccecgecat gaggecgecog cagggcatge ggecgaggge tatgeecgeg ctggegecaa 300
getgggegty getggtcacyg gegggegggy gatttaccaa tgeggtcacyg cccattgeca 360
acgcttgget ggatcgeaag gecggtgtat tectcacceg ggatcegggeg cgetgegtga 420
tgatgaaacc aacacgttge aggcggggat tgatcaggte gecatggegg cgeccattac 480
caaatgggcg catcgggtga tggcaaccga gcatatccca cggetggtga tgcaggegat 540
cegegecgeg ttgagegege cacgegggece ggtgttgetg gatetgeegt gggatattet 600
gatgaaccag attgatgagg atagcgtcat tatccccgat ctggtettgt cegegeatgg 660
ggccagacce gaccctgeeg atctggatca ggetctegeg cttttgegea aggeggageg 720

gecggtcate gtgctcegget cagaagecte geggacageg cgcaagacgyg cgettagege 780



US 2009/0139134 Al Jun. 4, 2009
228

-continued
cttegtggeg gegactggeg tgcceggtgtt tgccgattat gaagggctaa gcatgctcte 840
ggggctgecce gatgctatge ggggcegggcet ggtgcaaaac ctctattett ttgccaaage 900
cgatgccegeg ccagatcteg tgctgatget gggggegege tttggectta acaccgggca 960

tggatctggg cagttgatcc cccatagcge gcaggtcatt caggtcgacce ctgatgectg 1020
cgagctggga cgcctgcagg gcatcgectct gggcattgtg gecgatgtgg gtgggaccat 1080
cgaggetttyg gegcaggcca ccgcgcaaga tgeggcettgyg ceggatcegeyg gcegactggtyg 1140
cgccaaagtyg acggatctgg cgcaagageg ctatgccage atcgetgcega aatcgagcag 1200
cgagcatgcg ctccaccect ttcacgecte gcaggtcatt geccaaacacg tcegatgcagg 1260
ggtgacggtyg gtagcggatg gtgcgctgac ctatctctgg ctgtceccgaag tgatgagecy 1320
cgtgaaaccce ggcggtttte tetgccacgg ctatctagge tcgatgggeg tgggcettegg 1380
cacggegetyg ggcgegcaag tggccgatcet tgaagcagge cgecgcacga tccttgtgac 1440
cggcgatgge tcggtgggcet atagcatcgg tgaatttgat acgctggtgce gcaaacaatt 1500
gccgetgate gtcatcatca tgaacaacca aagctggggg gcgacattgce atttccagcea 1560
attggcegte ggccccaatce gegtgacggg cacccgtttg gaaaatgget cctatcacgg 1620
ggtggccgece gectttggeg cggatggcta tcatgtcgac agtgtggaga gcttttetge 1680
ggctcectggee caagcgcectceg cccataatcg ccccgectge atcaatgtceg cggtegeget 1740
cgatccgatc ccgcccgaag aactcattct gatcggcatg gaccecctteg catga 1795
<210> SEQ ID NO 144

<211> LENGTH: 563

<212> TYPE: PRT

<213> ORGANISM: Pseudomonas fluorescens

<400> SEQUENCE: 144

Met Ala Met Ile Thr Gly Gly Glu Leu Val Val Arg Thr Leu Ile Lys
1 5 10 15

Ala Gly Val Glu His Leu Phe Gly Leu His Gly Ala His Ile Asp Thr
20 25 30

Ile Phe Gln Ala Cys Leu Asp His Asp Val Pro Ile Ile Asp Thr Arg
35 40 45

His Glu Ala Ala Ala Gly His Ala Ala Glu Gly Tyr Ala Arg Ala Gly
50 55 60

Ala Lys Leu Gly Val Ala Gly His Gly Gly Arg Gly Ile Tyr Gln Cys
65 70 75 80

Gly His Ala His Cys Gln Arg Leu Ala Gly Ser Gln Gly Arg Cys Ile
85 90 95

Pro His Pro Gly Ser Gly Ala Leu Arg Asp Asp Glu Thr Asn Thr Leu
100 105 110

Gln Ala Gly Ile Asp Gln Val Ala Met Ala Ala Pro Ile Thr Lys Trp
115 120 125

Ala His Arg Val Met Ala Thr Glu His Ile Pro Arg Leu Val Met Gln
130 135 140

Ala Ile Arg Ala Ala Leu Ser Ala Pro Arg Gly Pro Val Leu Leu Asp
145 150 155 160

Leu Pro Trp Asp Ile Leu Met Asn Gln Ile Asp Glu Asp Ser Val Ile
165 170 175

Ile Pro Asp Leu Val Leu Ser Ala His Gly Ala Arg Pro Asp Pro Ala
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180 185 190

Asp Leu Asp Gln Ala Leu Ala Leu Leu Arg Lys Ala Glu Arg Pro Val
195 200 205

Ile Val Leu Gly Ser Glu Ala Ser Arg Thr Ala Arg Lys Thr Ala Leu
210 215 220

Ser Ala Phe Val Ala Ala Thr Gly Val Pro Val Phe Ala Asp Tyr Glu
225 230 235 240

Gly Leu Ser Met Leu Ser Gly Leu Pro Asp Ala Met Arg Gly Gly Leu
245 250 255

Val Gln Asn Leu Tyr Ser Phe Ala Lys Ala Asp Ala Ala Pro Asp Leu
260 265 270

Val Leu Met Leu Gly Ala Arg Phe Gly Leu Asn Thr Gly His Gly Ser
275 280 285

Gly Gln Leu Ile Pro His Ser Ala Gln Val Ile Gln Val Asp Pro Asp
290 295 300

Ala Cys Glu Leu Gly Arg Leu Gln Gly Ile Ala Leu Gly Ile Val Ala
305 310 315 320

Asp Val Gly Gly Thr Ile Glu Ala Leu Ala Gln Ala Thr Ala Gln Asp
325 330 335

Ala Ala Trp Pro Asp Arg Gly Asp Trp Cys Ala Lys Val Thr Asp Leu
340 345 350

Ala Gln Glu Arg Tyr Ala Ser Ile Ala Ala Lys Ser Ser Ser Glu His
355 360 365

Ala Leu His Pro Phe His Ala Ser Gln Val Ile Ala Lys His Val Asp
370 375 380

Ala Gly Val Thr Val Val Ala Asp Gly Ala Leu Thr Tyr Leu Trp Leu
385 390 395 400

Ser Glu Val Met Ser Arg Val Lys Pro Gly Gly Phe Leu Cys His Gly
405 410 415

Tyr Leu Gly Ser Met Gly Val Gly Phe Gly Thr Ala Leu Gly Ala Gln
420 425 430

Val Ala Asp Leu Glu Ala Gly Arg Arg Thr Ile Leu Val Thr Gly Asp
435 440 445

Gly Ser Val Gly Tyr Ser Ile Gly Glu Phe Asp Thr Leu Val Arg Lys
450 455 460

Gln Leu Pro Leu Ile Val Ile Ile Met Asn Asn Gln Ser Trp Gly Ala
465 470 475 480

Thr Leu His Phe Gln Gln Leu Ala Val Gly Pro Asn Arg Val Thr Gly
485 490 495

Thr Arg Leu Glu Asn Gly Ser Tyr His Gly Val Ala Ala Ala Phe Gly
500 505 510

Ala Asp Gly Tyr His Val Asp Ser Val Glu Ser Phe Ser Ala Ala Leu
515 520 525

Ala Gln Ala Leu Ala His Asn Arg Pro Ala Cys Ile Asn Val Ala Val
530 535 540

Ala Leu Asp Pro Ile Pro Pro Glu Glu Leu Ile Leu Ile Gly Met Asp
545 550 555 560

Pro Phe Ala

<210> SEQ ID NO 145
<211> LENGTH: 9
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<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: A polypeptide that is similar to an
autotransporter adhesion or type I secretion
target repeat.

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 3, 5, 7, 8, 9

<223> OTHER INFORMATION: Xaa = Any Amino Acid

<400> SEQUENCE: 145

Gly Gly Xaa Gly Xaa Asp Xaa Xaa Xaa
1 5

<210> SEQ ID NO 146

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 146

gtctttatte atatatatat cctecttaat tcaaccgtte aatcaccatc 50

<210> SEQ ID NO 147

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 147

gggcggecege aaggggtteg cgttggecga 30

<210> SEQ ID NO 148

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 148

ggagaaaata ccgcatcagg cg 22

<210> SEQ ID NO 149

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 149

cgggatccaa gttgcaggat atgacgaaag cg 32
<210> SEQ ID NO 150

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 150

gctctagaag attatcecctg tctgcggaag cgg 33
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<210> SEQ ID NO 151

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 151

getctagagg ggtgectaat gagtgagcta ac

<210> SEQ ID NO 152

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 152

cgggatcege gttaatattt tgttaaaatt cge

<210> SEQ ID NO 153

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 153

getctagagt ttatgtegca cccgeegttyg g

<210> SEQ ID NO 154

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 154

cccaagetta gaaagggaaa ttgtggtage cc

<210> SEQ ID NO 155

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 155

ggaattccat atgcgtccct ctgeccegge ¢

<210> SEQ ID NO 156

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 156

cgggatcctt agaactgett gggaagggag

<210> SEQ ID NO 157
<211> LENGTH: 50
<212> TYPE: DNA

32

33

31

32

31

30
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 157

aggtacggtg aaataaagga ggatatacat atgtccaaaa agattgccgt 50

<210> SEQ ID NO 158

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 158

ttttectttt geggeegece cgetggeate gectcac 37

<210> SEQ ID NO 159

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 159

ggcgatgceca gcgtaaagga ggatatacat atgaaaaact ggaaaacaag 50

<210> SEQ ID NO 160

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 160

tttteetttt gecggccgecce cagcttageg ccttcta 37

<210> SEQ ID NO 161

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 161

ccecgagetet taggaggatt agtcatggaa ¢ 31

<210> SEQ ID NO 162

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 162

gctctagatt attttgaata atcgtagaaa cc 32

<210> SEQ ID NO 163

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer
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<400> SEQUENCE: 163

getctagagg aggatatata tatgaaaaat tgtgtcateg tc

<210> SEQ ID NO 164

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 164

aactgcagtt aattcaaccg ttcaatcacce

<210> SEQ ID NO 165

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 165

cgagctcagg aggatatata tatgaaaaat tgtgtcatceg tcagtg

<210> SEQ ID NO 166

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 166

ggttgaatta aggaggatat atatatgaat aaagacacac taatacctac

<210> SEQ ID NO 167

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 167

cccaagetta gecggcaagt acacatctte

<210> SEQ ID NO 168

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 168

cgagctcagg aggatatata tatgaaaaat tgtgtcatceg tcagtg
<210> SEQ ID NO 169

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 169

cccaagetta gecggcaagt acacatctte

42

30

46

50

30

46

30
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<210> SEQ ID NO 170

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 170

aaggaaaaaa gcggccgecoce ctgaaccgac gaccgggteg 40

<210> SEQ ID NO 171

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 171

cggggtaccg cggatacata tttgaatgta tttag 35

<210> SEQ ID NO 172

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 172

aaggaaaaaa gcggccgege ggatacatat ttgaatgtat ttag 44

<210> SEQ ID NO 173

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 173

getctagagg aggatatata tatggctaac tacttcaata cac 43

<210> SEQ ID NO 174

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 174

tgctgttgeg ggttaaggag gatatatata tgcctaagta cegttecgece 50

<210> SEQ ID NO 175

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 175
aacggtactt aggcatatat atatcctect taacccgcaa cagcaatacg 50
<210> SEQ ID NO 176

<211> LENGTH: 30
<212> TYPE: DNA
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 176

acatgcatge ttaaccccce agtttegatt

<210> SEQ ID NO 177

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 177

getctagagg aggatatata tatggctaac tacttcaata cac

<210> SEQ ID NO 178

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 178

acatgcatge ttaaccccce agtttegatt

<210> SEQ ID NO 179

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 179

cccgagetca ggaggatata tatatggata aacagtatee ggt

<210> SEQ ID NO 180

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 180

getctagatt acagaatttg actcaggt

<210> SEQ ID NO 181

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 181

cccgagetca ggaggatata tatatgttga caaaagcaac aaaag

<210> SEQ ID NO 182

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

30

43

30

43

28

45
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<400> SEQUENCE: 182

ctctaaatct ctggaaaggg taccg 25

<210> SEQ ID NO 183

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 183

gctctagatt agagagcttt cgttttcatg 30

<210> SEQ ID NO 184

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 184

cccgagetca ggaggatata tatatgttga caaaagcaac aaaag 45

<210> SEQ ID NO 185

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 185

gctctagatt agagagcttt cgttttcatg 30

<210> SEQ ID NO 186

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 186

cgagctcagg aggatatata tatgageccag caagtcatta tttteg 46

<210> SEQ ID NO 187

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 187

aaaactgcag cgtttgatga cgtggacgat agegg 35
<210> SEQ ID NO 188

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 188

cgagctcagg aggatatata tatgageccag caagtcatta tttteg 46
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<210> SEQ ID NO 189

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 189

aggggtgtaa ggaggatata tatatggcta agacgttata cgaaaaattg 50

<210> SEQ ID NO 190

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 190

cgtcttagee atatatatat cctecttaca cececttetge tacatagegg 50

<210> SEQ ID NO 191

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 191

aaaactgcag cgtttgatga cgtggacgat agegg 35

<210> SEQ ID NO 192

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 192

cgagctcagg aggatatata tatgageccag caagtcatta tttteg 46

<210> SEQ ID NO 193

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 193

aaaactgcag cgtttgatga cgtggacgat agegg 35

<210> SEQ ID NO 194

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 194
cgagctcagg aggatatata tatgageccag caagtcatta tttteg 46
<210> SEQ ID NO 195

<211> LENGTH: 50
<212> TYPE: DNA
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 195

gaaaccgtgt gaggaggata tatatatgtc gaagaattac catattgeeg

<210> SEQ ID NO 196

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 196

aggggtgtaa ggaggatata tatatggcta agacgttata cgaaaaattg

<210> SEQ ID NO 197

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 197

acattaaata aggaggatat atatatggca gagaaattta tcaaacacac

<210> SEQ ID NO 198

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 198

attcttcgac atatatatat cctectcaca cggtttectt gttgtttteg

<210> SEQ ID NO 199

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 199

cgtcttagee atatatatat cctecttaca cececttetge tacatagegg

<210> SEQ ID NO 200

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 200

tttctetgee atatatatat cctecttatt taatgttgeg aatgteggeg

<210> SEQ ID NO 201

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

50

50

50

50

50

50
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<400> SEQUENCE: 201

aaaactgcag cgtttgatga cgtggacgat agegg

<210> SEQ ID NO 202

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 202

cgagctcagg aggatatata tatgageccag caagtcatta tttteg

<210> SEQ ID NO 203

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 203

aaaactgcag cgtttgatga cgtggacgat agegg

<210> SEQ ID NO 204

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 204

aaggaaaaaa gcggccgecoce ctgaaccgac gaccgggteg

<210> SEQ ID NO 205

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 205

cggggtaccg cggatacata tttgaatgta tttag

<210> SEQ ID NO 206

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 206

aaggaaaaaa gcggccgeac ttttecatact cecegecatte ag

<210> SEQ ID NO 207

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 207

caaaggcegt ctgcacgege cgaaaggcaa a

35

46

35

40

35

42

31
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<210> SEQ ID NO 208

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 208

tttgcettte ggcgegtgca gacggecttt g 31

<210> SEQ ID NO 209

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 209

acatgcatge cgtttgatga cgtggacgat agegg 35

<210> SEQ ID NO 210

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 210

aaggaaaaaa gcggccgeac ttttecatact cecegecatte ag 42

<210> SEQ ID NO 211

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 211

acatgcatge cgtttgatga cgtggacgat agegg 35

<210> SEQ ID NO 212

<211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 212

cccgagetca ggaggatata tatatgaatt atcagaacga cgatttac 48

<210> SEQ ID NO 213

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 213
gegtegeggyg taaggaggaa aattttatgt cctcacgtaa agagettgec 50
<210> SEQ ID NO 214

<211> LENGTH: 50
<212> TYPE: DNA
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 214

gaactgctgt aaggaggtta aaattatgga gaggattgte gttactcteg

<210> SEQ ID NO 215

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 215

caatcagcegt aaggaggtat atataatgaa aaccgtaact gtaaaagatc

<210> SEQ ID NO 216

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 216

tacaccaggc ataaggagga attaattatg gaaacctatg ctgtttttgg

<210> SEQ ID NO 217

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 217

tacgtgagga cataaaattt tcctecttac cegegacgeg cttttactge

<210> SEQ ID NO 218

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 218

caatcctete cataatttta acctecttac agcagttett ttgetttege

<210> SEQ ID NO 219

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 219

caatcagcegt aaggaggtat atataatgaa aaccgtaact gtaaaagatc

<210> SEQ ID NO 220

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

50

50

50

50

50

50
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<400> SEQUENCE: 220

tacggtttte attatatata cctecttacg ctgattgaca atcggcaatg

<210> SEQ ID NO 221

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 221

acatgcatge ttacgecggac aattcctect geaa

<210> SEQ ID NO 222

<211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 222

cccgagetca ggaggatata tatatgaatt atcagaacga cgatttac

<210> SEQ ID NO 223

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 223

acatgcatge ttacgecggac aattcctect geaa

<210> SEQ ID NO 224

<211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 224

ccegagetca ggaggatata tatatgacat cggaaaacce gttactgg

<210> SEQ ID NO 225

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 225

gatccaacct aaggaggaaa attttatgac acaacctctt tttetgateg
<210> SEQ ID NO 226

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 226

gatcaattgt taaggaggta tatataatgg aatccctgac gttacaaccc

50

34

48

34

48

50

50
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<210> SEQ ID NO 227

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 227

caggcagcct aaggaggaat taattatgge tggaaacaca attggacaac 50

<210> SEQ ID NO 228

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 228

aggttgtgte ataaaatttt cctecttagg ttggatcaac aggcactacg 50

<210> SEQ ID NO 229

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 229

cagggattcc attatatata cctecttaac aattgategt ctgtgccagg 50

<210> SEQ ID NO 230

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 230

gtttccagee ataattaatt cctecttagg ctgectgget aatcegegec 50

<210> SEQ ID NO 231

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 231

acatgcatgc ttaccagcgt ggaatatcag tctte 35

<210> SEQ ID NO 232

<211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 232
ccegagetca ggaggatata tatatgacat cggaaaacce gttactgg 48
<210> SEQ ID NO 233

<211> LENGTH: 35
<212> TYPE: DNA
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 233

acatgcatge ttaccagegt ggaatatcag tctte

<210> SEQ ID NO 234

<211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 234

cccgagetca ggaggatata tatatggttg ctgaattgac cgcattac

<210> SEQ ID NO 235

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 235

aatcgccagt aaggaggaaa attttatgac acaacctcett tttetgatceg

<210> SEQ ID NO 236

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 236

gatcaattgt taaggaggta tatataatgg aatccctgac gttacaaccc

<210> SEQ ID NO 237

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 237

caggcagcct aaggaggaat taattatgge tggaaacaca attggacaac

<210> SEQ ID NO 238

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 238

gaggttgtgt cataaaattt tcctecttac tggcgattgt cattegectg

<210> SEQ ID NO 239

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

35

48

50

50

50

50
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<400> SEQUENCE: 239

cagggattcc attatatata cctecttaac aattgategt ctgtgccagg

<210> SEQ ID NO 240

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 240

gtttccagee ataattaatt cctecttagg ctgectgget aatcegegec

<210> SEQ ID NO 241

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 241

acatgcatge ttaccagegt ggaatatcag tctte

<210> SEQ ID NO 242

<211> LENGTH: 48

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 242

cccgagetca ggaggatata tatatggttg ctgaattgac cgcattac

<210> SEQ ID NO 243

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 243

acatgcatge ttaccagegt ggaatatcag tctte

<210> SEQ ID NO 244

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 244

aaggaaaaaa gcggccgecoce ctgaaccgac gaccgggteg
<210> SEQ ID NO 245

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 245

getctagaac ttttcatact cccgecatte ag

50

50

35

48

35

40

32
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<210> SEQ ID NO 246

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 246

gctctagage ggatacatat ttgaatgtat ttag 34

<210> SEQ ID NO 247

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 247

aaggaaaaaa gcggccgege ggatacatat ttgaatgtat ttag 44

<210> SEQ ID NO 248

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 248

catgccatgg ctatgattac tggtgg 26

<210> SEQ ID NO 249

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 249

ccecegagete ttacgegecg gattggaaat aca 33

<210> SEQ ID NO 250

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 250

catgccatgg ccaaagttac aaatcaaaaa g 31

<210> SEQ ID NO 251

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 251
cgagctctta aaatgatttt atatagatat cc 32
<210> SEQ ID NO 252

<211> LENGTH: 31
<212> TYPE: DNA
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 252

catgccatgg gtattccaga aactcaaaaa g 31

<210> SEQ ID NO 253

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 253

ccecgagetet tatttagaag tgtcaacaac g 31

<210> SEQ ID NO 254

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 254

cceccgagete aggaggatat acatatgaat aaagacacac taatacce 47

<210> SEQ ID NO 255

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 255

cccaagctta geccggcaagt acacatctte 30

<210> SEQ ID NO 256

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 256

ccecgagetca ggaggatata tatatgtata cagtaggaga ttacce 45

<210> SEQ ID NO 257

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 257

gctctagatt atgatttatt ttgttcagca aat 33

<210> SEQ ID NO 258

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer
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<400> SEQUENCE: 258

ccecgagetca ggaggatata tatatgtata cagtaggaga ttacce

<210> SEQ ID NO 259

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 259

getctagatt atgatttatt ttgttcagca aat

<210> SEQ ID NO 260

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 260

cgagctcagg aggatatata tatgaaaaaa gtcgcacttg ttaccg

<210> SEQ ID NO 261

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 261

ggecggegge cgcgcgatgg cggtgaaagt g

<210> SEQ ID NO 262

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 262

aactaatcta gaggaggata tatatatgag catgacgttt tccggccagg

<210> SEQ ID NO 263

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 263

ccttgeggag ggctegatgg atgagttega ¢
<210> SEQ ID NO 264

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 264

cactttcace gccategege ggecgecgge ¢

45

33

46

31

50

31

31
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<210> SEQ ID NO 265

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 265

gctcatatat atatcctcct ctagattagt taaacaccat ccegecgteg 50

<210> SEQ ID NO 266

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 266

gtcgaactca tccatcgage cctecgcaag g 31

<210> SEQ ID NO 267

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 267

cccaagetta gatcgeggtg geccegeegt cg 32

<210> SEQ ID NO 268

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 268

cgagctcagg aggatatata tatgaaaaaa gtcgcacttg ttaccg 46

<210> SEQ ID NO 269

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 269

cccaagetta gatcgeggtg geccegeegt cg 32

<210> SEQ ID NO 270

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 270
getctagagg aggatttaaa aatggaaatt aacgaaacgce tge 43
<210> SEQ ID NO 271

<211> LENGTH: 45
<212> TYPE: DNA
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 271

tcceegeggt taagcatgge gatcccgaaa tggaatcect ttgac 45

<210> SEQ ID NO 272

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 272

ccgetegagyg aggatatata tatgagateg aaaagatttg aage 44

<210> SEQ ID NO 273

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 273

gctctagatt agccaagttc attgggatcg 30

<210> SEQ ID NO 274

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 274

cggggtacca cttttcatac tcccgecatt cag 33

<210> SEQ ID NO 275

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 275

cggtaccctt tccagagatt tagag 25

<210> SEQ ID NO 276

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 276

ggaattccat atgttcacaa cgtccgecta 30

<210> SEQ ID NO 277

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer
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<400> SEQUENCE: 277

gettgacgge catgtggeeg aggcecge

<210> SEQ ID NO 278

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 278

geggectegyg ccacatggece gtcaage

<210> SEQ ID NO 279

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 279

cgggatcctt aggeggectt ctggegeg

<210> SEQ ID NO 280

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 280

ggaattccat atggctattg caagaggtta

<210> SEQ ID NO 281

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 281

cgggatcctt aagcgtegag cgaggeca

<210> SEQ ID NO 282

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 282

ggaattccat atgactaaaa caatgaaggc
<210> SEQ ID NO 283

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 283

caccggggee ggggteeggt attgeca

27

27

28

30

28

30

27
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<210> SEQ ID NO 284

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 284

tggcaatacc ggacccegge cccggtyg

<210> SEQ ID NO 285

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 285

cgggatcctt aggcggegag atccacga

<210> SEQ ID NO 286

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 286

ggaattccat atgaccgggg cgaaccagcec

<210> SEQ ID NO 287

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 287

atagccgete atacgecteg gttgect

<210> SEQ ID NO 288

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 288

aggcaaccga ggcgtatgag cggctat

<210> SEQ ID NO 289

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 289

cgggatcctt aagcgecgtyg cggaagga

<210> SEQ ID NO 290
<211> LENGTH: 30
<212> TYPE: DNA

27

28

30

27

27

28
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 290

ggaattccat atgaccatgc atgccattca

<210> SEQ ID NO 291

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 291

cgggatcctt attcggetge aaattgea

<210> SEQ ID NO 292

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 292

ggaattccat atgcgcgcege tttattacga

<210> SEQ ID NO 293

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 293

cgggatcctt attcgaaccg gtegatga

<210> SEQ ID NO 294

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 294

ggaattccat atgctggcga ttttetgtga

<210> SEQ ID NO 295

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 295

cgggatcctt atgcgaccte caccatge

<210> SEQ ID NO 296

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

30

28

30

28

30

28
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<400> SEQUENCE: 296

ggaattccat atgaaagcct tegtegtega

<210> SEQ ID NO 297

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 297

cgggatcctt aggatgegta tgtaacca

<210> SEQ ID NO 298

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 298

ggaattccat atgaaagcga ttgtcgecca

<210> SEQ ID NO 299

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 299

cgggatcctt aggaaaagge gatctgea

<210> SEQ ID NO 300

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 300

ggaattccat atgccgatgg cgctegggea

<210> SEQ ID NO 301

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 301

cgggatcctt agaattcgat gacttgece
<210> SEQ ID NO 302

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 302

ggaattccat atgaaacatt ctcaggacaa

30

28

30

28

30

28

30
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<210> SEQ ID NO 303

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 303

gggcegecgat catgtggtge gttteceg

<210> SEQ ID NO 304

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 304

cggaaacgca ccacatgatce ggegecc

<210> SEQ ID NO 305

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 305

cgggatcctt atgccatacg ttecatat

<210> SEQ ID NO 306

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 306

ggaattccat atgcagcgtt ttaccaacag

<210> SEQ ID NO 307

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 307
cgggatcctt aggaaaacag gacgecgce
<210> SEQ ID NO 308

<211> LENGTH: 610
<212> TYPE: PRT

<213> ORGANISM: Klebsiella pneumoniae subsp.

<400> SEQUENCE: 308

Met Arg Tyr Ile Ala Gly Ile Asp Ile Gly Asn
1 5 10

Ala Leu Ala Thr Val Asp Asp Ala Gly Val Leu
20 25

Ala Leu Ala Glu Thr Thr Gly Ile Lys Gly Thr
35 40

27

27

28

30

28

pneumoniae MGH 78578

Ser Ser Thr Glu Val
15

Asn Ile Arg His Ser
30

Leu Arg Asn Val Phe
45
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Gly Ile Gln Glu Ala Leu Thr Gln Ala Ala Lys Ala Ala Gly Ile Gln
Leu Ser Asp Ile Ser Leu Ile Arg Ile Asn Glu Ala Thr Pro Val Ile
65 70 75 80

Gly Asp Val Ala Met Glu Thr Ile Thr Glu Thr Ile Ile Thr Glu Ser
85 90 95

Thr Met Ile Gly His Asn Pro Lys Thr Pro Gly Gly Val Gly Leu Gly
100 105 110

Val Gly Ile Thr Ile Thr Pro Glu Ala Leu Leu Ser Cys Ser Ala Asp
115 120 125

Thr Pro Tyr Ile Leu Val Val Ser Ser Ala Phe Asp Phe Ala Asp Val
130 135 140

Ala Ala Met Val Asn Ala Ala Thr Ala Ala Gly Tyr Gln Ile Thr Gly
145 150 155 160

Ile Ile Leu Gln Gln Asp Asp Gly Val Leu Val Asn Asn Arg Leu Gln
165 170 175

Gln Pro Leu Pro Val Ile Asp Glu Val Gln His Ile Asp Arg Ile Pro
180 185 190

Leu Gly Met Leu Ala Ala Val Glu Val Ala Leu Pro Gly Lys Ile Ile
195 200 205

Glu Thr Leu Ser Asn Pro Tyr Gly Ile Ala Thr Val Phe Asp Leu Asn
210 215 220

Ala Glu Glu Thr Lys Asn Ile Val Pro Met Ala Arg Ala Leu Ile Gly
225 230 235 240

Asn Arg Ser Ala Val Val Val Lys Thr Pro Ser Gly Asp Val Lys Ala
245 250 255

Arg Ala Ile Pro Ala Gly Asn Leu Leu Leu Ile Ala Gln Gly Arg Ser
260 265 270

Val Gln Val Asp Val Ala Ala Gly Ala Glu Ala Ile Met Lys Ala Val
275 280 285

Asp Gly Cys Gly Lys Leu Asp Asn Val Ala Gly Glu Ala Gly Thr Asn
290 295 300

Ile Gly Gly Met Leu Glu His Val Arg Gln Thr Met Ala Glu Leu Thr
305 310 315 320

Asn Lys Pro Ala Gln Glu Ile Arg Ile Gln Asp Leu Leu Ala Val Asp
325 330 335

Thr Ala Val Pro Val Ser Val Thr Gly Gly Leu Ala Gly Glu Phe Ser
340 345 350

Leu Glu Gln Ala Val Gly Ile Ala Ser Met Val Lys Ser Asp Arg Leu
355 360 365

Gln Met Ala Leu Ile Ala Arg Glu Ile Glu His Lys Leu Gln Ile Ala
370 375 380

Val Gln Val Gly Gly Ala Glu Ala Glu Ala Ala Ile Leu Gly Ala Leu
385 390 395 400

Thr Thr Pro Gly Thr Thr Arg Pro Leu Ala Ile Leu Asp Leu Gly Ala
405 410 415

Gly Ser Thr Asp Ala Ser Ile Ile Asn Ala Gln Gly Glu Ile Ser Ala
420 425 430

Thr His Leu Ala Gly Ala Gly Asp Met Val Thr Met Ile Ile Ala Arg
435 440 445
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Glu Leu Gly Leu Glu Asp Arg Tyr Leu Ala Glu Glu Ile Lys Lys Tyr
450 455 460

Pro Leu Ala Lys Val Glu Ser Leu Phe His Leu Arg His Glu Asp Gly
465 470 475 480

Ser Val Gln Phe Phe Pro Ser Ala Leu Pro Pro Ala Val Phe Ala Arg
485 490 495

Val Cys Val Val Lys Pro Asp Glu Leu Val Pro Leu Pro Gly Asp Leu
500 505 510

Pro Leu Glu Lys Val Arg Ala Ile Arg Arg Ser Ala Lys Ser Arg Val
515 520 525

Phe Val Thr Asn Ala Leu Arg Ala Leu Arg Gln Val Ser Pro Thr Gly
530 535 540

Asn Ile Arg Asp Ile Pro Phe Val Val Leu Val Gly Gly Ser Ser Leu
545 550 555 560

Asp Phe Glu Ile Pro Gln Leu Val Thr Asp Ala Leu Ala His Tyr Arg
565 570 575

Leu Val Ala Gly Arg Gly Asn Ile Arg Gly Cys Glu Gly Pro Arg Asn
580 585 590

Ala Val Ala Ser Gly Leu Leu Leu Ser Trp Gln Lys Gly Gly Thr His
595 600 605

Gly Glu
610

<210> SEQ ID NO 309

<211> LENGTH: 116

<212> TYPE: PRT

<213> ORGANISM: Klebsiella pneumoniae subsp. pneumoniae MGH78578

<400> SEQUENCE: 309

Met Glu Ser Ser Val Val Ala Pro Ala Ile Val Ile Ala Val Thr Asp
1 5 10 15

Glu Cys Ser Glu Gln Trp Arg Asp Val Leu Leu Gly Ile Glu Glu Glu
20 25 30

Gly Ile Pro Phe Val Leu Gln Pro Gln Thr Gly Gly Asp Leu Ile His
35 40 45

His Ala Trp Gln Ala Ala Gln Arg Ser Pro Leu Gln Val Gly Ile Ala
50 55 60

Cys Asp Arg Glu Arg Leu Ile Val His Tyr Lys Asn Leu Pro Ala Ser
65 70 75 80

Thr Pro Leu Phe Ser Leu Met Tyr His Gln Asn Arg Leu Ala Arg Arg
85 90 95

Asn Thr Gly Asn Asn Ala Ala Arg Leu Val Lys Gly Ile Pro Phe Arg
100 105 110

Asp Arg His Ala
115

<210> SEQ ID NO 310

<211> LENGTH: 787

<212> TYPE: PRT

<213> ORGANISM: Clostridium butyricum

<400> SEQUENCE: 310

Met Ile Ser Lys Gly Phe Ser Thr Gln Thr Glu Arg Ile Asn Ile Leu
1 5 10 15
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Lys Ala Gln Ile Leu Asn Ala Lys Pro Cys Val Glu Ser Glu Arg Ala
20 25 30

Ile Leu Ile Thr Glu Ser Phe Lys Gln Thr Glu Gly Gln Pro Ala Ile
35 40 45

Leu Arg Arg Ala Leu Ala Leu Lys His Ile Leu Glu Asn Ile Pro Ile
50 55 60

Thr Ile Arg Asp Gln Glu Leu Ile Val Gly Ser Leu Thr Lys Glu Pro
65 70 75 80

Arg Ser Ser Gln Val Phe Pro Glu Phe Ser Asn Lys Trp Leu Gln Asp
85 90 95

Glu Leu Asp Arg Leu Asn Lys Arg Thr Gly Asp Ala Phe Gln Ile Ser
100 105 110

Glu Glu Ser Lys Glu Lys Leu Lys Asp Val Phe Glu Tyr Trp Asn Gly
115 120 125

Lys Thr Thr Ser Glu Leu Ala Thr Ser Tyr Met Thr Glu Glu Thr Arg
130 135 140

Glu Ala Val Asn Cys Asp Val Phe Thr Val Gly Asn Tyr Tyr Tyr Asn
145 150 155 160

Gly Val Gly His Val Ser Val Asp Tyr Gly Lys Val Leu Arg Val Gly
165 170 175

Phe Asn Gly Ile Ile Asn Glu Ala Lys Glu Gln Leu Glu Lys Asn Arg
180 185 190

Ser Ile Asp Pro Asp Phe Ile Lys Lys Glu Lys Phe Leu Asn Ser Val
195 200 205

Ile Ile Ser Cys Glu Ala Ala Ile Thr Tyr Val Asn Arg Tyr Ala Lys
210 215 220

Lys Ala Lys Glu Ile Ala Asp Asn Thr Ser Asp Ala Lys Arg Lys Ala
225 230 235 240

Glu Leu Asn Glu Ile Ala Lys Ile Cys Ser Lys Val Ser Gly Glu Gly
245 250 255

Ala Lys Ser Phe Tyr Glu Ala Cys Gln Leu Phe Trp Phe Ile His Ala
260 265 270

Ile Ile Asn Ile Glu Ser Asn Gly His Ser Ile Ser Pro Ala Arg Phe
275 280 285

Asp Gln Tyr Met Tyr Pro Tyr Tyr Glu Asn Asp Lys Asn Ile Thr Asp
290 295 300

Lys Phe Ala Gln Glu Leu Ile Asp Cys Ile Trp Ile Lys Leu Asn Asp
305 310 315 320

Ile Asn Lys Val Arg Asp Glu Ile Ser Thr Lys His Phe Gly Gly Tyr
325 330 335

Pro Met Tyr Gln Asn Leu Ile Val Gly Gly Gln Asn Ser Glu Gly Lys
340 345 350

Asp Ala Thr Asn Lys Val Ser Tyr Met Ala Leu Glu Ala Ala Val His
355 360 365

Val Lys Leu Pro Gln Pro Ser Leu Ser Val Arg Ile Trp Asn Lys Thr
370 375 380

Pro Asp Glu Phe Leu Leu Arg Ala Ala Glu Leu Thr Arg Glu Gly Leu
385 390 395 400

Gly Leu Pro Ala Tyr Tyr Asn Asp Glu Val Ile Ile Pro Ala Leu Val
405 410 415

Ser Arg Gly Leu Thr Leu Glu Asp Ala Arg Asp Tyr Gly Ile Ile Gly
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420 425 430

Cys Val Glu Pro Gln Lys Pro Gly Lys Thr Glu Gly Trp His Asp Ser
435 440 445

Ala Phe Phe Asn Leu Ala Arg Ile Val Glu Leu Thr Ile Asn Ser Gly
450 455 460

Phe Asp Lys Asn Lys Gln Ile Gly Pro Lys Thr Gln Asn Phe Glu Glu
465 470 475 480

Met Lys Ser Phe Asp Glu Phe Met Lys Ala Tyr Lys Ala Gln Met Glu
485 490 495

Tyr Phe Val Lys His Met Cys Cys Ala Asp Asn Cys Ile Asp Ile Ala
500 505 510

His Ala Glu Arg Ala Pro Leu Pro Phe Leu Ser Ser Met Val Asp Asn
515 520 525

Cys Ile Gly Lys Gly Lys Ser Leu Gln Asp Gly Gly Ala Glu Tyr Asn
530 535 540

Phe Ser Gly Pro Gln Gly Val Gly Val Ala Asn Ile Gly Asp Ser Leu
545 550 555 560

Val Ala Val Lys Lys Ile Val Phe Asp Glu Asn Lys Ile Thr Pro Ser
565 570 575

Glu Leu Lys Lys Thr Leu Asn Asn Asp Phe Lys Asn Ser Glu Glu Ile
580 585 590

Gln Ala Leu Leu Lys Asn Ala Pro Lys Phe Gly Asn Asp Ile Asp Glu
595 600 605

Val Asp Asn Leu Ala Arg Glu Gly Ala Leu Val Tyr Cys Arg Glu Val
610 615 620

Asn Lys Tyr Thr Asn Pro Arg Gly Gly Asn Phe Gln Pro Gly Leu Tyr
625 630 635 640

Pro Ser Ser Ile Asn Val Tyr Phe Gly Ser Leu Thr Gly Ala Thr Pro
645 650 655

Asp Gly Arg Lys Ser Gly Gln Pro Leu Ala Asp Gly Val Ser Pro Ser
660 665 670

Arg Gly Cys Asp Val Ser Gly Pro Thr Ala Ala Cys Asn Ser Val Ser
675 680 685

Lys Leu Asp His Phe Ile Ala Ser Asn Gly Thr Leu Phe Asn Gln Lys
690 695 700

Phe His Pro Ser Ala Leu Lys Gly Asp Asn Gly Leu Met Asn Leu Ser
705 710 715 720

Ser Leu Ile Arg Ser Tyr Phe Asp Gln Lys Gly Phe His Val Gln Phe
725 730 735

Asn Val Ile Asp Lys Lys Ile Leu Leu Ala Ala Gln Lys Asn Pro Glu
740 745 750

Lys Tyr Gln Asp Leu Ile Val Arg Val Ala Gly Tyr Ser Ala Gln Phe
755 760 765

Ile Ser Leu Asp Lys Ser Ile Gln Asn Asp Ile Ile Ala Arg Thr Glu
770 775 780

His Val Met
785

<210> SEQ ID NO 311

<211> LENGTH: 304

<212> TYPE: PRT

<213> ORGANISM: Clostridium buyricum
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<400> SEQUENCE: 311

Met Ser Lys Glu Ile Lys Gly Val Leu Phe Asn Ile Gln Lys Phe Ser
1 5 10 15

Leu His Asp Gly Pro Gly Ile Arg Thr Ile Val Phe Phe Lys Gly Cys
20 25 30

Ser Met Ser Cys Leu Trp Cys Ser Asn Pro Glu Ser Gln Asp Ile Lys
35 40 45

Pro Gln Val Met Phe Asn Lys Asn Leu Cys Thr Lys Cys Gly Arg Cys
50 55 60

Lys Ser Gln Cys Lys Ser Ala Ala Ile Asp Met Asn Ser Glu Tyr Arg
65 70 75 80

Ile Asp Lys Ser Lys Cys Thr Glu Cys Thr Lys Cys Val Asp Asn Cys
85 90 95

Leu Ser Gly Ala Leu Val Ile Glu Gly Arg Asn Tyr Ser Val Glu Asp
100 105 110

Val Ile Lys Glu Leu Lys Lys Asp Ser Val Gln Tyr Arg Arg Ser Asn
115 120 125

Gly Gly Ile Thr Leu Ser Gly Gly Glu Val Leu Leu Gln Pro Asp Phe
130 135 140

Ala Val Glu Leu Leu Lys Glu Cys Lys Ser Tyr Gly Trp His Thr Ala
145 150 155 160

Ile Glu Thr Ala Met Tyr Val Asn Ser Glu Ser Val Lys Lys Val Ile
165 170 175

Pro Tyr Ile Asp Leu Ala Met Ile Asp Ile Lys Ser Met Asn Asp Glu
180 185 190

Ile His Arg Lys Phe Thr Gly Val Ser Asn Glu Ile Ile Leu Gln Asn
195 200 205

Ile Lys Leu Ser Asp Glu Leu Ala Lys Glu Ile Ile Ile Arg Ile Pro
210 215 220

Val Ile Glu Gly Phe Asn Ala Asp Leu Gln Ser Ile Gly Ala Ile Ala
225 230 235 240

Gln Phe Ser Lys Ser Leu Thr Asn Leu Lys Arg Ile Asp Leu Leu Pro
245 250 255

Tyr His Asn Tyr Gly Glu Asn Lys Tyr Gln Ala Ile Gly Arg Glu Tyr
260 265 270

Ser Leu Lys Glu Leu Lys Ser Pro Ser Lys Asp Lys Met Glu Arg Leu
275 280 285

Lys Ala Leu Val Glu Ile Met Gly Ile Pro Cys Thr Ile Gly Ala Glu
290 295 300

<210> SEQ ID NO 312

<211> LENGTH: 545

<212> TYPE: PRT

<213> ORGANISM: Azospirillum brasilense

<400> SEQUENCE: 312

Met Lys Leu Ala Glu Ala Leu Leu Arg Ala Leu Lys Asp Arg Gly Ala
1 5 10 15

Gln Ala Met Phe Gly Ile Pro Gly Asp Phe Ala Leu Pro Phe Phe Lys
20 25 30

Val Ala Glu Glu Thr Gln Ile Leu Pro Leu His Thr Leu Ser His Glu
35 40 45
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Pro Ala Val Gly Phe Ala Ala Asp Ala Ala Ala Arg Tyr Ser Ser Thr
50 55 60

Leu Gly Val Ala Ala Val Thr Tyr Gly Ala Gly Ala Phe Asn Met Val
65 70 75 80

Asn Ala Val Ala Gly Ala Tyr Ala Glu Lys Ser Pro Val Val Val Ile
85 90 95

Ser Gly Ala Pro Gly Thr Thr Glu Gly Asn Ala Gly Leu Leu Leu His
100 105 110

His Gln Gly Arg Thr Leu Asp Thr Gln Phe Gln Val Phe Lys Glu Ile
115 120 125

Thr Val Ala Gln Ala Arg Leu Asp Asp Pro Ala Lys Ala Pro Ala Glu
130 135 140

Ile Ala Arg Val Leu Gly Ala Ala Arg Ala Gln Ser Arg Pro Val Tyr
145 150 155 160

Leu Glu Ile Pro Arg Asn Met Val Asn Ala Glu Val Glu Pro Val Gly
165 170 175

Asp Asp Pro Ala Trp Pro Val Asp Arg Asp Ala Leu Ala Ala Cys Ala
180 185 190

Asp Glu Val Leu Ala Ala Met Arg Ser Ala Thr Ser Pro Val Leu Met
195 200 205

Val Cys Val Glu Val Arg Arg Tyr Gly Leu Glu Ala Lys Val Ala Glu
210 215 220

Leu Ala Gln Arg Leu Gly Val Pro Val Val Thr Thr Phe Met Gly Arg
225 230 235 240

Gly Leu Leu Ala Asp Ala Pro Thr Pro Pro Leu Gly Thr Tyr Ile Gly
245 250 255

Val Ala Gly Asp Ala Glu Ile Thr Arg Leu Val Glu Glu Ser Asp Gly
260 265 270

Leu Phe Leu Leu Gly Ala Ile Leu Ser Asp Thr Asn Phe Ala Val Ser
275 280 285

Gln Arg Lys Ile Asp Leu Arg Lys Thr Ile His Ala Phe Asp Arg Ala
290 295 300

Val Thr Leu Gly Tyr His Thr Tyr Ala Asp Ile Pro Leu Ala Gly Leu
305 310 315 320

Val Asp Ala Leu Leu Glu Arg Leu Pro Pro Ser Asp Arg Thr Thr Arg
325 330 335

Gly Lys Glu Pro His Ala Tyr Pro Thr Gly Leu Gln Ala Asp Gly Glu
340 345 350

Pro Ile Ala Pro Met Asp Ile Ala Arg Ala Val Asn Asp Arg Val Arg
355 360 365

Ala Gly Gln Glu Pro Leu Leu Ile Ala Ala Asp Met Gly Asp Cys Leu
370 375 380

Phe Thr Ala Met Asp Met Ile Asp Ala Gly Leu Met Ala Pro Gly Tyr
385 390 395 400

Tyr Ala Gly Met Gly Phe Gly Val Pro Ala Gly Ile Gly Ala Gln Cys
405 410 415

Val Ser Gly Gly Lys Arg Ile Leu Thr Val Val Gly Asp Gly Ala Phe
420 425 430

Gln Met Thr Gly Trp Glu Leu Gly Asn Cys Arg Arg Leu Gly Ile Asp
435 440 445
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Pro Ile Val Ile Leu Phe Asn Asn Ala Ser Trp Glu Met Leu Arg Thr
450 455 460

Phe Gln Pro Glu Ser Ala Phe Asn Asp Leu Asp Asp Trp Arg Phe Ala
465 470 475 480

Asp Met Ala Ala Gly Met Gly Gly Asp Gly Val Arg Val Arg Thr Arg
485 490 495

Ala Glu Leu Lys Ala Ala Leu Asp Lys Ala Phe Ala Thr Arg Gly Arg
500 505 510

Phe Gln Leu Ile Glu Ala Met Ile Pro Arg Gly Val Leu Ser Asp Thr
515 520 525

Leu Ala Arg Phe Val Gln Gly Gln Lys Arg Leu His Ala Ala Pro Arg
530 535 540

Glu
545

<210> SEQ ID NO 313

<211> LENGTH: 348

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus sp. ST-10

<400> SEQUENCE: 313

Met Lys Ala Ile Gln Tyr Thr Arg Ile Gly Ala Glu Pro Glu Leu Thr
1 5 10 15

Glu Ile Pro Lys Pro Glu Pro Gly Pro Gly Glu Val Leu Leu Glu Val
20 25 30

Thr Ala Ala Gly Val Cys His Ser Asp Asp Phe Ile Met Ser Leu Pro
Glu Glu Gln Tyr Thr Tyr Gly Leu Pro Leu Thr Leu Gly His Glu Gly
50 55 60

Ala Gly Lys Val Ala Ala Val Gly Glu Gly Val Glu Gly Leu Asp Ile
65 70 75 80

Gly Thr Asn Val Val Val Tyr Gly Pro Trp Gly Cys Gly Asn Cys Trp
85 90 95

His Cys Ser Gln Gly Leu Glu Asn Tyr Cys Ser Arg Ala Gln Glu Leu
100 105 110

Gly Ile Asn Pro Pro Gly Leu Gly Ala Pro Gly Ala Leu Ala Glu Phe
115 120 125

Met Ile Val Asp Ser Pro Arg His Leu Val Pro Ile Gly Asp Leu Asp
130 135 140

Pro Val Lys Thr Val Pro Leu Thr Asp Ala Gly Leu Thr Pro Tyr His
145 150 155 160

Ala Ile Lys Arg Ser Leu Pro Lys Leu Arg Gly Gly Ser Tyr Ala Val
165 170 175

Val Ile Gly Thr Gly Gly Leu Gly His Val Ala Ile Gln Leu Leu Arg
180 185 190

His Leu Ser Ala Ala Thr Val Ile Ala Leu Asp Val Ser Ala Asp Lys
195 200 205

Leu Glu Leu Ala Thr Lys Val Gly Ala His Glu Val Val Leu Ser Asp
210 215 220

Lys Asp Ala Ala Glu Asn Val Arg Lys Ile Thr Gly Ser Gln Gly Ala
225 230 235 240

Ala Leu Val Leu Asp Phe Val Gly Tyr Gln Pro Thr Ile Asp Thr Ala
245 250 255
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Met Ala Val Ala Gly Val Gly Ser Asp Val Thr Ile Val Gly Ile Gly
260 265 270

Asp Gly Gln Ala His Ala Lys Val Gly Phe Phe Gln Ser Pro Tyr Glu
275 280 285

Ala Ser Val Thr Val Pro Tyr Trp Gly Ala Arg Asn Glu Leu Ile Glu
290 295 300

Leu Ile Asp Leu Ala His Ala Gly Ile Phe Asp Ile Ser Val Glu Thr
305 310 315 320

Phe Ser Leu Asp Asn Gly Ala Glu Ala Tyr Arg Arg Leu Ala Ala Gly
325 330 335

Thr Leu Ser Gly Arg Ala Val Val Val Pro Gly Leu
340 345

<210> SEQ ID NO 314

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 314

catgccatgg gactggctga ggcactgctg ¢ 31

<210> SEQ ID NO 315

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 315

cgagctcagg aggatatata tatgaaagcet atccagtaca cccegtat 47

<210> SEQ ID NO 316

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 316

cgagctetta ttcgegeggt gecgegtgca gg 32

<210> SEQ ID NO 317

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 317

getctagatt acaggcccgg aaccacaacyg gcge 34

<210> SEQ ID NO 318

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 318
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ccgetegagyg aggatatata tatgatttet aaaggettta gcacce

<210> SEQ ID NO 319

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 319

acgtgatgta atctagagga ggatatatat atgagcaaag aaattaaagg

<210> SEQ ID NO 320

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 320

tctttgetca tatatatate ctectctaga ttacatcacg tgttcagtac

<210> SEQ ID NO 321

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 321

cgagctetta tteggegeca atggtgeacyg gg

<210> SEQ ID NO 322

<211> LENGTH: 46

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 322

ccgetegagyg aggatatata tatgatttet aaaggettta gcacce

<210> SEQ ID NO 323

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 323

cgagctetta tteggegeca atggtgeacyg gg
<210> SEQ ID NO 324

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 324

cacccaagceg atagtttata tagegt

46

50

50

32

46

32

26
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<210> SEQ ID NO 325

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 325

gaaatgaacg gatattacgt

<210> SEQ ID NO 326

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 326

cggaacaggt gattgtggt

<210> SEQ ID NO 327

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 327

caccgeccac ttcaagatga agetgt

<210> SEQ ID NO 328

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 328

cacccaagceg atagtttata tagegt

<210> SEQ ID NO 329

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 329

gtggctaagt acatgccggt

<210> SEQ ID NO 330

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 330

ggaattccat atgacaaaga atatgacgac taaac
<210> SEQ ID NO 331

<211> LENGTH: 32

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

20

19

26

26

20

35
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<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 331

cgggatcctt attatttece ctgecctgea gt

<210> SEQ ID NO 332

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 332

ggaattccat atgagctatc aaccactttt ac
<210> SEQ ID NO 333

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 333

cgggatcctt acagttgage aaatgatcc

32

32

29

1. A method for converting a polysaccharide to a commod-
ity chemical, comprising:

(a) contacting the polysaccharide, wherein the polysaccha-
ride is optionally derived from biomass, with a polysac-
charide degrading or depolymerizing metabolic system,
wherein the metabolic system is selected from;

(1) enzymatic or chemical catalysis, and

(i1) a microbial system, wherein the microbial system
comprises a recombinant microorganism, wherein the
recombinant microorganism comprises one or exog-
enous genes that allow it to grow on the polysaccha-
ride as a sole source of carbon,

thereby converting the polysaccharide to a suitable
monosaccharide or oligosaccharide; and

(b) contacting the suitable monosaccharide or oligosaccha-
ride with commodity chemical biosynthesis pathway,
wherein the commodity chemical biosynthesis pathway
comprises an aldehyde or ketone biosynthesis pathway,

thereby converting the polysaccharide to the commodity
chemical

2. The method of claim 1, wherein the biomass is selected
from marine biomass and vegetable/fruit/plant biomass.

3. The method of claim 2, wherein the marine biomass is
selected from kelp, giant kelp, sargasso, seaweed, algae,
marine microflora, microalgae, and sea grass.

4. The method of claim 2, wherein the vegetable/fruit/plant
biomass comprises plant peel or pomace.

5. The method of claim 2, wherein the vegetable/fruit/plant
biomass is selected from citrus, potato, tomato, grape, goose-
berry, carrot, mango, sugar-beet, apple, switchgrass, wood,
and stover.

6. The method of claim 1, wherein the polysaccharide is
selected from alginate, agar, carrageenan, fucoidan, pectin,
polygalacturonate, cellulose, hemicellulose, xylan, arabinan,
and mannan.

7. The method of claim 1, wherein the suitable monosac-
charide or oligosaccharide is selected from 2-keto-3-deoxy
D-gluconate (KDG), D-mannitol, guluronate, mannuronate,
mannitol, lyxose, glycerol, xylitol, glucose, mannose, galac-
tose, xylose, arabinose, glucuronate, galacturonates, and
rhamnose.

8. The method of claim 1, wherein the commodity chemi-
cal is selected from methane, methanol, ethane, ethene, etha-
nol, n-propane, 1-propene, 1-propanol, propanal, acetone,
propionate, n-butane, 1-butene, 1-butanol, butanal,
butanoate, isobutanal, isobutanol, 2-methylbutanal, 2-meth-
ylbutanol, 3-methylbutanal, 3-methylbutanol, 2-butene,
2-butanol, 2-butanone, 2,3-butanediol, 3-hydroxy-2-bu-
tanone, 2,3-butanedione, 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-bu-
tanone,  4-phenyl-2-butanone,  1-phenyl-2,3-butandiol,
1-phenyl-3-hydroxy-2-butanone, 4-phenyl-3-hydroxy-2-bu-
tanone, 1-phenyl-2,3-butanedione, n-pentane, ethylphenol,
ethenylphenol, 2-(4-hydroxyphenyl)ethanol, 4-hydroxyphe-
nylacetaldehyde, 1-(4-hydroxyphenyl) butane, 4-(4-hydrox-
yphenyl)-1-butene, 4-(4-hydroxyphenyl)-2-butene, 1-(4-hy-
droxyphenyl)-1-butene, 1-(4-hydroxyphenyl)-2-butanol,
4-(4-hydroxyphenyl)-2-butanol, 1-(4-hydroxyphenyl)-2-bu-
tanone, 4-(4-hydroxyphenyl)-2-butanone, 1-(4-hydroxyphe-
nyl)-2,3-butandiol, 1-(4-hydroxyphenyl)-3-hydroxy-2-bu-
tanone, 4-(4-hydroxyphenyl)-3-hydroxy-2-butanone, 1-(4-
hydroxyphenyl)-2,3-butanonedione, indolylethane,
indolylethene, 2-(indole-3-)ethanol, n-pentane, 1-pentene,
1-pentanol, pentanal, pentanoate, 2-pentene, 2-pentanol,
3-pentanol, 2-pentanone, 3-pentanone, 4-methylpentanal,
4-methylpentanol, 2,3-pentanediol, 2-hydroxy-3-pentanone,
3-hydroxy-2-pentanone, 2,3-pentanedione, 2-methylpen-
tane, 4-methyl-1-pentene, 4-methyl-2-pentene, 4-methyl-3-
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pentene, 4-methyl-2-pentanol, 2-methyl-3-pentanol, 4-me-
thyl-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-
hydroxyphenyl)-3-hydroxy-2-pentanone, 1-(4-

hydroxyphenyl)-2,3-pentanedione, 4-methyl-1-(4-
hydroxyphenyl) pentane, 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-hydroxyphe-
nyl)-2-pentanol, 4-methyl-1-(4-hydroxyphenyl)-3-pen-
tanone, 4-methyl-1-(4-hydroxyphenyl)-2-pentanone,
4-methyl-1-(4-hydroxyphenyl)-2,3-pentanediol, 4-methyl-
1-(4-hydroxyphenyl)-2,3-pentanedione, 4-methyl-1-(4-hy-
droxyphenyl)-3-hydroxy-2-pentanone,  4-methyl-1-(4-hy-
droxyphenyl)-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-pen-
tanol, 1-(indole-3)-2-pentanone, 1-(indole-3)-3-pentanone,
1-(indole-3)-2,3-pentanediol, 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-me-
thyl-1-(indole-3)-2-pentene, 4-methyl-1-(indole-3)-3-
pentene, 4-methyl-1-(indole-3)-1-pentene,  4-methyl-2-
(indole-3)-3-pentanol,  4-methyl-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-me-
thyl-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-hexene, 3-hexene, 2-hexanol, 3-hexanol, 2-hex-
anone, 3-hexanone, 2,3-hexanediol, 2,3-hexanedione, 3,4-
hexanediol, 3,4-hexanedione, 2-hydroxy-3-hexanone, 3-hy-
droxy-2-hexanone, 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-
hexanol, 5-methyl-2-hexanol, 5-methyl-3-hexanol,
2-methyl-3-hexanone, 5-methyl-2-hexanone, S5-methyl-3-
hexanone, 2-methyl-3,4-hexanediol, 2-methyl-3,4-hexanedi-
one, 5-methyl-2,3-hexanediol, 5-methyl-2,3-hexanedione,
4-methyl-2,3-hexanediol, 4-methyl-2,3-hexanedione, 2-me-
thyl-3-hydroxy-4-hexanone,  2-methyl-4-hydroxy-3-hex-
anone, 5-methyl-2-hydroxy-3-hexanone, 5-methyl-3-hy-
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droxy-2-hexanone, 4-methyl-2-hydroxy-3-hexanone,
4-methyl-3-hydroxy-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-hex-
anediol, 2,5-dimethyl-3,4-hexanedione, 2,5-dimethyl-3-
hydroxy-4-hexanone, 5-methyl-1-phenylhexane, 4-methyl-
1-phenylhexane, 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-hex-
anone, 5-methyl-1-phenyl-3-hexanone, 4-methyl-1-phenyl-
2-hexanone, 4-methyl-1-phenyl-3-hexanone, S5-methyl-1-
phenyl-2,3-hexanediol, 4-methyl-1-phenyl-2,3-hexanediol,
5-methyl-1-phenyl-3-hydroxy-2-hexanone, 5-methyl-1-phe-
nyl-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-
1-(4-hydroxyphenyl)-2-hexene, 4-methyl-1-(4-
hydroxyphenyl)-3-hexene, S5-methyl-1-(4-hydroxyphenyl)-
2-hexanol, 5-methyl-1-(4-hydroxyphenyl)-3-hexanol,
4-methyl-1-(4-hydroxyphenyl)-2-hexanol, 4-methyl-1-(4-
hydroxyphenyl)-3-hexanol, 5-methyl-1-(4-hydroxyphenyl)-
2-hexanone,  5-methyl-1-(4-hydroxyphenyl)-3-hexanone,
4-methyl-1-(4-hydroxyphenyl)-2-hexanone, 4-methyl-1-(4-
hydroxyphenyl)-3-hexanone,  5-methyl-1-(4-hydroxyphe-
nyl)-2,3-hexanediol,  4-methyl-1-(4-hydroxyphenyl)-2,3-

hexanediol,  5-methyl-1-(4-hydroxyphenyl)-3-hydroxy-2-
hexanone, 5-methyl-1-(4-hydroxyphenyl)-2-hydroxy-3-
hexanone, 4-methyl-1-(4-hydroxyphenyl)-3-hydroxy-2-
hexanone, 4-methyl-1-(4-hydroxyphenyl)-2-hydroxy-3-

hexanone, 5-methyl-1-(4-hydroxyphenyl)-2,3-hexanedione,
4-methyl-1-(4-hydroxyphenyl)-2,3-hexanedione, 4-methyl-
1-(indole-3-)hexane, 5-methyl-1-(indole-3)-1-hexene, 5-me-
thyl-1-(indole-3)-2-hexene,  5-methyl-1-(indole-3)-3-hex-
ene, 4-methyl-1-(indole-3)-1-hexene, 4-methyl-1-(indole-
3)-2-hexene, 4-methyl-1-(indole-3)-3-hexene, S-methyl-1-
(indole-3)-2-hexanol, 5-methyl-1-(indole-3)-3-hexanol,
4-methyl-1-(indole-3)-2-hexanol, 4-methyl-1-(indole-3)-3-
hexanol, 5-methyl-1-(indole-3)-2-hexanone, 5-methyl-1-(in-
dole-3)-3-hexanone, 4-methyl-1-(indole-3)-2-hexanone,
4-methyl-1-(indole-3)-3-hexanone, 5-methyl-1-(indole-3)-
2,3-hexanediol, 4-methyl-1-(indole-3)-2,3-hexanediol,
5-methyl-1-(indole-3)-3-hydroxy-2-hexanone, S5-methyl-1-
(indole-3)-2-hydroxy-3-hexanone, 4-methyl-1-(indole-3)-3-
hydroxy-2-hexanone, 4-methyl-1-(indole-3)-2-hydroxy-3-
hexanone, 5-methyl-1-(indole-3)-2,3-hexanedione,
4-methyl-1-(indole-3)-2,3-hexanedione, n-heptane, 1-hep-
tene, 1-heptanol, heptanal, heptanoate, 2-heptene, 3-heptene,
2-heptanol, 3-heptanol, 4-heptanol, 2-heptanone, 3-hep-
tanone, 4-heptanone, 2,3-heptanediol, 2,3-heptanedione, 3,4-
heptanediol, 3,4-heptanedione, 2-hydroxy-3-heptanone,
3-hydroxy-2-heptanone, 3-hydroxy-4-heptanone, 4-hy-
droxy-3-heptanone, 2-methylheptane, 3-methylheptane,
6-methyl-2-heptene, 6-methyl-3-heptene, 2-methyl-3-hep-
tene, 2-methyl-2-heptene, 5-methyl-2-heptene, 5-methyl-3-
heptene, 3-methyl-3-heptene, 2-methyl-3-heptanol, 2-me-
thyl-4-heptanol, 6-methyl-3-heptanol, 5-methyl-3-heptanol,
3-methyl-4-heptanol, 2-methyl-3-heptanone, 2-methyl-4-
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heptanone, 6-methyl-3-heptanone, 5-methyl-3-heptanone,
3-methyl-4-heptanone, 2-methyl-3,4-heptanediol, 2-methyl-
3,4-heptanedione, 6-methyl-3,4-heptanediol, 6-methyl-3,4-
heptanedione, 5-methyl-3,4-heptanediol, 5-methyl-3,4-hep-
tanedione, 2-methyl-3-hydroxy-4-heptanone, 2-methyl-4-
hydroxy-3-heptanone,  6-methyl-3-hydroxy-4-heptanone,
6-methyl-4-hydroxy-3-heptanone, 5-methyl-3-hydroxy-4-
heptanone, S-methyl-4-hydroxy-3-heptanone, 2,6-dimethyl-
heptane, 2,5-dimethylheptane, 2,6-dimethyl-2-heptene, 2,6-
dimethyl-3-heptene, 2,5-dimethyl-2-heptene, 2,5-dimethyl-
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-
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canone, 2,9-dimethyl-5,6-decanedionen-undecane, 1-un-
decene, 1-undecanol, undecanal, undecanoate, n-dodecane,
1-dodecene, 1-dodecanol, dodecanal, dodecanoate, n-dode-
cane, 1-decadecene, 1-dodecanol, ddodecanal, dodecanoate,
n-tridecane, 1-tridecene, 1-tridecanol, tridecanal, tride-
canoate, n-tetradecane, 1-tetradecene, 1-tetradecanol, tet-
radecanal, tetradecanoate, n-pentadecane, 1-pentadecene,
1-pentadecanol, pentadecanal, pentadecanoate, n-hexade-
cane, 1-hexadecene, 1-hexadecanol, hexadecanal, hexade-
canoate, n-heptadecane, 1-heptadecene, 1-heptadecanol,
heptadecanal, heptadecanoate, n-octadecane, 1-octadecene,
1-octadecanol, octadecanal, octadecanoate, n-nonadecane,
1-nonadecene, 1-nonadecanol, nonadecanal, nonadecanoate,
eicosane, 1-eicosene, 1-eicosanol, eicosanal, eicosanoate,
3-hydroxy propanal, 1,3-propanediol, 4-hydroxybutanal,
1,4-butanediol, 3-hydrxy-2-butanone, 2,3-butandiol, 1,5-
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.
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9. A method for converting a polysaccharide to a suitable
monosaccharide or oligosaccharide, comprising:

(a) contacting the polysaccharide, wherein the polysaccha-
ride is optionally obtained from biomass, with a micro-
bial system for a time sufficient to convert the polysac-
charide to a suitable monosaccharide or
oligosaccharide, wherein the microbial system com-
prises,

(1) at least one gene encoding and expressing 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 disac-
charide transporter, a trisaccharide transporter, an oli-
gosaccharide transporter, a polysaccharide trans-
porter, and a superchannel; and

(iii) at least one gene encoding and expressing an
enzyme selected from a monosaccharide dehydroge-
nase, an isomerase, a dehydratase, a kinase, and an
aldolase,

thereby converting the polysaccharide to a suitable
monosaccharide or oligosaccharide.

10. A method for converting a polysaccharide to a suitable

monosaccharide or oligosaccharide, comprising:

(a) contacting the polysaccharide, wherein the polysaccha-
ride is optionally obtained from biomass, with a chemi-
cal or enzymatic catalysis pathway for a time sufficient
to convert the polysaccharide 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 suit-
able monosaccharide or oligosaccharide, wherein the
microbial system comprises,

(1) 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 disac-
charide transporter, a trisaccharide transporter, an oli-
gosaccharide transporter, a polysaccharide trans-
porter, 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 an aldolase,

thereby converting the polysaccharide to the suitable
monosaccharide or oligosaccharide.

11. The method of claim 9, wherein the lyase is selected
from an alginate lyase, a pectate lyase, a polymannuronate
lyase, a polygluronate lyase, a polygalacturonate lyase and a
rhamnogalacturonate lyase.

12. The method of claim 9, wherein the hydrolase is
selected from an alginate hydrolase, a rhamnogalacturonate
hydrolase, a polymannuronate hydrolase, a pectin hydrolase,
and a polygalacturonate hydrolase.

13. The method of claim 9, wherein the transporter is
selected from an ABC transporter, a symporter, and an outer
membrane porin.

14. The method of claim 13, wherein the ABC transporter
is selected from Atu3021, Atu3022, Atu3023, Atu3024,
algMl1, algM2, AlgQl, AlgQ2, AlgS, OG2516_ 05558,
0G2516_05563, 0OG2516_05568, 0OG2516_05573,
TogM, TogN, TogA, TogB, and functional variants thereof.
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15. The method of claim 13, wherein the symporter is
selected from V12B01_24239 (SEQ ID NO:26), V12B01__
24194 (SEQ ID NO:8), and TogT, and functional variants
thereof.

16. The method of claim 13, wherein the outermembrane
porin comprises a porin selected from V12B01_ 24269,
KdgM, and KdgN, and functional variants thereof.

17. A recombinant microorganism that is capable of grow-
ing on a polysaccharide as a sole source of carbon, wherein
the polysaccharide is selected from alginate, pectin, tri-galac-
turonate, di-galacturonate, cellulose, and hemi-cellulose.

18. The recombinant microorganism of claim 17, wherein
the polysaccharide is alginate.

19. The recombinant microorganism of claim 17, wherein
the polysaccharide is pectin.

20. The recombinant microorganism of claim 17, wherein
the polysaccharide is tri-galacturonate.

21. 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 option-
ally 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 trans-
porter, a disaccharide transporter, a trisaccharide transporter,
an oligosaccharide transporter, a polysaccharide transporter,
and a superchannel; and (iii) at least one gene encoding and
expressing an enzyme selected from a monosaccharide dehy-
drogenase, an isomerase, a dehydratase, a kinase, and an
aldolase.

22. The recombinant microorganism of claim 21, wherein
the microorganism is capable of growing on a polysaccharide
as a sole source of carbon.

23. The recombinant microorganism of claim 22, wherein
the polysaccharide is selected from alginate, pectin, and tri-
galacturonate.

24. A method for converting a suitable monosaccharide or
oligosaccharide to a first commodity chemical comprising,

(a) contacting the suitable monosaccharide or oligosaccha-

ride with a microbial system for a time sufficient to
convert to the suitable monosaccharide or oligosaccha-
ride to the commodity chemical, wherein the microbial
system comprises a recombinant microorganism,
wherein the microorganism comprises a commodity
chemical biosynthesis pathway,

thereby converting the suitable monosaccharide or oli-

gosaccharide to the first commodity chemical.

25. The method of claim 24, wherein the commodity
chemical pathway comprises one or more genes encoding an
aldehyde or ketone biosynthesis pathway.

26. The method of claim 25, wherein the aldehyde or
ketone biosynthesis pathway is selected from one or more of
an acetoaldehyde, a propionaldehyde, a butyraldehyde, an
isobutyraldehyde, a 2-methyl-butyraldehyde, a 3-methyl-bu-
tyraldehyde, a 2-phenyl acetaldehyde, a 2-(4-hydroxyphenyl)
acetaldehyde, a 2-Indole-3-acetoaldehyde, a glutaraldehyde,
a S-amino-pentaldehyde, a succinate semialdehyde, and a
succinate 4-hydroxyphenyl acetaldehyde biosynthesis path-
way.

27. The method of claim 26, wherein the aldehyde or
ketone biosynthesis pathway comprises an acetoaldehyde
biosynthesis pathway and a biosynthesis pathway selected
from a propionaldehyde, butyraldehyde, isobutyraldehyde,
2-methyl-butyraldehyde, 3-methyl-butyraldehyde, a 2-phe-
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nyl acetoaldehyde, a 2-(4-hydroxyphenyl) acetaldehyde, and
a 2-Indole-3-acetoaldehyde biosynthesis pathway.

28. The method of claim 26, wherein the aldehyde or
ketone biosynthesis pathway comprises a propionaldehyde
biosynthesis pathway and a biosynthesis pathway selected
from a butyraldehyde, isobutyraldehyde, 2-methyl-butyral-
dehyde, 3-methyl-butyraldehyde, and phenylacetoaldehyde
biosynthesis pathway.

29. The method of claim 26, wherein the aldehyde or
ketone biosynthesis pathway comprises a butyraldehyde bio-
synthesis pathway and a biosynthesis pathway selected from
an isobutyraldehyde, 2-methyl-butyraldehyde, 3-methyl-bu-
tyraldehyde, a 2-phenyl acetoaldehyde, a 2-(4-hydroxyphe-
nyl)acetaldehyde, and a 2-Indole-3-acetoaldehyde biosyn-
thesis pathway.

30. The method of claim 26, wherein the aldehyde or
ketone biosynthesis pathway comprises an isobutyraldehyde
biosynthesis pathway and a biosynthesis pathway selected
from a 2-methyl-butyraldehyde, 3-methyl-butyraldehyde, a
2-phenyl acetoaldehyde, a 2-(4-hydroxyphenyl)acetalde-
hyde, and a 2-Indole-3-acetoaldehyde biosynthesis pathway.

31. The method of claim 26, wherein the aldehyde or
ketone biosynthesis pathway comprises a 2-methyl-butyral-
dehyde biosynthesis pathway and a biosynthesis pathway
selected from a 3-methyl-butyraldehyde, a 2-phenyl acetoal-
dehyde, a 2-(4-hydroxyphenyl)acetaldehyde, and a 2-Indole-
3-acetoaldehyde biosynthesis pathway.

32. The method of claim 26, wherein 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.

33. The method of claim 26, wherein the aldehyde or
ketone biosynthesis pathway comprises a 2-phenyl acetoal-
dehyde biosynthesis pathway and a biosynthesis pathway
selected from a 2-(4-hydroxyphenyl)acetaldehyde and a 2-In-
dole-3-acetoaldehyde biosynthesis pathway.

34. The method of claim 26, wherein the aldehyde or
ketone biosynthesis pathway comprises a 2-(4-hydroxyphe-
nyl)acetaldehyde biosynthesis pathway and a 2-Indole-3-ac-
etoaldehyde biosynthesis pathway.

35. The method of claim 24, wherein the first commodity
chemical is further enzymatically and/or chemically reduced
and dehydrated to a second commodity chemical.

36. A method for converting a suitable monosaccharide or
oligosaccharide to a commodity chemical comprising,

(a) contacting the suitable monosaccharide or oligosaccha-
ride with a microbial system for a time sufficient to
convert to the suitable monosaccharide or oligosaccha-
ride to the commodity chemical, wherein the microbial
system comprises;

(1) one or more genes encoding and expressing an alde-
hyde biosynthesis pathway, wherein the aldehyde
biosynthesis pathway comprises one or more genes
encoding and expressing a decarboxylase enzyme;
and

(i) one or more genes encoding and expressing an alde-
hyde reductase,

thereby converting the suitable monosaccharide or oli-
gosaccharide to the commodity chemical.

37. The method of claim 36, wherein the decarboxylase

enzyme is an indole-3-pyruvate decarboxylase (IPDC).
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38. The method of claim 37, wherein the IPDC comprises
an amino acid sequence that is at least 80%, 90%, 95%, 98%,
or 99% identical to the amino acid sequence set forth in SEQ
1D NO: 312

39. The method of claim 36, wherein the aldehyde reduc-
tase enzyme is a phenylacetaldehyde reductase (PAR).

40. The method of claim 39, wherein 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 SEQ ID
NO: 313.

41. The method of claim 36, wherein the commodity
chemical is selected from 2-phenylethanol, 2-(4-hydrox-
yphenyl)ethanol, and indole-3-ethanol.

42. A recombinant microorganism, comprising (i) one or
more genes encoding and expressing an aldehyde biosynthe-
sis 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.

43. The recombinant microorganism of claim 42, wherein
the aldehyde biosynthesis pathway 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.

44. The recombinant microorganism of claim 42, wherein
the decarboxylase enzyme is an indole-3-pyruvate decar-
boxylase (IPDC).

45. The recombinant microorganism of claim 42, wherein
the aldehyde reductase enzyme is a phenylacetoaldehyde
reductase (PAR).

46. The recombinant microorganism of claim 42, wherein
the microorganism is capable of converting a suitable
monosaccharide or oligosaccharide to a commodity chemi-
cal.

47. The recombinant microorganism of claim 46, wherein
the commodity chemical is selected from 2-phenylethanol,
2-(4-hydroxyphenyl)ethanol, and indole-3-ethanol.

48. The recombinant microorganism of claim 17, wherein
the microorganism comprises reduced ethanol production
capability compared to a wild-type microorganism.

49. The recombinant microorganism of claim 48, wherein
the microorganism comprises a reduction or inhibition in the
conversion of acetyl-coA to ethanol.

50. The recombinant microorganism of claim 48, wherein
the recombinant microorganism comprises a reduction of an
ethanol dehydrogenase, thereby providing a reduced ethanol
production capability.

51. The recombinant microorganism of claim 50, wherein
the ethanol dehydrogenase is an adhE, homolog or variant
thereof.

52. The recombinant microorganism of claim 50, wherein
the microorganism comprises a deletion or knockout of an
adhE, homolog or variant thereof.

53. The recombinant microorganism of claim 17 or 42,
wherein the recombinant microorganism 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 catalyzes the conver-
sion 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 conversion of acetyl-
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coA and formate to coA and pyruvate, and an enzyme that
catalyzes the conversion of alpha-keto acid to branched chain
amino acids.

54. The microbial system or recombinant microorganism
of'claim 1, wherein the recombinant microorganism or micro-
bial system comprises a microorganism selected from Aceto-
bacter aceti, Achromobacter, Acidiphilium, Acinetobacter,
Actinomadura, Actinoplanes, Aeropyrum pernix, Agrobacte-
rium, Alcaligenes, Ananas comosus (M), Arthrobacter,
Aspargillus niger, Aspargillus oryze, Aspergillus melleus,
Aspergillus pulverulentus, Aspergillus saitoi, Aspergillus
sojea, Aspergillus usamii, Bacillus alcalophilus, Bacillus
amyloliquefaciens, Bacillus brevis, Bacillus circulans, Bacil-
lus clausii, Bacillus lentus, Bacillus licheniformis, Bacillus
macerans, Bacillus stearothermophilus, Bacillus subtilis,
Bifidobacterium, Brevibacillus brevis, Burkholderia cepacia,
Candida cylindracea, Candida rugosa, Carica papaya (L),
Cellulosimicrobium, Cephalosporium, Chaetomium errati-
cum, Chaetomium gracile, Clostridium, Clostridium butyri-
cum, Clostridium acetobutylicum, Clostridium thermocel-
lum, Corynebacterium (glutamicum), Corynebacterium
efficiens, Escherichia coli, Enterococcus, Erwina chrysan-
themi, Gliconobacter, Gluconacetobacter, Haloarcula,
Humicola insolens, Humicola nsolens, Kitasatospora setae,
Klebsiella, Klebsiella oxytoca, Kluyveromyces, Kluyveromy-
ces fragilis, Kluyveromyces lactis, Kocuria, Lactlactis, Lac-
tobacillus, Lactobacillus fermentum, Lactobacillus sake,
Lactococcus, Lactococcus lactis, Leuconostoc, Methylocys-
tis, Methanolobus siciliae, Methanogenium orvganophilum,
Methanobacterium bryantii, Microbacterium imperiale,
Micrococcus lysodeikticus, Microlunatus, Mucor javanicus,
Mycobacterium, Myrothecium, Nitrobacter, Nitrosomonas,
Nocardia, Papaya carica, Pediococcus, Pediococcus halo-
philus, Penicillium, Penicillium camemberti, Penicillium cit-
rinum, Penicillium emersonii, Penicillium roqueforti, Penicil-
lum  lilactinum, Penicillum multicolor, Paracoccus
pantotrophus, Propionibacterium, Pseudomonas,
Pseudomonas fluorescens, Pseudomonas denitrificans, Pyro-
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coccus, Pyrococcus furiosus, Pyrococcus horikoshii, Rhizo-
bium, Rhizomucor miehei, Rhizomucor pusillus Lindt, Rhizo-
pus, Rhizopus delemar, Rhizopus japonicus, Rhizopus niveus,
Rhizopus oryzae, Rhizopus oligosporus, Rhodococcus,
Sccharomyces cerevisiae, Sclerotina libertina, Sphingobac-
terium multivorum, Sphingobium, Sphingomonas, Strepto-
coccus, Streptococcus thermophilus Y-1, Streptomyces,
Streptomyces griseus, Streptomyces lividans, Streptomyces
murinus, Streptomyces rubiginosus, Streptomyces violace-
oruber, Streptoverticillium mobaraense, letragenococcus,
Thermus, Thiosphaera pantotropha, Trametes, Trichoderma,
Trichoderma longibrachiatum, Trichoderma reesei, Tricho-
derma viride, Trichosporon penicillatum, Vibrio alginolyti-
cus, Xanthomonas, yeast, Zygosaccharomyces rouxii,
Zymomonas, and Zymomonus mobilis.

55. A commodity chemical produced by the method of
claim 1.

56. A blended commodity chemical comprising the com-
modity chemical of claim 55 and a refinery-produced petro-
leum product.

57. The blended commodity chemical of claim 56, wherein
the commodity chemical is selected from a C10-C12 hydro-
carbon, 2-phenylethanol, 2-(4-hydroxyphenyl)ethanol, and
indole-3-ethanol.

58. The blended commodity chemical of claim 57, wherein
the C10-C12 hydrocarbon is selected from 2,7-dimethyloc-
tane and 2,9-dimethyldecane.

59. The blended commodity chemical of claim 56, wherein
the refinery-produced petroleum product is selected from jet
fuel and diesel fuel.

60. A method of producing a commodity chemical
enriched refinery-produced petroleum product, comprising

(a) blending the refinery-produced petroleum product with

the commodity chemical produced by the method of
claim 1,

thereby producing the commodity chemical enriched refin-

ery-produced petroleum product.
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