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Figure 6

ATGAGAAAAGTAGARATCATTACAGCTGAACAAGCAGCTCAGCTCGTARAAGACAACGAC
ACGATTACGTCTATCGGCTTTGTCAGCAGCGCCCATCCGGAAGCACTGACCAARGCTTTG
GAAAAACGGTTCCTGGACACGARCACCCCGCAGRACTTGACCTACATCTATGCAGGCTCT
CAGGGCAAACGCGATGGCCGTGCCGCTGAACATCTGGCACACACAGGCCTTTTGAAACGC
GCCATCATCGGTCACTGGCAGACTGTACCGGCTATCGGTAAACTGGCTGTCGAAARCARG
ATTGAAGCTTACAACTTCTCGCAGGGCACGTTGGTCCACTGGTTCCGCGCCTTGGCAGGT
CATAAGCTCGGCGTCTTCACCGACATCGGTCTGGARRCTTTCCTCGATCCCCGTCAGCTC
GGCGGCAAGCTCAATGACGTAACCAARGAAGACCTCGTCAAACTGATCGAAGTCGATGGT
CATGAACAGCTTTTCTACCCGACCTTCCCGGTCARCGTAGCTTTCCTCCGCGGTACGTAT
GCTGATGAATCCGGCAATATCACCATGGACGAAGRAATCGGGCCTTTCGAAAGCACTTCC
GTAGCCCAGGCCGTTCACAACTGTGGCGGTAAAGT CGTCGTCCAGGTCARAGACGTCGTC
GCTCACGGCAGCCTCGACCCGCGCATGGTCAAGATCCCTGGCATCTATGTCGACTACGTC
GTCGTAGCAGCTCCGGARGACCATCAGCAGACGTATGACTGCGAATACGATCCGTCCCTC
AGCGGTGRACATCGTGCTCCTGAAGGCGCTACCGATGCAGCTCTCCCCATGAGCGCTARG
ABAATCATCGGCCGCCGCGGCGCTTTGGART TGACTGAARACGCTGTCGTCARCCTCGGC
GTCGGTGCTCCGGAATACGTTGCTTCTGTTGCCGGTGAAGAAGGTATCGCCGATACCATT
ACCCTGACCGTCGAAGETGGCGCCATCGGTGGCGTACCGCAGGGCGETGCCCGCTTCGGT
TCGTCCCGCAATGCCGATGCCATCATCGACCACACCTATCAGT TCGACTTCTACGATGGC
GGCGGTCTGGACATCGCTTACCTCGGCCTGGCCUAGTGCGATGGCTCGGGCARCATCARC
GTCAGCAAGTTCGGTACTARCGTTGCCGGCTGCGGCECT TTCCCCAACATTTCCCAGCAG
ACACCGAATGTTTACTTCTGCGGCACCTTCACGGCTGGCGGCTTGAAAATCGCTGTCGAR
GACGGCAAAGTCARGATCCTCCAGGARGGCAAAGCCAAGAAGTTCATCAAAGCTGTCGAC
CAGATCACTTTCAACGGTTCCTATGCAGCCCGCAACGGCARACACGTTCTCTACATCACA
GAACGCTGCGTATTTGAACTGACCAARGAAGGCTTGRARCTCATCGAAGTCGCACCGGGC
ATCGATATTGARRAAGATATCCTCGCTCACATGGACTTCARGCCGATCATTGATAATCCG
AAACTCATGGATGCCCGCCTCTTCCAGGACGGTCCCATGGGACTGRAAARATAR  (SEQ
ID NO:1)

US 9,340,803 B2
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Figure 7

MRKVEIITAEQRAQLVKDNDTITS IGFVSSAHPEALTKALEKRFLDTNTPQNLTYIYAGS
QGKRDGRAREHLAHTGLLKRAIIGHWOTVPAIGKLAVENKIEAYNFSQGTLVHWFRALAG
HKLGVFTDIGLETFLDPRQLGGKLNDVTKEDLVKLIEVDGHEQLFYPTFPVNVAFLRGTY
ADESGNITMDEEIGPFESTSVAQAVHNCGGKVVVQVKDVVAHGS LDPRMVKIPGIYVDYV
VVARPEDHQQTYDCEYDPSLSGEHRAPEGATDAALPMSAKKI IGRRGALELTENAVVNLG
VGAPEYVASVAGEEGIADTITLTVEGGAIGGVPOGGARFGSSRNADAT IDHTYQFDFYDG
GGLDIAYLGLAQCDGSGNINVSKFGTNVAGCGGFPNISQQTPNVYFCGTFTAGGLKIAVE
DGKVKILQEGKAKKFIKAVDQITFNGSYAARNGKHVLY ITERCVFELTKEGLKLIEVAPG
IDIERDILAHMDFKPIIDNPKLMDARLFODGPMGLKK (SEQ ID NO:2)

US 9,340,803 B2
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SEQ ID NO:1 1 atgagaaaagtagaastcattacagctyaacaagcagetc--agetcgta
SEQ ID NO:3 1~ gtgccggtcctgtcggcacaggaageggtga-—attatate
SEQ ID NO:4 1 atgcegatt tatgggcggctccageagotggaatcttgag
SEQ ID NO:S 1 atgaa toca
SEQ ID NO:1 49 9 gattacgtctatcggctttgteageagay

SEQ ID NO;3 40 gaag tttgtgtgttaggcgetg---geggeggtattat
SEQ ID NO:4 51 g caaatgaggctaatctcaatga-catee
SEQ ID NO:5 10 g atta atcg

SEQ ID NO:1 99 gctttg ggttcctg

SEQ ID NO:3 87 ggaag --aattactgetocttgctgataaatatas
SEQ ID NO:4 100 tcgat g gtotet: g

SEQ 1D NO:5 23

SEQ ID NO:1 136 g gcag-gct
SEQ 1D NO:3 129 acagactcaaacaccacgt--aatttatcgattattagtccaa-caggge
SEQ ID NO:4 129 ~-=- g t ~aat t
SEQ ID NO:$ 23 gccgaatt

SEQ ID No:1 182 ggccy g

SEQ ID NO:3 176 ttgg gegecyacegtyy g 99 gaaggtctg
SEQ ID NO:4 171 a tggc-~ggc gcgg g

SEQ ID NO:5 3¢ g 99

SBQ ID NO:1 232 tt g 99 99 g g ggta
SEQ ID NO:3 226 gtgaaatggg a9 gcg g
SEQ ID NO:4 208 cteat g gat. gat
SEQ ID NO:S 41 ta ga-tattgtta
SEQ ID NO:1 281 ggctg tgaag 9
SEQ ID RO:3 275 a taaaattattgcttataact gtgta
SEQ ID NO:4 245 ttacatgtgtat qggagtty. att:

SEQ 1D NO:5 [13 99 attg--gttt: g9
SEQ ID NO:1 331 ttggtccactgg gctcy: ac
SEQ ID NO:3 325 ctt g g 99 attag
SEQ ID NO:4 287 ttg g t

SEQ ID NO:5 92 ttgt-~——— g ttac
SEQ ID NO:1 381 cg ggtot: ggasa: gtcagctogo
SEQ ID NO:3 375 tgatattggcat: cggga---catt g g9
SEQ ID NO:4 333 gtacgtegyg gctega gc
SEQ ID NO:5 126 ~-acttca. g gg tottgg! g

SEQ ID NO:1 424 g g
SEQ ID NO:3 418 ggcaaact g t gatt qg
SEQ ID NO:4 376 g t
SEQ ID NO:5 163 g -—
SEQ 1D NO:1 468 cgaag

SEQ ID NO:3 462 cgagtttg.

SEQ ID NO:4 426 teg ggtgccgg

SEQ ID NO:5 191 --tagtaaatgctgg gg t:

Figure 8A
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--ttecegg--teaacgtagetticctecgeggtacgtatgetga~~-tg
--attgege--cagatattgee g ca
ggtacccagattcaagaaggaggtgctccga-ttaagtacagtassacty
gtgg ttaa---aa
a tatc-accatggacy 9 999
gtgaaggctacgcc-acttttgaag atgaggtgatgtatctce
¥ gattgaagttg 9 9 g ttc
99<c99 ctett
ga g g ggccgttcac-~aactgtggeggt
gam————— cgcattggttattg: gtgcac-- 99
aatggaattaattatgtaat g ttggggagattttgeatt
ga---tagtgctt t--ttctttogotet
gtegtcg 99 gtcg ggcag
attgtgatgatgcagy ggttas: getg
ac-t. t
aa ttc
g 99 agatccctg U gtcgactac
k4 : s k4 Iy
gtggcgy gtt--~gatgcctg tgtgctaggtggact--
gtegteg 99
attgtggt9g L4 oy L4
atcgtcgaagtag 99 g gggag g a
t g g ¥ y-aagg
< gg g totggty g-atgac
cgaty g g g
g-aagtt
gctac gatg g
agta ~caacgt
act, C
‘gatca————
o ct 4 v’
aaattagttg ggcg9g
~ g cag
kad t L4
gaatg 99 tgacg--g g\
cacgtg g9 999
ggtg
g9 . races
cg tgtg g g
999 99
tg ta:
g g geg ggcy g
) o 9
g tggta gg tcca
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aagtgattatt-----ggca------
acyg L L4 g .4
gttt taaatatcgt
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tca at t
tta tactt
aaatt——- ——— g
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SEQ ID NO:2 479 pgidiekdi--lahmdfkpiidnp-klmdarlfqdgpmglkke==r==
SEQ ID NO:6 475 pgvdlgkdi~-ldkmdftpvispelkimderlfidaamgfvlpeaah
SEQ ID NO:7 489 kdltvd-dikkltackfe-isenl-kpmgqgaplngg~—-=======x
SEQ ID NO:8 180 phvdle-ti--kakteadfivad-~=-- -dfkemgisgkglel==~-—

Figure 9B



U.S. Patent

May 17, 2016 Sheet 14 of 105

Figure 10

GTGAARACTGTGTATACTCTCGGAATCGRCGTTGGTTCTTCTTCTTCCAAGGCAGTCATC
CTGGARGATGGCAAGAAGATCGTCGCCCATGCCGTCGTTGAAATCGGCACCGGTTCGACC
GGTCCGGAACGCGTCCTGGACGAAGTCTTCAAAGATACCAACTTAAAAATTGAAGACATG
GCGAACATCATCGCCACAGGCTATGGCCGTTTCARTGTCGACTGCGCCARAGGCGAAGTC
AGCGAAATCACGTGCCATGCCRAAGGGGCCCTCTTTGAATGCCCCGGTACGACGACCATC
CTCGATATCGGCGGTCAGGACGTCAAGTCCATCARATTGAATGGCCAGGGCCTGGTCATG
CAGTTTGCCATGAACGACAAATGCGCCGCTGGTACGGGCCGTTTCCTCGACGTCATGTCG
AAGGTACTGGAAATCCCCATGTCTGAAATGGGGGACTGGTACTTCAARTCGARGCATCCC
GCTGCCGTCAGCAGTACCTGCACGEGTTTTTGCTGAATCGGAAGTCATTTCCCTTCTTTCC
ARGAATGTCCCGAAAGAAGATATCGTAGCCGGTGTCCATCAGTCCATCGCCGCCARAGCC
TGCGCTCTCGTGCGCCGCGTCGETGTCGGTGAAGACCTGACCATGACCGGCGETGGCTCC
CGCGATCCCGGCGTCGTCGATGCCGTATCGARAGAATTAGGTATTCCTGTCAGAGTCGCT
CTGCATCCCCARGCGGTGGGTGCTCTCGGAGCTGCTTTGATTGCTTATGATARARTCAAG
ARATAA (SEQ ID NO:9)
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Figure 11

VKTVYTLGIDVGSSSSKAVILEDGKKIVAHAVVEIGTGSTGPERVLDEVFRDTNLKIEDM
ANIIATGYGRFNVDCAKGEVSEITCHAKGALFECPGTTTILDIGGQDVKS IKLNGQGLVM
QFAMNDKCAAGTGRFLDVMSKVLEI PMSEMGDWYFKSKHPAAVSSTCTVFAESEVISLLS
KNVPKEDIVAGVHQS IAAKACALVRRVGVGEDLTMTGGGSRDPGVVDAVSKELGIPVRVA
LHPQAVGALGAALIAYDKIKK (SEQ ID NO:10)
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gtgaaaactgtgtatactctcggaatcgacgtiggttcttcttettccaa
~--atgagtatctataccttgggsatcgatgttggatctactgcatccaa

gtggcagtggcatattcgattggcattgattccggotcaaccgecaccaa
------------ atgattttagggatagatgttggatctacaacaacgaa
ggcagtca gatgg gatcgteg gecgtegtt
gtgcattatcctgaaagatggaasagaaatcgtggc-gaaatccctggea
999 tact gatta gegecgtttoctegtt
gatgy' at - gataatttg-gtataagatagag
gaaatc gtt gcgteetgg agtctt
gecgtggggaccyy ggtcccgeacggtetattteggaagtect
ccaa-——- t g ttact: geatg
gatattgg-agttgtta=—-—- 99 tattttatt tggt

tace aaaattga gg gc-ca

tgce~- a ggcctttacecctgge~tac
ggaa-actct tt t

taaggagattgaacaaaaatatccaatagat----aaaatcgttgc~aac

aggct: ttcaatg ggcgaag
cggectacggacg-~--caat-tcge t gcaga--
cggctacy g attttgeeg 99
gg tgga. aaggtt gttt g
& -ct g
taac cctg '= g gy ,,:
tt -ttgcat g act acga
ggt ~gtecat
--aacqg g tgtg ggtcat
ggtaatcgas ggtgg gatt
---gttatagacattg. ~ggtett

caaattga--atggccagggectggtcatgcagtttgec-atgaacgaca

ccatgtgg tt

cagcttgatgatgacggtaacctg--~-tgcgatttcctgatgaatgaca
g-~at tgttgattttatc-ctatcagata

aat ttcctegacg g g

aatg t tt

aa t

g g9

gaaatccccatgtet-ga

99999 ggtactt=

gaagt tttcc-ga ggctgaget
ggca—— t —aaaat---gtc
gatattttaaaaatt-gataaaa at a
—gceg ttt
ggtg-gctatcag gtactgtgttt gaagt
€ atgt tgtte

atatcgct-aaaatatcttcaatgtgtgetgs

Figure 12A
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catttcccttctttecaagaatgtecccgaaagaa-~gatatcgtageegg
catcagccagctgtoccaa- g g cattgccgg
gatcagcctgeg: 999 nn..——ch.tror g

altnaqcttactatcnacAllaqttccan.qqnn——qqcntttt‘ntqqq

tgtccatcagt g gtg
qatccatcgttctqtagccnqccqqqtuuanqtcttqcc. 999

lgtguttlAcchAt-qgcchqlgqlq:qc-cnutttc.t-tqcthtc
cgtctatgagagtat taa ata

tc

gggtta g

g gaccatgaccgycgy

ggtgtcgg--t.
gggattgt- gtgt t
tctc-ctq-—tqnuchccqnttctgtttactqqtqchttlgtcnttqc
ggcttaaaatte gtgt

t--c

ggcgtcy t taggtattcctgtc

‘t97C9' ggaag 99 Jgcgtg
----- ttg g cteac gaatgccggta
aqqttttqqttgagntq tt t gaat ta
agagtcgetcet gty ggtyg g
gaaatcaagacg g g g gggtyg
g g ttget JICy 99 4

ctaatt ttgtt gctygtyg g
tttgattgetta----- tgataaaatcaagaaa-taa
tetgtatgegta t aa
ggtaattgg ga---
attggtt taa

Figure 12B
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Figure 13

vktvytlgidvgsssskaviledgkkivahavveigtgstgpervldevi
ms-iytlgidvgstaskciilkdgkeivakslvavgtgtsgparsisevl
mavaysigidsgstatkgilladg-vitrrflvpt---pfrpataiteaw
--—-milgidvgstttkmvimeds-kiiwykiedigv--vieedillkmv

kdtnlkiedmaniiatgygrfnvd-cakgevseitchakgalfecpgttt
dmaftlatg: legi 1sch

etlreglettpfltltgygrqlvd-fadkqvteischglgarflapatra

keiegkyp-idkivatgygrhkvs-fadkivpevialgkganyffneadg

ildiggq klngqgls tgrfldvmskvleipmse
vidigggdvkvihve-ngtmtnfgmndkcaagtgrfldvmanilevkvsd
vidigggdskviqldddgnlcdflmndkcaagtgrflevisrtlgtsveq
vidigggdtkvlkidkngkvvdfilsdkcaagtgkflekaldilkidkne

mgdwy . ctvfaesevisll P ivagvhgsiaak
laelgakstkrvaisstctvfaesevisqlskgtdkidiiagihrsvasr
1-dsitenv! i v isl ilagvinamarc

g
ink--yksdniakissmcavfaeseiisllskkvpkegilmgvyesiinr

acalvrrvgvgedl dpgv 1 wrvalhpgavgal
viglanrvqivkdvvmtqgvaqnygvrqaleeglgveiktsplaqyngal
sanfiarlsceapilftgg leshl 4
vipmtnrlki-qnivEsggvaknkvlvemfekklnkkllipkepgiveev

gaaliaydkikk-—
gaalyaykkaak--
gaavig-qevrtrr
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Figure 14

ATGAGTGAAGAAAAAACAGTAGATATTGAAAGCATGAGCTCCAAGGARGCCCTTGGTTAC
TTCTTGCCGARAGTCGATGAAGACGCACGTAAAGCGAARARAGAAGGCCGCCTCGTTTGC
TGGTCCGCTTCTGTCGCTCCTCCGGAATTCTGCACGGCTATGGACATCGCCATCGTCTAT
CCGGAARCTCACGCAGCTGGTATCGGTGCCCGTCACGGTGCTCCGGCCATGCTCGAAGTT
GCTGAARACARAGGTTACAACCAGGACATCTGTTCCTACTGCCGCGTCARCATGGGCTAC
ATGGAACTCCTCAAACAGCAGGCTCTGACAGGCGAAACGCCGGAAGTCCTCAAAAACTCC
CCGGCTTCTCCGATTCCCCTTCCGGATGTTGTCCTCACTTGCAACARCATCTGCARTACC
TTGCTCAAATGGTATGAAAACTTGGCTAAAGAATTGAACGTACCTCTCATCAACATCGAC
GTACCGTTCAACCATGAARTTCCCTGTTACGARACACGCTARACAGTACATCGTCGGCGAA
TTCAAACATGCTATCAAACAGCTCGRAGACCTTTGCGGCCGTCCCTTCGACTATGACAAR
TTCTTCGAAGTACAGAAACAGACACAGCGCTCCATCGCTGCCTGGAACARAATCGCTACG
TACTTCCAGTACARACCGTCGCCGCTCARCGGCTTCGACCTCTTCAACTACATGGGCCTC
GCCGTTGCTGCCCGCTCCTTGAACTACTCGGAAATCACGTTCAACAAATTCCTCARAGAA
TTGGACGAAAAAGTAGCTAATAAGARATGGGCTTTCGGTGAAARCGARAAATCCCGTGTT
ACTTGGGAAGGTATCGCTGTCTGGATCGCTCTCGGCCACACCTTCARAGAACTCAAAGGT
CAGGGCGCTCTCATGACTGGTTCCGCTTATCCTGGCATGTGGGACGTTTCCTACGAACCG
GGCGACCTCGAATCCATGGCAGAAGCTTATTCCCGTACATACATCAACTGCTGCCTCGARA
CAGCGCGGTGCTGTTCTTGRARAAGTTGTCCGCGATGGCAARTGCGACGGCTTGATCATG
CACCAGAACCGTTCCTGCAAGAACATGAGCCTCCTCAACAACGARAGGCGGCCAGCGCATC
CAGAAGAACCTCGGCGTACCGTACGTCATCTTCGACGGCGACCAGACCGATGCTCGTAAC
TTCTCGGAAGCACAGTTCGATACCCGCGTAGAAGCTTTGGCAGARATGATGGCAGACAAAR
RAAGCCAATGAAGGAGGAARCCACTAA (SEQ ID NO:17)
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Figure 15

MSEEKTVDIESMSSKEALGYFLPKVDEDARKAKKEGRLVCWSASVAPPEFCTAMDIAIVY
PETHAAGIGARHGAPAMLEVAENKGYNQDICSYCRVNMGYMELLKQQALTGETPEVLKNS
PASPIPLPDVVLTCNNICNTLLKWYENLAKELNVPLINIDVPFNREFPVTKHAKQYIVGE
FKHAIKQLEDLCGRPFDYDKFFEVOKQTQRSIARWNKIATYFQYKPS PLNGFDLFNYMGL
AVAARSLNYSEITFNKFLKELDEKVANKKWAFGENEKSRVITWEGIAVWIALGHTFKELKG
QGALMTGSAYPGMWDVSYEPGDLESMAEAYSRTY INCCLEQRGAVLEKVVRDGKCDGLIM

HONRSCKNMSLLNNEGGQRIQKNLGVPYVIFDGDQTDARNFSEAQFDTRVEALAEMMADK
KANEGGNH (SEQ ID NO:18)

US 9,340,803 B2



U.S. Patent

SEQ
SEQ
SEQ
SEQ

SEQ
SEQ
SEQ
SEQ

SEQ
SEQ
SEQ
SEQ

SEQ
SEQ
SEQ
SEQ

SEQ
SEQ
SEQ
SEQ

SEQ
SEQ
SEQ
SEQ

SEQ
SEQ
SEQ
SEQ

SEQ
SEQ
SEQ
SEQ

SEQ
SEQ
SEQ
SEQ

SEQ
SEQ
SEQ
SEQ

SEQ
SEQ
SEQ
SEQ

i
pi]
I0
0

I
Ip
ID
ID

I0
10
10
1D

1D
D
D
Io

D
pir)
PO}
i

Ip
I
10
ID

p o]
pas}
10
ip

ID
jO)
1D
D

ID
I
ID
0

1D
1D
I
Ip

Ip
ID
Ip
Ip

May 17, 2016

NO:17
NO:19
NO:20
NO:21

NO:17
NO:19
NO:20
NO:21

NO:17
NO:19
NO:20
NO:21

NO:17
NO:19
NO:20
NO:21

NO:17
NO:19
NO:20
NO:21

NO:17
NO:19
NO:20
NO:21

NO:17
NO:19
NO:20
NO:21

NO:17
NO:19
NO:20
NO:21

NO:17
NO:19
NO:20
NO:21

NO:17
NO:19
NO:20
NO:21

NO:17
NO:19
NO:20
NQ:21

- e

51

37
27

89
7

73

136
116
110
112

184
166
140
144

221
214
178
166

233
264
185
178

249
313
198
195

295
363
232
231

322
413
245
251

322
463
245
251

Sheet 21 of 105

atgagtgaagaaaaascagtagatattgasagcatgagctccaaggaage
atg-——--= CCaaagacagta-—~~—-=«-= agccctggegttcagg~~—-
~—~-atgatgasattasag--gcaattgaasagttga--tgcaa

atgtcacttgt: g tcta--ccege

cctt--—~ggttacttcttgeeyg gtegatga
-cat---tgagagatgtagttgaasaggttt
---------- asatt-----cgcca-~gtagaaaaga ————
cattttcgatcagttct--ctgaag gccagacaggetttcteace

"o o

gta gaaaa-aagaaggccgectogttt-gotggteegettetgte
ggg-aaccga aaaagtag-gctggtcctctte--ca
atataag gt ttt--~ttggaatgttetgtg
gtc-atggatctc-aaggag--cgcggcattecgetggt=-=~=~~tggc

gctectceggaatictyg ggctatggacatcyg tegte--tatceg
agttccectgecgaactggetgaatctttteggetgeatgttgggtateceg

cct atgtteca atagasat-~-~aat--tt--tagcag
act actg ttatg g gag atcce
gaaact gcagctggtatcggtgee gtcacggtg
~-ggctgctggtatcgetg gtgacggceg gatyg
caaatgcaatcccagttggtttgtgtgga---ggtaaaaat-~~
ga===-= t gcag cggtgcg gtt gtg
t g atcggttatgacaacgatatctgceggetatge
’AAL g ,\-.
t gt-t gctg aaaa
ccgtatt-t ggcttatg ttecggggty t
tcccaat-a gcag =

gatg BAAC

gaCaaa;;tggcaactatgtcar

ttgccaagaa tgce: taata-~--

~——ca-——t t tgccgeg -==
..... ggctacat tc~~ctcaaacagcag

agatgccaatggcaaaaaggtattcgacgcagatggcaaacccgtaateg
aaatc--atcct tg

geceg-—--ctg-—attaaa-agca

at tt gaaatc
getct g g
C gccctgea
gctg g g gccgccagaatg, g
gttt gaa-ggca--aa
tacgg t aaccg at

Figure 16A

ctgttcctactgecgegtcaacatg~-
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aaactccccggettcetecgattececcttcocggatgttgtcetcacttgea
caaatatcgtcagatgaccatgcccatgccggacttcgtgetgtgetgea

asacctgccc-~ttactttgaagcatct-~--gatatagttat-tggagaa
asatg tacttct acttttcggatctggtggtc---qgtg
acaacatctgca~=~——--. ataccttgctcasatggtatgasaacttgg-
acaacatctgca-------actgcatgaccaaatggtatgasgacattg-

actacctgtgaaggaaagaagasgatgtttgagttgatggagagattggt

aaaccacctgeg-------acggcaasaagaaaatgtatgaatacatgg-
~ctaaagaattgaac---gtacctctca----tcaacatcgacgtac~-c
-cccgteggeacaac---attoctttga~--——-tcatgatcgacgttc--¢
gccaatgcatataat-——-gcacctcccacacatgaaagatgaagatt--c

~c---ggagtttaagcetgttcatgtga----tgca-attgcccaacage
gttca--accatgaattc---cctg--tta-cgaa-~--ac--acgctaa
ttaca--ac---gaattcg g—= g g gtgaa
tttga--a—---~, aatct---ggat--taa-agaagttgaa--aagctaa
gttaaggacgatgcctcy gtgcgtta-tgga a
acagtacatcgtcg gcgaattcaa, g teca g
a---tacatccggt: gctggatacgg: gtcaaa
~-aagaattgyg g gactggaaatasaata ga9g gt
--agccgagatget gegettge a 9g
to ttgeggecy g a caa gaagta
t gttega ttem~eem— gaa
taa gacagttgat--aaagta
t acgttttggg 4 tagcgaagatg gatgcc
[ catcg-—-ctgcc aat
cag-tgcty g g gtactg 9 ggctgaaggt
aataaagttag g t tgttttataaa
at g aaa teg-—cg tgg taat
cgctacgtacttc-~c--agt gtcgecgete: ggcttcgac
t acctg-—c- g a ag gt gggttcgac
ctctatgaattga--g aa gctccaatt ggtttagat

ttttatcatcttggge--agttaaatccet tagcggcageg
tctteaactacatgygg gccg-ttgctgcec tgaactact
ctg tatggctgacgtgg-tt gecgtgtggaag
gttttaaaattattccagtttg atttattggatatty. t
attctg. gtggttt g-caaccttccgg aga
cacgtt tgg tage
ctgct t getggc tgga =
agggatt----ttagaggatttaattgaggagtt tt---
cg tg tgaactggatg
----- taataagaaatgggcttteggtgaan———-- teceg
gttat -
cgcgttegtcagcagtgg gcc gcg 99 g
tgttacttgggaaggta-tegetgtetggategeteteg
tatcatgttcgaaggg. tgetgg-—ci
""""" ttttaataac-tggctgte-caatggttgctggaaacaataag
cgt--cegegeattttaatcaceggetg-~-cecgattggeggege=—~=

Figure 16B
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883 ----t--tcaaagaactca--aaggtcagggcgctctcatgactggttce
1040 ~-~-tgttcaaaccgctga-~-aagccaacggectgaacat. ggeget
745 attgt--tgaaattattgaggaagtt---ggaggagtagttgttggtgaa
156 gcag asagtggtgcgcgcgattgaagagaatg

925 gettat---cctggcatgigggacgtttcctacgaace——~===~~gqgg-
1084 gtatatgctcctgctttcgggttcgtgtacaacaacct---—-----gga~
790 g--aaa---gctgcactggaacaagattctttgasaactttgtt:

ggacattgcaasa----agata----cttta

827 cgasageg gagcaatgeg gaaacgggcgatgtctacgac

9 gcegcggtgcet

9
gcat gggtgttgece

cccatgtgcttqtaqatttaaaaacqatgnqugaqttqaa
874 gcgotggeggataaatatctggo—————====woem gattggctgetect
1033 gttcttgaaaa: ttg gcgatggcaaatgcgacgg ttgltcntgc
1186 tggcgtgaaggectgat ggtte
913 aatataanqnqnttqqttaaagnqttqgacgtcgutqg;qttqttcat--
911 gtgttt gatcagcgcectgaaaatge-tcagc-cagatggtgg
1082 g gc t gaaggcg
1235 actacaacc-gg cctgeaa gcgg g g tg
961 ----tacac—tttgcagtattgccat ——— ttaacat g
959 aggaatatcaggtcgatggcgtagttga: tgtgattt gcgt
1130 g ggeg gtacgtcatcttc
1263 gtttc-acc tg--gg ggattc
1002 taaggtagaggaqg—cattaaaagaggagggcattccaattataagaatt
1004 ~—~ gga e ttaa tcatgtgc
1174 g gcg tgctcgtaactt
1327 gacggtgac aactt gcgg
1051 g t aa gag
1049 - aacattccttatatcgotatt ccac
1213 cagttcgataccegeg ttg ga
1366 cagtatg gtgttcagg tag
1081 ~—w——mm—————— cagttaaaaacaaqgttqqaggcatttattgagatga
1098 ctcggatgtcgggcag gt tg geett g
1250 tgg aaaaagccaatgaag taa
1403 tggaag-caaatgatgaa g taa-—--
1118 t ttaa
1148 tgtaa

Figure 16C
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Figure 18

ATGAGTCAGATCGACGAACTTATCAGCARATTACAGGARGTATCCAACCATCCCCAGAAG
ACGGTTTTGRATTATARAARAACAGGGTARAGGCCTCGTAGGCATGATGCCCTACTACGCT
CCGGAAGAAATCGTATATGCTGCAGGCTACCTCCCGGTAGGCATGTTCGGTTCCCAGARC
CCGCAGATCTCCGCAGCTCGTACGTACCTTCCTCCGTTCGCTTGCTCCTTGATGCAGGCT
GACATGGARCTCCAGCTCAACGGCACCTATGACTGCCTCGACGCTGTTATCTTCTCCGTT
CCTTGCGACACTCTCCGCTGCATGAGCCAGARATGGCACGGCARAGCTCCGGTCATCGTC
TTCACACAGCCGCAGAACCGTARGATCCGCCCGGCTGTCGATTTCCTCARAGCTGAATAC
GAACATGTCCGTACGGARTTGGGACGTATCCTCARCGTAAARATCTCCGACCTGGCTATC
CAGGAAGCTATCAAAGTATATAACGAAAACCGTCAGGTTATGCGTGAATTCTGCGACGTA
GCTGCTCAGTACCCGCAGATCTTCACTCCGATARAACGTCATGACGTCATCAAAGCCCGC
TGGTTCATGGACAAAGCTGAACACACCGCTTTGGTCCGCGAACTCATCGACGCTGTCARG
AAAGAACCGGTACAGCCGTGGAATGGCARARAAGTCATCCTCTCCGGTATCATGGCAGAA
CCGGATGAATTCCTCGATATCTTCAGCGAATTCAACATCGCTGTCGTCGCTGACGACCTC
GCTCAGGAATCCCGCCAGTTCCGTACAGACGTACCGTCCGGCATCGATCCCCTCGARCAG
CTCGCTCAGCAGTGGCAGGACTTCGATGGCTGCCCGCTCGCTTTGARCGARGACAAACCG
CGTGGCCAGATGCTCATCGACATGACTAAGRAATACAATGCTGACGCCGTCGTCATCTGC
ATGATGCGTTTCTGCGATCCTGAAGAATTCGACTATCCGATTTACAAACCGGAATTTGARA
GCTGCTGGCGTTCGTTACACGGTCCTCGACCTCGACATCGAATCTCCGTCCCTCGAACAG
CTCCGCACCCGTATCCAGGCTTTCTCGGARATCCTCTAR  (SEQ ID NO:25)
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Figure 19

MSQIDELISKLOEVSNHPQKTVLNYKKQGKGLVGMMPYYAPEEIVYAAGYLPVGMFGSON
PQISAARTYLPPFACSLMOADMELOLNGTYDCLDAVIFSVPCDTLRCMSQKWHGKAPVIV
FTQPQNRKIRPAVDFLKAEYEHVRTELGRILNVKISDLAIQEAIKVYNENRQVMREFCDV
ARQYPQIFTPIKRHDVIKARWFMDKAEHTALVRELIDAVKKEPVQPWNGKKVILSGIMAE
PDEFLDIFSEFNIAVVADDLAQESRQFRTDVPSGI DPLEQLAQQWQDFDGCPLALNEDKP
RGQMLIDMTKKYNADAVVICMMRFCDPEEFDYPIYKPEFEAAGVRYTVLDLDIESPSLEQ
LRTRIQAFSEIL (SEQ ID NO:26)
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atgagtcagatcgacgaacttatcagcaaattacaggaagtatccaacca
atggct---atcagtgcacttattgaagagttccaaaaagtat-ctgeca
---------- atgatgaaattaaaggcaattgasaagttgatgcea. at
atgtcacttgtcaccgatctacccgecattttcgatcagttctctgaage

te g ac: vvutttq"‘llttltllllll
gcce--gaag ac g tat
tcgccagtag-- g -tlt g nalagua
tcgccagacaggetttet cgtcatg---gatctcaaggag
cagqqtaaaggcctht ggca--tgatg ctacgetccgg
nttccqqn.qla
qaagqtagaauaqtttttqqaa-—tqttctqtqectltqttccnltaq-a
& At & A k4 v vy Latg ~Cg v&g
atcgtatatgctgeaggetacct: ggtagg gt--~tcggttcecca
ctgg atg ggcatgyg gogtgtac ggggctgcaa
atnattttagcagcnantgc--; gttggtrtgt gtggaggtaa
at gatggcagccgg tgeggttgtggtttegetetgttecac
g g g=atct "] ,LIb\-LthLLwLL
-tg g tccgttccanqqln-tlctqtqcttcctt
- g - atag tgce
ctctgat tt g g gatctgccgeg
cgcttg g g 99
ct g ctctgg gctggacggyg
cctatgcccattaataaaatcatcc! ,,uuun g ggca---
. t -—
cctatgactg g gttcet-tgcg
catca-ctce----ggtactgtgtg---
--aaaacctgccctcactttg—aagcatctgatataqttatt-qqag--—
ccgataa g9 ggtggtc
--w=—acactctccagetgecat at- qg C:
----at gcg yay C 99 haied
---—aaact tgty. qg a
ggtgaaaccacct g gtatgaatac-
ggcaaaget—-- ggtcatcg-tctt g ac
atgaa. ggtc
--—-aagaagaagat————gttcyag--, ggtg tg
----atggcggagttt g g atty
cgtaaga-tcegeecgge=== ~-==tgtcgatttcctcaaag~ct
cgt: gg aagc-ag g-at
catataa-tg t t tettt tet
gttaagg gatg gcgtgcgttatggaaag~cc
gaat—-acgaacatgtc—--cgt ------- acgg--aattgg----gacg
gecet. ga: gg gg-—-—aaga
ggattaaagaagrf- aa t aaag tgg
ga: gatgctg t —-——=2acg

Figure 20A
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tatcctcaacgtasaa--atctccgacctggctatccaggaagetatcaa
aatctgcggccatgaa-—atcaccaatgatgccatcctggatgecatcaa
gagactggaaataaa Cagaggasaagttaasagagacagttgataas
ttttgggcacg---ag--attagcgaagatgctctgcgegatgccattge

agtatataacgsasaccgtcaggttatgcgtgaattct-----~-~-gcg
agtgtacaacaagagcecgtgcty gccgcgaattct gca
agtasataaagtta---gggagttgttttataaactet-—==----- atg

gctg. gcgascgtcgeg ggctaatttttatcatcttggge

acgtagctgctcag ta gcagatcttcactccgataaa~~acg
aactggc--caacg-----dacatcctgatctgatcceggecttecgtacg

a-attgaggaagaa-----tasac-cag-
agttaaatcctecggegettageggeag
tcatgacgtcatc g >cegetgg ttca
ggccaccgtactg-——=-wm=———em cgtg-~~=CCcgcttac----~ttca
tttagatgtttta-v———--- ~-~~aaattattccagtttgectatttat
ttacggegcaaccttecggttcgataaag----aggcgttg~~---atca
tggaca gct getttggt gcg. tcatcy getgte
tgctgaaggatgaat g gctggaag gaacaagg
tggatattgatgacacaatagggattttagaggatttaattgaggagtta
atgaactggatgcaatgaccy ccgeg--ttecgtcagcagtggg
aagaa ag g9 ggaat g
aactg gc: gotyg g ttcgacgg
gaggagagagttaa ggagaaggttatgaa~—---~ggaaagaga
aagaa g9 g gtecg~——-- cgcatttta
gtcatcctcteeggt—-——~~, tgg g attcct---
gtggttgtttcegg acaacacg gg t-
attttaataactggctgtccaatggttgctggaaacaataagattgt--—
atec g tggcg a ggtgeg
cgatatcttcagecgaatt— t. gtcgtogotyg te-go
tggat -caaactg gctget ~gc
tgaaattattgag t-tggaggagtagttgttggtgaagaaagctge
gcgat-t ggceggctgggttgteggttac gc-ac
& ) t k4
ttatyg gcagctttgeegtggatg g ctgga-~-c
actgga-a agattcttt ttgttgagg--g g
g9 g gtggcagaaacggg---cgatgte
ctega teg gtgg ttcgat-g
aacggactgcatgetctggetgtacagttctccaaacagaagaacgat-g
gt ttg aaga-tacttt-a
tacgacgegctggegyg atat ctgg gattg
gectgecegetcogettig, a gcg=igg g
ttctgetgt. tgaatttgccaagaata: gtte c
----aaatcccatgtgettgta-~-—---gatttaaaaacgat-gagagag
~==-~gctgctc-ctgtgtttcgc----cga--acgatcagcg-cctgaaa

atg te tgact t g gtcgte
gttggca---ate~-----tggt ag; ggcy

ttgaaaatat gag ggtt tggacgtcgatggagttg
atgctcagccag tggtggag gtcgatggcgtagtt

Figure 20B
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atctgcatgatgcgtttctgcgatcctgaagaattcgactatc~~=-cgat
gtgttcatgatgcagttctgcgatccggaagaaatggaatatc---ctga
tattacactttgcagtattgccatacatttaacatagagggag--—ctaa
gatgtgattttgcaggcgtgccatacctacgcggtggaatcgetggegat

ttacaa ggaatttgaagctgctgyg cgttcgtt ggtcctc
tctgaagaaggetctggatyg cattcctcatgtgaagatt
ggtagaggaggcatt gaggagyy catte attata
t gtcatgtgcgocageag acattccttatategetatt

gacctcgacatcgaatctcegtccctega.
ggtgtyg gatg gggactttggt g9 g

agaattgaaactgactattctgasagtgatagagagcagttanaaacaag
gaaacagactactccacctcggatgteggg=-—=——=- cagctcagtacceg

t tt ctaa

tctggaagciitcgcag 9 gtaa
gttggaggcatttattgagatgatttaa
tgt tattgagatgctgtaa

glcgcygy

Figure 20C
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Figure 21

msgidelisklgevsnhpgk---tvinykkqgkglvgmmpyyapeeivya
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mmkl-kaieklmgkfasrke---qlykgkeegrkvfgmfcayvpieiila
mslvtdipaifdgfsearqtgfltvmdlkergiplvgtyctfmpgeipma

agylpvgmfgsqnpgisaartylppfacslmgadmelqlngt———-ydc--
agmvpmgvwgengkqevrakeycasfyctiaqqslemlldgt--~1dg--
anaipvglcggkndtipiaeedlprnlcplikssygfkkaktcpyfea——
agavvvslcstsdetieeaekdlprnlcplikss--ygfgkt—--~dkcpy

=--ldavifsvpcdtlremsqkwh---~gkapvivftqpognrkirpavdf

=--=-ldgiitpvlcdtlrpmsqnf iflahpqvrqnaagkqf
=---sdivigettcegkkkmfelme-~--rlvpmhimhlp-hmkdedslki
fyfadlvvgettcdgkkl Y efkpvh: 1 vkddasral

lkaeyehvrtelgrilnvkisdlaigeaikvynenrqumrefcdvaaqyp
tydaysevkghleeicgheitndaildaikvynksraarrefcklanehp
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weegqrldprprilitgepi vvrai vqy gakat
rtdv idp~leql lalned---kprggmlidmtkkyn
avdapedldnglhalavgfs 1lydpefak hvgnlvkesg
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CGACGGCCCG
GCAGTARCGAC
ARGTAGARAT
CGTCTATCGG
GGTTCCTGGA
ARCGCGATGG
TCGGTCACTG
CTTACARCTT
TCGGCGTCTT
AGCTCAATGA
AGCTTTTCTA

GGCTGGTATC
AGARGCGTCG
CATTACAGCT
CTTTGTCAGC
CACGAACACC
CCGTGCCGCT
GCAGACTGTA
CTCGCAGGGC
CRCCGACATC
CGTAACCRAA
CCCGRCCTTC
TATCACCATG
CAACTGTGGC
CCCGCGCATG
AGACCATCAG
TCCTGAAGGC
CGGCGCTITG
CGTTGCTTCT
TGGCGCCATC
TGCCATCATC
TTACCTCGGC
TAACGTTGCC
CTGCGGCACC
CCTCCAGGAR
TTCCTATGCA
ACTGACCAAA
TATCCTCGCT
CCTCTTCCAG
ACTATGAAAC
CATGRATTCA
CAGGCTGATC
CCGCACTCCG
TTCGAAGTGG
ATGTTAGARA
ACRACCARCC
GGCGARARATC
CATCCCATGC
TTCATCRAGA
GATCTCATIT
GARGGGGTCC
GTGGATGATG

AGCCGGTGTC
CGGTGARGAC
ATCGAAAGAA
CGGAGCTGCT

ATTCTAGTCA
ATACATTCCR
GRACRAGCAG
AGCGCCCATC
CCGCAGAACT
GARACATCTGG
CCGGCTATCG
ACGTTGGTCC
GGTCTGGARA
GAAGACCTCG
CCGGTCARCG
GRCGAAGAAR
GGTARRGTCG
GTCAAGATCC
CAGACGTATG
GCTACCGATG
GARTTGACTG
GTTGCCGGTG
GGTGGCGTAC
GACCACACCT
CTGGCCCAGT
GGCTGCGGCG
TTCACGGCTG
GGCARAGCCA
GCCCGCARCG
GARGGCTTGA
CACATGGACT
GACGGTCCCA
CAATGAGACT
TGCAGAATAA
TCATTTTCAC
GTGTGCTTAC
ACGATGTCGA
AGARAGCTGT

GTAATTCACC
TTTAGCAGGA
CTCAGCTCGT
CGGAAGCACT
TGACCTACAT
CACACACAGG
GTAAACTGGC
ACTGGTTCCG
CTTTCCTCGA
TCARRCTGAT
TAGCTTTCCT
TCGGGCCTTT
TCGTCCAGGT
CTGGCATCTA
ACTGCGAATA

CTGACCATGA
TTAGGTATTC
TTGATTGCTT

CTGTCAGAGT
ATGATARAAT

Figure 22A
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TTTGGARAAT
GGAAGTTACG
ABRARGACAAC

CTATGCAGGC
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AGAACARART
CCCTTGGTTA
GCCTCGTTTG
CCATCGTCTA
TGCTCGARGT
RCATGGGCTA
TCAAARACTC
TCTGCAATAC
TCARCATCGA
TCGTCGGCGA
ACTATGACAA
ARATCGCTAC
ACATGGGCCT
TCCTCARAGA
AARTCCCGTGT
ARCTCARAGG
CCTACGARCC
GCTGCCTCGR
GCTTGATCAT
GCCAGCGCAT
ATGCTCGTAR
TGGCAGACAA
CAGCAARTTA
GGGTAARGGC
AGGCTACCTC
GTACCTTCCT
CACCTATGAC
GRGCCAGAAAR
GATCCGCCCG
ACGTATCCTC
CGAAAARCCGT
CACTCCGATA
CACCGCTTTG
TGGCAARRRR
CAGCGAATTC
TACAGACGTA
CGATGGCTGC
GACTARGAAA
AGAATTCGAC
CCTCGRCCTC
CTCGGRARTC
GCCTGCTACA
TTGTACGGGC
AACATAAAAC
AATTACAGCA
CTGTCARAGA
CTCTCGGCCT
TCAGCCTCGC

ID NO:33)

CATGAGTGAR
CTTCTTGCCG
CTGGTCCGCT
TCCGGARRCT
TGCTGAARAC
CATGGAACTC
CCCGGCTTCT
CTTGCTCAAR
CGTACCGTTC
ATTCARRCAT
ATTCTTCGAR
GTACTTCCAG
CGCCGTTGCT
ATTGGACGAA
TACTTGGGAA
TCAGGGCGCT
GGGCGACCTC
ACAGCGCGGT
GCACCAGAAC
CCAGARGAAC
CTTCTCGGAR
ARAAGCCAAT
CAGGAAGTAT
CTCGTAGGCA
CCGGTAGGCA
CCGTTCGCTT
TGCCTCGACG
TGGCACGGCR
GCTGTCGATT
ARCGTAAAAR
CAGGTTATGC
RARACGTCATG
GTCCGCGARC
GTCATCCTCT
ARCATCGCTG
CCGTCCGGCA
CCGCTCGCTT
TACAATGCTG
TATCCGATTT
GACATCGAAT
CTCTAAGAAT
TGATACATTG
TGCAAGCTGT
CATATATAAT
AGATATCGCR
GCGTGACGAR
TCTCGGTATT
AGTTGCTTGC
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GAARRRRACAG
ARAGTCGATG
TCTGTCGCTC
CARCGCAGCTG
ARAGGTTACA
CTCAAACAGC
CCGATTCCCC
TGGTATGAAA
ARCCATGAAT
GCTATCARRC
GTACAGAARC
TACARACCGT
GCCCGCTCCT
ARRGTAGCTA
GGTATCGCTG
CTCATGACTG
GARATCCATGG
GCTGTTCTTG
CGTTCCTGCA
CTCGGCGTAC
GCACAGTTCG
GAAGGAGGAA
CCARCCATCC
TGATGCCCTA
TGTTCGGTTC

TAGATATTGA
ARGACGCACG
CTCCGGAATT
GTATCGGTGC
ACCAGGACAT
AGGCTCTGAC
TTCCGGATGT
ACTTGGCTAR
TCCCTGTTAC
AGCTCGARGA
AGACACAGCG
CGCCGCTCAR
TGAACTACTC

Figure 22B

AAGCATGAGC
TAARGCGARR
CTGCACGGCT
CCGTCACGGT
CTGTTCCTAC
AGGCGAAACG
TGTCCTCACT
AGAATTGAAC
GARACACGCT

TCCAAGGARG
ARAGAAGGCC
ATGGACATCG
GCTCCGGCCA
TGCCGCGTCA
CCGGAAGTCC
TGCARCAACA
GTACCTCTCA
ARARCAGTACA
CGTCCCTTCG
GCCTGGAACA
CTCTTCAACT
TTCARCARAT
GARRACGAAA
ACCTTCAAAG
TGGGACGTTT
TACATCAACT
ARATGCGACG
ARCGAAGGCG
GACCAGACCG
GCRAGAMATGA
ACGAACTTAT
ATARAAAACA
TATATGCTGC
CAGCTCGTAC
AGCTCAACGG
TCCGCTGCAT
AGARCCGTAA
CGGAATTGGG
AAGTATATAR
CGCAGATCTT
ARGCTGAACA
AGCCGTGGAA
TCGATATCTT
GCCAGTTCCG
GGCAGGACTT
TCATCGACAT
‘GCGATCCTGA
GTTACACGGT
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Figure 23

ATGAAACCAATGAGACTACATCACGTAGGCATTGTCCTGCCGACCTTAGAARRAGCCCAT
GAATTCATGCAGAATAATGGACTTGARATCGACTATGCCGGCTATGTCGATGCTTACCAG
GCTGATCTCATTTTCACTAAGTTTGGTGARTTTGCCAGCCCGATTGARATGATTATCCCG
CACTCCGGTGTGCTTACCCAATTCAATGGTGGCCGCGGCGGCATTGCCCACATCGCCTTC
GAAGTGGACGATGTCGRAGCTGTCCGCCAGGAAATGGARGCAGATTGTCCGGGATGCATG
TTAGAAAAGAAAGCTGTCCAGGGTACGGACGACATTATCGTCAACTTCCGCCGCCCGACA
ACCAACCAGGGTATCCTCGTTGAATATGTTCAGACGACAGCACCTATCACCGGCCGCGGC
GAAAATCCTTTCGTTAAGAATCTCGGCCCGGAAARARGGGAAGCTCARCGARACATGGCAT
CCCATGCGCCTGCACCATATCGGCATCGTCTTGCCGACCTTGGRARAGGCCCATGAATTC
ATCAAGACCAATGGYCTGGAAGTGGATTATTCCGGTTTCGTCGACGCCTACCATGCGGAT
CTCATTTTCACTAAAAAAGGTGARAACAGTACGCCTATCGAATTCATTATTCCCCGTGAR
GGGGTCCTCAAAGATTTCAATCATGGCAGGGGAGGTATCGCTCATATCGCCTTTGRAGTG
GATGATGTCGARAAGGTACGTCAGATTATGGAAAGCCAGAAGCCTGGTTGCATGCTCGAR
AAGAAAGCCGTCCGGGGAACGGACGATATCATCGTCAACTTCCGCCGTCCCAGCACGGAC
GCCGGCATCCTCGTCGAATATGTCCAGACCGTAGCTCCCATCAATCGCAGCAATCCCAAC
CCTTTTAATGATTGA (SEQ ID NO:34)
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Figure 24

MKPMRLHHVGIVLPTLEKAHEFMONNGLEIDYAGYVDAYQADLIFTKFGEFASPIEMIIP
HSGVLTQFNGGRGGIAHIAFEVDDVEAVRQEMEADCPGCMLEKKAVQGTDDIIVNFRRET
TNQGILVEYVQTTAPITGRGENPFVKNLGPEKGKLNETWHPMRLHHIGIVLPTLEKAHEF
IKTNGLEVDYSGFVDAYHADLIFTKKGENSTPIEFIIPREGVLKDENHGRGGIAHIAFEV
DDVEKVRQIMESQKPGCMLEKKAVRGTDDIIVNFRRPSTDAGILVEYVQTVAPINRSNEN
PFND (SEQ ID NO:35)
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Figure 25

ATGGAATTCAAACTTTCTGAATTACAGCAAGATATCGCAAATCTCGCAARAGATTTCGCA
GAAAAARAATTAGCTCCCACTGTCAAAGAGCGTGACGAAARAGAAGTTTTCGATCGTGCT
ATCCTTGACGAAGTGGGTACTCTCGGCCTTCTCGGTATTCCCTGGGAAGAAGAARACGGT
GGCGTAGGCGCTGACTTCCTCAGCCTCGCAGTTGCTTGCGAAGAAGTAGCTARAGTTACE
AGCCCGGGCCGTCG (SEQ ID NO: 36)
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Figure 26

MEFKLSELQQDIANLAKDFAEKKLAPTVKERDEKEVFDRAILDEVGTLGLLGIPWEEENG
GVGADFLSLAVACEEVAKVTSPGR (SEQ ID NO:37)
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GTGAGCACAC
ARAGGACATG
ACGCTGTAGA
GCTTTGAGGA
GGATCGRCGG
TTGATCTTGA
ACAATTCTCA
ACCCCTTGTT
TGATCGACAC
GAGTTGATTG
CGATTGCCCG
ACGAGTCTAG
ACTATCCCGC
ACCGCTGGTT
TGATGGGCTA
TCAACRATGG
TGGAGGTGGT
TTGCTCTGAR
TGGGTATTCT
TTCACARTGC
TGGTGCCCTA
CGGCGCAGGC
AGACGATCAT
ACGTGATGCG
AGGCAAAGGT
CTGTGGTGGT
GGAGTCACGA
GCTTTGATGT
CGCTCTACGC
ACACATCGGG
CCGGTGTGGT
TGATCGCCGA
GTCGGCTGAC
CCAGCATCAT
CAGTGATGTC
GGGTTGCARC
TCATGACCCC
CGCATTTCTA
CCTGGGTGAT
GGGTCGCTGA

ACCACCTGGC
GTTTTGTCGC
CARTGGCCCT
CGTGTATCGC

ACTTGATAGC
GGTTTGGTCA
TGATATAAGC
AGGTCAGGCG
TACCCTGTCG
ACTACACAGC
ATTGTTGAGG
ATCTATATCA
TGCGCCCCTT
GGAAGCTCAG
GARCAGTTATC
TCAGCGTTGG
CGATTATCAG
TAGTGGTGGG
TGGCGACGAG
TCGTGGTGGT
GAAGGCTGCG
TATGCCGAAT
GTACACGCCG
CGGTGCACGA
CRAAGAARGCG
GATTGTTGCG
CACCGAAGTG
TGGGGTTGGT
GCGTACAGTA
TGTGCGTCAT
CTTGCTGGAT
GCACAGTGAG
CAGTATTCCC
TAGCACCGGT
GCACACCTTG
TCCGGGCTGG
CGGGGTGATT
CGAGCGCTAT
CAATCCGCAG
CTTCTGCGCC
GCAGTATATC
CGGTAATCAG
GGGTGATGTC
TTTCGATGAG
CTGGGGTGAT
GAAGGGTGAT
GGGCTATATC
ACGCCCTGAC
TGCCATTITG
CGGTGCGCCG
CCGTCATCTG
GGCGGTCAGT
GAAGTATATG
GACGTTGCGC
CCGTCAGCGT
GTATCACCCA
GGTGAACGCA
CCGTCGTCAG
CGGCGCTGAT
GCCGRATARC
GGCGATCAAC

TGATGCCGTC
CAGTCTGAGC
AGTATACCAT
ARTAGCCATG
GATGCATGCT
ARTTCTGCGC
TCTTGACGAA
CRACCGGTCT

ARTCCTGAAG
ATGGCCGRAG
CCARCGGCCA
CTGAATGAGC
GATGTTGCCG
ATTCGCCAGT
GCCCATCTTG
GGTGTGGCGC

ARTGATCAGT
AGTTGCAGGC
CTTGCTACGC
CCTCTTGTTT
ATGCGTGGCA
GTTATGCAAG
TTGCGTTATA
ATTAGCATTT
GGGCGCCCC6
CGCTGGCAGA
ACCCACARCA
ATGCCGCTAC
AGGCGTTTGA
CCTGCTTTAR

RACTTTGAAGG

AGGAGACAAT

AGCAGCAGAT
GIGCGGGTAR
GTGCGCTCGA
CAATTGTCTT
TGCTCGRAGA
CTTTCCGCAA
TCGGIGGTGG

Figure 27A
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TGTTCGTCTA
AGTCARAACAC
TCTCGTTGAT
CCAGRACATG
TTCATATCAT
TGTCTTCGGT
CRCTGTAGGC
GCGTCARGGA

TGCGTACCGC
TAAGTATATT
CCTGACTGAG
GATTACGGTT
CGATCTTGAT
GTCGCCGCCG
GAACGAGGGG
GGCCAATGCG
CGATGACCAG
ATATCCGATG
CGTTCACGGC
GCCGGGTGAT
GCTCACAGCC
CCCCTCAGCC
GGGTGTGACC
CTATGATATG
GCAGCAGTTT
GCACGGTGGA
TGCCCATACC

CACCGGACAG
GATTCATACG
GATTGAGCGT
TCTGGAATTC

TAGCAGGCTG
GTTCGTAACT

CAGATGGTGA
TATAGTATGC
GGATGGTCGA
ATTCGGGATC
TTTCATGGCG
ATTCGCTTCA
GTARCGGTAG
GCGCCGTTTT
CGGCATGTCA
GATAACTCGC
CGCCTGTTGG
GGTGATCGGA
GCAAAACGAC
TCCGACCGTA
RAACGCGCAGG

CGTGCTGCCG
CTTATCCGTG
TTTATCATTT
GGTTATGTCG
ACGATATATG
ACRATGGCCG
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GCCATTACCG
TGCTACCTGG
GCACCGGTCT
AGGCGCTGAR
TGGCATGCGC
CGGTGACCCA
CGCGCTTTGC
TCCGGCAGGC
GCTATGGCAT
RGGCAGTGGT
GTGCGCCGTT
ATCAGAAAGA
AGTGGCAGTA
ATCCCATCGT
CGCTGATCTA
TTCCGGTGTC
TCGGCCTGAT
ATCTGGTGGC
CGATGGCCGC
TTATGCTGGC
CCGGCAGCTA
TCAAGGCCGG
CGCGCTCGGC
CGTCTACGCT
CCGATTGTTT
GTCAGCCGTT
TCTCGCACGC
ATGGTCACAT
TGGGTAAGCC
GTGAGGCGGT
TGGAGGCTAT
ATGCGCARCG
GCCTGGCGGA
CGTTGCCGRA
ATCTGGTCTT
CGCGTGGCTA
CGATGCTGAT
GTTACTCCIT
CACAGATCTT
TCAGCGCCGG
AARGCACATCA
CCTTACCACG
AGCGGTAGCG
TATICTTTTGG
CAGACGCGCT
AGGTAAGCCT

GGTTGCCGAT
TTATGGTGGC
GCTCCGAGCG
GCTGGGTCTG
GTTAGCCCGT
GGCTTTCCGC
CGATGACGAR
CCATACCGTT
TATCCACGGC
TGACCCGAAC

GTCTATGCCG
ACGCAGCGCT
CTGGAGATGA
ATCGATGCCA
GCCGCAATCG
CATCGCCACG
CTGCGCTCGA
GGGCGCGATG
TTCGAGGCCG
GGTGGCAAGC
‘CGACCATTGA
GTTGGTTCAC
GTTATTCGTG
CAGATTATTG

GATACCACCG

AATTCGGTCA
TGCCGCGCCT
TTCTGGGTGG
TTGCTACCGG
GCGCCGATGG
AGCAGCTTGA
TTATCGCCCA
CGGCAGTGCA
GTCTGGAGCA
GTGGTATTCG
TTACACCTGA
CCTTCTTCCC
ATCCGGACAC
TGCCGGTGGA
ACTTCAACGA
GCGACTGGCA
CGCGRCGCGA
ATCTGCTCTC
ACGACACGCC
CCATCCCARC
TCTATCGCGC
GTGCGGCGAC
TRATTGGAAT
GTGCGATTAR

ATGAGTTTGA
GTCTGARAGA
TCGGTGTCTT
GGGCTGCCCA

TTGTCTACTT
TGCGCCAGCG
CGTATGAMAT
CGGCAGTGGT
ACACGGCGGC
ACGAGCTGTA
AACGGACGGA
GATTATCGTT
ACGGCTATCG

C (SEQ ID NO:38)

Figure 27B
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GCCAGAGATT
GTTGTACAAG
GCGTAGCGTA
CGATCAGGAC
TCAGTTGATC
CGAGTGGCGC
TCCACGTATC
TCGGGCACTG

CGATATGTCT
CCTCTTTACG
CGGTACCGGT
GGTCAGTTCG
CCGTARAAGAC
GGCAGCCTGG
GCGACTGGCC
GCTTCTCGGC
TGGCTACCAC
GCGGGCCAAT
CCTGGTAGAT
CGTCGTCGYT
TGCCCTACGT
GTGGCCGCGC
GGCTGTCCGC
CTTGCGGAGT
CGATGCACTG
CGAGGACATT
CCGCATCTAC
TCTGCGTCTG
GCCGTGGGAT
CACTTATGTG
CGAGGCGTGG
AGATCGAACC
GCCGTGGTTG
TCACCARACC

ARTCTGCGCT
CGCAACARCG
CCGGCTGATG
TCACTGTCGC
GAGTCGGCTG
AAACCAGACC
GAGCGGRTTA
GATGCAATCC
CTCTTTGCCG
GACCGCCAGA
CTCTTGCGCG
CGGATTCCGA
GCTCACGGCS
GCCAATCAGG
ATTACCGGTA
TCAGGTGGCA
RAGGTGGGTG
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MIDTAPLAPP
NESSQRWEGL
MMGYGDEVAY
IALNMPNIMP
VVPYKEAYTD
DVMRGVGSAL
WSHDLLDAAL
YTSGSTGKPK
GRLTGVIAEG
RVATFCAEPV
PWVMGDVWVA
LRAWKGDAER
EIEGAILRDR
TEKGAVSVPE
EWKRRQRMAE
DHLARRQDVA
PCIARINGVA
GTGLLRALEM
AVTQAFRHRH
RYGIIHGFEA
DQKELLPVGS
ALIYVLASEV
DLVAIYSGQS
AGSYILNLGT
ASTLLAAGAH
VSHAGETAFP
GEAVLIYYGV
SLAELKRRFG
PRGYPDLIIE
AQIFGTHLSN
ALPRLGLKNR

RRPRSNPIRD
DAATGAPVTV
YFEGDRWDNS
QIYYTEARAKR
QALDKYIPVE
AKLRDLDASY
AKILANARAA
GVIHVHGGYV
SPLFPSAGRY
SPAVQQFGMQ
ETDESGTTRY
FVKTYWRRGP
QITPDSPVGN
DYIEVSAFPE
EQOIIERYRY
AIVFTGQGAR
LGGGLEFAMA
ILGGRSVPRD
EQLDERRKPD
GLEHEAKLFA
PFFPGVDRIP
NFNDIWAITG
DLLSPLMGLD
IYRALFTTLQ
GAINRKDPEV
RSFQLLGEFR
GSDDLVDTGG
DEFEWPRTMP
RAAHDALAVS
AYEILRLNDE
DELYEAWTAG
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Figure 28

RVDWERQRRA
DYPADYQPWQ
LNNGRGGPVV
LGILYTEPVFG
TAQAIVAQTL
QAKVRTVLAQ
GFDVHSENDL
RAGVVHTLRVS
ASIIERYGVQ
IMTPQYINSY
RVADFDEKGE
NGEWGYIQGD
CIVVGAPHRE
TRSGKYMRRF
FRIEYHPPTA
SFVAGADIRQ
CHYRVADVYA
EALKLGLIDA
PRFADDELRS
EAVVDPNGGK
KWQYAQAVIR
IPVSRFDERD
PMAADFVIQG
IKAGRTIFIE
ADCFTRVPED
DGHIPTLTFY
LEAIEAARQM
PLPNARQDPQ
AMLIKPFTGR
ISAGLLTITE
ER {SEQ ID

ALADPGAFHG
QAFDDSEAPF
QETITRRRLL
GFSDKTLSDR
ATLPLTESQR
ALVESPPRVE
LNLPDDQLIR
FDAEPGDTIY
IFKAGVTFLK
WATEHGGIVW
IVITAPYPYL
FAIKYPDGSF
KGLTPVAFIQ
LRNMMLDEPL
SAGKLAVVIV
LLEEIHTVEE
EFGQPEINLR
IATGDQDSLS
IIAHPRIERI
RGIREFLDRQ
DPDTGAAAHG
RDWHVTGSGG
NDTPDGSHQQ
GAATGTGLDA
PSAWAAWEAR
GATSGYHFTF
GARIVVVTVS
GLKERVRRFN
IVYFEDIGGR
PAVVPWDELP
NO:39)

AIARTVIHWY
YRWE'SGGLTN
VEVVKAARQVL
IHNAGARVV]
QTIITEVEAR
AVVVVRHTGQ
ALYASIPCEP
VIRDPGWITG
TVMSNPONVE
THFYGNQDFP
TRTLRGDVPG
TLHGRPDDVI
PAPGRHLTGA
GDTTTLRNPE
TNPPVNALNE
AMALPNNAHL
LLPGYGGTQR
LACALARAAI
IRQRRTVGRD
SAPLPTRRPL
DFIVAEKQII
IGLIVALGEE
FMLAQAPQCL
ARSAARNGLR
GQPLLAMFRA
LGKPGSASPT
DAQREFVLSL
DLVFKPLGSA
RYSFFAPQIW
EAHQOAMWENR

DPQHHCWIRF
ACFNEVDRHV
RDLGLKKGDR
TSDGAYRNAQ
LAGEITVERS
EILWNEGRDR
VDAEYPMFII
QSYMLTATMA
DVRLYDMHSL
LRPDAHTYPL
FEAYLRGEIP
NVSGHRMGTE
DRRRLDELVR
VLEEIAAKIA
RALDELNTIV
AFRKIERMNK
LPRLLYKRNN
GADGQLIESAR
ARVHRALDAIL
ITPEQEQLLR
VEVERPRANQ
ARREGRLKVG
PIPTDMSIEA
VIGMVSSSSR
ONDGRLADYV
EMLRRANLRA
GFGAALRGVV
VGVFLRSADN
VRORRIYMPT
HTARTYVVNH
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Figure 29

ATGAGTGAAGAGTCTCTGGTTCTCAGCACAATTGAAGGCCCCATCGCCATCCTCACCCTC
AATCGCCCCCAGGCCCTCAATGCGCTCAGTCCGGCCTTGATTGATGACCTCATTCGCCAT
TTAGAAGCCTGCGATGCCGATGACACAATCCGCGTGATCATTATCACCGGCGCCGGACGG
GCATTTGCTGCCGGCGCTGATATCARAGCGATGGCCAATGCCACGCCTATTGATATGCTC
ACCAGTGGCATGATTGCGCGCTGGGCACGCATCGCCGCGGTGCGCARACCGGTGATTGCT
GCCGTGRATGGGTATGCGCTCGGTGGTGGTTGTGAATTGGCAATGATGTGCGACATCATC
ATCGCCAGTGAARRACGCGCAGTTCGGACAACCGGAAATCAATCTGGGCATCATTCCCGGT
GCTGGTGGCACCCAACGGCTGACCCGCGCCCTTGGCCCGTATCGCGCAATGGAATTGATC
CTGACCGGCGCGACCATCAGTGCTCAGGARGCTCTCGCCCACGGCCTGGTGTGCCGGGTC
TGCCCGCCTGRAAGCCTGCTCGATGAAGCCCGTCGGATCGCGCAAACCATTGCCACCARARA
TCACCACTGGCTGTACAGTTGGCGARAGAGGCAGTCCGTATGGCCGCCGAAACCACTGTG
CGCGAGGGGTTGGCTATCGAGCTGCGTARACTTCTATCTGCTGTTTGCCAGTGCTGACCAA
ARAGAGGGGATGCAGGCATTTATCGRAGAAACGCGCTCCCAACTTCAGTGGTCGTTGA
(SEQ 1D NO:40)
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Figure 30

MSEESLVLSTIEGPIAILTLNRPQALNALSPALIDDLIRHLEACDADDTIRVIIITGAGR
AFARGADIKAMANATPIDMLTSGMIARWARIAAVRKPVIAAVNGYALGGGCELAMMCDII
JASENAQFGQPEINLGIIPGAGGTQRLTRALGPYRAMELILTGATISAQEALAHGLVCRV
CPPESLLDEARRIAQTIATKSPLAVQLAKEAVRMAAETTVREGLAIELRNFYLLFASADQ
KEGMOAFIEKRAPNFSGR (SEQ ID NO:41)
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Figure 31

GGCGTAATCCGACCGGCAGGTTAGGGTCTTCTACTGGGGTCAAGGCGCGTCTCCTTTTGG
TGGCGCGAGCAACCCGGCTTTTCCTGGCTTCAATGTACCATAGAGCGGTTACTTCGTGCA
ACGGGCGTGGTACAATCGAGAGCAACCTTTCGCAARAGCTATCCAATCCTGCACACGTGC
ATCTGTTACAGGGTATTATTGTCGGCAAACGACAGTCCTGTCGTTTATGTACAAGGAGAT
CAACGTATGAGTGAAGAGTCTCTGGTTCTCAGCACAATTGARGGCCCCATCGCCATCCTC
ACCCTCAATCGCCCCCAGGCCCTCAATGCGCTCAGTCCGGCCTTGATTGATGACCTCATT
CGCCATTTAGAAGCCTGCGATGCCGATGACACAATCCGCGTGATCATTATCACCGGCGCC
GGACGGGCATTTGCTGCCGGCGCTGATATCAAAGCGATGGCCAATGCCACGCCTATTGAT
ATGCTCACCAGTGGCATGATTGCGCGCTGGGCACGCATCGCCGCGGTGCGCAAACCGGTG
ATTGCTGCCGTGAATGGGTATGCGCTCGGTGCTGGTTGTGAATTGGCAATGATGTGCGAC
ATCATCATCGCCAGTGAAAACGCGCAGTTCGGACAACCGGAAATCAATCTGGGCATCATT
CCCGGTGCTGGTGGCACCCARCGGCTGACCCGCGCCCTTGGCCCGTATCGCGCAATGGRAA
TTGATCCTGACCGGCGCGACCATCAGTGCTCAGGAAGCTCTCGCCCACGGCCTGGTGTGC
CGGGTCTGCCCGCCTGRAARGCCTGCTCGATGAAGCCCGTCGGATCGCGCARACCATTGCC
ACCAAATCACCACTGGCTGTACAGTTGGCGAAAGAGGCAGTCCGTATGGCCGCCGAAACC
ACTGTGCGCGAGGGGTTGGCTATCGAGCTGCGTAACTTCTATCTGCTGTTTGCCAGTGCT
GACCAAAAAGAGGGGATGCAGGCATTTATCGAGAAACGCGCTCCCAACTTCAGTGGTCGT
TGATCACGCGCAGAACATGGCAGCAGGGGCAATACCTGCACGTACTGCCTCCTGCCGCCA
TACTACCAGATGATCGAGCAGTARAGGGTRAAATACTCTATCAATCTGGCCAGATAAGCGG
TTGGGTAACAACGCAATGCTCCARAGGAGACGATCATGGACATACACGAGCGATTGCGAT
CTCTCGAACGCGAAAATGCT (SEQ ID NO:42)
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~atgagtga-—=—-==w-== agagt-~=mmemmme e —— e
--atgacgta cgaaa
atggccgeectgogtgt cctgetgtcetgegecegegy

atggcggccctgegtgctetgetg

--------- Ct=———=~==-ctg-~------~gttctc-agcacaattgaa
cc atc ctggtcgageg gat
get ccy gttege-tgteccgectgg

---:—ctgcaacccqctqttqtccccagcccqc-tqcccnqunttc

gcgagttgge att g
cgteccettcgectegggtgetaactttgagtacatcatcegeag
cggcgcettcgectegggtgctaactttcagtacatcatcacg-~—mew—m

99 t gtggggtig
agaa ta
tca L4 L4 Lk 4
g g tgaacgcg
t g g g t
g gg gatccagtt g g C v t
agtcegg! tga gacctcatt g t gcg.
a C ggtc--acca~--gcgetg cgaa
tgcgatggoctgattgacgagetea t
tgcaatggactgattgaggag g ggag ttgag
—— t cattat
ct g g: catca g g
L 3 L4 4 At e b4 ) aa
gct---gtgggcgecattgtyg ggtgg
ggcatt g gatat ~~~tgce
agcgttt te -=wecctg
ggectttgeagetgy gatat t gagtttcc
vy g g < 49 ycag 99
acgcctattgatatget gg g gcgeg 99
acgtt gegtt tett ggg
tgtt gcaagttett ——tg
acatttcagga-ctgttacte gg gttcctg, g

catcgccgcggtgecgcaaaccggtgattgectgeccgtgaatgggtatgege

cct == caa gtcatcgctgctgtcaatggetatcegt
tat g cgg g g g
teggtggtggttgtgaattggeaatgatgtgcy tcatcgecagt
tegyucggtgoct ggegatgatyl Y

ttggegggggctgtgagettgecatgatgtgtgatatcatctatgecggt
ttggtgggggctgtgaacttgecatgatgtgegatatcatctatgetggt

Figure 32A
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gaaaacgcgcagttcggacaaccggaaatcaatctgggcatcattecegg
gac. gcgaagttcgg g gagataaagctgggegtygctgccagy
gagaagg gtttgcacagccggagatcttaataggaaccatcccagg
gagaaagcccagtttgg g gaaatcctcctgqgg. tceccagy
tgctggtygy ggctyg gcg tggccegtatcgegeas
catgggcgget gcggcty gggctatcggcaagg gocy
tgcaggcgg gagact gtgctgttgggaagtcogotggage
tgcaggygy gagact gagcagtcggcaaatcactagcaa
tggaattgatcctg ggcgceg tcagtgce ggaagctctcegee
tggacctcatcctgaccgggcy tggacgcegecgagge-cgageyg
tggagatggtcect ggtgacgcgatctcag ggacg agca
tggagatggtcctcactggtgaccgaatttcagcacaggatgc~caagea
ca-c-ggcctggtgtgcegggtety g g g gatgaa
cagc-ggtctggttt g9gteg ggccgacgacttgetg gaa
ag-caggtcttg gatttgtcctgttg tggtg g
ag-caggtcttgtaagcaag g ggttgaagag
gcecgteggategegeaaaccattg ggctgtaca
b A Eal ' L"" g L4 - £ 2 Lk Aed & 4 v
gccatccagtgt aaaattgccag ttgtagtage
gccatccaatgtgcagaaaagatcgccaacaattccaagatcatagtage
gttggega g9 ccgtatgg a gtgcg 99
gatggccaaggaggccyg ggctttcgaatccagtttgtecgagg
gatggccaaagaatcag! g gaaatg g
catgg aaga. gtg gcag ttgaaatgacgttaacagaag
ggttgy getgeg goetgttig gtgctgac
gctg g gcttttccattcggotttoyg
gaagtaagttg a tt tt tgatgac
gaaataagct t tt gatgac
c a ggg. ttat ttcag
caatccgaaggtatggcag. tcat gttcac
[~ ggatg gcgtttgtggaa acttcaa
cg ggatgtctgectttgtg ggaag acttcaa
tggtcgttga
ccaccgatga
agaccagtga
agaccactga

Figure 32B
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ATGATCGACACTGCGCCCCTTGCCCCACCACGGGCGCCCCGCTCTAATCCGATTCGGGAT
CGAGTTGATTGGGAAGCTCAGCGCGCTGCTGCGCTGGCAGATCCCGGTGCCTTTCATGGC
GCGATTGCCCGGACAGTTATCCACTGGTACGACCCACARCACCATTGCTGGATTCGCTTC
AACGAGTCTAGTCAGCGTTGGGAAGGGCTGGATGCCGCTACCGGTGCCCCTGTAACGGTA
GACTATCCCGCCGATTATCAGCCCTGGCAACAGGCGTTTGATGATAGTGAAGCGCCGTTT
TACCGCTGGTTTAGTGGTGGGTTGACAARTGCCTGCTTTAATGAAGTAGACCGGCATGTC
ATGATGGGCTATGGCGACGAGGTGGCCTACTACTT TGAAGGTGACCGCTGGGATAACTCG
CTCAACAATGGTCGTGGTGGTCCGGTTGTCCAGGAGACAATCACGCGGCGGCGCCTGTTG
GTGGAGGTGGTGAAGGCTGCGCAGGTGTTGCGTGATCTGGGCCTGAAGAAGGGTGATCGG
ATTGCTCTGAATATGCCGAATATTATGCCGCAGATTTATTATACGGAAGCGGCARARCGA
CTGGGTATTCTGTACACGCCGGTCTTCGGTGGCTTCTCGGACAAGACTCTTTCCGACCGT
ATTCACAATGCCGGTGCACGAGTGGTGATTACCTCTGATGGTGCGTACCGCAACGCGCAG
GTGGTGCCCTACARAGAAGCGTATACCGATCAGGCGCTCGATAAGTATATTCCGGTTGAG
ACGGCGCAGGCGATTGTTGCGCAGACCCTGGCCACCTTGCCCCTGACTGAGTCGCAGCGC
CAGACGATCATCACCGAAGTGGAGGCCGCACTGGCCGGTGAGATTACGGTTGAGCGCTCG
GACGTGATGCGTGGGGTTGGTTCTGCCCTCGCARAGCTCCGCGATCTTGATGCAAGCGTG
CAGGCAAAGGTGCGTACAGTACTGGCGCAGGCGCTGGTCGAGTCGCCGCCGCGGGTTGAR
GCTGTGGTGGTTGTGCGTCATACCGGTCAGGAGATTTTGTGGAACGAGGGGCGAGATCGC
TGGAGTCACGACTTGCTGGATGCTGCGCTGGCGAAGATTCTGGCCARTGCGCGTGCTGCC
GGCTTTGATGTGCACAGTGAGARTGATCTGCTCARTCTCCCCGATGACCAGCTTATCCGT
GCGCTCTACGCCAGTATTCCCTGTGAACCGGTTGATGCTGAATATCCGATGTTTATCATT
TACACATCGGGTAGCACCGGTAAGCCCAAGGGTGTGATCCACGTTCACGGCGGTTATGTC
GCCGGTGTGGTGCACACCTTGCGGGTCAGTTTTGACGCCGAGCCGGGTGATACGATATAT
GTGATCGCCGATCCGGGCTGGATCACCGGTCAGAGCTATATGCTCACAGCCACAATGGCC
GGTCGGCTGACCGGGGTGATTGCCGAGGGATCACCGCTCTTCCCCTCAGCCGGGCGTTAT
GCCAGCATCATCGAGCGCTATGGGGTGCAGATCTTTAAGGCGGGTGTGACCTTCCTCAAG
ACAGTGATGTCCAATCCGCAGAATGTTGAAGATGTGCGACTCTATGATATGCACTCGCTG
CGGGTTGCAACCTTCTGCGCCGAGCCGGTCAGTCCGGCGGTGCAGCAGTTTGGTATGCAG
ATCATGACCCCGCAGTATATCAATTCGTACTGGGCGACCGAGCACGGTGGAATTGTCTGG
ACGCATTTCTACGGTAATCAGGACTTCCCGCTTCGTCCCGATGCCCATACCTATCCCTTG
CCCTGGGTGATGGGTGATGTCTGGGTGGCCGARACTGATGAGAGCGGGACGACGCGCTAT
CGGGTCGCTGATTTCGATGAGAAGGGCGAGATTGTGATTACCGCCCCGTATCCCTACCTG
ACCCGCACACTCTGGGGTGATGTGCCCGGTTTCGAGGCGTACCTGCGCGGTGAGATTCCG
CTGCGGGCCTGGAAGGGTGATGCCGAGCGTTTCGTCAAGACCTACTGGCGACGTGGGCCA
AACGGTGAATGGGGCTATATCCAGGGTGATTTTGCCATCAAGTACCCCGATGGTAGCTTC
ACGCTCCACGGACGCCCTGACGATGTGATCAATGTGTCGGGCCACCGTATGGGCACCGAG
GAGATTGAGGGTGCCATTTTGCGTGACCGCCAGATCACGCCCGACTCGCCCGTCGGTAAT
TGTATTGTGGTCGGTGCGCCGCACCGTGAGAAGGGTCTGACCCCGGTTGCCTTCATTCAA
CCTGCGCCTGGCCGTCATCTGACCGGCGCCGACCGGCGCCGTCTCGATGAGCTGGTGCGT
ACCGAGAAGGGGGCGGTCAGTGTCCCAGAGGATTACATCGAGGTCAGTGCCTTTCCCGAA
ACCCGCAGCGGGAAGTATATGCGGCGCTTTTTGCGCAATATGATGCTCGATGAACCACTG
GGTGATACGACGACGTTGCGCAATCCTGAAGTGCTCGAAGAGATTGCAGCCAAGATCGCT
GAGTGGAAACGCCGTCAGCGTATGGCCGAAGAGCAGCAGATCATCGAACGCTATCGCTAC
TTCCGGATCGAGTATCACCCACCAACGGCCAGTGCGGGTAAACTCGCGGTAGTGACGGTG
ACARATCCGCCGGTGAACGCACTGAATGAGCGTGCGCTCGATGAGTTGAACACAATTGTT
GACCACCTGGCCCGTCGTCAGGATGTTGCCGCARTTGTCTTCACCGGACAGGGCGCCAGG
AGTTTTGTCGCCGGCGCTGATATTCGCCAGTTGCTCGAAGAGATTCATACGGTTGAAGAG
GCAATGGCCCTGCCGAATAACGCCCATCTTGCTTTCCGCAAGATTGAGCGTATGAATARG

Figure 39A
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CCGTGTATCGCGGCGATCARCGGTGTGGCGCTCGGTGGTGGTCTGGARTTCGCCATGGCC
TGCCATTACCGGGTTGCCGATGTCTATGCCGAATTCGGTCAGCCAGAGATTAATCTGCGC
TTGCTACCTGGTTATGGTGGCACGCAGCGCTTGCCGCGCCTGTTGTACARGCGCAACAAC
GGCACCGGTCTGCTCCGAGCGCTGGAGATGATTCTGGGTGGGCGTAGCGTACCGGCTGAT
GAGGCGCTGAAGCTGGGTCTGATCGATGCCATTGCTACCGGCGATCAGGACTCACTGTCG
CTGGCATGCGCGTTAGCCCGTGCCGCARTCGGCGCCGATGGTCAGTTGATCGAGTCGGCT
GCGGTGACCCAGGCTTTCCGCCATCGCCACGAGCAGCTTGACGAGTGGCGCARACCAGAC
CCGCGCTTTGCCGATGACGAACTGCGCTCGATTATCGCCCATCCACGTATCGAGCGGATT
ATCCGGCAGGCCCATACCGTTGGGCGCGATGCGGCAGTGCATCGGGCACTGGATGCAATC
CGCTATGGCATTATCCACGGCTTCGAGGCCGGTCTGGAGCACGAGGCGARGCTCTTTGCC
GAGGCAGTGGTTGACCCGAACGGTGGCAAGCGTGGTATTCGCGAGTTCCTCGACCGCCAG
AGTGCGCCGTTGCCAACCCGCCGACCATTGATTACACCTGAACAGGAGCAACTCTTGCGC
GATCARGAAAGAACTGTTGCCGGTTGGTTCACCCTTCTTCCCCGGTGTTGACCGGATTCCG
AAGTGGCAGTACGCGCAGGCGGTTATTCGTGATCCGGACACCGGTGCGGCGGCTCACGGT
GATCCCATCGTGGCTGAAAAGCAGATTATTGTGCCGGTGGAACGCCCCCGCGCCAATCAG
GCGCTGATCTATGTTCTGGCCTCGGAGGTGAACTTCAACGATATC TGGGCGATTACCGGT
ATTCCGGTGTCACGGTTTGATGAGCACGACCGCGACTGGCACGTTACCGGTTCAGGTGGC
ATCGGCCTGATCGTTGCGCTGGGTGAAGAGGCGCGACGCGARGGCCGGCTGARGGTGGGT
GATCTGGTGGCGATCTACTCCGGGCAGTCGGATCTGCTCTCACCGCTGATGGGCCTTGAT
CCGATGGCCGCCGATTTCGTCATCCAGGGGARCGACACGCCAGATGGATCGCATCAGCAA
TTTATGCTGGCCCAGGCCCCGCAGTGTCTGCCCATCCCARCCGATATGTCTATCGAGGCA
GCCGGCAGCTACATCCTCARTCTCGGTACGATCTATCGCGCCCTCTTTACGACGTTGCAR
ATCAAGGCCGGACGCACCATCTTTATCGRGGGTGCGGCGACCGGTACCGGTCTGGACGCA
GCGCGCTCGGCGGCCCGGAATGGTCTGCGCGTAATTGGAATGGTCAGTTCGTCGTCACGT
GCGTCTACGCTGCTGGCTGCGGGTGCCCACGGTGCGATTAACCGTARAGACCCGGAGGTT
GCCGATTGTTTCACGCGCGTGCCCGRAAGATCCATCAGCCTGGGCAGCCTGGGARAGCCGCC
GGTCAGCCGTTGCTGGCGATGTTCCGGGCGCAGAACGACGGGCGACTGGCCGATTATGTG
GTCTCGCACGCGGGCGAGACGGCCTTCCCGCGCAGTTTCCAGCTTCTCGGCGAGCCACGC
GATGGTCACATTCCGACGCTCACATTCTACGGTGCCACCAGTGGCTACCACTTCACCTTC
CTGGGTARGCCAGGGTCAGCTTCGCCGACCGAGATGCTGCGGCGGGCCAATCTCCGCGCC
GGTGAGGCGGTGTTGATCTACTACGGGGTTGGGAGCGATGACCTGGTAGATACCGGCGGT
CTGGAGGCTATCGAGGCGGCGCGGCARATGGGAGCGCGGATCGTCGTCGTTACCGTCAGC
GATGCGCAACGCGAGTTTGTCCTCTCGTTGGGCTTCGGGGCTGCCCTACGTGGTGTCGTC
AGCCTGGCGGAACTCAAACGGCGCTTCGGCGATGAGTTTGAGTGGCCGCGCACGATGCCG
CCGTTGCCGAACGCCCGCCAGGACCCGCAGGGTCTGAAAGAGGCTGTCCGCCGCTTCAAC
GATCTGGTCTTCAAGCCGCTAGGAAGCGCGGTCGGTGTCTTCTTGCGGAGTGCCGACAAT
CCGCGTGGCTACCCCGATCTGATCATCGAGCGGGCTGCCCACGATGCACTGGCGGTGAGC
GCGATGCTGATCAAGCCCTTCACCGGACGGATTGTCTACTTCGAGGACATTGGTGGGCGG
CGTTACTCCTTCTTCGCACCGCARATCTGGGTGCGCCAGCGCCGCATCTACATGCCGACG
GCACAGATCTTTGGTACGCACCTCTCAAATGCGTATGARATTCTGCGTCTGAATGATGAG
ATCAGCGCCGGTCTGCTGACGATTACCGAGCCGGCAGTGGTGCCGTGGGATGAACTACCC
GAAGCACATCAGGCGATGTGGGAAAATCGCCACACGGCGGCCACTTATGTGGTGAATCAT
GCCTTACCACGTCTCGGCCTARAGAACAGGGACGAGCTGTACGAGGCGTGGACGGCCGGC
GAGCGGTAG (SEQ ID NO:129)

Figure 39B
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ATGGCGACGGGGGAGTCCATGAGCGGAACAGGACGACTGGCAGGAAAGATTGCGTTAATT
ACCGGTGGCGCCGGCAATATCGGCAGTGAATTGACACGTCGCTTTCTCGCAGAGGGAGCG
ACGGTCATTATTAGTGGACGGAATCGGGCGAAGTTGACCGCACTGGCCGAACGGATGCAG
GCAGAGGCAGGAGTGCCGGCARAGCGCATCGATCTCGAAGTCATGGATGGGAGTGATCCG
GTCGCGGTACGTGCCGGTATCGAAGCGATTGTGGCCCGTCACGGCCAGATCGACATTCTG
GTCAACAATGCAGGAAGTGCCGGTGCCCAGCGTCGTCTGGCCGAGATTCCACTCACTGAA
GCTGAATTAGGCCCTGGCGCCGAAGAGACGCTTCATGCCAGCATCGCCAATTTACTTGGT
ATGGGATGGCATCTGATGCGTATTGCGGCACCTCATATGCCGGTAGGAAGTGCGGTCATC
AATGTCTCGACCATCTTTTCACGGGCTGAGTACTACGGGCGGATTCCGTATGTCACCCCT
AARGCTGCTCTTAATGCTCTATCTCAACTTGCTGCGCGTGAGTTAGGTGCACGTGGCATC
CGCGTTAATACGATCTTTCCCGGCCCGATTGAAAGTGATCGCATCCGTACAGTGTTCCAG
CGTATGGATCAGCTCAAGGGGCGGCCCGAAGGCGACACAGCGCACCATTTTTTGAACACC
ATGCGATTGTGTCGTGCCAACGACCAGGGCGCGCTTGAACGTCGGTTCCCCTCCGTCGGT
GATGTGGCAGACGCCGCTGTCTTTCTGGCCAGTGCCGARTCCGCCGCTCTCTCCGGTGAG
RCGATTGAGGTTACGCACGGAATGGAGTTGCCGGCCTGCAGTGAGACCAGCCTGCTGGCC
CGTACTGATCTGCGCACGATTGATGCCAGTGGCCGCACGACGCTCATCTGCGCCGGCGAC
CAGATTGAAGAGGTGATGGCGCTCACCGGTATGTTGCGTACCTGTGGGAGTGAAGTGATC
ATCGGCTTCCGTTCGGCTGCGGCGCTGGCCCAGTTCGAGCAGGCAGTCAATGAGAGTCGG
CGGCTGGCCGGCGCAGACTTTACGCCTCCCATTGCCTTGCCACTCGATCCACGCGATCCG
GCAACAATTGACGCTGTCTTCGATTGGGCCGGCGAGAATACCGGCGGGATTCATGCAGCG
GTGATTCTGCCTGCTACCAGTCACGAACCGGCACCGTFGCGTGATTGAGGTTGATGATGAG
CGGGTGCTGARTTTTCTGGCCGATGARATCACCGGGACAATTGTGATTGCCAGTCGCCTG
GCCCGTTACTGGCAGTCGCAACGGCTTACCCCCGGCGCACGTGCGCGTGGGCCGCGTGTC
ATTTTTCTCTCGAACGGTGCCGATCAAAATGGGAATGTTTACGGACGCATTCAAAGTGCC
GCTATCGGTCAGCTCATTCGTGTGTGGCGTCACGAGGCTGAACTTGACTATCAGCGTGCC
AGCGCCGCCGGTGATCATGTGCTGCCGCCGGTATGGGCCAATCAGATTGTGCGCTTCGCT
AACCGCAGCCTTGAAGGGTTAGAATTTGCCTGTGCCTGGACAGCTCAATTGCTCCATAGT
CRACGCCATATCAATGAGATTACCCTCAACATCCCTGCCAACATTAGCGCCACCACCGGC
GCACGCAGTGCATCGGTCGGATGGGCGGAAAGCCTGATCGGGTTGCATTTGGGGAAAGTT
GCCTTGATTACCGGTGGCAGCGCCGGTATTGGTGGGCAGATCGGGCGCCTCCTGGCTTTG
AGTGGCGCGCGCGTGATGCTGGCAGCCCGTGATCGGCATARGCTCGAACAGATGCAGGCG
ATGATCCAATCTGAGCTGGCTGAGGTGGGGTATACCGATGTCGAAGATCGCGTCCACATT
GCACCGGGCTGCGATGTGAGTAGCGAAGCGCAGCTTGCGGATCTTGT TGAACGTACCCTG
TCAGCTTTTGGCACCGTCGATTATCTGATCAACAACGCCGGGATCGCCGGTGTCGAAGAG
ATGGTTATCGATATGCCAGTTGAGGGATGGCGCCATACCCTCTTCGCCAATCTGATCAGC
AACTACTCGTTGATGCGCAAACTGGCGCCGTTGATGARARAACAGGGTAGCGGTTACATC
CTTARACGTCTCATCATACTTTGGCGGTGAAAARGATGCGGCCATTCCCTACCCCAACCGT
GCCGATTACGCCGTCTCGAAGGCTGGTCAGCGGGCAATGGCCGAAGTCTTTGCGCGCTTC
CTTGGCCCGGAGATACAGATCAATGCCATTGCGCCGGGTCCGGTCGARGGTGATCGCTTG
CGCGGTACCGGTGAACGTCCCGGCCTCTTTGCCCGTCGGGCGCGGCTGATTTTGGAGAAC
AAGCGGCTGAATGAGCTTCACGCTGCTCTTATCGCGGCTGCGCGCACCGATGAGCGATCT
ATGCACGAACTGGTTGAACTGCTCTTACCCAATGATGTGGCCGCACTAGAGCAGAATCCC
GCAGCACCTACCGCGTTGCGTGAACTGGCACGACGTTTTCGCAGCGAAGGCGATCCGGCG
GCATCATCAAGCAGTGCGCTGCTGAACCGTTCAATTGCCGCTARATTGCTGGCTCGTTTG
CATAATGGTGGCTATGTGTTGCCTGCCGACATCTTTGCARACCTGCCAAACCCGCCCGAT
CCCTTCTTCACCCGAGCCCAGATTGATCGCGAGGCTCGCAAGGTTCGTGACGGCATCATG
GGGATGCTCTACCTGCAACGGATGCCGACTGAGT TTGATGTCGCAATGGCCACCGTCTAT
TACCTTGCCGRCCGCAATGTCAGTGGTGAGACATTCCACCCATCAGGTGGTTTGCGTTAC

Figure 494
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GAACGCACCCCTACCGGTGGCGAACTCTTCGGCTTGCCCTCACCGGAACGGCTGGCGGAG
CTGGTCGGAAGCACGGTCTATCTGATAGGTGAACATCTGACTGARCACCTTAACCTGCTT
GCCCGTGCGTACCTCGAACGTTACGGGGCACGTCAGGTAGTGATGATTGT TGAGACAGAA
ACCGGGGCAGAGACAATGCGTCGCTTGCTCCACGATCACGTCGAGGCTGGTCGGCTGATG
ACTATTGTGGCCGGTGATCAGATCGAAGCCGCTATCGACCAGGCTATCACTCGCTACGGT
CCCCCAGGGCCGGTCGTCTGTACCCCCT TCCGGCCACTGCCGACGGTACCACTGGTCGGG
CGTAAAGACAGTGACTGGAGCACAGTGTTGAGTGAGGCTGAATTTGCCGAGTTGTGCGAA
CACCAGCTCACCCACCATTTCCGGGTRGCGCGCAAGATTGCCCTGAGTGATGGTGCCAGT
CTCGCGCTGGTCACTCCCGAARCTACGGCTACCTCAACTACCGAGCAATTTGCTCTGGCT
AACTTCATCARAACGACCCTTCACGCTTTTACGGCTACGATTGGTGTCGAGAGCGAAAGA
ACTGCTCAGCGCATTCTGATCAATCAAGTCGATCTGACCCGGCGTGCGCGTGCCGARAGAG
CCGCGTGATCCGCACGAGCGTCAACAAGAACTGGAACGTTTTATCGAGGCAGTCTTGCTG
GTCACTGCACCACTCCCGCCTGAAGCCGATACCCGTTACGCCGGGCGGATTCATCGCGGA
CGGGCGATTACCGTGTAAR (SEQ ID NO:140)

Figure 49B
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Figure 50

MATGESMSGTGRLAGKIALITGGAGNIGSELTRRFLAEGATVIISGRNRAKLTALAERMO
AEAGVPAKRIDLEVMDGSDPVAVRAGIEAIVARHGQIDILVNNAGSAGAQRRLAEIPLTE
AELGPGAEETLHASIANLLGMGWHLMRIAAPHMPVGSAVINVSTIFSRAEYYGRIPYVTPE
KAALNALSQLARRELGARGIRVNTIFPGPIESDRIRTVFQRMDQLKGRPEGDTAHRHFLNT
MRLCRANDQGALERRFPSVGDVADAAVFLASAESAALSGET IEVTHGMELPACSETSLLA
RTDLRTIDASGRTTLICAGDQIEEVMALTGMLRTCGSEVIIGFRSAAALAQFEQAVNESR
RLAGADFTPPIALPLDPRDPATIDAVFDWAGENTGGIHAAVILPATSHEPAPCVIEVDDE
RVLNFLADEITGTIVIASRLARYWQSQRLTPGARARGPRVIFLSNGADONGNVYGRIQSA
AIGQLIRVWRHEAELDYQRASAAGDEVLPPVWANQIVRFANRSLEGLEFACAWTAQLLHS
QRHINEITLNIPANISATTGARSASVGWAESLIGLHLGKVALITGGSAGIGGQIGRLLAL
SGARVMLAARDRHKLEQMQAMIQSELAEVGYTDVEDRVHIAPGCDVSSEAQLADLVERTL
SAFGTVDYLINNAGIAGVEEMVIDMPVEGWRHTLFANLISNYSLMRKLAPLMKKQGSGY I
LNVSSYFGGEKDAAI PYPNRADYAVSKAGQRAMAEVFARFLGPEIQINATAPGPVEGDRL
RGTGERPGLFARRARLILENKRLNELHAALIARARTDERSMHELVELLLPNDVAALEQNP
AARPTALRELARRFRSEGDPAASSSSALLNRSIAAKLLARLHANGGYVLPADIFANLENPPD
PFFTRAQIDREARKVRDGIMGMLYLORMEPTEFDVAMATVYYLADRNVSGETFHPSGGLRY
ERTPTGGELFGLPSPERLAELVGSTVYLIGEHLTEHLNLLARAYLERYGARQVVMIVETE
TGAETMRRLLHDHVEAGRLMT IVAGDQIEAAIDQAITRYGRPGPVVCTPFRPLPTVPLVG
RKDSDWSTVLSEAEFAELCEHQLTHHFRVARKIALSDGASLALVT PETTATSTTEQFALA
NFIKTTLHAFTATIGVESERTAQRILINQVDLTRRARAEEPRDPHERQQELERFIEAVLL
VTAPLPPEADTRYAGRIHRGRAITV (SEQ ID NO:141)
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Figure 51
TCTTTCTGGCCAGTGCCGAATCCGCCGCTCTCTCCGGTGAGACGATTGAGGTTACGCACG
GAATGGAGTTGCCGGCCTGCAGTGAGACCAGCCTGCTGGCCCGTACTGATCTGCGCACGA
TTGATGCCAGTGGCCGCACGACGCTCATCTGCGCCGGCGACCAGATTGAAGAGGTGATGG
CGCTCACCGGTATGTTGCGTACCTGTGGGAGTGAAGTGATCATCGGCTTCCGTTCGGCTG
CGGCGCTGGCCCAGTTCGAGCAGGCAGTCAATGAGAGTCGGCGGCTGGCCGGCGCAGACT
TTACGCCTCCCATTGCCTTGCCACTCGATCCACGCG (SEQ ID NO:142)
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NO:141 1 matgesmagtgrlagkialitggagnigseltrrflaegatviisgrara
NO:143 1 ~~-mfankvvlivtggssgigaatveafvkegasvafvgrnqa
NO: 144 1 ~-mrlegkvclitgaasgigkattilfaqegatviagdiske
NO:145 1

NO:146 1 mekf

NO:147 1 ~=~emm——— ~mrllhkrtivtggsdgiglaiaeaflsegadvlivgrdaa
NO:141 51 kltalaermqa--e-agvpakridlevmdgadpvavragieaivarhgqli
NO:143 40 klkevesrcqq--hganilaikadv kdeeakiivqqtvdkfgkl
NO:144 41 nldslvk--ea~--e~--glp gkv
NO:145 1

NO:146 5

NO:147 41 kleaargklaalgq-aga----vetsasadlatalgvatvveqvketgrpl
NO:141 98 dilvnnagsagaqrrlaeiplteaelgpgasetlhasianllgmgwhlmr
NO:143 83 dvlivnnagil----rfasv--leptligtfdetmntnlrpvv--~--lits
NO:144 57 d

NO:145 1

NO:146 5

NO:147 86 dipinnagvadl------ vplfesv---—- seaqfghsfalnvaaaffltq
NO:141 148 iaaphm-pvgsavinvstifsr-aeyygrip--yvtpkaalnalsqlaarx
NO:143 123 laiphliatkgsivavssilstivripgims-—-ysvakaamdhftklaal
NO:144 58 p-yv 1nv

NO: 145 1

NO:146 5 php-p

NO:147 125 gllphf-gagasiinissyfar-kmipkrpssvyalskgalnsltrslaf
NO:141 194 elgargirvntifpgpiesdrirtvfqrmdqlkgrpegdtahhflntmrl
NO:143 171 elapsgvrvnsvnpgpv

NO:144 64 tdr

NO:145 1 drq qepgh

NO:146 9

NO:147 173 elgprgirvnajapgtvdt

NO:141 244 crandggalerrfpsvgdvadaavilasaesaalsgetievthgmelpac
NO:143 188 ltdia

NO:144 67

NO:145 16

NO:146 9 fpr

NO:147 192 amrr

NO:141 294 setsllartdlrtidasgrttlicagdqieevmaltgmlrtcgseviigf
NO:143 193

NO:144 67 dgik

NO:145 16

NO:146 12 qtgem:

NO:147 196 ktvd:

NO:141 344 rsaaalagfeqavnesrrlagadftppialpldprdpatidavfdwagen
NO:143 193 gsgfspdll ed
NO:144 73

NO:145 16 qdrgpgiesk

NO:146 17 pgttdrm-------
NO:147 200

Figure 52A
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SEQ ID NO:140 la c t
SEQ ID NO:148 1 atga gacttctg g
SEQ ID NO:149 1 atg ttcgcaaataaagt
SEQ 1D NO:150 1 g g

SEQ ID NO:151 1

SEQ ID NO:152 1

SEQ ID NO:140 51 tgegt-taattaceggtggegeeg teg ttgacacgt
SEQ ID NO:148 21 cacgc-tggtga te

SEQ ID NO:149 18 ggtac-tagtaacaggtggtagctccggt

SEQ ID NO:150 20 tgtgtctgat g ggctgcaageggy g
SEQ ID NO:151 8 atttccg t
SEQ ID NO:152 1

SEQ ID NOQ:140 100 cgctt--tctcgcagagggagcgacggtcattattagtggacggaategy

SEQ ID NO:148 42 ategg
SEQ ID NO:149 52 g tactgt

SEQ ID NO:150 65 cgcttetttteg ga
SEQ ID N0O:151 22 ccett--to

SEQ ID N0:152 1

SEQ ID NO:140 148 gcgaagttg actg g ggagtgcc
SEQ ID NO:148 54 cc ggcaa: g t gag

SEQ ID NO:149 63

SEQ ID NO:150 88 gctacggtg tgg gat:

SEQ ID NO:151 29

SEQ ID NO:152 1 -~gtg tgg acaga.

SEQ ID NO:140 198 ggca q gaagtcatggatgggag g
SEQ ID NO:148 86 gegc: gatgtcct

SEQ ID NO:149 73 gtt,

SEQ ID NO:150 109 atctcga:

SEQ ID NO:151 29

SEQ ID NO:152 35 €

SEQ ID NO:140 248 tacgtgccggtatcgaagcgat g att
SEQ ID NO:148 99 gategtegg g:

SEQ ID NO:149 a4 gcttetgtagoettegty

SEQ ID NO:150 116 C ct
SEQ ID NO:151 29

SEQ ID NO:152 50 tt
SEQ ID NO:140 298 ctggtcaacaatg tgccgy g

SEQ ID NO:148 118 g

SEQ ID NO:149 103

SEQ ID NO:150 133 tgt

SEQ ID NO:151 36 — g9 tg

SEQ ID NO:152 67 g-agtcaaaaatga. too

SEQ ID NO;140 348 tccact gctgaattagg g ttecatg
SEQ ID NO:148 121 aaget g
SEQ ID NO:149 121 —=emmm— cttaag--gaagtag gagceg tg

SEQ ID NO:150 153
SEQ ID NO:151 51
SEQ ID NO:152 90
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NO:140 398 ccagcatcgccaatttacttggtatgggatggcatctgatgcgtatigeg
NO:148 138 ccaga tggcg
NO:149 144 ccagcag
NO:150 153 actt
NO:151 51 cg
NO:152 90 gctgtcagaggacgaggattatc
NO:140 448 gcacctcatatgccggtaggaagtgceggtcatcaatgtctcegaccatctt
NO:148 tcttggee
NO:149 tggag acatc--
NO:150 ccgg~-ggaag
NO:151
NO:152 agga,
NO:140 498 ttcacgggctgagtactacgggeggattccgtatgtcaccectaaagetg
NO:148 162 gg'
NO:149 166 ~=r=———=m ctggctatcaaag-—=-=-=-- cagatgtctcc--~aaag---
NO:150 166
NO:151 57 wwmmmmmm————a tac--cgatcggatge--—-—cmo=so-===- agcceyg
NO:152 119 gcgg actqg
NO:140 548 ctcttaatgetctatctcaacttgetgcgegtgagttaggtgecacgtgge
NO:148 165 ggcyg ggtggagacg
NO:149 194 gagg
NO:150 166
NO:151 76 c g g g999
NO:152 130 aaagg aagttq
NO:140 598 atccgegttaatacgatctt gqg gatt gatcgcatccg
NO:148 183 gtcege-——r—=- cgatcttgcec:
NO:149 201 age gaaaatcatcgta~-=-
NO:150 166 —-~=== gttgatccctacgtt-——=-=--—- ttgaacgtgaccg-~—--~
NO:151 92 —————mme aaaa teet
NO:152 143 cgatcattactgg
NO:140 648 tacagtgttccagcgtatggatcaget g g
NO:148 199
NO:14% 217
NO:150 194 -acag ggatcagat. gaag
NO:151 101 gggttce ggacgcctgaag
NO:152 156 g a
NO:140 €98 ca catttttt: ccatgcgattgtgtegtg
NO:148 199 accag
NO:149 217
NO:150 215 ttgtgg. agtcgttcaaan=—=- ag
NO:151 124
NO:152 164
NO:140 748 ggcg tgaacgtcggt tcggtgatg gccg
NO:148 204 t
NO:149 223 ac
NO:150 238 tacg gtc gatgt
NO:151 130 agage tcatcacceggegggy g ¢
NO:152 164
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tgtctttctggccagtgecgaatcegecgctetetecggtgagacgattg
------------ cggtgtcgcaaccgteg-tcgagcaggtgaaa————-—

tgtc gacaagttc gggaagcttg
tctggtga
gg==--- cagggccgtggcga tegee
aggttacgcacggaatggagttgccggectgcagtgagaccagectgetg
atgt ————
----tatgc gaggg c
Y at LA b Ak Aud 4
gcccgtactgatctgeg gattgatg gtggccy gacgctcat
ggccg g ttcet
gcttgtt: aACGC==—"—
ggacgtccttatcage tat
gcgccyg gattgaagaggtgatggcy tatgttge
at aacaatg cggt
ctgag gagcatgac gatggccac ggct
gtacctgtgggagtgaagtgatcatcggettecgttcgg gctg
gtcg tc
gggatt: tacggttcg
"""" gggaat
—=—-ctggtggag-gaag
gcccagttcgagcaggcagtcaatg ggcggetygy gcaga
gtgccgttcga gagcgtcag g a-—
gagtgt: ctggagccga
---caggtcgc-aaggecgt gcttgeegeeggeg
agcag
ctttacgcctcccattgecttgccactegatecacgegatecggcaacaa
gttc tce
cttta ataca Tt
acaa
c tccagtcg-teeg-~-acca
----- tatty t
ttgacgctg--tcttegattgggceegg taccggcgggattcatg
te aatgtggegg cggeg
ttga
gggatg gettettg
ttgceg tegt gttcggg ggcggeat——--=
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NO:140 1196 cagcggtgattctgcctgctaccagtcacgaaccggcaccgtgcgtgatt
NO:148 3589 ttcttect ~-cacce -
NO:149 321 tgaaact
NO:150 296
NO:151 363
NO:152 195 tgcta
NO:140 1246 gaggttgatgatgagcgggtgctgaattttctggeccgatgaaatcacegqg
NO:148 370 —-mmmme caggggctgcetgecgeattt
NO:149 328 atgaac acqgaatttac--g
NO:150 296 tgag gatgaaa
NO:151 363 c
NO:152 200 —===m-=--emm gagggggctyg
NO:140 1296 gacaattgtgattgccagtcgcctggeccgttactggecagtegcaacgge
NO:148 390
NO:149 345 tccagttgtcctcatcactagectg
NO:150 307
NO:151 364 gaca
NO:152 213
NO:140 1346 ttacccccggegecacgtgogegtgggecgegtgteattettctetecgaac
NO:148 390 ggcg c
NO:149 370
NO:150 307
NO:151 368 ttctcgtcaac
NO:152 213 tatctccattctat---ac
NO:140 1396 ggtgccgatcaaaatgggaatgtt g9 ttcaaagtgccyg t
NO:148 397 ggtge at
NO:149 370 gctat
NO:150 307 agactgggatg
NO:151 379 aatgc
NO:152 229 ttag g ttcgg
NO:140 1446 cggtcagctcattcgtgtgtggeg gaggctgaacttgactatcagce
NO:148 404 cgatc
NO:149 375 ccctcatttgatt-—-—--=-- gctaca
NO:150 323 cggt taaac
NO:151 384
NO:152 250 gagg aaac
NO:140 1496 gtgccagegecgecgghgatcatgtgctgecy gtatggg atcag
NO:148 410
NO:149 402
NO:150 334 gtg aatc
NO:151 384 cag
NO:152 258 acgca: gatc g aggag
NO:140 1546 attgtgcgcttcgetaaccgecagecttgaagggttagaattigeetgtge
NO:148 410
NO:149 402
NO:150 341 tgaagggt
NO:151 394 gcg tcaag
NO:152 280 aatgtcegetge tgcttatce
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NO:140 1596 ctggacagctcaattgctccatagtcaacgccatatcaatgagattacce
NO:148 410
NO:149 402 catagttaacg---tatccagtata
NO:150 349 ------ ~~gttttcadCgrrmmmmmmmm—m—— e
NO:151 406
NO:152 302 cggga
NO:140 1646 tcaacatccctgccaacattagcg ccaccggeg gcagtgcatcy
NO:148 410 tcaacatctcttcctattt g g
NO:149 424 ~-—--om-- ctgtctacaatag
NO:150 359
NO:151 406 --aacatc---gaagacatcag
NO:152 307
NO:140 1696 gtcggatgggcggaaagcctgatcgggttgcatttggggaaagttgectt
NO:148 437
NO:149 437
NO:150 359
NO:151 427 gagga:
NO:152 307 gatg ttgggg
NO:140 1746 gattaccggtggcagcgccggtattggtgggecagatcgggegectectygg
NO:148 437
NO:149 437
NO:150 359
NO:151 432 gtggy
NO:152 318
NO:140 1796 ctttgagtggcgcgcgegtgatgctggcageccgtgateggeataagete
NO:148 437
NO:149 437 taa——-—-
NO:150 359
NO:151 437 gctgacattecg
NO:152 318
NO:140 1846 gaacagatgcaggcgatgatccaatctgagctggctgaggtggggtatac
NO:148 437 agatgat
NO:149 440 gaatac
NO:150 359 gactcagatgg
NO:151 451 gt g g tgtte: tac
NO:152 318 cga ttgtga. tyg
NO:140 1896 cgatgtcgaagatcgegtccacattgcaccgggetgegatgtgagtageg
NO:148 446 cg
NO:149 446 ¢
NO:150 371
NO:151 475 c--tgaccaag g g
NO:152 341 gca:
NO:140 1946 aagcgcagcttgcggatcttgttgaacgtaccectgtcagettttggeace
NO:148 448 aagcg gceat cage
NO:149 447
NO:150 371
NO:151 491 --—-tgcey gaag gggcage
NO:152 345 acagtgg attttggtaaa
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NO:140 1996 gtcgattatctga-tcaacaacgccgggatcgeeggtgtcgaagagatgg
NO:148 463 gtctactccctgt~ccaagggcg
NO:149 447
NO:150 EXDY
NO:151 514 g-====w=-o cga-tcatcaacaccy
NO:152 370 ctcgat-atcttagtgaacaacgccg -
NO:140 2045 ttatcgatatgccagttgagggatggeg taccctctteg tceg
NO:148 486 gttga
NO:149 447 agggattatgtcatacagt---—---~>seo=
NO:150 371
NO:151 $30 cttcca tcaatgccgacgttcccaatccy
NO:152 395 ctg
NO:140 2095 atcagcaactactcgttgatgcgcaaactggcgcecgttgatgaaasaaca
NO:148 491 actcgttga
NO:149 466
NO:150 m tggtgccctacatgatcaaaca
NO:151 559 atc tactcgectatgeg
NO:152 398 aacag cceca
NO:140 2145 gggtagcggttacatccttaacgtctcatcatactttggecggtgaaaaag
NO:148 500 -
NO:149 466
NO:150 393 gaggaacggttcgatcgtgaacgtetecotcotgtegttgga———===- aat
NO:151 584 agggcgcg atc cacaattt.
NO:152 411 gg g tctcaatatttca
NO:140 2195 at tecet tgccgattacgeey t
NO:148 500 g gct
NO:149 466 gtgtcaaaggct
NO:150 435 atacgggaat------- cctggtcagacgaattacgcggegtcgaaggeg
NO:151 603 gegece gtcteg
NO:152 436
NO:140 2245 ggtcagcggg tgg tctttgeg tcettgg: ga
NO:148 510 ggccttcgag g
NO:149 478 g
NO:150 478 ggagtcataggaatgacc gacgt
NO:151 617 ----cg ggccy gcg g
N0:152 436 gaacagctggaa-------aaaacctttcgc
NO:140 2292 gatacagatcaatgccattgcgcegggtccggtcgaaggtgategotige
NO:148 534 catccgegte cgegeecy ggtcga
NO:149 479
NO:150 503 gggcg gaa got---
NO:151 639 gat gaatgtcgtg gg Y.
NO:152 460 -acaaatattttttccat:
NO:140 2342 gcggtaccggt toce ctttg gtcg gcg gatt
NO:148 570
NO:149 479
NO:150 520
NO:151 673 tggacgcegetg——~
NO:152 477
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NO:140 2392 ttggagaacaagcggctgaatgagcttcacgetgotcttatcgeggetge
NO:148 570
NO:149 479
NO:150 520 ggaagasacatcagggtgaac---~—--— getgt
NO:151 685 ~--rmecmmemome oo atccectCccaccatgeo - smmanrmmmaa——
NO:152 477 gtttca
NO:140 2442 gcgcaccgatgagcgatctatgcacgaactggttgaactgctcettaceca
NO:148 570
NO:149 479 -——==- ctatg---gatcacttcacaaaat-=~-------o--—-———oo
NO:150 546 g-gcacc cgga
NO:151 701 ----=
NO:152 483 ~-—- -~--tatg-acgaa
NO:140 2492 atgatgtggccgcactagagcagaat gcag taccgegttgegt
NO: 148 570 cace:
NO:149 500 ~e-—== tggcagcgttggagetg-- --gctcettetggegtgega
NO:150 556 ttcat tgac
NO:151 708 tacecg———=-==-
NO:152 492 ¢ gctttgcet
NO:140 2542 gaactggcacgacgttttcgcagcgaaggcgatccggeggecatcatcaag
NO:148 574 gccatgeggeg caag
NO:149 535 g
NO:150 576 acttccag g
NO:151 713 g ttteg
NO:152 505 g caag
NO:140 2592 cagtgcgctgctgaaccgttcaattgecgctaaattgctggetegtitge
NO:148 589 accegt:
NO:149 536 ——=r=—-——mee tgaac---tcagt
NO:150 596 c cegt gg
NO:151 725 g
NO:152 515 aggggtg tgccatta
NO:140 2642 ataatggtggctatgtgttgccet tcttt gccaaac
NO:148 594 cgac g
NO:149 546 tg
NO:150 610 ctttecag
NO:151 727 gcctatg
NO:152 530 ttaat g t
NO:140 2692 ccgeccgatcccttettcacccgag ttgat cgcaa
NO:148 606
NO:149 554 cagttct
NO:150 619 atacc tgggaa
NO:151 742 aa
NO:152 542 -=--- cgattaccgett
NO:140 2742 ggttcgtgacggcatcatggggatgctctacctgcaacggatgecgactg
NO:148 606 ggccg
NO:149 564 tac
NO:150 632 ggtttggg. g g
NO:151 744 g
NO:152 554 t

t acgg
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NO:140 2792 agtttgatgtcgcaatggccaccgtctattaccttgecgaccgcaatgte
NO:148 612 ggcca ggccgaactgaaggcc
NO:149 567 ----tgatatcgc

NO:150 653 ------~ tggcgea

NO:151 745 gaccg

NO:152 569 cqgttaattgattattccagcacaaag--
NO:140 2842 agtggtgagaca-ttccacccatcaggtggtttgegttacgaacgcacec
NO:148 634 tatg cgaacgcag
NO:149 576

NO:150 660 ---ggttatactcttcctegeateg gtcgagttacg

NO:151 751

NO:152 595 ---ggtgcga~---- --ttgtttcctttacg-~-
NO:140 2891 ctaccggtggcgaactcttcggettgocctcaccggaacggcetggcggag
NO:148 649 tatcegetg gcatcgg-cegtecggacgac
NO:149  $76 ag
NO:150 698 ggacagg

NO:151 751 ggcecag gtggaa
NO:152 616 cgttccatggcgaagtc gettge d
NO:140 2941 ctggtcggaagcacggtctatctgataggtgaacatctgactgaacacct
NO:148 682 ctcgccggcatggeggtttatct:

NO:149 578 ctggt tetgget

NO:150 710 tgatag

NO:151 766 ctcg ctegy atgtcat

NO:152 639 t

NO:140 2991 taacctgcttgccegtgcgtacctegaacgttacggggcacgtcaggtag
NO:148 705

NO:149 590

NO:150 716

NO:151 786

NO:152 646 ggca:

NO:140 3041 tgatgattgtt a gcgtegettgete
NO:148 705

NO:149 590 tttcte
NO:150 716

NO:151 786

NO:152 650 gaat

NO:140 3091 cacgatcacgtcgaggctggtcggctgatgactattgtggecggtgatca
NO:148 705

NO:149 596 c tgatct
NO:150 716

NO:151 786 getgg

NO:152 664 gtggcgececyggt -
NO:140 3141 gatcgaagccgctatcgaccaggctatcactegctacggtegeccaggge
NO:148 705 g g

NO:149 603 gcttgaag

NO:150 716

NO:151 791 cggatccgatgtcga gctac

NO:152 676 ——=—=——= ccgatttggacaccget
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cggtcgtetgtacceccttceggecactgecgacggtaccactgqgtcggg

cgtaaagacagtgactggagcacagtgttgagtgaggctgaatttgccga

ggectgga ga
atacaggg
gaat
gtgtcaggeg
----- aaaaagtga-a ggcttggatacccca
gttgtgcgaacaccage ccatttccgggtagcgegcaagatg
gcggtgggatc tttg
gctcat t

gattg

---atgggaagaccgggacag ggttgage=srmm—m=-

ccetgagtgatggtge-cagtctegogetggtcacteccgaaactacgge

--=t tgegeagtet
_______ agatgg
ccgtga
tgcaggege-ctatgttetgetggegtcotgacy

tacctcaact, tttgctctgg atcaaaa

gag ttgct

cttccta;

ttcacgettt acgattggtgtc aactgctcag

ggcta

gatatgatt

tatga cag

cgcattctgatcaatcaagtcgatcetyg.

ggcgtgcgcglry

gtg g gctagtgataaagc
99
ggca----gaccattcatgt-——---————c—ce———counmnmo= gaatg
gccgegtgatecg gagcgtcaacaag. tgg gttttatcgagg
taagagtgtt ggggtcctgttat
gecetegtgat:
gegge cgttttat-—«=-
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Figure 56

MVGKKVVHHL MMSAKDAHYT GNLVNGARIV NQWGDVGTEL
MVYVDGDISL FLGYKDIEFT APVYVGDFME YHGWIEKVGN
QSYTCKFEAW KVATMVDITN PQDTRATACE PPVLCGRATG
SLFIAKKDQR GPQESSFKER KHPGE (SEQ ID NQ:160)
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Figure 57

MVGKKVVHHL MMSAKDAHYT GNLVNGARIV NQWGDVGTEL
MVYVDGDISL FLGYKDIEFT APVYVGDFME YHGWIEKVGN
QSYTCKFEAW KVAKMVDITN PQDTRATACE PPVLCGTATG
SLFIAKDNQR GPQESSFKDA KHPQ (SEQ ID NO:161)
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ATGGTAGGTA
CAAAAGATGC
TAGAARTTGTG
ATGGTTTATG
ACAAAGATAT
CTTTATGGRA
CAGTCCTATA
CAATGGTTGA
AGCTTGTGAG
AGTTTGTTCA
AATCCTCTTT

(SEQ ID NO:162)

Figure 58

AARAGGTTGT ACATCATTTA
TCACTATACT GGAAACTTAG
AATCAGTGGG GCGACGTTGG
TTGATGGTGA CATAAGCTTA
CGAATTCACA GCTCCTGTAT
TACCACGGCT GGATTGAARA
CATGTAAATT TGAAGCATGG
TATCACAAAT CCTCAGGATA
CCTCCGGTAT TGTGCGGAAG
TCGCAAAAAA AGATCAGAGA
TAAAGAGAGA AARGCACCCCG
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ATGATGAGCG
TAARCGGCGC
TACAGAATTA
TTCTTGGGCT
ATGTTGGTGA
AGTTGGTAAC
RARGTTGCAA
CACGCGCAAC
AGCAACGGGT
GGCCCTCAGG
GTGAATGA
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ATGGTAGGTA
CARARRGATGC
TAGRATTGTG
ATGGTTTATG
ACAAAGATAT
TTTTATGGAA
CAGTCCTATA
AGATGGTTGA
AGCTTGTGAA
AGCCTTTTCA
AATCTTCCTT
ID NO:163)

ARARAGGTTGT
TCACTATACT
AATCAGTGGG
TTGATGGTGA
CGRATTCACA
TACCACGGCT
CATGTAAATT
TATCACAAAT
CCTCCGGTAC
TCGCARAGGA
CAAGGATGCA

Figure 59

ACATCATTTA
GGAAACTTAG
GCGACGTAGG
CATCAGCTTA
GCTCCTGTAT
GGATTGAARA
TGAAGCATGG
CCACARGGATA
TTTGTGGTAC
TAATCAGAGA
ARGCACCCTC

Sheet 105 of 105
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TACAGAATTA
TTCTTGGGCT
ATGTTGGTGA
AGTTGGCAAC
ARAGTAGCAA
CACGTGCAAC
TGCARCAGGC
GGTCCTCAGG
AATAA
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3-HYDROXYPROPIONIC ACID AND OTHER
ORGANIC COMPOUNDS

CROSS REFERENCE TO RELATED
APPLICATIONS

This is a continuation of U.S. application Ser. No. 13/926,
054, filed Jun. 25, 2013, which is a divisional of U.S. appli-
cation Ser. No. 13/467,165 filed May 9, 2012, now U.S. Pat.
No. 8,501,455, which is a divisional of U.S. application Ser.
No. 13/294,820 filed Nov. 11, 2011, now U.S. Pat. No. 8,198,
066, which is a divisional of U.S. application Ser. No. 12/127,
700 filed May 27, 2008, now U.S. Pat. No. 8,076,120, which
is a divisional of U.S. application Ser. No. 11/539,856 filed
Oct. 9, 2006, now U.S. Pat. No. 7,638,316, which is a divi-
sional of U.S. application Ser. No. 10/432,443 filed Oct. 20,
2003 now U.S. Pat. No. 7,186,541, which is the National
Stage of International Application No. PCT/US01/43607,
filed Nov. 20, 2001, which in turn claims the benefit of U.S.
Provisional Application Nos. 60/252,123 filed Nov. 20, 2000,
60/285,478 filed Apr. 20, 2001, 60/306,727 filed Jul. 20,
2001, and 60/317,845 filed Sep. 7, 2001, all herein incorpo-
rated by reference.

FIELD OF THE INVENTION

The invention relates to enzymes and methods that can be
used to produce organic acids and related products.

BACKGROUND

Organic chemicals such as organic acids, esters, and poly-
ols can be used to synthesize plastic materials and other
products. To meet the increasing demand for organic chemi-
cals, more efficient and cost effective production methods are
being developed which utilize raw materials based on carbo-
hydrates rather than hydrocarbons. For example, certain bac-
teria have been used to produce large quantities of lactic acid
used in the production of polylactic acid.

3-hydroxypropionic acid (3-HP) is an organic acid.
Although several chemical synthesis routes have been
described to produce 3-HP, only one biocatalytic route has
been heretofore previously disclosed (WO 01/16346 to Suth-
ers, et al.). 3-HP has utility for specialty synthesis and can be
converted to commercially important intermediates by
known art in the chemical industry, e.g., acrylic acid by dehy-
dration, malonic acid by oxidation, esters by esterification
reactions with alcohols, and reduction to 1,3 propanediol.

SUMMARY

The invention relates to methods and materials involved in
producing 3-hydroxypropionic acid and other organic com-
pounds (e.g., 1,3-propanediol, acrylic acid, polymerized
acrylate, esters of acrylate, polymerized 3-HP, esters of 3-HP,
and malonic acid and its esters). Specifically, the invention
provides nucleic acid molecules, polypeptides, host cells, and
methods that can be used to produce 3-HP and other organic
compounds such as 1,3-propanediol, acrylic acid, polymer-
ized acrylate, esters of acrylate, polymerized 3-HP, esters of
3-HP, and malonic acid and its esters. 3-HP has potential to be
both biologically and commercially important. For example,
the nutritional industry can use 3-HP as a food, feed additive
or preservative, while the derivatives mentioned above can be
produced from 3-HP. The nucleic acid molecules described
herein can be used to engineer host cells with the ability to
produce 3-HP as well as other organic compounds such as
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1,3-propanediol, acrylic acid, polymerized acrylate, esters of
acrylate, polymerized 3-HP, and esters of 3-HP. The polypep-
tides described herein can be used in cell-free systems to
make 3-HP as well as other organic compounds such as
1,3-propanediol, acrylic acid, polymerized acrylate, esters of
acrylate, polymerized 3-HP, and esters of 3-HP. The host cells
described herein can be used in culture systems to produce
large quantities of 3-HP as well as other organic compounds
such as 1,3-propanediol, acrylic acid, polymerized acrylate,
esters of acrylate, polymerized 3-HP, and esters of 3-HP.

One aspect of the invention provides cells that have lactyl-
CoA dehydratase activity and 3-hydroxypropionyl-CoA
dehydratase activity, and methods of making products such as
those described herein by culturing at least one of the cells
that have lactyl-CoA dehydratase activity and 3-hydroxypro-
pionyl-CoA dehydratase activity. In some embodiments, the
cell can also contain an exogenous nucleic acid molecule that
encodes one or more of the following polypeptides: a
polypeptide having E1 activator activity; an E2c. polypeptide
that is a subunit of an enzyme having lactyl-CoA dehydratase
activity; an E2[3 polypeptide that is a subunit of an enzyme
having lactyl-CoA dehydratase activity; and a polypeptide
having 3-hydroxypropionyl-CoA dehydratase activity. Addi-
tionally, the cell can have CoA transferase activity, CoA
synthetase activity, poly hydroxyacid synthase activity, 3-hy-
droxypropionyl-CoA hydrolase activity, 3-hydroxyisobutryl-
CoA hydrolase activity, and/or lipase activity. Moreover, the
cell can contain at least one exogenous nucleic acid molecule
that expresses one or more polypeptides that have CoA trans-
ferase activity, 3-hydroxypropionyl-CoA hydrolase activity,
3-hydroxyisobutryl-CoA hydrolase activity, CoA synthetase
activity, poly hydroxyacid synthase activity, and/or lipase
activity.

In another embodiment of the invention, the cell that has
lactyl-CoA dehydratase activity and 3-hydroxypropionyl-
CoA dehydratase activity produces a product, for example,
3-HP, polymerized 3-HP, and/or an ester of 3-HP, such as
methyl hydroxypropionate, ethyl hydroxypropionate, propyl
hydroxypropionate, and/or butyl hydroxypropionate.
Accordingly, the invention also provides methods of produc-
ing one or more of these products. These methods involve
culturing the cell that has lactyl-CoA dehydratase activity and
3-hydroxypropionyl-CoA dehydratase activity under condi-
tions that allow the product to be produced. These cells also
can have CoA synthetase activity and/or poly hydroxyacid
synthase activity.

Another aspect of the invention provides cells that have
CoA synthetase activity, lactyl-CoA dehydratase activity, and
poly hydroxyacid synthase activity. In some embodiments,
these cells also can contain an exogenous nucleic acid mol-
ecule that encodes one or more of the following polypeptides:
a polypeptide having E1 activator activity; an E2a polypep-
tide that is a subunit of an enzyme having lactyl-CoA dehy-
dratase activity; an E2f polypeptide that is a subunit of an
enzyme having lactyl-CoA dehydratase activity; a polypep-
tide having CoA synthetase activity; and a polypeptide hav-
ing poly hydroxyacid synthase activity.

In another embodiment of the invention, the cell that has
CoA synthetase activity, lactyl-CoA dehydratase activity, and
poly hydroxyacid synthase activity can produce a product, for
example, polymerized acrylate.

Another aspect of the invention provides a cell comprising
CoA transferase activity, lactyl-CoA dehydratase activity,
and lipase activity. In some embodiments, the cell also can
contain an exogenous nucleic acid molecule that encodes one
or more of the following polypeptides: a polypeptide having
CoA transferase activity; a polypeptide having E1 activator
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activity; an E2a polypeptide that is a subunit of an enzyme
having lactyl-CoA dehydratase activity; an E2f3 polypeptide
that is a subunit of an enzyme having lactyl-CoA dehydratase
activity; and a polypeptide having lipase activity. This cell can
be used, among other things, to produce products such as
esters of acrylate (e.g., methyl acrylate, ethyl acrylate, propyl
acrylate, and butyl acrylate).

Insome embodiments, 1,3 propanediol can be created from
either 3-HP-CoA or 3-HP via the use of polypeptides having
enzymatic activity. These polypeptides can be used either in
vitro or in vivo. When converting 3-HP-CoA to 1,3 pro-
panediol, polypeptides having oxidoreductase activity or
reductase activity (e.g., enzymes from the 1.1.1.-class of
enzymes) can be used. Alternatively, when creating 1,3 pro-
panediol from 3-HP, a combination of (1) a polypeptide hav-
ing aldehyde dehydrogenase activity (e.g., an enzyme from
the 1.1.1.34 class) and (2) a polypeptide having alcohol dehy-
drogenase activity (e.g., an enzyme from the 1.1.1.32 class)
can be used.

In some embodiments of the invention, products are pro-
duced in vitro (outside of a cell). In other embodiments of the
invention, products are produced using a combination of in
vitro and in vivo (within a cell) methods. In yet other embodi-
ments of the invention, products are produced in vivo. For
methods involving in vivo steps, the cells can be isolated
cultured cells or whole organisms such as transgenic plants,
non-human mammals, or single-celled organisms such as
yeast and bacteria (e.g., Lactobacillus, Lactococcus, Bacil-
lus, and Escherichia cells). Hereinafter such cells are referred
to as production cells. Products produced by these production
cells can be organic products such as 3-HP and/or the nucleic
acid molecules and polypeptides described herein.

Another aspect of the invention provides polypeptides hav-
ing an amino acid sequence that (1) is set forth in SEQ ID
NO:2,10,18,26,35,37,39,41,141,160,0r 161, (2)is at least
10 contiguous amino acid residues of a sequence set forth in
SEQIDNO:2,10,18,26,35,37,39, 41,141, 160, 0r 161, (3)
has at least 65 percent sequence identity with at least 10
contiguous amino acid residues of a sequence set forth in SEQ
IDNO:2, 10, 18, 26, 35,37, 39, 41, 141, 160, or 161, (4)isa
sequence set forth in SEQ ID NO:2, 10, 18, 26,35,37,39, 41,
141, 160, or 161 having conservative amino acid substitu-
tions, or (5) has at least 65 percent sequence identity with a
sequence set forth in SEQ ID NO:2, 10, 18, 26,35,37,39, 41,
141, 160, or 161. Accordingly, the invention also provides
nucleic acid sequences that encode any of the polypeptides
described herein as well as specific binding agents that bind to
any ofthe polypeptides described herein. Likewise, the inven-
tion provides transformed cells that contain any of the nucleic
acid sequences that encode any of the polypeptides described
herein. These cells can be used to produce nucleic acid mol-
ecules, polypeptides, and organic compounds. The polypep-
tides can be used to catalyze the formation of organic com-
pounds or can be used as antigens to create specific binding
agents.

In yet another embodiment, the invention provides isolated
nucleic acid molecules that contain at least one of the follow-
ing nucleic acid sequences: (1) a nucleic acid sequence as set
forth in SEQ ID NO:1, 9, 17, 25, 33, 34, 36, 38, 40, 42, 129,
140, 142, 162, or 163; (2) a nucleic acid sequence having at
least 10 consecutive nucleotides from a sequence set forth in
SEQIDNO:1,9,17,25,33,34,36, 38, 40,42, 129, 140, 142,
162, or 163; (3) a nucleic acid sequence that hybridizes under
hybridization conditions (e.g., moderately or highly stringent
hybridization conditions) to a sequence set forth in SEQ ID
NO:1,9,17, 25, 33, 34,36, 38,40, 42, 129, 140, 142, 162, or
163; (4) a nucleic acid sequence having 65 percent sequence
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identity with at least 10 consecutive nucleotides from a
sequence set forth in SEQ ID NO:1, 9, 17, 25, 33, 34, 36, 38,
40, 42, 129, 140, 142, 162, or 163; and (5) a nucleic acid
sequence having at least 65 percent sequence identity with a
sequence set forth in SEQ ID NO:1, 9, 17, 25, 33, 34, 36, 38,
40, 42,129, 140,142,162, or 163. Accordingly, the invention
also provides a production cell that contains at least one
exogenous nucleic acid having any of the nucleic acid
sequences provided above. The production cell can be used to
express polypeptides that have an enzymatic activity such as
CoA transferase activity, lactyl-CoA dehydratase activity,
CoA synthase activity, dehydratase activity, dehydrogenase
activity, malonyl CoA reductase activity, f-alanine ammonia
lyase activity, and/or 3-hydroxypropionyl-CoA dehydratase
activity. Accordingly, the invention also provides methods of
producing polypeptides encoded by the nucleic acid
sequences described above.

The invention also provides several methods such as meth-
ods for making 3-HP from lactate, phosphoenolpyruvate
(PEP), or pyruvate. In some embodiments, methods for mak-
ing 3-HP from lactate, PEP, or pyruvate involve culturing a
cell containing at least one exogenous nucleic acid under
conditions that allow the cell to produce 3-HP. These methods
can be practiced using the various types of production cells
described herein. In some embodiments, the production cells
can have one or more of the following activities: CoA trans-
ferase activity, 3-hydroxypropionyl-CoA hydrolase activity,
3-hydroxyisobutryl-CoA hydrolase activity, dehydratase
activity, and/or malonyl CoA reductase activity.

In other embodiments, the methods involve making 3-HP
wherein lactate is contacted with a first polypeptide having
CoA transferase activity or CoA synthetase activity such that
lactyl-CoA is formed, then contacting lactyl-CoA with a sec-
ond polypeptide having lactyl-CoA dehydratase activity to
form acrylyl-CoA, then contacting acrylyl-CoA with a third
polypeptide having 3-hydroxypropionyl-CoA dehydratase
activity to form 3-hydroxypropionic acid-CoA, and then con-
tacting 3-hydroxypropionic acid-CoA with the first polypep-
tide to form 3-HP or with a fourth polypeptide having 3-hy-
droxypropionyl-CoA hydrolase activity or
3-hydroxyisobutryl-CoA hydrolase activity to form 3-HP.

Another aspect of the invention provides methods for mak-
ing polymerized 3-HP. These methods involve making 3-hy-
droxypropionic acid-CoA as described above, and then con-
tacting the 3-hydroxypropionic acid-CoA with a polypeptide
having poly hydroxyacid synthase activity to form polymer-
ized 3-HP.

In yet another embodiment of the invention, methods for
making an ester of 3-HP are provided. These methods involve
making 3-HP as described above, and then additionally con-
tacting 3-HP with a fifth polypeptide having lipase activity to
form an ester.

The invention also provides methods for making polymer-
ized acrylate. These methods involve culturing a cell that has
both CoA synthetase activity, lactyl-CoA dehydratase activ-
ity, and poly hydroxyacid synthase activity such that poly-
merized acrylate is made. Accordingly, the invention also
provides methods of making polymerized acrylate wherein
lactate is contacted with a first polypeptide having CoA syn-
thetase activity to form lactyl-CoA, then contacting lactyl-
CoA with a second polypeptide having lactyl-CoA dehy-
dratase activity to form acrylyl-CoA, and then contacting
acrylyl-CoA with a third polypeptide having poly hydroxy-
acid synthase activity to form polymerized acrylate.

The invention also provides methods of making an ester of
acrylate. These methods involve culturing a cell that has CoA
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transferase activity, lipase activity, and lactyl-CoA dehy-
dratase activity under conditions that allow the cell to produce
an ester.

In another embodiment, the invention provides methods
for making an ester of acrylate, wherein acrylyl-CoA is
formed as described above, and then acrylyl-CoA is con-
tacted with a polypeptide having CoA transferase activity to
form acrylate, and acrylate is contacted with a polypeptide
having lipase activity to form the ester.

The invention also provides methods for making 3-HP.
These methods involve culturing a cell containing at least one
exogenous nucleic acid that encodes at least one polypeptide
such that 3-HP is produced from acetyl-CoA or malonyl-
CoA.

Alternative embodiments provide methods of making
3-HP, wherein acetyl-CoA is contacted with a first polypep-
tide having acetyl-CoA carboxylase activity to form malonyl-
CoA, and malonyl-CoA is contacted with a second polypep-
tide having malonyl-CoA reductase activity to form 3-HP.

In other embodiments, malonyl-CoA can be contacted with
a polypeptide having malonyl-CoA reductase activity so that
3-HP can be made.

In another embodiment, the invention provides a method
for making 3-HP that uses a f-alanine intermediate. This
method can be performed by contacting [3-alanine CoA with
a first polypeptide having p-alanyl-CoA ammonia lyase
activity (such as a polypeptide having the amino acid
sequence set forth in SEQ IDNO: 160 or 161) to form acrylyl-
CoA, contacting acrylyl-CoA with a second polypeptide hav-
ing 3-HP-CoA dehydratase activity to form 3-HP-CoA, and
contacting 3-HP-CoA with a third polypeptide having
glutamate dehydrogenase activity to make 3-HP.

Unless otherwise defined, all technical and scientific terms
used herein have the same meaning as commonly understood
by one of ordinary skill in the art to which this invention
pertains. Although methods and materials similar or equiva-
lent to those described herein can be used in the practice or
testing of the present invention, suitable methods and mate-
rials are described below. All publications, patent applica-
tions, patents, and other references mentioned herein are
incorporated by reference in their entirety. In case of conflict,
the present specification, including definitions, will control.
In addition, the materials, methods, and examples are illus-
trative only and not intended to be limiting.

Other features and advantages of the invention will be
apparent from the following detailed description, and from
the claims.

DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram of a pathway for making 3-HP.

FIG. 2 is a diagram of a pathway for making polymerized
3-HP.

FIG. 3 is a diagram of a pathway for making esters of 3-HP.

FIG. 4 is a diagram of a pathway for making polymerized
acrylic acid.

FIG. 5 is a diagram of a pathway for making esters of
acrylate.

FIG. 6 is a listing of a nucleic acid sequence that encodes a
polypeptide having CoA transferase activity (SEQ ID NO:1).

FIG. 7 is a listing of an amino acid sequence of a polypep-
tide having CoA transferase activity (SEQ ID NO:2).

FIGS. 8A-8D show an alignment of the nucleic acid
sequences set forth in SEQ ID NOs:1, 3, 4, and 5.

FIGS. 9A-9B show an alignment of the amino acid
sequences set forth in SEQ ID NOs:2, 6, 7, and 8.
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FIG. 10 is a listing of a nucleic acid sequence that encodes
a polypeptide having E1 activator activity (SEQ ID NO:9).

FIG. 11 is a listing of an amino acid sequence of a polypep-
tide having E1 activator activity (SEQ ID NO:10).

FIGS. 12A-12B show an alignment of the nucleic acid
sequences set forth in SEQ ID NOs:9, 11, 12, and 13.

FIG. 13 is an alignment of the amino acid sequences set
forth in SEQ ID NOs:10, 14, 15, and 16.

FIG. 14 is a listing of a nucleic acid sequence that encodes
an E2a subunit of an enzyme having lactyl-CoA dehydratase
activity (SEQ ID NO:17).

FIG. 15 is a listing of an amino acid sequence of an E2a
subunit of an enzyme having lactyl-CoA dehydratase activity
(SEQ ID NO:18).

FIGS. 16A-16C show an alignment of the nucleic acid
sequences set forth in SEQ ID NOs:17, 19, 20, and 21.

FIG. 17 is an alignment of the amino acid sequences set
forth in SEQ ID NOs:18, 22, 23, and 24.

FIG. 18 is a listing of a nucleic acid sequence that encodes
an E2f subunit of an enzyme having lactyl-CoA dehydratase
activity (SEQ ID NO:25). The “G” at position 443 can be an
“A”; and the “A” at position 571 can be a “G”.

FIG. 19 is a listing of an amino acid sequence of an E2f3
subunit of an enzyme having lactyl-CoA dehydratase activity
(SEQ ID NO:26).

FIGS. 20A-20C show an alignment of the nucleic acid
sequences set forth in SEQ ID NOs:25, 27, 28, and 29.

FIG. 21 is an alignment of the amino acid sequences set
forth in SEQ ID NOs:26, 30, 31, and 32.

FIGS.22A-22B show alisting of a nucleic acid sequence of
genomic DNA from Megasphaera elsdenii (SEQ ID NO:33).

FIG. 23 is a listing of a nucleic acid sequence that encodes
a polypeptide from Megasphaera elsdenii (SEQ 1D NO:34).

FIG. 24 is a listing of an amino acid sequence of a polypep-
tide from Megasphaera elsdenii (SEQ ID NO:35).

FIG. 25 is a listing of a nucleic acid sequence that encodes
a polypeptide having enzymatic activity (SEQ ID NO:36).

FIG. 26 is a listing of an amino acid sequence of a polypep-
tide having enzymatic activity (SEQ ID NO:37).

FIGS. 27A-27B show a listing of a nucleic acid sequence
that contains non-coding as well as coding sequence of a
polypeptide having CoA synthase, dehydratase, and dehydro-
genase activity (SEQ ID NO:38). The start site for the coding
sequence is at position 480, a ribosome binding site is at
position 466-473, and the stop codon is at position 5946.

FIG. 28 is a listing of an amino acid sequence from a
polypeptide having CoA synthase, dehydratase, and dehydro-
genase activity (SEQ ID NO:39).

FIG. 29 is a listing of a nucleic acid sequence that encodes
a polypeptide having 3-hydroxypropionyl-CoA dehydratase
activity (SEQ ID NO:40).

FIG. 30 is a listing of an amino acid sequence of a polypep-
tide having 3-hydroxypropionyl-CoA dehydratase activity
(SEQ ID NO:41).

FIG. 31 is a listing of a nucleic acid sequence that contains
non-coding as well as coding sequence of a polypeptide hav-
ing 3-hydroxypropionyl-CoA dehydratase activity (SEQ ID
NO:42).

FIGS. 32A-32B show an alignment of the nucleic acid
sequences set forth in SEQ ID NOs:40, 43, 44, and 45.

FIG. 33 is an alignment of the amino acid sequences set
forth in SEQ ID NOs:41, 46, 47, and 48.

FIG. 34 is a diagram of the construction of a synthetic
operon (pTDH) that encodes for polypeptides having CoA
transferase activity, lactyl-CoA dehydratase activity (El,
E2a, and E2f), and 3-hydroxypropionyl-CoA dehydratase
activity (3-HP-CoA dehydratase).
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FIGS. 35A and B is a diagram of the construction of a
synthetic operon (pHTD) that encodes for polypeptides hav-
ing CoA transferase activity, lactyl-CoA dehydratase activity
(E1l, E2a, and E2p), and 3-hydroxypropionyl-CoA dehy-
dratase activity (3-HP-CoA dehydratase).

FIGS. 36A and B is a diagram of the construction of a
synthetic operon (pEIITHrEI) that encodes for polypeptides
having CoA transferase activity, lactyl-CoA dehydratase
activity (E1, E2a, and E2f), and 3-hydroxypropionyl-CoA
dehydratase activity (3-HP-CoA dehydratase).

FIGS. 37A and B is a diagram of the construction of a
synthetic operon (pEIITHEI) that encodes for polypeptides
having CoA transferase activity, lactyl-CoA dehydratase
activity (E1, E2a, and E2f), and 3-hydroxypropionyl-CoA
dehydratase activity (3-HP-CoA dehydratase).

FIGS. 38A and B is a diagram of the construction of two
plasmids, pEIITH and pPROEIL The pEIITH plasmid
encodes polypeptides having CoA transferase activity, lactyl-
CoA dehydratase activity (E2a and E2f3), and 3-hydroxypro-
pionyl-CoA dehydratase activity (3-HP-CoA dehydratase),
and the pPROEI plasmid encodes a polypeptide having E1
activator activity.

FIGS. 39A-39B show a listing of a nucleic acid sequence
that encodes a polypeptide having CoA synthase, dehy-
dratase, and dehydrogenase activity (SEQ ID NO:129).

FIGS. 40A-40D show an alignment of the amino acid
sequences set forth in SEQ ID NOs:39, 130, and 131. The
uppercase amino acid residues represent positions where that
amino acid residue is present in two or more sequences.

FIGS. 41A-41D show an alignment of the amino acid
sequences set forth in SEQ ID NOs:39, 132, and 133. The
uppercase amino acid residues represent positions where that
amino acid residue is present in two or more sequences.

FIGS. 42A-42D show an alignment of the amino acid
sequences set forth in SEQ ID NOs: 39, 134, and 135. The
uppercase amino acid residues represent positions where that
amino acid residue is present in two or more sequences.

FIG. 43 is a diagram of several pathways for making
organic compounds using the multifunctional OS17 enzyme.

FIG. 44 is a diagram of a pathway for making 3-HP via
acetyl-CoA and malonyl-CoA.

FIG. 45 is a diagram of pMSDS, pET30a/accl, pFN476,
and PET286 constructs.

FIGS. 46 A-46F show a total ion chromatogram and five
mass spectrums of Coenzyme A thioesters. (A) is total ion
chromatogram illustrating the separation of Coenzyme A and
four CoA-organic thioesters: 1=Coenzyme A, 2=lactyl-CoA,
3=acetyl-CoA, 4=acrylyl-CoA, 5=propionyl-CoA. (B) is a
mass spectrum of Coenzyme A. (C) is a mass spectrum of
lactyl-CoA. (D) is a mass spectrum of acetyl-CoA. (E) is a
mass spectrum of acrylyl-CoA. (F) is a mass spectrum of
propionyl-CoA.

FIGS. 47A-47B show ion chromatograms and mass spec-
trums. (A) is a total ion chromatogram of a mixture of lactyl-
CoA and 3-HP-CoA. The insert is the mass spectrum
recorded under peak 1. (B) is a total ion chromatogram of
lactyl-CoA. The insert is the mass spectrum recorded under
peak 2. In each panel, peak 1 is 3-HP-CoA, and peak 2 is
lactyl-CoA. The peak labeled with an asterisk was confirmed
not to be a CoA ester.

FIGS. 48A-48B show ion chromatograms and mass spec-
trums. (A) is a total ion chromatogram of CoA esters derived
from a broth produced by E. coli transfected with pEIITHrEI.
The insert is the mass spectrum recorded under peak 1. (B) is
a total ion chromatogram of CoA esters derived from a broth
produced by control E. coli not transfected with pEIITHrEIL.
The insert is the mass spectrum recorded under peak 2. In
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8
each panel, peak 1 is 3-HP-CoA, and peak 2 is lactyl-CoA.
The peaks labeled with an asterisk were confirmed notto be a
CoA ester.

FIGS. 49A-49B show a listing of a nucleic acid sequence
that encodes a polypeptide having malonyl-CoA reductase
activity (SEQ ID NO: 140).

FIG. 50 is a listing of an amino acid sequence of a polypep-
tide having malonyl-CoA reductase activity (SEQ ID
NO:141).

FIG. 51 is a listing of a nucleic acid sequence that encodes
a portion of a polypeptide having malonyl-CoA reductase
activity (SEQ 1D NO:142).

FIGS. 52A-52D show is an alignment of the amino acid
sequences set forth in SEQ ID NOs: 141, 143, 144, 145, 146,
and 147.

FIGS. 53A-53] show an alignment of the nucleic acid
sequences set forth in SEQ ID NOs: 140, 148, 149, 150, 151,
and 152.

FIG. 54 is a diagram of a pathway for making 3-HP via a
[p-alanine intermediate.

FIG. 55 is a diagram of a pathway for making 3-HP via a
[p-alanine intermediate.

FIG. 56 is a listing of an amino acid sequence of a polypep-
tide having p-alanyl-CoA ammonia lyase activity (SEQ ID
NO:160).

FIG. 57 is a listing of an amino acid sequence of a polypep-
tide having p-alanyl-CoA ammonia lyase activity (SEQ ID
NO:161).

FIG. 58 is a listing of a nucleic acid sequence that encodes
a polypeptide having p-alanyl-CoA ammonia lyase activity
(SEQ ID NO:162).

FIG. 59 is a listing of a nucleic acid sequence that can
encode a polypeptide having f-alanyl-CoA ammonia lyase
activity (SEQ ID NO:163).

DETAILED DESCRIPTION
1. Terms

Nucleic acid: The term “nucleic acid” as used herein
encompasses both RNA and DNA including, without limita-
tion, cDNA, genomic DNA, and synthetic (e.g., chemically
synthesized) DNA. The nucleic acid can be double-stranded
or single-stranded. Where single-stranded, the nucleic acid
can be the sense strand or the antisense strand. In addition,
nucleic acid can be circular or linear.

Isolated: The term “isolated” as used herein with reference
to nucleic acid refers to a naturally-occurring nucleic acid that
is not immediately contiguous with both of the sequences
with which it is immediately contiguous (one on the 5' end
and one on the 3' end) in the naturally-occurring genome of
the organism from which it is derived. For example, an iso-
lated nucleic acid can be, without limitation, a recombinant
DNA molecule of any length, provided one ofthe nucleic acid
sequences normally found immediately flanking that recom-
binant DNA molecule in a naturally-occurring genome is
removed or absent. Thus, an isolated nucleic acid includes,
without limitation, a recombinant DNA that exists as a sepa-
rate molecule (e.g., a cDNA or a genomic DNA fragment
produced by PCR or restriction endonuclease treatment)
independent of other sequences as well as recombinant DNA
that is incorporated into a vector, an autonomously replicating
plasmid, a virus (e.g., a retrovirus, adenovirus, or herpes
virus), or into the genomic DNA of a prokaryote or eukaryote.
In addition, an isolated nucleic acid can include a recombi-
nant DNA molecule that is part of a hybrid or fusion nucleic
acid sequence.
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The term “isolated” as used herein with reference to
nucleic acid also includes any non-naturally-occurring
nucleic acid since non-naturally-occurring nucleic acid
sequences are not found in nature and do not have immedi-
ately contiguous sequences in a naturally-occurring genome.
For example, non-naturally-occurring nucleic acid such as an
engineered nucleic acid is considered to be isolated nucleic
acid. Engineered nucleic acid can be made using common
molecular cloning or chemical nucleic acid synthesis tech-
niques. Isolated non-naturally-occurring nucleic acid can be
independent of other sequences, or incorporated into a vector,
an autonomously replicating plasmid, a virus (e.g., a retrovi-
rus, adenovirus, or herpes virus), or the genomic DNA of a
prokaryote or eukaryote. In addition, a non-naturally-occur-
ring nucleic acid can include a nucleic acid molecule that is
part of a hybrid or fusion nucleic acid sequence.

It will be apparent to those of skill in the art that a nucleic
acid existing among hundreds to millions of other nucleic
acid molecules within, for example, cDNA or genomic librar-
ies, or gel slices containing a genomic DNA restriction digest
is not to be considered an isolated nucleic acid.

Exogenous: The term “exogenous” as used herein with
reference to nucleic acid and a particular cell refers to any
nucleic acid that does not originate from that particular cell as
found in nature. Thus, non-naturally-occurring nucleic acid is
considered to be exogenous to a cell once introduced into the
cell. Nucleic acid that is naturally-occurring also can be exog-
enous to a particular cell. For example, an entire chromosome
isolated from a cell of person X is an exogenous nucleic acid
with respect to a cell of person Y once that chromosome is
introduced into Y’s cell.

Hybridization: The term “hybridization™ as used herein
refers to a method of testing for complementarity in the nucle-
otide sequence of two nucleic acid molecules, based on the
ability of complementary single-stranded DNA and/or RNA
to form a duplex molecule. Nucleic acid hybridization tech-
niques can be used to obtain an isolated nucleic acid within
the scope of the invention. Briefly, any nucleic acid having
some homology to a sequence set forth in SEQ ID NO:1, 9,
17, 25,33, 34, 36, 38, 40, 42, 129, 140, 142, 162, or 163 can
be used as a probe to identify a similar nucleic acid by hybrid-
ization under conditions of moderate to high stringency. Once
identified, the nucleic acid then can be purified, sequenced,
and analyzed to determine whether it is within the scope of the
invention as described herein.

Hybridization can be done by Southern or Northern analy-
sis to identify a DNA or RNA sequence, respectively, that
hybridizes to a probe. The probe can be labeled with a biotin,
digoxygenin, an enzyme, or a radioisotope such as *?P. The
DNA or RNA to be analyzed can be electrophoretically sepa-
rated on an agarose or polyacrylamide gel, transferred to
nitrocellulose, nylon, or other suitable membrane, and
hybridized with the probe using standard techniques well
known in the art such as those described in sections 7.39-7.52
of Sambrook et al., (1989) Molecular Cloning, second edi-
tion, Cold Spring Harbor Laboratory, Plainview, N.Y. Typi-
cally, a probe is at least about 20 nucleotides in length. For
example, a probe corresponding to a 20 nucleotide sequence
set forth in SEQ ID NO: 1, 9, 17, 25, 33, 34, 36, 38, 40, 42,
129, 140, or 142 can be used to identify an identical or similar
nucleic acid. In addition, probes longer or shorter than 20
nucleotides can be used.

The invention also provides isolated nucleic acid
sequences that are at least about 12 bases in length (e.g., at
least about 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 40, 50, 60,
100, 250, 500, 750, 1000, 1500, 2000, 3000, 4000, or 5000
bases in length) and hybridize, under hybridization condi-
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tions, to the sense or antisense strand of a nucleic acid having
the sequence set forth in SEQ ID NO:1, 9, 17, 25, 33, 34, 36,
38, 40, 42, 129, 140, 142, 162, or 163. The hybridization
conditions can be moderately or highly stringent hybridiza-
tion conditions.

For the purpose of this invention, moderately stringent
hybridization conditions mean the hybridization is performed
at about 42° C. in a hybridization solution containing 25 mM
KPO, (pH 7.4), 5xSSC, 5xDenhardt’s solution, 50 ng/mL
denatured, sonicated salmon sperm DNA, 50% formamide,
10% Dextran sulfate, and 1-15 ng/mL probe (about 5x107
cpny/ig), while the washes are performed at about 50° C. with
a wash solution containing 2xSSC and 0.1% sodium dodecyl
sulfate.

Highly stringent hybridization conditions mean the hybrid-
ization is performed at about 42° C. in a hybridization solu-
tion containing 25 mM KPO,, (pH 7.4), 5xSSC, 5xDenhardt’s
solution, 50 pg/mL denatured, sonicated salmon sperm DNA,
50% formamide, 10% Dextran sulfate, and 1-15 ng/mlL. probe
(about 5x107 cpm/ug), while the washes are performed at
about 65° C. with a wash solution containing 0.2xSSC and
0.1% sodium dodecyl sulfate.

Purified: The term “purified” as used herein does not
require absolute purity; rather, itis intended as a relative term.
Thus, for example, a purified polypeptide or nucleic acid
preparation can be one in which the subject polypeptide or
nucleic acid, respectively, is at a higher concentration than the
polypeptide or nucleic acid would be in its natural environ-
ment within an organism. For example, a polypeptide prepa-
ration can be considered purified if the polypeptide content in
the preparation represents at least 50%, 60%, 70%, 80%,
85%, 90%, 92%, 95%, 98%, or 99% of the total protein
content of the preparation.

Transformed: A “transformed” cell is a cell into which a
nucleic acid molecule has been introduced by, for example,
molecular biology techniques. As used herein, the term
“transformation” encompasses all techniques by which a
nucleic acid molecule might be introduced into such a cell
including, without limitation, transfection with a viral vector,
conjugation, transformation with a plasmid vector, and intro-
duction of naked DNA by electroporation, lipofection, and
particle gun acceleration.

Recombinant: A “recombinant” nucleic acid is one having
(1) a sequence that is not naturally occurring in the organism
in which it is expressed or (2) a sequence made by an artificial
combination of two otherwise-separated, shorter sequences.
This artificial combination is often accomplished by chemical
synthesis or, more commonly, by the artificial manipulation
of isolated segments of nucleic acids, e.g., by genetic engi-
neering techniques. “Recombinant” is also used to describe
nucleic acid molecules that have been artificially manipu-
lated, but contain the same regulatory sequences and coding
regions that are found in the organism from which the nucleic
acid was isolated.

Specific binding agent: A “specific binding agent” is an
agent that is capable of specifically binding to any of the
polypeptides described herein, and can include polyclonal
antibodies, monoclonal antibodies (including humanized
monoclonal antibodies), and fragments of monoclonal anti-
bodies such as Fab, F(ab')2, and Fv fragments as well as any
other agent capable of specifically binding to an epitope of
such polypeptides.

Antibodies to the polypeptides provided herein (or frag-
ments thereof) can be used to purify or identify such polypep-
tides. The amino acid and nucleic acid sequences provided
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herein allow for the production of specific antibody-based
binding agents that recognize the polypeptides described
herein.

Monoclonal or polyclonal antibodies can be produced to
the polypeptides, portions of the polypeptides, or variants
thereof. Optimally, antibodies raised against one or more
epitopes on a polypeptide antigen will specifically detect that
polypeptide. That is, antibodies raised against one particular
polypeptide would recognize and bind that particular
polypeptide, and would not substantially recognize or bind to
other polypeptides. The determination that an antibody spe-
cifically binds to a particular polypeptide is made by any one
of'a number of standard immunoassay methods; for instance,
Western blotting (See, e.g., Sambrook et al. (ed.), Molecular
Cloning: A Laboratory Manual, 2nd ed., vol. 1-3, Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1989).

To determine that a given antibody preparation (such as a
preparation produced in a mouse against a polypeptide having
the amino acid sequence set forth in SEQ ID NO: 2) specifi-
cally detects the appropriate polypeptide (e.g., a polypeptide
having the amino acid sequence set forth in SEQ ID NO: 2) by
Western blotting, total cellular protein can be extracted from
cells and separated by SDS-polyacrylamide gel electrophore-
sis. The separated total cellular protein can then be transferred
to a membrane (e.g., nitrocellulose), and the antibody prepa-
ration incubated with the membrane. After washing the mem-
brane to remove non-specifically bound antibodies, the pres-
ence of specifically bound antibodies can be detected using an
appropriate secondary antibody (e.g., an anti-mouse anti-
body) conjugated to an enzyme such as alkaline phosphatase
since application of 5-bromo-4-chloro-3-indolyl phosphate/
nitro blue tetrazolium results in the production of a densely
blue-colored compound by immuno-localized alkaline phos-
phatase.

Substantially pure polypeptides suitable for use as an
immunogen can be obtained from transfected cells, trans-
formed cells, or wild-type cells. Polypeptide concentrations
in the final preparation can be adjusted, for example, by
concentration on an Amicon filter device, to the level of a few
micrograms per milliliter. In addition, polypeptides ranging
in size from full-length polypeptides to polypeptides having
as few as nine amino acid residues can be utilized as immu-
nogens. Such polypeptides can be produced in cell culture,
can be chemically synthesized using standard methods, or can
be obtained by cleaving large polypeptides into smaller
polypeptides that can be purified. Polypeptides having as few
as nine amino acid residues in length can be immunogenic
when presented to an immune system in the context of a
Major Histocompatibility Complex (MHC) molecule such as
an MHC class I or MHC class II molecule. Accordingly,
polypeptides having at least 9, 10, 11, 12, 13, 14, 15, 20, 25,
30,35, 40, 45, 50, 55, 60, 70, 80, 90, 100, 150, 200, 250, 300,
350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 900, 1000,
1050, 1100, 1150, 1200, 1250, 1300, 1350, or more consecu-
tive amino acid residues of any amino acid sequence dis-
closed herein can be used as immunogens for producing
antibodies.

Monoclonal antibodies to any of the polypeptides dis-
closed herein can be prepared from murine hybridomas
according to the classic method of Kohler & Milstein (Nature
256:495 (1975)) or a derivative method thereof.

Polyclonal antiserum containing antibodies to the hetero-
geneous epitopes of any polypeptide disclosed herein can be
prepared by immunizing suitable animals with the polypep-
tide (or fragment thereof), which can be unmodified or modi-
fied to enhance immunogenicity. An effective immunization
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protocol for rabbits can be found in Vaitukaitis et al. (J. Clin.
Endocrinol. Metab. 33:988-991 (1971)).

Antibody fragments can be used in place of whole antibod-
ies and can be readily expressed in prokaryotic host cells.
Methods of making and using immunologically effective por-
tions of monoclonal antibodies, also referred to as “antibody
fragments,” are well known and include those described in
Better & Horowitz (Methods Enzymol. 178:476-496 (1989)),
Glockshuber etal. (Biochemistry 29:1362-1367 (1990)), U.S.
Pat. No. 5,648,237 (“Expression of Functional Antibody
Fragments™), U.S. Pat. No. 4,946,778 (“Single Polypeptide
Chain Binding Molecules”), U.S. Pat. No. 5,455,030 (“Im-
munotherapy Using Single Chain Polypeptide Binding Mol-
ecules”), and references cited therein.

Operably linked: A first nucleic acid sequence is “operably
linked” with a second nucleic acid sequence whenever the
first nucleic acid sequence is placed in a functional relation-
ship with the second nucleic acid sequence. For instance, a
promoter is operably linked to a coding sequence if the pro-
moter affects the transcription of the coding sequence. Gen-
erally, operably linked DNA sequences are contiguous and,
where necessary to join two polypeptide-coding regions, in
the same reading frame.

Probes and primers: Nucleic acid probes and primers can
be prepared readily based on the amino acid sequences and
nucleic acid sequences provided herein. A “probe” includes
an isolated nucleic acid containing a detectable label or
reporter molecule. Typical labels include radioactive iso-
topes, ligands, chemiluminescent agents, and enzymes.
Methods for labeling and guidance in the choice of labels
appropriate for various purposes are discussed in, for
example, Sambrook et al. (ed.), Molecular Cloning: A Labo-
ratory Manual 2nd ed., vol. 1-3, Cold Spring Harbor Labora-
tory Press, Cold Spring Harbor, N.Y., 1989, and Ausubel et al.
(ed.) Current Protocols in Molecular Biology, Greene Pub-
lishing and Wiley-Interscience, New York (with periodic
updates), 1987.

“Primers” are typically nucleic acid molecules having ten
or more nucleotides (e.g., nucleic acid molecules having
between about 10 nucleotides and about 100 nucleotides). A
primer can be annealed to a complementary target nucleic
acid strand by nucleic acid hybridization to form a hybrid
between the primer and the target nucleic acid strand, and
then extended along the target nucleic acid strand by, for
example, a DNA polymerase enzyme. Primer pairs can be
used for amplification of a nucleic acid sequence, for
example, by the polymerase chain reaction (PCR) or other
nucleic-acid amplification methods known in the art.

Methods for preparing and using probes and primers are
described, for example, in references such as Sambrook et al.
(ed.), Molecular Cloning: A Laboratory Manual, 2nd ed., vol.
1-3, Cold Spring Harbor Laboratory Press, Cold Spring Har-
bor, N.Y., 1989; Ausubel et al. (ed.), Current Protocols in
Molecular Biology, Greene Publishing and Wiley-Inter-
science, New York (with periodic updates), 1987; and Innis et
al., PCR Protocols: A Guide to Methods and Applications,
Academic Press: San Diego, 1990. PCR primer pairs can be
derived from a known sequence, for example, by using com-
puter programs intended for that purpose such as Primer
(Version 0.5, . COPYRGT. 1991, Whitehead Institute for Bio-
medical Research, Cambridge, Mass.). One of skill in the art
will appreciate that the specificity of a particular probe or
primer increases with the length, but that a probe or primer
can range in size from a full-length sequence to sequences as
short as five consecutive nucleotides. Thus, for example, a
primer of 20 consecutive nucleotides can anneal to a target
with a higher specificity than a corresponding primer of only
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15 nucleotides. Thus, in order to obtain greater specificity,
probes and primers can be selected that comprise, for
example, 10, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150,
200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750,
800, 850, 900, 950, 1000, 1050, 1100, 1150, 1200, 1250,
1300, 1350, 1400, 1450, 1500, 1550, 1600, 1650, 1700, 1750,
1800, 1850, 1900, 2000, 2050, 2100, 2150, 2200, 2250, 2300,
2350, 2400, 2450, 2500, 2550, 2600, 2650, 2700, 2750, 2800,
2850, 2900, 3000, 3050, 3100, 3150, 3200, 3250, 3300, 3350,
3400, 3450, 3500, 3550, 3600, 3650, 3700, 3750, 3800, 3850,
3900, 4000, 4050,4100, 4150, 4200, 4250, 4300, 4350, 4400,
4450,4500, 4550,4600, 4650, 4700, 4750, 4800, 4850, 4900,
5000, 5050, 5100, 5150, 5200, 5250, 5300, 5350, 5400, 5450,
or more consecutive nucleotides.

Percent sequence identity: The “percent sequence identity”
between a particular nucleic acid or amino acid sequence and
a sequence referenced by a particular sequence identification
number is determined as follows. First, a nucleic acid or
amino acid sequence is compared to the sequence set forth in
aparticular sequence identification number using the BLAST
2 Sequences (Bl2seq) program from the stand-alone version
of BLASTZ containing BLASTN version 2.0.14 and
BLASTP version 2.0.14. This stand-alone version of
BLASTZ can be obtained from Fish & Richardson’s web site
(www.fr.com) or the United States government’s National
Center for Biotechnology Information web site (www.ncbi.n-
Im.nih.gov). Instructions explaining how to use the Bl2seq
program can be found in the readme file accompanying
BLASTZ. Bl2seq performs a comparison between two
sequences using either the BLASTN or BLASTP algorithm.
BLASTN is used to compare nucleic acid sequences, while
BLASTP is used to compare amino acid sequences. To com-
pare two nucleic acid sequences, the options are set as fol-
lows: -i is set to a file containing the first nucleic acid
sequence to be compared (e.g., C:\seql.txt); - is set to a file
containing the second nucleic acid sequence to be compared
(e.g., C:\seq2.txt); -p is set to blastn; -0 is set to any desired file
name (e.g., C:\output.txt); -q is set to —1; -r is set to 2; and all
other options are left at their default setting. For example, the
following command can be used to generate an output file
containing a comparison between two sequences: C:\Bl2seq
c:\seql.txt-j c:\seq2.1xt -p blastn -o c:\output.txt -q -1 -r 2. To
compare two amino acid sequences, the options of Bl2seq are
set as follows: -i is set to a file containing the first amino acid
sequence to be compared (e.g., C:\seql.txt); - is set to a file
containing the second amino acid sequence to be compared
(e.g., C:\seq2.txt); -p is set to blastp; -0 is set to any desired file
name (e.g., C:\output.txt); and all other options are left at their
default setting. For example, the following command can be
used to generate an output file containing a comparison
between two amino acid sequences: C:\Bl2seq c:\seql.txt -j
c:\seq2.txt -p blastp -o c:output.txt. If the two compared
sequences share homology, then the designated output file
will present those regions of homology as aligned sequences.
If the two compared sequences do not share homology, then
the designated output file will not present aligned sequences.

Once aligned, the number of matches is determined by
counting the number of positions where an identical nucle-
otide or amino acid residue is presented in both sequences.
The percent sequence identity is determined by dividing the
number of matches either by the length of the sequence set
forth in the identified sequence (e.g., SEQ ID NO:1), or by an
articulated length (e.g., 100 consecutive nucleotides or amino
acid residues from a sequence set forth in an identified
sequence), followed by multiplying the resulting value by
100. For example, a nucleic acid sequence that has 1166
matches when aligned with the sequence set forth in SEQ ID
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NO:1 is 75.0 percent identical to the sequence set forth in
SEQIDNO:1 (i.e., 1166+1554*100=75.0). It is noted that the
percent sequence identity value is rounded to the nearest
tenth. For example, 75.11, 75.12,75.13, and 75.14 is rounded
down to 75.1, while 75.15, 75.16, 75.17, 75.18, and 75.19 is
rounded up to 75.2. It is also noted that the length value will
always be an integer. In another example, a target sequence
containing a 20-nucleotide region that aligns with 20 con-
secutive nucleotides from an identified sequence as follows
contains a region that shares 75 percent sequence identity to
that identified sequence (i.e., 15+20*100=75).

1 20
AGGTCGTGTACTGTCAGTCA

Identified Sequence: ACGTGGTGAACTGCCAGTGA

Target Sedquence:

Conservative substitution: The term “conservative substi-
tution” as used herein refers to any of the amino acid substi-
tutions set forth in Table 1. Typically, conservative substitu-
tions have little to no impact on the activity of a polypeptide.
A polypeptide can be produced to contain one or more con-
servative substitutions by manipulating the nucleotide
sequence that encodes that polypeptide using, for example,
standard procedures such as site-directed mutagenesis or
PCR.

TABLE 1
Original Conservative
Residue Substitution(s)
Ala ser
Arg lys
Asn gln; his
Asp glu
Cys ser
Gln asn
Glu asp
Gly pro
His asn; gln
Ile leu; val
Leu ile; val
Lys arg; gln; glu
Met leu; ile
Phe met; leu; tyr
Ser
Thr ser
Trp tyr
Tyr trp; phe
Val ile; leu

II. Metabolic Pathways

The invention provides methods and materials related to
producing 3-HP as well as other organic compounds (e.g.,
1,3-propanediol, acrylic acid, polymerized acrylate, esters of
acrylate, polymerized 3-HP, and esters of 3-HP). Specifically,
the invention provides isolated nucleic acids, polypeptides,
host cells, and methods and materials for producing 3-HP as
well as other organic compounds such as 1,3-propanediol,
acrylic acid, polymerized acrylate, esters of acrylate, poly-
merized 3-HP, and esters of 3-HP.

Accordingly, the invention provides several metabolic
pathways that can be used to produce organic compounds
from PEP (FIGS. 1-5, 43-44, 54, and 55). As depicted in FIG.
1, lactate can be converted into lactyl-CoA by a polypeptide
having CoA transferase activity (EC 2.8.3.1); the resulting
lactyl-CoA can be converted into acrylyl-CoA by a polypep-
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tide (or multiple polypeptide complex such as an activated
E2a and E2f complex) having lactyl-CoA dehydratase activ-
ity (EC 4.2.1.54); the resulting acrylyl-CoA can be converted
into 3-hydroxypropionyl-CoA (3-HP-CoA) by a polypeptide
having 3-hydroxypropionyl-CoA dehydratase activity (EC
4.2.1.-); and the resulting 3-HP-CoA can be converted into
3-HP by a polypeptide having CoA transferase activity, a
polypeptide having 3-hydroxypropionyl-CoA hydrolase
activity (EC 3.1.2.-), or a polypeptide having 3-hydroxy-
isobutryl-CoA hydrolase activity (EC 3.1.2.4).

Polypeptides having CoA transferase activity as well as
nucleic acid encoding such polypeptides can be obtained
from various species including, without limitation, Megas-
phaera elsdenii, Clostridium propionicum, Clostridium
kluyveri, and Escherichia coli. For example, nucleic acid that
encodes a polypeptide having CoA transferase activity can be
obtained from Megasphaera elsdenii as described in Example
1 and can have a sequence as set forth in SEQ ID NO: 1. In
addition, polypeptides having CoA transferase activity as
well as nucleic acid encoding such polypeptides can be
obtained as described herein. For example, the variations to
SEQ ID NO: 1 provided herein can be used to encode a
polypeptide having CoA transferase activity.

Polypeptides (or the polypeptides of a multiple polypep-
tide complex such as an activated E2a and E2 complex)
having lactyl-CoA dehydratase activity as well as nucleic
acid encoding such polypeptides can be obtained from vari-
ous species including, without limitation, Megasphaera els-
denii and Clostridium propionicum. For example, nucleic
acid encoding an E1 activator, an E2a subunit, and an E2f
subunit that can form a multiple polypeptide complex having
lactyl-CoA dehydratase activity can be obtained from Megas-
phaera elsdenii as described in Example 2. The nucleic acid
encoding the E1 activator can contain a sequence as set forth
in SEQ ID NO: 9; the nucleic acid encoding the E2a subunit
can contain a sequence as set forth in SEQ ID NO: 17; and the
nucleic acid encoding the E2f subunit can contain a sequence
as set forth in SEQ ID NO: 25. In addition, polypeptides (or
the polypeptides of a multiple polypeptide complex) having
lactyl-CoA dehydratase activity as well as nucleic acid
encoding such polypeptides can be obtained as described
herein. For example, the variations to SEQ ID NO: 9, 17, and
25 provided herein can be used to encode the polypeptides of
a multiple polypeptide complex having CoA transferase
activity.

Polypeptides having 3-hydroxypropionyl-CoA dehy-
dratase activity as well as nucleic acid encoding such
polypeptides can be obtained from various species including,
without limitation, Chloroflexus aurantiacus, Candida rug-
osa, Rhodosprillium rubrum, and Rhodobacter capsulates.
For example, nucleic acid that encodes a polypeptide having
3-hydroxypropionyl-CoA dehydratase activity can be
obtained from Chloroflexus aurantiacus as described in
Example 3 and can have a sequence as set forth in SEQ ID
NO: 40. In addition, polypeptides having 3-hydroxypropio-
nyl-CoA dehydratase activity as well as nucleic acid encod-
ing such polypeptides can be obtained as described herein.
For example, the variations to SEQ ID NO: 40 provided
herein can be used to encode a polypeptide having 3-hydrox-
ypropionyl-CoA dehydratase activity.

Polypeptides having 3-hydroxypropionyl-CoA hydrolase
activity as well as nucleic acid encoding such polypeptides
can be obtained from various species including, without limi-
tation, Candida rugosa. Polypeptides having 3-hydroxy-
isobutryl-CoA hydrolase activity as well as nucleic acid
encoding such polypeptides can be obtained from various
species including, without limitation, Pseudomonas fluore-
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scens, rattus, and homo sapiens. For example, nucleic acid
that encodes a polypeptide having 3-hydroxyisobutryl-CoA
hydrolase activity can be obtained from somo sapiens and can
have a sequence as set forth in GenBank® accession number
U66669.

The term “polypeptide having enzymatic activity” as used
herein refers to any polypeptide that catalyzes a chemical
reaction of other substances without itself being destroyed or
altered upon completion of the reaction. Typically, a polypep-
tide having enzymatic activity catalyzes the formation of one
or more products from one or more substrates. Such polypep-
tides can have any type of enzymatic activity including, with-
out limitation, the enzymatic activity or enzymatic activities
associated with enzymes such as dehydratases/hydratases,
3-hydroxypropionyl-CoA dehydratases/hydratases, CoA
transferases, lactyl-CoA dehydratases, 3-hydroxypropionyl-
CoA hydrolases, 3-hydroxyisobutryl-CoA hydrolases, poly
hydroxyacid synthases, CoA synthetases, malonyl-CoA
reductases, 3-alanine ammonia lyases, and lipases.

As depicted in FIG. 2, lactate can be converted into lactyl-
CoA by a polypeptide having CoA synthetase activity (EC
6.2.1.-); the resulting lactyl-CoA can be converted into acry-
lyl-CoA by a polypeptide (or multiple polypeptide complex)
having lactyl-CoA dehydratase activity; the resulting acrylyl-
CoA can be converted into 3-HP-CoA by a polypeptide hav-
ing 3-hydroxypropionyl-CoA dehydratase activity; and the
resulting 3-HP-CoA can be converted into polymerized 3-HP
by a polypeptide having poly hydroxyacid synthase activity
(EC 2.3.1.-). Polypeptides having CoA synthetase activity as
well as nucleic acid encoding such polypeptides can be
obtained from various species including, without limitation,
Escherichia coli, Rhodobacter sphaeroides, Saccharomyces
cervisiae, and Salmonella enterica. For example, nucleic acid
that encodes a polypeptide having CoA synthetase activity
can be obtained from FEscherichia coli and can have a
sequence as set forth in GenBank® accession number
U00006. Polypeptides (or multiple polypeptide complexes)
having lactyl-CoA dehydratase activity as well as nucleic
acid encoding such polypeptides can be obtained as provided
herein. Polypeptides having 3-hydroxypropionyl-CoA dehy-
dratase activity as well as nucleic acid encoding such
polypeptides also can be obtained as provided herein.
Polypeptides having poly hydroxyacid synthase activity as
well as nucleic acid encoding such polypeptides can be
obtained from various species including, without limitation,
Rhodobacter sphaeroides, Comamonas acidororans, Ralsto-
nia eutropha, and Pseudomonas oleovorans. For example,
nucleic acid that encodes a polypeptide having poly hydroxy-
acid synthase activity can be obtained from Rhodobacter
sphaeroides and can have a sequence as set forth in Gen-
Bank® accession number X97200.

As depicted in FIG. 3, lactate can be converted into lactyl-
CoA by a polypeptide having CoA transferase activity; the
resulting lactyl-CoA can be converted into acrylyl-CoA by a
polypeptide (or multiple polypeptide complex) having lactyl-
CoA dehydratase activity; the resulting acrylyl-CoA can be
converted into 3-HP-CoA by a polypeptide having 3-hydrox-
ypropionyl-CoA dehydratase activity; the resulting 3-HP-
CoA can be converted into 3-HP by a polypeptide having
CoA transferase activity, a polypeptide having 3-hydroxypro-
pionyl-CoA hydrolase activity, or a polypeptide having 3-hy-
droxyisobutryl-CoA hydrolase activity; and the resulting
3-HP can be converted into an ester of 3-HP by a polypeptide
having lipase activity (EC 3.1.1.-). Polypeptides having
lipase activity as well as nucleic acid encoding such polypep-
tides can be obtained from various species including, without
limitation, Candida rugosa, Candida tropicalis, and Candida
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albicans. For example, nucleic acid that encodes a polypep-
tide having lipase activity can be obtained from Candida
rugosa and can have a sequence as set forth in GenBank®
accession number A81171.

As depicted in FIG. 4, lactate can be converted into lactyl-
CoA by a polypeptide having CoA synthetase activity; the
resulting lactyl-CoA can be converted into acrylyl-CoA by a
polypeptide (or multiple polypeptide complex) having lactyl-
CoA dehydratase activity; and the resulting acrylyl-CoA can
be converted into polymerized acrylate by a polypeptide hav-
ing poly hydroxyacid synthase activity.

As depicted in FIG. 5, lactate can be converted into lactyl-
CoA by a polypeptide having CoA transferase activity; the
resulting lactyl-CoA can be converted into acrylyl-CoA by a
polypeptide (or multiple polypeptide complex) having lactyl-
CoA dehydratase activity; the resulting acrylyl-CoA can be
converted into acrylate by a polypeptide having CoA trans-
ferase activity; and the resulting acrylate can be converted
into an ester of acrylate by a polypeptide having lipase activ-
ity.

As depicted in FIG. 44, acetyl-CoA can be converted into
malonyl-CoA by a polypeptide having acetyl-CoA carboxy-
lase activity, and the resulting malonyl-CoA can be converted
into 3-HP by a polypeptide having malonyl-CoA reductase
activity. Polypeptides having acetyl-CoA carboxylase activ-
ity as well as nucleic acid encoding such polypeptides can be
obtained from various species including, without limitation,
Escherichia coli and Chloroflexus aurantiacus. For example,
nucleic acid that encodes a polypeptide having acetyl-CoA
carboxylase activity can be obtained from Escherichia coli
and can have a sequence as set forth in GenBank® accession
number M96394 or U18997. Polypeptides having malonyl-
CoA reductase activity as well as nucleic acid encoding such
polypeptides can be obtained from various species including,
without limitation, Chloroflexus aurantiacus, Sulfolobus met-
acillus, and Acidianus brierleyi. For example, nucleic acid
that encodes a polypeptide having malonyl-CoA reductase
activity can be obtained as described herein and can have a
sequence similar to the sequence set forth in SEQ ID NO: 140.
In addition, polypeptides having malonyl-CoA reductase
activity as well as nucleic acid encoding such polypeptides
can be obtained as described herein. For example, the varia-
tions to SEQ ID NO: 140 provided herein can be used to
encode a polypeptide having malonyl-CoA reductase activ-
ity.

Polypeptides having malonyl-CoA reductase activity can
use NADPH as a co-factor. For example, the polypeptide
having the amino acid sequence set forth in SEQ ID NO: 141
is a polypeptide having malonyl-CoA reductase activity that
uses NADPH as a co-factor when converting malonyl-CoA
into 3-HP. Likewise, polypeptides having malonyl-CoA
reductase activity can use NADH as a co-factor. Such
polypeptides can be obtained by converting a polypeptide that
has malonyl-CoA reductase, activity and uses NADPH as a
cofactor into a polypeptide that has malonyl-CoA reductase
activity and uses NADH as a cofactor. Any method can be
used to convert a polypeptide that uses NADPH as a cofactor
into a polypeptide that uses NADH as a cofactor such as those
described by others (Eppink et al., J. Mol. Biol., 292(1):87-96
(1999), Hall and Tomsett, Microbiology, 146(Pt 6):1399-406
(2000), and Dohr et al., Proc. Natl. Acad. Sci., 98(1):81-86
(2001)). For example, mutagenesis can be used to convert the
polypeptide encoded by the nucleic acid sequence set forth in
SEQ ID NO: 140 into a polypeptide that, when converting
malonyl-CoA into 3-HP, uses NADH as a co-factor instead of
NADPH.
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As depicted in FIG. 43, propionate can be converted into
propionyl-CoA by a polypeptide having CoA synthetase
activity such as the polypeptide having the sequence set forth
in SEQ ID NO: 39; the resulting propionyl-CoA can be con-
verted into acrylyl-CoA by a polypeptide having dehydroge-
nase activity such as the polypeptide having the sequence set
forth in SEQ ID NO: 39; and the resulting acrylyl-CoA can be
converted into (1) acrylate by a polypeptide having CoA
transferase activity or CoA hydrolase activity, (2) 3-HP-CoA
by a polypeptide having 3-HP dehydratase activity (also
referred to as acrylyl-CoA hydratase or simply hydratase)
such as the polypeptide having the sequence set forth in SEQ
1D NO:39, or (3) polymerized acrylate by a polypeptide hav-
ing poly hydroxyacid synthase activity. The resulting acrylate
can be converted into an ester of acrylate by a polypeptide
having lipase activity. The resulting 3-HP-CoA can be con-
verted into (1) 3-HP by a polypeptide having CoA transferase
activity, a polypeptide having 3-hydroxypropionyl-CoA
hydrolase activity (EC 3.1.2.-), or a polypeptide having 3-hy-
droxyisobutyryl-CoA hydrolase activity (EC 3.1.2.4), or (2)
polymerized 3-HP by a polypeptide having poly hydroxyacid
synthase activity (EC 2.3.1.-).

As depicted in FIG. 54, PEP can be converted into f-ala-
nine. B-alanine can be converted into -alanyl-CoA through
the use of a polypeptide having CoA transferase activity.
p-alanyl-CoA can then be converted into acrylyl-CoA
through the use of a polypeptide having $-alanyl-CoA ammo-
nia lyase activity. Acrylyl-CoA can then be converted into
3-HP-CoA through the use of a polypeptide having 3-HP-
CoA dehydratase activity, and a polypeptide having
glutamate dehydrogenase activity can be used to convert
3-HP-CoA into 3-HP.

As depicted in FIG. 55, 3-HP can be made from [-alanine
by first contacting [-alanine with a polypeptide having 4,4-
aminobutyrate aminotransferase activity to create malonate
semialdehyde. The malonate semialdehyde can be converted
into 3-HP with a polypeptide having 3-HP dehydrogenase
activity or a polypeptide having 3-hydroxyisobutyrate dehy-
drogenase activity.

III. Nucleic Acid Molecules and Polypeptides

The invention provides isolated nucleic acid that contains
the entire nucleic acid sequence set forth in SEQ ID NO:1, 9,
17,25, 33, 34, 36, 38, 40, 42, 129, 140, 142, 162, or 163. In
addition, the invention provides isolated nucleic acid that
contains a portion of the nucleic acid sequence set forth in
SEQIDNO:1, 9,17, 25, 33,34, 36, 38,40, 42, 129, 140, 142,
162, or 163. For example, the invention provides isolated
nucleic acid that contains a 15 nucleotide sequence identical
to any 15 nucleotide sequence set forth in SEQ ID NO:1, 9,
17, 25, 33, 34, 36, 38, 40, 42, 129, 140, 142, 162, or 163
including, without limitation, the sequence starting at nucle-
otide number 1 and ending at nucleotide number 15, the
sequence starting at nucleotide number 2 and ending at nucle-
otide number 16, the sequence starting at nucleotide number
3 and ending at nucleotide number 17, and so forth. It will be
appreciated that the invention also provides isolated nucleic
acid that contains a nucleotide sequence that is greater than 15
nucleotides (e.g., 16,17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, 30, or more nucleotides) in length and identical to any
portion of the sequence set forth in SEQ ID NO:1, 9, 17, 25,
33, 34, 36, 38, 40, 42, 129, 140, 142, 162, or 163. For
example, the invention provides isolated nucleic acid that
contains a 25 nucleotide sequence identical to any 25 nucle-
otide sequence set forthin SEQ IDNO:1,9, 17, 25,33, 34, 36,
38, 40, 42, 129, 140, 142, 162, or 163 including, without
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limitation, the sequence starting at nucleotide number 1 and
ending at nucleotide number 25, the sequence starting at
nucleotide number 2 and ending at nucleotide number 26, the
sequence starting at nucleotide number 3 and ending at nucle-
otide number 27, and so forth. Additional examples include,
without limitation, isolated nucleic acids that contain a nucle-
otide sequence that is 50 or more nucleotides (e.g., 100, 150,
200, 250, 300, or more nucleotides) in length and identical to
any portion of the sequence set forth in SEQ ID NO:1, 9, 17,
25,33, 34, 36, 38, 40, 42, 129, 140, 142, 162, or 163. Such
isolated nucleic acids can include, without limitation, those
isolated nucleic acids containing a nucleic acid sequence
represented in a single line of sequence depicted in FIG. 6, 10,
14,18, 22, 23, 25, 27, 29, 31, 39, 49, or 51 since each line of
sequence depicted in these figures, with the possible excep-
tion of the last line, provides a nucleotide sequence contain-
ing at least 50 bases.

In addition, the invention provides isolated nucleic acid
that contains a variation of the nucleic acid sequence set forth
in SEQ ID NO:1, 9, 17, 25, 33, 34, 36, 38, 40, 42, 129, 140,
142,162, or 163. For example, the invention provides isolated
nucleic acid containing a nucleic acid sequence set forth in
SEQIDNO:1,9,17,25,33,34,36,38, 40,42, 129, 140, 142,
162, or 163 that contains a single insertion, a single deletion,
a single substitution, multiple insertions, multiple deletions,
multiple substitutions, or any combination thereof (e.g.,
single deletion together with multiple insertions). Such iso-
lated nucleic acid molecules can share at least 60, 65, 70, 75,
80, 85, 90, 95, 97, 98, or 99 percent sequence identity with a
sequence set forth in SEQ ID NO:1, 9, 17, 25, 33, 34, 36, 38,
40,42, 129, 140, 142, 162, or 163.

The invention provides multiple examples of isolated
nucleic acid that contains a variation of a nucleic acid
sequence set forth in SEQ ID NO:1, 9, 17, 25, 33, 34, 36, 38,
40,42,129, 140,142,162, 0r 163. Forexample, FIGS. 8A-8D
provide the sequence set forth in SEQ ID NO:1 aligned with
three other nucleic acid sequences. Examples of variations of
the sequence set forth in SEQ ID NO:1 include, without
limitation, any variation of the sequence set forth in SEQ ID
NO:1 provided in FIGS. 8 A-8D. Such variations are provided
in FIGS. 8A-8D in that a comparison of the nucleotide (or
lack thereof) at a particular position of the sequence set forth
in SEQ ID NO:1 with the nucleotide (or lack thereof) at the
same aligned position of any of the other three nucleic acid
sequences depicted in FIGS. 8A-8D (i.e., SEQ ID NOs:3, 4,
and 5) provides a list of specific changes for the sequence set
forth in SEQ ID NO:1. For example, the “a” at position 49 of
SEQ ID NO:1 can be substituted with an “c” as indicated in
FIGS. 8A-8D. As also indicated in FIGS. 8 A-8D, the “a” at
position 590 of SEQ ID NO:1 can be substituted with a
“atgg”; an “aaac” can be inserted before the “g” at position
393 of SEQ ID NO:1; or the “gaa” at position 736 of SEQ ID
NO:1 can be deleted. It will be appreciated that the sequence
set forth in SEQ ID NO:1 can contain any number of varia-
tions as well as any combination of types of variations. For
example, the sequence set forth in SEQ ID NO:1 can contain
one variation provided in FIGS. 8 A-8D or more than one
(e.g.,2,3,4,5,6,7,8,9,10, 15,20, 25, 50, 100, or more) of
the variations provided in FIGS. 8A-8D. It is noted that the
nucleic acid sequences provided by FIGS. 8 A-8D can encode
polypeptides having CoA transferase activity. The invention
also provides isolated nucleic acid that contains a variant of a
portion of the sequence set forth in SEQ ID NO:1 as depicted
in FIGS. 8 A-8D and described herein.

Likewise, FIGS. 12A-12B provide variations of SEQ ID
NO:9 and portions thereof; FIGS. 16A-16C provide varia-
tions of SEQ ID NO:17 and portions thereof; FIGS. 20A-20C
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provide variations of SEQ ID NO:25 and portions thereof;,
FIGS. 32A-32B provide variations of SEQ ID NO:40 and
portions thereof; and FIGS. 53A-53] provide variations of
SEQ ID NO:140.

The invention provides isolated nucleic acid that contains a
nucleic acid sequence that encodes the entire amino acid
sequence set forth in SEQ ID NO:2, 10, 18, 26, 35,37,39, 41,
141, 160, or 161. In addition, the invention provides isolated
nucleic acid that contains a nucleic acid sequence that
encodes a portion ofthe amino acid sequence set forth in SEQ
ID NO:2, 10, 18, 26, 35, 37, 39, 41, 141, 160, or 161. For
example, the invention provides isolated nucleic acid that
contains a nucleic acid sequence that encodes a 15 amino acid
sequence identical to any 15 amino acid sequence set forth in
SEQ ID NO:2, 10, 18, 26, 35, 37, 39, 41, 141, 160, or 161
including, without limitation, the sequence starting at amino
acid residue number 1 and ending at amino acid residue
number 15, the sequence starting at amino acid residue num-
ber 2 and ending at amino acid residue number 16, the
sequence starting at amino acid residue number 3 and ending
at amino acid residue number 17, and so forth. It will be
appreciated that the invention also provides isolated nucleic
acid that contains a nucleic acid sequence that encodes an
amino acid sequence that is greater than 15 amino acid resi-
dues (e.g., 16,17, 18,19, 20,21, 22,23, 24,25,26,27,28, 29,
30, or more amino acid residues) in length and identical to any
portion of the sequence set forth in SEQ ID NO:2, 10, 18, 26,
35,37, 39, 41, 141, 160, or 161. For example, the invention
provides isolated nucleic acid that contains a nucleic acid
sequence that encodes a 25 amino acid sequence identical to
any 25 amino acid sequence set forth in SEQ ID NO:2, 10, 18,
26, 35,137,139, 41, 141, 160, or 161 including, without limi-
tation, the sequence starting at amino acid residue number 1
and ending at amino acid residue number 25, the sequence
starting at amino acid residue number 2 and ending at amino
acid residue number 26, the sequence starting at amino acid
residue number 3 and ending at amino acid residue number
27, and so forth. Additional examples include, without limi-
tation, isolated nucleic acids that contain a nucleic acid
sequence that encodes an amino acid sequence that is 50 or
more amino acid residues (e.g., 100, 150, 200, 250, 300, or
more amino acid residues) in length and identical to any
portion of the sequence set forth in SEQ ID NO:2, 10, 18, 26,
35,137,309, 41, 141, 160, or 161. Such isolated nucleic acids
can include, without limitation, those isolated nucleic acids
containing a nucleic acid sequence that encodes an amino
acid sequence represented in a single line of sequence
depicted in FIG. 7,11, 15,19, 24, 26, 28, 30, or 50 since each
line of sequence depicted in these figures, with the possible
exception of the last line, provides an amino acid sequence
containing at least 50 residues.

In addition, the invention provides isolated nucleic acid
that contains a nucleic acid sequence that encodes an amino
acid sequence having a variation of the amino acid sequence
set forth in SEQ IDNO:2, 10, 18, 26,35,37,39, 41, 141, 160,
or 161. For example, the invention provides isolated nucleic
acid containing a nucleic acid sequence encoding an amino
acid sequence set forth in SEQ ID NO:2, 10, 18, 26, 35, 37,
39, 41, 141, 160, or 161 that contains a single insertion, a
single deletion, a single substitution, multiple insertions,
multiple deletions, multiple substitutions, or any combination
thereof (e.g., single deletion together with multiple inser-
tions). Such isolated nucleic acid molecules can contain a
nucleic acid sequence encoding an amino acid sequence that
shares at least 60, 65, 70, 75, 80, 85, 90, 95, 97, 98, or 99
percent sequence identity with a sequence set forth in SEQ ID
NO:2, 10, 18, 26, 35, 37, 39, 41, 141, 160, or 161.
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The invention provides multiple examples of isolated
nucleic acid containing a nucleic acid sequence encoding an
amino acid sequence having a variation of an amino acid
sequence set forth in SEQ ID NO:2, 10, 18, 26,35,37,39, 41,
141, 160, or 161. For example, FIGS. 9A-9B provide the
amino acid sequence set forth in SEQ ID NO:2 aligned with
three other amino acid sequences. Examples of variations of
the sequence set forth in SEQ ID NO:2 include, without
limitation, any variation of the sequence set forth in SEQ ID
NO:2 provided in FIGS. 9A-9B. Such variations are provided
in FIGS. 9A-9B in that a comparison of the amino acid
residue (or lack thereof) at a particular position of the
sequence set forth in SEQ ID NO:2 with the amino acid
residue (or lack thereof) at the same aligned position of any of
the other three amino acid sequences of FIGS. 9A-9B (i.e.,
SEQIDNOs:6,7, and 8) provides a list of specific changes for
the sequence set forth in SEQ ID NO:2. For example, the “k”
at position 17 of SEQ ID NO:2 can be substituted with a “p”
or “h” as indicated in FIGS. 9A-9B. As also indicated in
FIGS. 9A-9B, the “v” at position 125 of SEQ ID NO:2 can be
substituted with an “1” or “f”. It will be appreciated that the
sequence set forth in SEQ ID NO:2 can contain any number of
variations as well as any combination of types of variations.
For example, the sequence set forth in SEQ ID NO:2 can
contain one variation provided in FIGS. 9A-9B or more than
one(e.g.,2,3,4,5,6,7,8,9,10, 15, 20,25, 50, 100, or more)
of'the variations provided in FIGS. 9A-9B. It is noted that the
amino acid sequences provided in FIGS. 9A-9B can be
polypeptides having CoA transferase activity.

The invention also provides isolated nucleic acid contain-
ing a nucleic acid sequence encoding an amino acid sequence
that contains a variant of a portion of the sequence set forth in
SEQ ID NO:2 as depicted in FIGS. 9A-9B and described
herein.

Likewise, FIG. 13 provides variations of SEQ ID NO:10
and portions thereof; FIG. 17 provides variations of SEQ ID
NO:18 and portions thereof; FIG. 21 provides variations of
SEQ ID NO:26 and portions thereof; FIG. 33 provides varia-
tions of SEQ ID NO:41 and portions thereof; FIGS. 40, 41,
and 42 provide variations of SEQ ID NO:39; and FIGS.
52A-2D provide variations of SEQ ID NO:141 and portions
thereof.

It is noted that codon preferences and codon usage tables
for a particular species can be used to engineer isolated
nucleic acid molecules that take advantage of the codon usage
preferences of that particular species. For example, the iso-
lated nucleic acid provided herein can be designed to have
codons that are preferentially used by a particular organism of
interest.

The invention also provides isolated nucleic acid that is at
least about 12 bases in length (e.g., at least about 13, 14, 15,
16,17,18,19,20, 25,30, 40, 50, 60, 100, 250, 500, 750, 1000,
1500, 2000, 3000, 4000, or 5000 bases in length) and hybrid-
izes, under hybridization conditions, to the sense or antisense
strand of a nucleic acid having the sequence set forth in SEQ
IDNO:1,9,17,25,33,34,36,38,40,42,129, 140, 142, 162,
or 163. The hybridization conditions can be moderately or
highly stringent hybridization conditions.

The invention provides polypeptides that contain the entire
amino acid sequence set forthin SEQ ID NO:2, 10, 18, 26,35,
37,139, 41, 141, 160, or 161. In addition, the invention pro-
vides polypeptides that contain a portion of the amino acid
sequence set forth in SEQ ID NO:2, 10, 18, 26,35,37,39, 41,
141, 160, or 161. For example, the invention provides
polypeptides that contain a 15 amino acid sequence identical
to any 15 amino acid sequence set forth in SEQ ID NO:2, 10,
18, 26, 35, 37, 39, 41, 141, 160, or 161 including, without
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limitation, the sequence starting at amino acid residue num-
ber 1 and ending at amino acid residue number 15, the
sequence starting at amino acid residue number 2 and ending
at amino acid residue number 16, the sequence starting at
amino acid residue number 3 and ending at amino acid resi-
due number 17, and so forth. It will be appreciated that the
invention also provides polypeptides that contain an amino
acid sequencethat is greater than 15 amino acid residues (e.g.,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, or
more amino acid residues) in length and identical to any
portion of the sequence set forth in SEQ ID NO:2, 10, 18, 26,
35,37, 39, 41, 141, 160, or 161. For example, the invention
provides polypeptides that contain a 25 amino acid sequence
identical to any 25 amino acid sequence set forth in SEQ ID
NO:2, 10, 18, 26, 35,37, 39, 41, 141, 160, or 161 including,
without limitation, the sequence starting at amino acid resi-
due number 1 and ending at amino acid residue number 25,
the sequence starting at amino acid residue number 2 and
ending at amino acid residue number 26, the sequence start-
ing at amino acid residue number 3 and ending at amino acid
residue number 27, and so forth. Additional examples
include, without limitation, polypeptides that contain an
amino acid sequence that is 50 or more amino acid residues
(e.g., 100, 150,200, 250,300, or more amino acid residues) in
length and identical to any portion of the sequence set forth in
SEQ ID NO:2, 10, 18, 26, 35, 37, 39, 41, 141, 160, or 161.
Such polypeptides can include, without limitation, those
polypeptides containing an amino acid sequence represented
in a single line of sequence depicted in FIG. 7,11, 15, 19, 24,
26, 28, 30, or 50 since each line of sequence depicted in these
figures, with the possible exception of the last line, provides
an amino acid sequence containing at least 50 residues.

In addition, the invention provides polypeptides that have
an amino acid sequence having a variation of the amino acid
sequence set forth in SEQ ID NO:2, 10, 18, 26, 35,37,39, 41,
141, 160, or 161. For example, the invention provides
polypeptides containing an amino acid sequence set forth in
SEQIDNO:2, 10, 18, 26,35,37,39,41, 141, 160, or 161 that
contains a single insertion, a single deletion, a single substi-
tution, multiple insertions, multiple deletions, multiple sub-
stitutions, or any combination thereof (e.g., single deletion
together with multiple insertions). Such polypeptides can
contain an amino acid sequence that shares at least 60, 65, 70,
75, 80, 85, 90, 95, 97, 98, or 99 percent sequence identity with
a sequence set forth in SEQ ID NO:2, 10, 18, 26, 35, 37, 39,
41,141, 160, or 161.

The invention provides multiple examples of polypeptides
containing an amino acid sequence having a variation of an
amino acid sequence set forthin SEQ ID NO:2, 10, 18, 26,35,
37, 39, 41, 141, 160, or 161. For example, FIGS. 9A-9B
provides the amino acid sequence set forth in SEQ ID NO:2
aligned with three other amino acid sequences. Examples of
variations of the sequence set forth in SEQ ID NO:2 include,
without limitation, any variation of the sequence set forth in
SEQ ID NO:2 provided in FIGS. 9A-9B. Such variations are
provided in FIGS. 9A-9B in that a comparison of the amino
acid residue (or lack thereof) at a particular position of the
sequence set forth in SEQ ID NO:2 with the amino acid
residue (or lack thereof) at the same aligned position of any of
the other three amino acid sequences of FIGS. 9A-9B (i.e.,
SEQIDNOs:6,7, and 8) provides a list of specific changes for
the sequence set forth in SEQ ID NO:2. For example, the “k”
at position 17 of SEQ ID NO:2 can be substituted with a “p”
or “h” as indicated in FIGS. 9A-9B. As also indicated in
FIGS. 9A-9B, the “v” at position 125 of SEQ ID NO:2 can be
substituted with an “1” or “f”. It will be appreciated that the
sequence set forth in SEQ ID NO:2 can contain any number of
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variations as well as any combination of types of variations.
For example, the sequence set forth in SEQ ID NO:2 can
contain one variation provided in FIGS. 9A-9B or more than
one(e.g.,2,3,4,5,6,7,8,9,10, 15, 20,25, 50, 100, or more)
of'the variations provided in FIGS. 9A-9B. It is noted that the
amino acid sequences provided in FIGS. 9A-9B can be
polypeptides having CoA transferase activity.

The invention also provides polypeptides containing an
amino acid sequence that contains a variant of a portion of the
sequence set forth in SEQ ID NO:2 as depicted in FIGS.
9A-9B and described herein.

Likewise, FIG. 13 provides variations of SEQ ID NO:10
and portions thereof; FIG. 17 provides variations of SEQ ID
NO:18 and portions thereof; FIG. 21 provides variations of
SEQ ID NO:26 and portions thereof; FIG. 33 provides varia-
tions of SEQ ID NO:41 and portions thereof; FIGS. 40, 41,
and 42 provide variations of SEQ ID NO:39; and FIGS.
52A-52D provide variations of SEQ ID NO:141 and portions
thereof.

Polypeptides having a variant amino acid sequence can
retain enzymatic activity. Such polypeptides can be produced
by manipulating the nucleotide sequence encoding a
polypeptide using standard procedures such as site-directed
mutagenesis or PCR. One type of modification includes the
substitution of one or more amino acid residues for amino
acid residues having a similar biochemical property. For
example, a polypeptide can have an amino acid sequence set
forth in SEQ ID NO:2, 10, 18, 26, 35,37, 39, 41, 141, 160, or
161 with one or more conservative substitutions.

More substantial changes can be obtained by selecting
substitutions that are less conservative than those in Table 1,
i.e., selecting residues that differ more significantly in their
effect on maintaining: (a) the structure of the polypeptide
backbone in the area of the substitution, for example, as a
sheet or helical conformation; (b) the charge or hydrophobic-
ity of the polypeptide at the target site; or (c) the bulk of the
side chain. The substitutions that in general are expected to
produce the greatest changes in polypeptide function are
those in which: (a) a hydrophilic residue, e.g., serine or threo-
nine, is substituted for (or by) a hydrophobic residue, e.g.,
leucine, isoleucine, phenylalanine, valine or alanine; (b) a
cysteine or proline is substituted for (or by) any other residue;
(c) aresidue having an electropositive side chain, e.g., lysine,
arginine, or histidine, is substituted for (or by) an electrone-
gative residue, e.g., glutamic acid or aspartic acid; or (d) a
residue having a bulky side chain, e.g., phenylalanine, is
substituted for (or by) one not having a side chain, e.g.,
glycine. The effects of these amino acid substitutions (or
other deletions or additions) can be assessed for polypeptides
having enzymatic activity by analyzing the ability of the
polypeptide to catalyze the conversion of the same substrate
as the related native polypeptide to the same product as the
related native polypeptide. Accordingly, polypeptides having
5, 10, 20, 30, 40, 50 or fewer conservative substitutions are
provided by the invention.

Polypeptides and nucleic acid encoding polypeptide can be
produced by standard DNA mutagenesis techniques, for
example, M13 primer mutagenesis. Details of these tech-
niques are provided in Sambrook et al. (ed.), Molecular Clon-
ing: A Laboratory Manual 2nd ed., vol. 1-3, Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1989,
Ch. 15. Nucleic acid molecules can contain changes of a
coding region to fit the codon usage bias of the particular
organism into which the molecule is to be introduced.

Alternatively, the coding region can be altered by taking
advantage of the degeneracy of the genetic code to alter the
coding sequence in such a way that, while the nucleic acid
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sequence is substantially altered, it nevertheless encodes a
polypeptide having an amino acid sequence identical or sub-
stantially similar to the native amino acid sequence. For
example, the ninth amino acid residue of the sequence set
forth in SEQ ID NO: 2 is alanine, which is encoded in the
open reading frame by the nucleotide codon triplet GCT.
Because of the degeneracy of the genetic code, three other
nucleotide codon triplets—GCA, GCC, and GCG—also
code for alanine. Thus, the nucleic acid sequence of the open
reading frame can be changed at this position to any of these
three codons without affecting the amino acid sequence of the
encoded polypeptide or the characteristics of the polypeptide.
Based upon the degeneracy of the genetic code, nucleic acid
variants can be derived from a nucleic acid sequence dis-
closed herein using standard DNA mutagenesis techniques as
described herein, or by synthesis of nucleic acid sequences.
Thus, this invention also encompasses nucleic acid molecules
that encode the same polypeptide but vary in nucleic acid
sequence by virtue of the degeneracy of the genetic code.

IV. Methods of Making 3-HP and Other Organic
Acids

Each step provided in the pathways depicted in FIGS. 1-5,
43-44, 54, and 55 can be performed within a cell (in vivo) or
outside a cell (in vitro, e.g., in a container or column). Addi-
tionally, the organic acid products can be generated through a
combination of in vivo synthesis and in vitro synthesis. More-
over, the in vitro synthesis step, or steps, can be via chemical
reaction or enzymatic reaction.

For example, a microorganism provided herein can be used
to perform the steps provided in FIG. 1, or an extract contain-
ing polypeptides having the indicated enzymatic activities
can be used to perform the steps provided in FIG. 1. In
addition, chemical treatments can be used to perform the
conversions provided in FIGS. 1-5, 43-44, 54, and 55. For
example, acrylyl-CoA can be converted into acrylate by
hydrolysis. Other chemical treatments include, without limi-
tation, trans esterification to convert acrylate into an acrylate
ester.

Carbon sources suitable as starting points for bioconver-
sion include carbohydrates and synthetic intermediates.
Examples of carbohydrates which cells are capable of
metabolizing to pyruvate include sugars such as dextrose,
triglycerides, and fatty acids.

Additionally, intermediate chemical products can be start-
ing points. For example, acetic acid and carbon dioxide can be
introduced into a fermentation broth. Acetyl-CoA, malonyl-
CoA, and 3-HP can be sequentially produced using a
polypeptide having CoA synthase activity, a polypeptide hav-
ing acetyl-CoA carboxylase activity, and a polypeptide hav-
ing malonyl-CoA reductase activity. Other useful intermedi-
ate chemical starting points can include propionic acid,
acrylic acid, lactic acid, pyruvic acid, and [-alanine.

A. Expression of Polypeptides

The polypeptides described herein can be produced indi-
vidually in a host cell or in combination in a host cell. More-
over, the polypeptides having a particular enzymatic activity
can be a polypeptide that is either naturally-occurring or
non-naturally-occurring. A naturally-occurring polypeptide
is any polypeptide having an amino acid sequence as found in
nature, including wild-type and polymorphic polypeptides.
Such naturally-occurring polypeptides can be obtained from
any species including, without limitation, animal (e.g., mam-
malian), plant, fungal, and bacterial species. A non-naturally-
occurring polypeptide is any polypeptide having an amino
acid sequence that is not found in nature. Thus, a non-natu-
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rally-occurring polypeptide can be a mutated version of a
naturally-occurring polypeptide, or an engineered polypep-
tide. For example, a non-naturally-occurring polypeptide
having 3-hydroxypropionyl-CoA dehydratase activity can be
a mutated version of a naturally-occurring polypeptide hav-
ing 3-hydroxypropionyl-CoA dehydratase activity that
retains at least some 3-hydroxypropionyl-CoA dehydratase
activity. A polypeptide can be mutated by, for example,
sequence additions, deletions, substitutions, or combinations
thereof.

The invention provides genetically modified cells that can
be used to perform one or more steps of the steps in the
metabolic pathways described herein or the genetically modi-
fied cells can be used to produce the disclosed polypeptides
for subsequent use in vitro. For example, an individual micro-
organism can contain exogenous nucleic acid such that each
of'the polypeptides necessary to perform the steps depicted in
FIG. 1, 2, 3, 4, 5, 43, 44, 54, or 55 are expressed. It is
important to note that such cells can contain any number of
exogenous nucleic acid molecules. For example, a particular
cell can contain six exogenous nucleic acid molecules with
each one encoding one of the six polypeptides necessary to
convert lactate into 3-HP as depicted in FIG. 1, or a particular
cell can endogenously produce polypeptides necessary to
convert lactate into acrylyl-CoA while containing exogenous
nucleic acid that encodes polypeptides necessary to convert
acrylyl-CoA into 3-HP.

In addition, a single exogenous nucleic acid molecule can
encode one or more than one polypeptide. For example, a
single exogenous nucleic acid molecule can contain
sequences that encode three different polypeptides. Further,
the cells described herein can contain a single copy, or mul-
tiple copies (e.g., about 5, 10, 20, 35, 50, 75, 100 or 150
copies), of a particular exogenous nucleic acid molecule. For
example, a particular cell can contain about 50 copies of the
constructs depicted in FIG. 34, 35, 36, 37, 38, or 45. Again,
the cells described herein can contain more than one particu-
lar exogenous nucleic acid molecule. For example, a particu-
lar cell can contain about 50 copies of exogenous nucleic acid
molecule X as well as about 75 copies of exogenous nucleic
acid molecule Y.

In another embodiment, a cell within the scope of the
invention can contain an exogenous nucleic acid molecule
that encodes a polypeptide having 3-hydroxypropionyl-CoA
dehydratase activity. Such cells can have any level of 3-hy-
droxypropionyl-CoA dehydratase activity. For example, a
cell containing an exogenous nucleic acid molecule that
encodes a polypeptide having 3-hydroxypropionyl-CoA
dehydratase activity can have 3-hydroxypropionyl-CoA
dehydratase activity with a specific activity greater than about
1 mg 3-HP-CoA formed per gram dry cell weight per hour
(e.g., greater than about 10, 20, 30, 40, 50, 60, 70, 80, 90, 100,
125, 150, 200, 250, 300, 350, 400, 500, or more mg 3-HP-
CoA formed per gram dry cell weight per hour). Alterna-
tively, a cell can have 3-hydroxypropionyl-CoA dehydratase
activity such that a cell extract from 1x10° cells has a specific
activity greater than about 1 pg 3-HP-CoA formed per mg
total protein per 10 minutes (e.g., greater than about 10, 20,
30, 40, 50, 60, 70, 80, 90, 100, 125, 150, 200, 250, 300, 350,
400, 500, or more pug 3-HP-CoA formed per mg total protein
per 10 minutes).

A nucleic acid molecule encoding a polypeptide having
enzymatic activity can be identified and obtained using any
method such as those described herein. For example, nucleic
acid molecules that encode a polypeptide having enzymatic
activity can be identified and obtained using common
molecular cloning or chemical nucleic acid synthesis proce-
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dures and techniques, including PCR. In addition, standard
nucleic acid sequencing techniques and software programs
that translate nucleic acid sequences into amino acid
sequences based on the genetic code can be used to determine
whether or not a particular nucleic acid has any sequence
homology with known enzymatic polypeptides. Sequence
alignment software such as MEGALIGN® (DNASTAR,
Madison, Wis., 1997) can be used to compare various
sequences. In addition, nucleic acid molecules encoding
known enzymatic polypeptides can be mutated using com-
mon molecular cloning techniques (e.g., site-directed
mutagenesis). Possible mutations include, without limitation,
deletions, insertions, and base substitutions, as well as com-
binations of deletions, insertions, and base substitutions. Fur-
ther, nucleic acid and amino acid databases (e.g., GenBank®)
can be used to identify a nucleic acid sequence that encodes a
polypeptide having enzymatic activity. Briefly, any amino
acid sequence having some homology to a polypeptide hav-
ing enzymatic activity, or any nucleic acid sequence having
some homology to a sequence encoding a polypeptide having
enzymatic activity can be used as a query to search Gen-
Bank®. The identified polypeptides then can be analyzed to
determine whether or not they exhibit enzymatic activity.

In addition, nucleic acid hybridization techniques can be
used to identify and obtain a nucleic acid molecule that
encodes a polypeptide having enzymatic activity. Briefly, any
nucleic acid molecule that encodes a known enzymatic
polypeptide, or fragment thereof, can be used as a probe to
identify similar nucleic acid molecules by hybridization
under conditions of moderate to high stringency. Such similar
nucleic acid molecules then can be isolated, sequenced, and
analyzed to determine whether the encoded polypeptide has
enzymatic activity.

Expression cloning techniques also can be used to identify
and obtain a nucleic acid molecule that encodes a polypeptide
having enzymatic activity. For example, a substrate known to
interact with a particular enzymatic polypeptide can be used
to screen a phage display library containing that enzymatic
polypeptide. Phage display libraries can be generated as
described elsewhere (Burritt et al., Anal. Biochem. 238:1-13
(1990)), or can be obtained from commercial suppliers such
as Novagen (Madison, Wis.).

Further, polypeptide sequencing techniques can be used to
identify and obtain a nucleic acid molecule that encodes a
polypeptide having enzymatic activity. For example, a puri-
fied polypeptide can be separated by gel electrophoresis, and
its amino acid sequence determined by, for example, amino
acid microsequencing techniques. Once determined, the
amino acid sequence can be used to design degenerate oligo-
nucleotide primers. Degenerate oligonucleotide primers can
beused to obtain the nucleic acid encoding the polypeptide by
PCR. Once obtained, the nucleic acid can be sequenced,
cloned into an appropriate expression vector, and introduced
into a microorganism.

Any method can be used to introduce an exogenous nucleic
acid molecule into a cell. In fact, many methods for introduc-
ing nucleic acid into microorganisms such as bacteria and
yeast are well known to those skilled in the art. For example,
heat shock, lipofection, electroporation, conjugation, fusion
of'protoplasts, and biolistic delivery are common methods for
introducing nucleic acid into bacteria and yeast cells. See,
e.g., Itoetal.,J. Bacterol. 153:163-168 (1983); Durrens etal.,
Curr. Genet. 18:7-12(1990); and Becker and Guarente, Meth-
ods in Enzymology 194:182-187 (1991).

An exogenous nucleic acid molecule contained within a
particular cell of the invention can be maintained within that
cell in any form. For example, exogenous nucleic acid mol-
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ecules can be integrated into the genome of the cell or main-
tained in an episomal state. In other words, a cell of the
invention can be a stable or transient transformant. Again, a
microorganism described herein can contain a single copy, or
multiple copies (e.g., about 5, 10, 20, 35, 50, 75, 100 or 150
copies), of a particular exogenous nucleic acid molecule as
described herein.

Methods for expressing an amino acid sequence from an
exogenous nucleic acid molecule are well known to those
skilled in the art. Such methods include, without limitation,
constructing a nucleic acid such that a regulatory element
promotes the expression of a nucleic acid sequence that
encodes a polypeptide. Typically, regulatory elements are
DNA sequences that regulate the expression of other DNA
sequences at the level of transcription. Thus, regulatory ele-
ments include, without limitation, promoters, enhancers, and
the like. Any type of promoter can be used to express an amino
acid sequence from an exogenous nucleic acid molecule.
Examples of promoters include, without limitation, constitu-
tive promoters, tissue-specific promoters, and promoters
responsive or unresponsive to a particular stimulus (e.g.,
light, oxygen, chemical concentration, and the like). More-
over, methods for expressing a polypeptide from an exog-
enous nucleic acid molecule in cells such as bacterial cells
and yeast cells are well known to those skilled in the art. For
example, nucleic acid constructs that are capable of express-
ing exogenous polypeptides within E. coli are well known.
See, e.g., Sambrook et al., Molecular cloning: a laboratory
manual, Cold Spring Harbour Laboratory Press, New York,
USA, second edition (1989).

B. Production of Organic Acids and Related Products Via
Host Cells

The nucleic acid and amino acid sequences provided
herein can be used with cells to produce 3-HP and/or other
organic compounds such as 1,3-propanediol, acrylic acid,
polymerized acrylate, esters of acrylate, esters of 3-HP, and
polymerized 3-HP. Such cells can be from any species includ-
ing those listed within the taxonomy web pages at the
National Institute of Health sponsored by the United States
government (www.ncbi.nlm.nih.gov). The cells can be
eukaryotic or prokaryotic. For example, genetically modified
cells of the invention can be mammalian cells (e.g., human,
murine, and bovine cells), plant cells (e.g., corn, wheat, rice,
and soybean cells), fungal cells (e.g., Aspergillus and Rhizo-
pus cells), yeast cells, or bacterial cells (e.g., Lactobacillus,
Lactococcus, Bacillus, Escherichia, and Clostridium cells). A
cell of the invention also can be a microorganism. The term
“microorganism” as used herein refers to any microscopic
organism including, without limitation, bacteria, algae, fungi,
and protozoa. Thus, E. coli, S. cerevisiae, Kluveromyces lac-
tis, Candida blankii, Candida rugosa, and Pichia postoris are
considered microorganisms and can be used as described
herein.

Typically, a cell of the invention is genetically modified
such that a particular organic compound is produced. In one
embodiment, the invention provides cells that make 3-HP
from PEP. Examples of biosynthetic pathways that can be
used by cells to make 3-HP are shown in FIGS. 1-5, 43-44, 54,
and 55.

Generally, cells that are genetically modified to synthesize
a particular organic compound contain one or more exog-
enous nucleic acid molecules that encode polypeptides hav-
ing specific enzymatic activities. For example, a microorgan-
ism can contain exogenous nucleic acid that encodes a
polypeptide having 3-hydroxypropionyl-CoA dehydratase
activity. In this case, acrylyl-CoA can be converted into 3-hy-
droxypropionic acid-CoA which can lead to the production of
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3-HP. Itis noted that a cell can be given an exogenous nucleic
acid molecule that encodes a polypeptide having an enzy-
matic activity that catalyzes the production of a compound
not normally produced by that cell. Alternatively, a cell can be
given an exogenous nucleic acid molecule that encodes a
polypeptide having an enzymatic activity that catalyzes the
production of a compound that is normally produced by that
cell. In this case, the genetically modified cell can produce
more of the compound, or can produce the compound more
efficiently, than a similar cell not having the genetic modifi-
cation.

In one embodiment, the invention provides a cell contain-
ing an exogenous nucleic acid molecule that encodes a
polypeptide having enzymatic activity that leads to the for-
mation of 3-HP. It is noted that the produced 3-HP can be
secreted from the cell, eliminating the need to disrupt cell
membranes to retrieve the organic compound. Typically, the
cell of the invention produces 3-HP with the concentration
being at least about 100 mg per L (e.g., at least about 1 g/, 5
g/L, 10 g/L, 25 g/L, 50 g/L, 75 g/L, 80 g/L,, 90 g/L, 100 g/L,
or 120 g/I.). When determining the yield of an organic com-
pound such as 3-HP for a particular cell, any method can be
used. See, e.g., Applied Environmental Microbiology 59(12):
4261-4265 (1993). Typically, a cell within the scope of the
invention such as a microorganism catabolizes a hexose car-
bon source such as glucose. A cell, however, can catabolize a
variety of carbon sources such as pentose sugars (e.g., ribose,
arabinose, xylose, and lyxose), fatty acids, acetate, or glyc-
erols. In other words, a cell within the scope of the invention
can utilize a variety of carbon sources.

As described herein, a cell within the scope of the invention
can contain an exogenous nucleic acid molecule that encodes
a polypeptide having enzymatic activity that leads to the
formation of 3-HP or other organic compounds such as 1,3-
propanediol, acrylic acid, poly-acrylate, acrylate-esters,
3-HP-esters, and poly-3-HP. Methods of identifying cells that
contain exogenous nucleic acid are well known to those
skilled in the art. Such methods include, without limitation,
PCR and nucleic acid hybridization techniques such as
Northern and Southern analysis (see hybridization described
herein). In some cases, immunohisto-chemistry and bio-
chemical techniques can be used to determine if a cell con-
tains a particular nucleic acid by detecting the expression of
the polypeptide encoded by that particular nucleic acid mol-
ecule. For example, an antibody having specificity for a
polypeptide can be used to determine whether or not a par-
ticular cell contains nucleic acid encoding that polypeptide.
Further, biochemical techniques can be used to determine if a
cell contains a particular nucleic acid molecule encoding a
polypeptide having enzymatic activity by detecting an
organic product produced as a result of the expression of the
polypeptide having enzymatic activity. For example, detec-
tion of 3-HP after introduction of exogenous nucleic acid that
encodes a polypeptide having 3-hydroxypropionyl-CoA
dehydratase activity into a cell that does not normally express
such a polypeptide can indicate that that cell not only contains
the introduced exogenous nucleic acid molecule but also
expresses the encoded polypeptide from that introduced
exogenous nucleic acid molecule. Methods for detecting spe-
cific enzymatic activities or the presence of particular organic
products are well known to those skilled in the art. For
example, the presence of an organic compound such as 3-HP
can be determined as described elsewhere. See, Sullivan and
Clarke, J. Assoc. Offic. Agr. Chemists, 38:514-518 (1955).

C. Cells with Reduced Polypeptide Activity

The invention also provides genetically modified cells hav-
ing reduced polypeptide activity. The term “reduced” as used
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herein with respect to a cell and a particular polypeptide’s
activity refers to a lower level of activity than that measured in
a comparable cell of the same species. For example, a par-
ticular microorganism lacking enzymatic activity X is con-
sidered to have reduced enzymatic activity X if a comparable
microorganism has at least some enzymatic activity X. It is
noted that a cell can have the activity of any type of polypep-
tide reduced including, without limitation, enzymes, tran-
scription factors, transporters, receptors, signal molecules,
and the like. For example, a cell can contain an exogenous
nucleic acid molecule that disrupts a regulatory and/or coding
sequence of a polypeptide having pyruvate decarboxylase
activity or alcohol dehydrogenase activity. Disrupting pyru-
vate decarboxylase and/or alcohol dehydrogenase expression
can lead to the accumulation of lactate as well as products
produced from lactate such as 3-HP, 1,3-propanediol, acrylic
acid, poly-acrylate, acrylate-esters, 3-HP-esters, and poly-3-
HP. It is also noted that reduced polypeptide activities can be
the result of lower polypeptide concentration, lower specific
activity of a polypeptide, or combinations thereof. Many dif-
ferent methods can be used to make a cell having reduced
polypeptide activity. For example, a cell can be engineered to
have a disrupted regulatory sequence or polypeptide-encod-
ing sequence using common mutagenesis or knock-out tech-
nology. See, e.g., Methods in Yeast Genetics (1997 edition),
Adams, Gottschling, Kaiser, and Sterns, Cold Spring Harbor
Press (1998). Alternatively, antisense technology can be used
to reduce the activity of a particular polypeptide. For
example, a cell can be engineered to contain a cDNA that
encodes an antisense molecule that prevents a polypeptide
from being translated. The term “antisense molecule” as used
herein encompasses any nucleic acid molecule or nucleic acid
analog (e.g., peptide nucleic acids) that contains a sequence
that corresponds to the coding strand of an endogenous
polypeptide. An antisense molecule also can have flanking
sequences (e.g., regulatory sequences). Thus, antisense mol-
ecules can be ribozymes or antisense oligonucleotides. A
ribozyme can have any general structure including, without
limitation, hairpin, hammerhead, or axhead structures, pro-
vided the molecule cleaves RNA. Further, gene silencing can
be used to reduce the activity of a particular polypeptide.

A cell having reduced activity of a polypeptide can be
identified using any method. For example, enzyme activity
assays such as those described herein can be used to identify
cells having a reduced enzyme activity.

A polypeptide having (1) the amino acid sequence set forth
in SEQ ID NO:39 (the OS17 polypeptide) or (2) an amino
acid sequence sharing at least about 60 percent sequence
identity with the amino acid sequence set forth in SEQ ID
NO:39 can have three functional domains: a domain having
CoA-synthetase activity, a domain having 3-HP-CoA dehy-
dratase activity, and a domain having CoA-reductase activity.
Such polypeptides can be selectively modified by mutating
and/or deleting domains such that one or two of the enzymatic
activities are reduced. Reducing the dehydratase activity of
the OS17 polypeptide can cause acrylyl-CoA to be created
from propionyl-CoA. The acrylyl-CoA then can be contacted
with a polypeptide having CoA hydrolase activity to produce
acrylate from propionate (FIG. 43). Similarly, acrylyl-CoA
can be created from 3-HP by using, for example, an OS17
polypeptide having reduced reductase activity.

D. Production of Organic Acids and Related Products Via
In Vitro Techniques

In addition, purified polypeptides having enzymatic activ-
ity can be used alone or in combination with cells to produce
3-HP or other organic compounds such as 1,3-propanediol,
acrylic acid, polymerized acrylate, esters of acrylate, esters of
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3-HP, and polymerized 3-HP. For example, a preparation
containing a substantially pure polypeptide having 3-hydrox-
ypropionyl-CoA dehydratase activity can be used to catalyze
the formation of 3-HP-CoA, a precursor to 3-HP. Further,
cell-free extracts containing a polypeptide having enzymatic
activity can be used alone or in combination with purified
polypeptides and/or cells to produce 3-HP. For example, a
cell-free extract containing a polypeptide having CoA trans-
ferase activity can be used to form lactyl-CoA, while a micro-
organism containing polypeptides having the enzymatic
activities necessary to catalyze the reactions needed to form
3-HP from lactyl-CoA can be used to produce 3-HP. Any
method can be used to produce a cell-free extract. For
example, osmotic shock, sonication, and/or a repeated freeze-
thaw cycle followed by filtration and/or centrifugation can be
used to produce a cell-free extract from intact cells.

It is noted that a cell, purified polypeptide, and/or cell-free
extract can be used to produce 3-HP that is, in turn, treated
chemically to produce another compound. For example, a
microorganism can be used to produce 3-HP, while a chemi-
cal process is used to modify 3-HP into a derivative such as
polymerized 3-HP or an ester of 3-HP. Likewise, a chemical
process can be used to produce a particular compound that is,
in turn, converted into 3-HP or other organic compound (e.g.,
1,3-propanediol, acrylic acid, polymerized acrylate, esters of
acrylate, esters of 3-HP, and polymerized 3-HP) using a cell,
substantially pure polypeptide, and/or cell-free extract
described herein. For example, a chemical process can be
used to produce acrylyl-CoA, while a microorganism can be
used to convert acrylyl-CoA into 3-HP.

E. Fermentation of Cells to Produce Organic Acids

Typically, 3-HP is produced by providing a production cell,
such as a microorganism, and culturing the microorganism
with culture medium such that 3-HP is produced. In general,
the culture media and/or culture conditions can be such that
the microorganisms grow to an adequate density and produce
3-HP efficiently. For large-scale production processes, any
method can be used such as those described elsewhere
(Manual of Industrial Microbiology and Biotechnology, 2"¢
Edition, Editors: A. L. Demain and J. E. Davies, ASM Press;
and Principles of Fermentation Technology, P. F. Stanbury
and A. Whitaker, Pergamon). Briefly, a large tank (e.g., a 100
gallon, 200 gallon, 500 gallon, or more tank) containing
appropriate culture medium with, for example, a glucose
carbon source is inoculated with a particular microorganism.
After inoculation, the microorganisms are incubated to allow
biomass to be produced. Once a desired biomass is reached,
the broth containing the microorganisms can be transferred to
asecond tank. This second tank can be any size. For example,
the second tank can be larger, smaller, or the same size as the
first tank. Typically, the second tank is larger than the first
such that additional culture medium can be added to the broth
from the first tank. In addition, the culture medium within this
second tank can be the same as, or different from, that used in
the first tank. For example, the first tank can contain medium
with xylose, while the second tank contains medium with
glucose.

Once transferred, the microorganisms can be incubated to
allow for the production of 3-HP. Once produced, any method
can be used to isolate the 3-HP. For example, common sepa-
ration techniques can be used to remove the biomass from the
broth, and common isolation procedures (e.g., extraction,
distillation, and ion-exchange procedures) can be used to
obtain the 3-HP from the microorganism-free broth. In addi-
tion, 3-HP can be isolated while it is being produced, or it can
be isolated from the broth after the product production phase
has been terminated.
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F. Products Created from the Disclosed Biosynthetic
Routes

The organic compounds produced from any of the steps
provided in FIGS. 1-5, 43-44, 54, and 55 can be chemically
converted into other organic compounds. For example, 3-HP
can be hydrogenated to form 1,3 propanediol, a valuable
polyester monomer. Hydrogenating an organic acid such as
3-HP can be performed using any method such as those used
to hydrogenate succinic acid and/or lactic acid. For example,
3-HP can be hydrogenated using a metal catalyst. In another
example, 3-HP can be dehydrated to form acrylic acid. Any
method can be used to perform a dehydration reaction. For
example, 3-HP can be heated in the presence of a catalyst
(e.g., a metal or mineral acid catalyst) to form acrylic acid.
Propanediol also can be created using polypeptides having
oxidoreductase activity (e.g., enzymes in the 1.1.1.-class of
enzymes) in vitro or in vivo.

V. Overview of Methodology Used to Create
Biosynthetic Pathways that Make 3-HP from PEP

The invention provides methods of making 3-HP and
related products from PEP via the use of biosynthetic path-
ways. [llustrative examples include methods involving the
production of 3-HP via a lactate intermediate, a malonyl-CoA
intermediate, and a -alanine intermediate.

A. Biosynthetic Pathway for Making 3-HP Through a Lac-
tic Acid Intermediate

A biosynthetic pathway that allows for the production of
3-HP from PEP was constructed (FIG. 1). This pathway
involved using several polypeptides that were cloned and
expressed as described herein. M. elsdenii cells (ATCC
17753) were used as a source of genomic DNA. Primers were
used to identify and clone a nucleic acid sequence encoding a
polypeptide having CoA transferase activity (SEQIDNO: 1).
The polypeptide was subsequently tested for enzymatic activ-
ity and found to have CoA transferase activity.

Similarly, PCR primers were used to identify nucleic acid
sequences from M. elsdenii genomic DNA thatencoded an E1
activator, E2a, and E2p polypeptides (SEQ ID NOs: 9, 17,
and 25, respectively). These polypeptides were subsequently
shown to have lactyl-CoA dehydratase activity.

Chloroflexus aurantiacus cells (ATCC 29365) were used
as a source of genomic DNA. Initial cloning led to the iden-
tification of nucleic acid sequences: OS17 (SEQ ID NO: 129)
and OS19 (SEQ ID NO: 40). Subsequence assays revealed
that OS17 encodes a polypeptide having CoA synthase activ-
ity, dehydratase activity, and dehydrogenase activity (propio-
nyl-CoA synthetase). Subsequence assays also revealed that
OS19 encodes a polypeptide having 3-hydroxypropionyl-
CoA dehydratase activity (also referred to as acrylyl-CoA
hydratase activity).

Several operons were constructed for use in E. coli. These
operons allow for the production of 3-HP in bacterial cells.
Additional experiments allowed for the expression of these
polypeptide in yeast, which can be used to produce 3-HP.

B. Biosynthetic Pathway for Making 3-HP Through a
Malonyl-CoA Intermediate

Another pathway leading to the production of 3-HP from
PEP was constructed. This pathway used a polypeptide hav-
ing acetyl CoA carboxylase activity that was isolated from F.
coli (Example 9), and a polypeptide having malonyl-CoA
reductase activity that was isolated from Chloroflexus auran-
tiacus (Example 10). The combination of these two polypep-
tides allows for the production of 3-HP from acetyl-CoA
(FIG. 44).
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Nucleic acid encoding a polypeptide having malonyl-CoA
reductase activity (SEQ ID NO:140) was cloned, sequenced,
and expressed. The polypeptide having malonyl-CoA reduc-
tase activity was then used to make 3-HP.

C. Biosynthetic Pathways for Making 3-HP Through a
[p-Alanine Intermediate

In general, prokaryotes and eukaryotes metabolize glucose
via the Embden-Meyerhof-Parnas pathway to PEP, a central
metabolite in carbon metabolism. The PEP generated from
glucose is either carboxylated to oxaloacetate or is converted
to pyruvate. Carboxylation of PEP to oxaloacetate can be
catalyzed by a polypeptide having PEP carboxylase activity,
a polypeptide having PEP carboxykinase activity, or a
polypeptide having PEP transcarboxylase activity. Pyruvate
that is generated from PEP by a polypeptide having pyruvate
kinase activity can also be converted to oxaloacetate by a
polypeptide having pyruvate carboxylase activity.

Oxaloacetate generated either from PEP or pyruvate can
act as a precursor for production of aspartic acid. This con-
version can be carried out by a polypeptide having aspartate
aminotransferase activity, which transfers an amino group
from glutamate to oxaloacetate. Glutamate consumed in this
reaction can be regenerated by the action of a polypeptide
having glutamate dehydrogenase activity or by the action of a
polypeptide having 4,4-aminobutyrate aminotransferase
activity. The decarboxylation of aspartate to §-alanine is cata-
lyzed by a polypeptide having aspartate decarboxylase activ-
ity. B-alanine produced through this biochemistry can be con-
verted to 3-HP via two possible pathways. These pathways
are provided in FIGS. 54 and 55.

The steps involved in the production of $-alanine can be the
same for both pathways. These steps can be accomplished by
endogenous polypeptides in the host cells which convert PEP
to f-alanine, or these steps can be accomplished with recom-
binant DNA technology using known polypeptides such as
polypeptides having PEP-carboxykinase activity (4.1.1.32),
aspartate aminotransferase activity (2.6.1.1), and aspartate
alpha-decarboxylase activity (4.1.1.11).

As depicted in FIG. 54, a polypeptide having CoA trans-
ferase activity (e.g., a polypeptide having a sequence set forth
in SEQ ID NO:2) can be used to convert §-alanine to -alanyl-
CoA. p-alanyl-CoA can be converted to acrylyl-CoA via a
polypeptide having [-alanyl-CoA ammonia lyase activity
(e.g., a polypeptide having a sequence set forth in SEQ ID
NO:160). Acrylyl-CoA can be converted to 3-HP-CoA using
a polypeptide having 3-HP-CoA dehydratase activity (e.g., a
polypeptide having a sequence set forth in SEQ ID NO:40).
3-HP-CoA can be converted into 3-HP via a polypeptide
having CoA transferase activity (e.g., a polypeptide having a
sequence set forth in SEQ ID NO:2).

As depicted in FIG. 55, a polypeptide having 4,4-aminobu-
tyrate aminotransferase activity (2.6.1.19) can be used to
convert [3-alanine into malonate semialdehyde. The malonate
semialdehyde can be converted into 3-HP using either a
polypeptide having 3-hydroxypropionate dehydrogenase
activity (1.1.1.59) or a polypeptide having 3-hydroxyisobu-
tyrate dehydrogenase activity.

EXAMPLES
Example 1

Cloning Nucleic Acid Molecules that Encode a
Polypeptide Having CoA Transferase Activity

Genomic DNA was isolated from Megasphaera elsdenii
cells (ATCC 17753) grown in 1053 Reinforced Clostridium
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media under anaerobic conditions at 37° C. in roll tubes for
12-14 hours. Once grown, the cells were pelleted, washed
with 5 m[. of a 10 mM Tris solution, and repelleted. The pellet
was resuspended in 1 mL of Gentra Cell Suspension Solution
to which 14.2 mg of lysozyme and 4 pl. of 20 mg/mL pro-
teinase K solution was added. The cell suspension was incu-
bated at 37° C. for 30 minutes. The genomic DNA was then
isolated using a Gentra Genomic DNA Isolation Kit follow-
ing the provided protocol. The precipitated genomic DNA
was spooled and air-dried for 10 minutes. The genomic DNA
was suspended in 500 ulL of a 10 mM Tris solution and stored
at4°C.

Two degenerate forward (CoAF1 and CoAF2) and three
degenerate reverse (CoAR1, CoAR2, and CoAR3) PCR
primers were designed based on conserved acetoacetyl CoA
transferase and propionate CoA transferase sequences (CoAF
1 5-GAAWSCGGYSCNATYGGYGG-3', SEQ ID NO: 49;
CoAF2 5-TTYTGYG-GYRSBTTYACBGCWGG-3', SEQ
ID NO: 50; CoAR1 5-CCWGCVGTRAAV-SYRCCR-
CARAA-3', SEQ ID NO: 51; CoAR2 5'-AARACDSM-
RCGTTCVGTRA-TRTA-3', SEQ ID NO: 52; and CoAR3
5'-TCRAYRCCSGGWGCRAYTTC-3', SEQ ID NO: 53).
The primers were used in all logical combinations in PCR
using Taq polymerase (Roche Molecular Biochemicals,
Indianapolis, Ind.) and 1 ng of genomic DNA per L. reaction
mix. PCR was conducted using a touchdown PCR program
with 4 cycles at an annealing temperature of 59° C., 4 cycles
at57°C., 4 cycles at 55° C.,and 18 cycles at 52° C. Each cycle
used an initial 30-second denaturing step at 94° C. and a 3
minute extension at 72° C. The program had an initial dena-
turing step for 2 minutes at 94° C. and a final extension step of
4 minutes at 72° C. Time allowed for annealing was 45 sec-
onds. The amounts of PCR primer used in the reactions were
increased 2-8 fold above typical PCR amounts depending on
the amount of degeneracy in the 3' end of the primer. In
addition, separate PCR reactions containing each individual
primer were made to identify PCR products resulting from
single degenerate primers. Each PCR product (25 pl.) was
separated by electrophoresis using a 1% TAE (Tris-acetate-
EDTA) agarose gel.

The CoAF1-CoAR2, CoAF1-CoAR3, CoAF2-CoAR2,
and CoAF2-CoAR3 combinations produced a band of 423,
474,177, and 228 bp, respectively. These bands matched the
sizes based on other CoA transferase sequences. No band was
visible from the individual primer control reactions. The
CoAF1-CoAR3 fragment (474 bp) was isolated and purified
using a Qiagen Gel Extraction Kit (Qiagen Inc., Valencia,
Calif.). Four pL of the purified band was ligated into pCRII
vector and transformed into TOP10 E. coli cells by heat-
shock using a TOPO cloning procedure (Invitrogen, Carls-
bad, Calif.). Transformations were plated on LB media con-
taining 100 pg/ml of ampicillin (Amp) and 50 pg/mL of
5-Bromo-4-Chloro-3-Indolyl-B-D-Galactopyranoside
(X-gal). Single, white colonies were plated onto fresh media
and screened in a PCR reaction using the CoAF1 and CoAR3
primers to confirm the presence of the insert.

Plasmid DNA obtained using a QiaPrep Spin Miniprep Kit
(Qiagen, Inc) was quantified and used for DNA sequencing
with M13R and M13F primers. Sequence analysis revealed
that the CoAF1-CoAR3 fragment shared sequence similarity
with acetoacetyl CoA transferase sequences.

Genome walking was performed to obtain the complete
coding sequence. The following primers for genome walking
in both upstream and downstream directions were designed
using the portion of the 474 bp CoAF1-CoAR3 fragment
sequence that was internal to the degenerate primers
(COAGSPIF 5'-GAATGTTTACTTCTGCGG-CACCT-
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TCAC-3', SEQ ID NO:54; COAGSP2F 5'-GACCAGAT-
CACTTTCAACG-GTTCCTATG-3', SEQ ID NO:55;
COAGSPIR 5'-GCATAGGAACCGTTGAAA-GT-
GATCTGG-3', SEQID NO:56; and COAGSP2R 5'-GTTAG-
TACCGAACTTG-CTGACGTTGATG-3', SEQ ID NO:57).
The COAGSP1F and COAGSP2F primers face downstream,
while the COAGSPIR and COAGSP2R primers face
upstream. In addition, the COAGSP2F and COAGSP2R
primers are nested inside the COAGSP1F and COAGSP1R
primers. Genome walking was performed using the Universal
Genome Walking kit (ClonTech Laboratories, Inc., Palo Alto,
Calif.) with the exception that additional libraries were gen-
erated with enzymes Nru I, Sca I, and Hinc II. First round
PCR was conducted in a Perkin Elmer 2400 Thermocycler
with 7 cycles of 2 seconds at 94° C. and 3 minutes at 72° C.,
and 36 cycles of 2 seconds at 94° C. and 3 minutes at 65° C.
with a final extension at 65° C. for 4 minutes. Second round
PCR used 5 cycles of 2 seconds at 94° C. and 3 minutes at 72°
C., and 20 cycles of 2 seconds at 94° C. and 3 minutes at 65°
C. with a final extension at 65° C. for 4 minutes. The first and
second round product (20 pul.) was separated by electrophore-
sis on a 1% TAE agarose gel. Amplification products were
obtained with the Stu I library for the reverse direction. The
second round product of 1.5 Kb from this library was gel
purified, cloned, and sequenced. Sequence analysis revealed
that the sequence derived from genome walking overlapped
with the CoAF1-CoAR3 fragment and shared sequence simi-
larity with other sequences such as acetoacetyl CoA trans-
ferase sequences (FIGS. 8-9).

Nucleic acid encoding the CoA transferase (propionyl-
CoA transferase or pct) from Megasphaera elsdenii was PCR
amplified from chromosomal DNA using following PCR pro-
gram: 25 cycles of 95° C. for 30 seconds to denature, 50° C.
for 30 seconds to anneal, and 72° C. for 3 minutes for exten-
sion (plus 2 seconds per cycle). The primers used were des-
ignated PCT-1.114 (5-ATGAGAAAAGTAGAAATCAT-
TAC-3'; SEQ ID NO:58) and PCT-2.2045 (5'-
GGCGGAAGTTGACGATAATG-3'; SEQ ID NO:59). The
resulting PCR product (about 2 kb as judged by agarose gel
electrophoresis) was purified using a Qiagen PCR purifica-
tion kit (Qiagen Inc., Valencia, Calif.). The purified product
was ligated to pETBlue-1 using the Perfectly Blunt cloning
Kit (Novagen, Madison, Wis.). The ligation reaction was
transformed into NovaBlue chemically competent cells
(Novagen, Madison, Wis.) that were spread on LB agar plates
supplemented with 50 pg/ml carbenicillin, 40 pg/mL PTG,
and 40 pg/ml. X-Gal. White colonies were isolated and
screened for the presence of inserts by restriction mapping.
Isolates with the correct restriction pattern were sequenced
from each end using the primers pETBlueUP and pETBlue-
DOWN (Novagen) to confirm the sequence at the ligation
points.

The plasmid was transformed into Tuner (DE3) pLacl
chemically competent cells (Novagen, Madison, Wis.), and
expression from the construct tested. Briefly, a culture was
grown overnight to saturation and diluted 1:20 the following
morning in fresh LB medium with the appropriate antibiotics.
The culture was grown at 37° C. with aeration to an OD, of
about 0.6. The culture was induced with IPTG at a final
concentration of 100 uM. The culture was incubated for an
additional two hours at 37° C. with aeration. Aliquots were
taken pre-induction and 2 hours post-induction for SDS-
PAGE analysis. A band of the expected molecular weight
(55,653 Daltons predicted from the sequence) was observed
after IPTG treatment. This band was not observed in cells
containing a plasmid lacking the nucleic acid encoding the
transferase.
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Cell free extracts were prepared to assess enzymatic activ-
ity. Briefly, the cells were harvested by centrifugation and
disrupted by sonication. The sonicated cell suspension was
centrifuged to remove cell debris, and the supernatant was
used in the assays.

Transferase activity was measured in the following assay.
The assay mixture used contained 100 mM potassium phos-
phate bufter (pH 7.0), 200 mM sodium acetate, 1 mM dithio-
bisnitrobenzoate (DTNB), 500 pM oxaloacetate, 25 uM
CoA-ester substrate, and 3 pg/ml citrate synthase. If present,
the CoA transferase transfers the CoA from the CoA ester to
acetate to form acetyl-CoA. The added citrate synthase con-
denses oxaloacetate and acetyl-CoA to form citrate and free
CoASH. The free CoASH complexes with DTNB, and the
formation of this complex can be measured by a change in the
optical density at 412 nm. The activity of the CoA transferase
was measured using the following substrates: lactyl-CoA,
propionyl-CoA, acrylyl-CoA, and 3-hydroxypropionyl-CoA.
The units/mg of protein was calculated using the following
formula:

(AE/min*V*dilution factor)/(¥s*14.2)=units/mL

where AE/min is the change in absorbance per minute at 412
nm, Vis the final volume of the reaction, and Vs is the volume
of sample added. The total protein concentration of the cell
free extract was about 1 mg/mL so the units/ml. equals units/
mg.
Cell free extracts from cells containing nucleic acid encod-
ing the CoA transferase exhibited CoA transferase activity
(Table 2). The observed CoA transferase activity was
detected for the lactyl-CoA, propionyl-CoA, acrylyl-CoA,
and 3-hydroxypropionyl-CoA substrates (Table 2). The high-
est CoA transferase activity was detected for lactyl-CoA and
propionyl-CoA.

TABLE 2
Substrate Units/mg
Lactyl-CoA 211
Propionyl-CoA 144
Acrylyl-CoA 118

3-Hydroxypropionyl-CoA 110

The following assay was performed to test whether the
CoA transferase activity can use the same CoA substrate
donors as recipients. Specifically, CoA transferase activity
was assessed using a Matrix-assisted Laser Desorption/Ion-
ization Time of Flight Mass Spectrometry (MALDI-TOF
MS) Voyager RP workstation (PerSeptive Biosystems). The
following five reactions were analyzed:

1) acetate+lactyl-CoA—=lactate+acetyl-CoA

2) acetate+propionyl-CoA—spropionate+acetyl-CoA

3) lactate+acetyl-CoA—acetate+lactyl-CoA

4) lactate+acrylyl-CoA—acrylate+lactyl-CoA

5) 3-hydroxypropionate+lactyl-CoA—»lactate+3-hydrox-
ypropionyl-CoA

MALDI-TOF MS was used to measure simultaneously the
appearance of the product CoA ester and the disappearance of
the donor CoA ester. The assay buffer contained 50 mM
potassium phosphate (pH 7.0), 1 mM CoA ester, and 100 mM
respective acid salt. Protein from a cell free extract prepared
as described above was added to a final concentration 0o 0.005
mg/mL. A control reaction was prepared from a cell free
extract prepared from cells lacking the construct containing
the CoA transferase-encoding nucleic acid. For each reaction,
the cell free extract was added last to start the reaction. Reac-
tions were allowed to proceed at room temperature and were
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stopped by adding 1 volume 10% trifluroacetic acid (TFA).
The reaction mixtures were purified prior to MALDI-TOF
MS analysis using Sep Pak Vac C,; 50 mg columns (Waters,
Inc.). The columns were conditioned with 1 m[L methanol and
equilibrated with two washes of 1 mL 0.1% TFA. Each
sample was applied to the column, and the flow through was
discarded. The column was washed twice with 1 mL 0.1%
TFA. The sample was eluted in 200 uL. 40% acetonitrile, 0.1%
TFA. The acetonitrile was removed by centrifugation in
vacuo. Samples were prepared for MALDI-TOF MS analysis
by mixing 1:1 with 110 mM sinapinic acid in 0.1% TFA, 67%
acetonitrile. The samples were allowed to air dry.

In reaction #1, the control sample exhibited a main peak at
a molecular weight corresponding to lactyl-CoA (MW 841).
There was a minor peak at the molecular weight correspond-
ing to acetyl-CoA (MW 811). This minor peak was deter-
mined to be the left-over acetyl-CoA from the synthesis of
lactyl-CoA. The reaction #1 sample containing the cell
extract from cells transfected with the CoA transferase-en-
coding plasmid exhibited complete conversion of lactyl-CoA
to acetyl-CoA. No peak was observed for lactyl-CoA. This
result indicates that the CoA transferase activity can transfer
CoA from lactyl-CoA to acetate to form acetyl-CoA.

In reaction #2, the control sample exhibited a dominant
peak at a molecular weight corresponding to propionyl-CoA
(MW 825). The reaction #2 sample containing the cell extract
from cells transfected with the CoA transferase-encoding
plasmid exhibited a dominant peak at a molecular weight
corresponding to acetyl-CoA (MW 811). No peak was
observed for propionyl-CoA. This result indicates that the
CoA transferase activity can transfer CoA from propionyl-
CoA to acetate to form acetyl-CoA.

In reaction #3, the control sample exhibited a dominant
peak at a molecular weight corresponding to acetyl-CoA
(MW 811). The reaction #3 sample containing the cell extract
from cells transfected with the CoA transferase-encoding
plasmid exhibited a peak corresponding to lactyl-CoA (MW
841). The peak corresponding to acetyl-CoA did not disap-
pear. In fact, the ratio of the size of the two peaks was about
1:1. The observed appearance of the peak corresponding to
lactyl-CoA demonstrates that the CoA transferase activity
catalyzes reaction #3.

In reaction #4, the control sample exhibited a dominant
peak at a molecular weight corresponding to acrylyl-CoA
(MW 823). The reaction #4 sample containing the cell extract
from cells transfected with the CoA transferase-encoding
plasmid exhibited a dominant peak corresponding to lactyl-
CoA (MW 841). This result demonstrates that the CoA trans-
ferase activity catalyzes reaction #4.

In reaction #5, deuterated lactyl-CoA was used to detect
the transfer of CoA from lactate to 3-hydroxypropionate
since lactic acid and 3-HP have the same molecular weight as
do their respective CoA esters. Using deuterated lactyl-CoA
allowed for the differentiation between lactyl-CoA and 3-hy-
droxypropionate using MALDI-TOF MS. The control
sample exhibited a diffuse group of peaks at molecular
weights ranging from MW 841 to 845 due to the varying
amounts of hydrogen atoms that were replaced with deute-
rium atoms. In addition, a significant peak was observed at a
molecular weight corresponding to acetyl-CoA (MW 811).
This peak was determined to be the left-over acetyl-CoA from
the synthesis of lactyl-CoA. The reaction #5 sample contain-
ing the cell extract from cells transfected with the CoA trans-
ferase-encoding plasmid exhibited a dominant peak at a
molecular weight corresponding to 3-hydroxypropionyl-
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CoA (MW 841) as opposed to a group of peaks ranging from
MW 841 to 845. This result demonstrates that the CoA trans-
ferase catalyzes reaction #5.

Example 2

Cloning Nucleic Acid Molecules that Encode a
Multiple Polypeptide Complex Having Lactyl-CoA
Dehydratase Activity

The following methods were used to clone an E1 activator
polypeptide. Briefly, four degenerate forward and five degen-
erate reverse PCR primers were designed based on conserved
sequences of E1 activator protein homologs (E1F1
5'-GCWACBGGY-TAYGGYCG-3', SEQ ID NO:60; E1F2
5-GTYRTYGAYRTYGGYGGYCAGGA-3', SEQ 1D
NO:61; E1F3 5-ATGAACGAYAARTGYGCWGCWGG-3',
SEQ ID NO:62; E1F4 5-TGYGCWGCWGGYACBGGY-
CGYTT-3', SEQ ID NO:63; EIR1 5-TCCT-GRCCRC-
CRAYRTCRAYRAC-3', SEQ ID NO:64; EIR2
5-CCWGCWGCRCAY-TTRTCGTTCAT-3', SEQ 1D
NO:65; E1IR3 5-AARCGRCCVGTRCCWGCWG-CRCA-
3', SEQ ID NO:66; E1R4 5-GCTTCGSWTTCRACRA-
TGSW-3', SEQ ID NO:67; and E1R5 5'-GSWRATRACT-
TCGCWTTCWGCRAA-3', SEQ ID NO:68).

The primers were used in all logical combinations in PCR
using Taq polymerase (Roche Molecular Biochemicals,
Indianapolis, Ind.) and 1 ng of genomic DNA per reaction
mix. PCR was conducted using a touchdown PCR program
with 4 cycles at an annealing temperature of 60° C., 4 cycles
at58°C.,4 cyclesat 56° C.,and 18 cycles at 54° C. Each cycle
used an initial 30-second denaturing step at 94° C. and a 3
minute extension step at 72° C. The program had an initial
denaturing step for 2 minutes at 94° C. and a final extension
step of 4 minutes at 72° C. Time allowed for annealing was 45
seconds. The amounts of PCR primer used in the reactions
were increased 2-10 fold above typical PCR amounts depend-
ing on the amount of degeneracy in the 3' end of the primer. In
addition, separate PCR reactions containing each individual
primer were made to identify PCR product resulting from
single degenerate primers. Each PCR product (25 pl.) was
separated by electrophoresis using a 1% TAE (Tris-acetate-
EDTA) agarose gel.

The E1F2-E1R4, E1F2-E1R5, E1F3-E1R4, E1F3-EIRS,
and E1F4-E1R4R2 combinations produced a band of 195,
207,144,156, and 144 bp, respectively. These bands matched
the expected size based on E1 activator sequences from other
species. No band was visible with individual primer control
reactions. The E1F2-E1RS fragment (207 bp) was isolated
and purified using Qiagen Gel Extraction procedure (Qiagen
Inc., Valencia, Calif.). The purified band (4 pl.) was ligated
into a pCRII vector that then was transformed into TOP10 E.
coli cells by heat-shock using a TOPO cloning procedure
(Invitrogen, Carlsbad, Calif.). Transformations were plated
on LB media containing 100 pg/ml. of ampicillin (Amp) and
50 pg/ml of 5-Bromo-4-Chloro-3-Indolyl-B-D-Galactopy-
ranoside (X-gal). Single, white colonies were plated onto
fresh media and screened in a PCR reaction using the E1F2
and E1RS primers to confirm the presence of the insert. Plas-
mid DNA was obtained from multiple colonies using a
QiaPrep Spin Miniprep Kit (Qiagen, Inc). Once obtained, the
plasmid DNA was quantified and used for DNA sequencing
with M13R and M13F primers. Sequence analysis revealed a
nucleic acid sequence encoding a polypeptide and revealed
that the E1F2-E1RS fragment shared sequence similarity
with E1 activator sequences (FIGS. 12-13).
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Genome walking was performed to obtain the complete
coding sequence of E2a and [ subunits. Briefly, four primers
for performing genome walking in both upstream and down-
stream directions were designed using the portion of the 207
bp E1F2-E1RS fragment sequence that was internal to the
E1F2 and E1RS5 degenerate primers (E1GSP1F 5'-ACGT-
CATGTCGAAGGTACTGGAAATCC-3', SEQ ID NO:69;
E1GSP2F 5'-GGGACTGGTACTTCAAATCGAAGCATC-
3", SEQ ID NO:70; E1IGSPIR 5'-TGACGGCAGCGGGAT-
GCTTCGATTTGA-3, SEQ ID NO:71; and EIGSP2R
5'-TCAGACATGGGGATTTCCAGTACCTTC-3', SEQ 1D
NO:72). The EIGSPIF and E1 GSP2F primers face down-
stream, while the E1 GSP1R and E1 GSP2R primers face
upstream. In addition, the E1IGSP2F and E1GSP2R primers
are nested inside the EIGSP1F and E1GSPIR primers.

Genome walking was performed using the Universal
Genome Walking Kit (ClonTech Laboratories, Inc., Palo
Alto, Calif.) with the exception that additional libraries were
generated with enzymes Nru I, Sca I, and Hine II. First round
PCR was performed in a Perkin Elmer 2400 Thermocycler
with 7 cycles of 2 seconds at 94° C. and 3 minutes at 72° C.,
and 36 cycles of 2 seconds at 94° C. and 3 minutes at 65° C.
with a final extension at 65° C. for 4 minutes. Second round
PCR used 5 cycles of 2 seconds at 94° C. and 3 minutes at 72°
C., and 20 cycles of 2 seconds at 94° C. and 3 minutes at 65°
C. with a final extension at 65° C. for 4 minutes. The first and
second round product (20 pul.) was separated by electrophore-
sis using 1% TAE agarose gel. Amplification products were
obtained with the Stu I library for both forward and reverse
directions. The second round product of about 1.5 kb for
forward direction and 3 kb fragment for reverse direction
from the Stu I library were gel purified, cloned, and
sequenced. Sequence analysis revealed that the sequence
derived from genome walking overlapped with the E1F2-
E1RS fragment.

To obtain additional sequence, a second genome walk was
performed using a first round primer (E1GSPFS5 5'-CCGT-
GTTACTTGGGAAGGTATCGCTGTCTG-3', SEQ ID
NO:73) and a second round primer (E1 GSPF6 5'-GCCAAT-
GAAGGAGGAAA-CCACTAATGAGTC-3', SEQ 1D
NO:74). The genome walk was performed using the Nrul,
Scal, and HincllI libraries. In addition, ClonTech’s Advan-
tage-Genomic Polymerase was used for the PCR. First round
PCR was performed in a Perkin Elmer 2400 Thermocycler
with an initial denaturing step at 94° C. for 2 minutes, 7 cycles
of'2 seconds at 94° C. and 3 minutes at 72° C., and 36 cycles
of 2 seconds at 94° C. and 3 minutes at 65° C. with a final
extension at 65° C. for 4 minutes. Second round PCR used 5
cycles of 2 seconds at 94° C. and 3 minutes at 72° C., and 20
cycles of 2 seconds at 94° C. and 3 minutes at 65° C. with a
final extension at 65° C. for 4 minutes. The first and second
round product (20 pl.) was separated by electrophoresis on a
1% agarose gel. An about 1.5 kb amplification product was
obtained from second round PCR of the HinclI library. This
band was gel purified, cloned, and sequenced. Sequence
analysis revealed that it overlapped with the previously
obtained genome walk fragment. In addition, sequence analy-
sis revealed a nucleic acid sequence encoding an E2a subunit
that shares sequence similarities with other sequences (FIGS.
16-17). Further, sequence analysis revealed a nucleic acid
sequence encoding an E2f subunit that shares sequence simi-
larities with other sequences (FIGS. 20-21).

Additional PCR and sequence analysis revealed the order
of'polypeptide encoding sequences within the region contain-
ing the lactyl-CoA dehydratase-encoding sequences. Specifi-
cally, the E1IGSP1F and COAGSPIR primer pair and the
COAGSPI1F and E1GSP1R primer pair were used to amplify
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fragments that encode both the CoA transferase and E1 acti-
vator polypeptides. Briefly, M. elsdenii genome DNA (1 ng)
was used as a template. The PCR was conducted in Perkin
Elmer 2400 Thermocycler using Long Template Polymerase
(Roche Molecular Biochemicals, Indianapolis, Ind.). The
PCR program used was as follows: 94° C. for 2 minutes; 29
cycles 0f94° C. for 30 seconds, 61° C. for 45 seconds, and 72°
C. for 6 minutes; and a final extension of 72° C. for 10
minutes. Both PCR products (20 ul.) were separated on a 1%
agarose gel. An amplification product (about 1.5 kb) was
obtained using the COAGSPIF and E1GSPIR primer pair.
This product was gel purified, cloned, and sequenced (FIGS.
22A-22B).

The organization of the M. elsdenii operon containing the
lactyl-CoA dehydratase-encoding sequences was determined
to contain the following polypeptide-encoding sequences in
the following order: CoA transferase (FIG. 6), ORFX (FIG.
23), E1 activator protein of lactyl-CoA dehydratase (FI1G. 10),
E2a subunit of lactyl-CoA dehydratase (FIG. 14), E2[3 sub-
unit of lactyl-CoA dehydratase (FIG. 18), and truncated CoA
dehydrogenase (FIG. 25).

The lactyl-CoA dehydratase (lactyl-CoA dehydratase or
led) from M. elsdenii was PCR amplified from chromosomal
DNA using the following program: 94° C. for 2 minutes; 7
cycles 0f94° C. for 30 seconds, 47° C. for 45 seconds, and 72°
C. for 3 minutes; 25 cycles of 94° C. for 30 seconds, 54° C. for
45 seconds, and 72° C. for 3 minutes; and 72° C. for 7
minutes. One primer pair was used (OSNBE1F 5'-GGGAAT-
TCCATATG-AAAACTGTGTATACTCTC-3', SEQ 1D
NO:75 and OSNBEIR 5'-CGACGGAT-CCTTAGAG-
GATTTCCGAGAAAGC-3', SEQ ID NO:76). The amplified
product (about 3.2 kb) was separated on 1% agarose gel, cut
from the gel, and purified with a Qiagen Gel Extraction kit
(Qiagen, Valencia, Calif.). The purified product was digested
with Nde I and BamHI restriction enzymes and ligated into
pET11a vector (Novagen) digested with the same enzymes.
The ligation reaction was transformed into NovaBlue chemi-
cally competent cells (Novagen) that then were spread on LB
agar plates supplemented with 50 pg/ml. carbenicillin. Iso-
lated individual colonies were screened for the presence of
inserts by restriction mapping. Isolates with the correct
restriction pattern were sequenced from each end using
Novagen primers (17 promoter primer #69348-3 and T7 ter-
minator primer #69337-3) to confirm the sequence at the
ligation points.

A plasmid having the correct insert was transformed into
Tuner (DE3) pLacl chemically competent cells (Novagen,
Madison, Wis.). Expression from this construct was tested as
follows. A culture was grown overnight to saturation and
diluted 1:20 the following morning in fresh LB medium with
the appropriate antibiotics. The culture was grown at 37° C.
with aeration to an ODg,, of about 0.6. The culture was
induced with IPTG at a final concentration of 100 uM. The
culture was incubated for an additional two hours at 37° C.
with aeration. Aliquots were taken pre-induction and 2 hours
post-induction for SDS-PAGE analysis. Bands of the
expected molecular weight (27,024 Daltons for the E1 sub-
unit, 48,088 Daltons for the E2c. subunit, and 42,517 Daltons
for the E2 subunit—all predicted from the sequence) were
observed. These bands were not observed in cells containing
a plasmid lacking the nucleic acid encoding the three com-
ponents of the lactyl-CoA dehydratase.

Cell free extracts were prepared by growing cells in a
sealed serum bottle overnight at 37° C. Following overnight
growth, the cultures were induced with 1 mM IPTG (added
using anaerobic technique) and incubated an additional 2
hours at 37° C. The cells were harvested by centrifugation and
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disrupted by sonication under strict anaerobic conditions. The
sonicated cell suspension was centrifuged to remove cell
debris, and the supernatant was used in the assays. The buffer
used for cell resuspension/sonication was 50 mM Tris-HCI
(pH 7.5), 200 uM ATP, 7 mM Mg(SO,), 4 mM DTT, 1 mM
dithionite, and 100 uM NADH.

Dehydratase activity was detected with MALDI-TOF MS.
The assay was conducted in the same buffer as above with 1
mM lactyl-CoA or 1 mM acrylyl-CoA added and about 5
mg/mL cell free extract. Prior to MALDI-TOF MS analysis,
samples were purified using Sep Pak Vac C,; columns (Wa-
ters, Inc.) as described in Example 1. The following two
reactions were analyzed:

1) acrylyl-CoA—=lactyl-CoA

2) lactyl-CoA—acrylyl-CoA

In reaction #1, the control sample exhibited a peak at a
molecular weight corresponding to acrylyl-CoA (MW 823).
The reaction #1 sample containing the cell extract from cells
transfected with the dehydratase-encoding plasmid exhibited
a major peak at a molecular weight corresponding to lactyl-
CoA (MW 841). This result indicates that the dehydratase
activity can convert acrylyl-CoA into lactyl-CoA.

To detect dehydratase activity on lactyl-CoA, reaction #2
was carried out in 80% D,O. The control sample exhibited a
peak at a molecular weight corresponding to lactyl-CoA
(MW 841). The reaction #2 sample containing the cell extract
from cells transfected with the dehydratase-encoding plasmid
revealed a lactyl-CoA peak shifted to a deuterated form. This
result indicates that the dehydratase enzyme is active on lac-
tyl-CoA. In addition, the results from both reactions indicate
that the dehydratase enzyme can catalyze the lactyl-
CoA<——acrylyl-CoA reaction in both directions.

Example 3

Cloning Nucleic Acid Molecules that Encode a
Polypeptide Having 3-Hydroxypropionyl CoA
Dehydratase Activity

Genomic DNA was isolated from Chloroflexus aurantia-
cus cells (ATCC 29365). Briefly, C. aurantiacus cells in 920
Chloroflexus medium were grown in 50 mL cultures (Falcon
2070 polypropylene tubes) using an Innova 4230 Incubator,
Shaker (New Brunswick Scientific; Edison, N.J.) at 50° C.
with interior lights. Once grown, the cells were pelleted,
washed with 5 mL of a 10 mM Tris solution, and re-pelleted.
Genomic DNA was isolated from the pelleted cells using a
Gentra Genomic “Puregene” DNA isolation kit (Gentra Sys-
tems; Minneapolis, Minn.). Briefly, the pelleted cells were
resuspended in 1 ml, Gentra Cell Suspension Solution to
which 14.2 mg of lysozyme and 4 ul. of 20 mg/ml. proteinase
K solution was added. The cell suspension was incubated at
37° C. for 30 minutes. The precipitated genomic DNA was
recovered by centrifugation at 3500xg for 25 minutes and
air-dried for 10 minutes. The genomic DNA was suspended in
300 pL of a 10 mM Tris solution and stored at 4° C.

The genomic DNA was used as a template in PCR ampli-
fication reactions with primers designed based on conserved
domains of crotonase homologs and a Chloroflexus aurantia-
cus codon usage table. Briefly, two degenerate forward
(CRF1 and CRF2) and three degenerate reverse (CRRI,
CRR2, and CRR3) PCR primers were designed (CRF1
5'-AAYCGBCCVAARGCNCTSAAYGC-3', SEQ 1D
NO:77; CRF2: 5-TTYGTBGCNGGYGCNGAYAT-3', SEQ
ID NO:78; CRR1 5'-ATRTCNG-CRCCNGCVACRAA-3',
SEQ ID NO:79; CRR2 5'-CCRCCRCCSAGNG-CRWARC-
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CRTT-3', SEQ ID NO:80; and CRR3 35'-SSWNG-
CRATVCGRATRTCRAC-3', SEQ ID NO:81).

These primers were used in all logical combinations in
PCR using Taq polymerase (Roche Molecular Biochemicals;
Indianapolis, Ind.) and 1 ng of the genomic DNA per pl.
reaction mix. The PCR was conducted using a touchdown
PCR program with 4 cycles at an annealing temperature of
61°C.,4cyclesat59°C.,4cyclesat 57°C., 4 cyclesat 55° C.,
and 16 cycles at 52° C. Each cycle used an initial 30-second
denaturing step at 94° C. and a 3-minute extension step at 72°
C. The program also had an initial denaturing step for 2
minutes at 94° C. and a final extension step of 4 minutes at 72°
C. The time allowed for annealing was 45 seconds. The
amounts of PCR primer used in the reaction were increased
4-12 fold above typical PCR amounts depending on the
amount of degeneracy in the 3' end of the primer. In addition,
separate PCR reactions containing each individual primer
were performed to identify amplification products resulting
from single degenerate primers. Each PCR product (25 pl)
was separated by gel electrophoresis using a 1% TAE (Tris-
acetate-EDTA) agarose gel.

The CRF1-CRR1 and CRF2-CRR2 combinations pro-
duced a unique band of about 120 and about 150 bp, respec-
tively. These bands matched the expected size based on cro-
tonase genes from other species. No 120 bp or 150 bp band
was observed from individual primer control reactions. Both
fragments (i.e., the 120 bp and 150 bp bands) were isolated
and purified using the Qiagen Gel Extraction kit (Qiagen Inc.,
Valencia, Calif.). Each purified fragment (4 pl.) was ligated
into pCRII vector that then was transformed into TOP10 E.
coli cells by a heat-shock method using a TOPO cloning
procedure (Invitrogen, Carlsbad, Calif.). Transformations
were plated on LB media containing 100 pg/mL of ampicillin
(Amp) and 50 pg/mL of 5-Bromo-4-Chloro-3-Indolyl-B-D-
Galactopyranoside (X-gal). Single, white colonies were
plated onto fresh media and screened in a PCR reaction using
the CRF1 and CRR1 primers and the CRF2 and CRR2 prim-
ers to confirm the presence of the desired insert. Plasmid
DNA was obtained from multiple colonies with the desired
insert using a QiaPrep Spin Miniprep Kit (Qiagen, Inc.). Once
obtained, the DNA was quantified and used for DNA
sequencing with M13R and M13F primers. Sequence analy-
sis revealed the presence of two different clones from the PCR
product of about 150 bp. Each shared sequence similarity
with crotonase and hydratase sequences. The two clones were
designated OS17 (157 bp PCR product) and OS19 (151 bp
PCR product).

Genome walking was performed to obtain the complete
coding sequence of OS17. Briefly, primers for conducting
genome walking in both upstream and downstream directions
were designed using the portion of the 157 bp CRF2-CRR2
fragment sequence that was internal to the CRF2 and CRR2
degenerate primers (OS17F1 5-CGCTG-ATATTCGC-
CAGTTGCTCGAAG-3 SEQ ID NO:82; OSI17F2
5'-CCCATCTTG-CTTTCCGCAAGATTGAGC-3', SEQ 1D
NO:83; OS17F3 5'-CAATGGCCCTGCCGA-ATAACGC-
CCATCT-3', SEQ ID NO:84; OS17R1 5'-CTTCGAG-
CAACTGGCGAA-TATCAGCG-3, SEQ ID NO:85;
OS17R2 5'-GCTCAATCTTGCGGAAAGCAAG-ATGGG-
3', SEQ ID NO:86; and OS17R3 5-AGATGGGCGTTAT-
TCGGCAGGGCC-ATTG-3', SEQID NO:87). The OS17F1,
OS17F3, and OS17F2 primers face downstream, while the
OS17R2, OS17R3, and OS17R1 primers face upstream.

Genome walking was conducted using the Universal
Genome Walking kit (ClonTech Laboratories, Inc., Palo Alto,
Calif.) with the exception that additional libraries were gen-
erated with enzymes Nru [, Fsp I, and Hinc II. The first round
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PCR was conducted in a Perkin Elmer 2400 Thermocycler
with 7 cycles of 2 seconds at 94° C. and 3 minutes at 72° C.,
and 36 cycles of 2 seconds at 94° C. and 3 minutes at 66° C.
with a final extension at 66° C. for 4 minutes. Second round
PCR used 5 cycles of 2 seconds at 94° C. and 3 minutes at 72°
C., and 20 cycles of 2 seconds at 94° C. and 3 minutes at 66°
C. with a final extension at 66° C. for 4 minutes. The first and
second round amplification product (5 pl.) was separated by
gel electrophoresis on a 1% TAE agarose gel. After the second
round PCR, an amplification product of about 0.4 kb was
obtained with the Fsp I library using the OS17R1 primer in
the reverse direction, and an amplification product of about
0.6 kb was obtained with the Hinc II library using the OS17F2
primer in the forward direction. These PCR products were
cloned and sequenced.

Sequence analysis revealed that the sequences derived
from genome walking overlapped with the CRF2-CRR2 frag-
ment and shared sequence similarity with crotonase and
hydratase sequences.

A second genome walking was performed to obtain addi-
tional sequences. Six primers were designed for this second
genome walk (OS17F4 5-AAGCTGGG-TCTGATCGAT-
GCCATTGCTACC-3', SEQ ID NO:88; OS17F5 5-CTC-
GATTATCG-CCCATCCACGTATCGAG-3', SEQ 1D
NO:89; OS17F6 5'-TGGATGCAATCCG-CTATGGCAT-
TATCCACG-3', SEQ ID NO:90; OS17R4 5'-TCATTCAGT-
GCG-TTCACCGGCGGATTTGTC-3', SEQ ID NO:91;
OS17R5  5-TCGATCCGGAAGT-AGCGATAGCGTTC-
GATG-3", SEQ ID NO:92; and OS17R6 5'-CTTGGCTG-
CAAT-CTCTTCGAGCACTTCAGG-3', SEQ ID NO:93).
The OS17F4, OS17F5, and OS17F6 primers faced down-
stream, while the OS17R4, OS17RS, and OS17R6 primers
faced upstream.

The second genome walk was performed using the same
methods described for the first genome walk. After the second
round of walking, an amplification product of about 2.3 kb
was obtained with a Hinc II library using the OS17RS primer
in the reverse direction, and an amplification product of about
0.6 kb was obtained with a Pvu II library using the OS17F5
primer in the forward direction. The PCR products were
cloned and sequenced. Sequence analysis revealed that the
sequences derived from the second genome walking over-
lapped with the sequence obtained during the first genome
walking. In addition, the sequence analysis revealed a
sequence with 3572 bp.

A BLAST search revealed that the polypeptide encoded by
this sequence shares sequence similarity with polypeptides
having three different activities. Specifically, the beginning of
the OS17 encoded-polypeptide shares sequence similarity
with CoA-synthesases, the middle region of the OS17
encoded-polypeptide shares sequence similarity with enoyl-
CoA hydratases, and the end region of the OS17 encoded-
polypeptide shares sequence similarity with CoA-reductases.

A third genome walk was performed using four primers
(OS17UP-6 5'-CATCAGAGGTAATCACCACTCGTGCA-
3", SEQ ID NO:94; OS17UP-7 5'-AAGTAGTAGGCCAC-
CTCGTCGCCATA-3", SEQ ID NO:95; OS17DN-1 5'-GC-
CAATCAGGCGCTGATCTATGTTCT-3', SEQ ID NO:96;
and OS17DN-2  5-CTGATCTATGTTCTGGCCTCG-
GAGGT-3', SEQ ID NO:97). The OS17UP-6 and OS17UP-7
primers face upstream, while the OS17DN-1 and OS17DN-2
primers face downstream. The third genome walk yielded an
amplification product of about 1.2 kb with a Nru I library
using the OS17UP-7 primer in the reverse direction. In addi-
tion, amplification products of about 4 kb and about 1.1 kb
were obtained with a Hinc II and Fsp I library, respectively,
using the OS17DN-2 primer in the forward direction.
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Sequence analysis revealed a nucleic acid sequence encoding
a polypeptide (FIGS. 27-28). The complete OS17 gene had
5466 nucleotides and encoded a 1822 amino acid polypep-
tide. The calculated molecular weight of the OS17 polypep-
tide from the sequence was 201,346 (pI=5.71).

A BLAST search analysis revealed that the product of the
0817 nucleic acid has three different activities based on
sequence similarity to (1) CoA-synthesases at the beginning
of'the OS17 sequence, (2) 3-HP dehydratases in the middle of
the OS17 sequence, and (3) CoA-reductases at the end of the
0S17 sequence. Thus, the OS17 clone appeared to encode a
single enzyme capable of catalyzing three distinct reactions
leading to the direct conversion of 3-hydroxypropionate to
propionyl CoA: 3-HP—3-HP-CoA—»acrylyl-
CoA—spropionyl-CoA.

The OS17 gene from C. aurantiacus was PCR amplified
from chromosomal DNA using the following conditions: 94°
C. for 3 minutes; 25 cycles of 94° C. for 30 seconds to
denature, 54° C. for 30 seconds to anneal, and 68° C. for 6
minutes for extension; followed by 68° C. for 10 minutes for
final extension. Two primers were used (OS17F 5'-GGGAAT-
TCCATATGATCGACACTGCG-3', SEQ ID NO:136; and
OS17R  5-CGAAGGATCCAACGATAATCGGCTCAG-
CAC-3', SEQ ID NO:137). The resulting PCR product (~5.6
Kb) was purified using Qiagen PCR purification kit (Qiagen
Inc., Valencia, Calif.). The purified product was digested with
Ndel and BamHI restriction enzymes, heated at 80° C. for 20
minutes to inactivate the enzymes, purified using Qiagen
PCR purification kit, and ligated into a pET1la vector
(Novagen, Madison, Wis.) previously digested with Ndel and
BamHI enzymes. The ligation reaction was transformed into
NovaBlue chemically competent cells (Novagen, Madison,
Wis.) that were spread on LB agar plates supplemented with
50 pg/ml. carbenicillin. Individual transformants were
screened by PCR amplification of the OS17 DNA with the
OS17F and OS17R primers and conditions as described
above directly from colonies cells. Clones that yielded the 5.6
Kb product were used for plasmid purification with Qiagen
QiaPrep Spin Miniprep Kit (Qiagen, Inc). Resulting plasmids
were transformed into E. coli BL21(DE3) cells, and OS17
polypeptide expression induced. The apparent molecular
weight of the OS17 polypeptide according to SDS gel elec-
trophoresis was about 190,000 Da.

To assay OS17 polypeptide function, a 100 mL culture of
BL21-DE3/pET11a-OS17 cells was started using 1 mL of
overnight grown culture as an inoculum. The culture was
grown to an OD of 0.5-0.6 and was induced with 100 uM
IPTG. After two and a half hours of induction, the cells were
harvested by spinning at 8000 rpm in the floor centrifuge. The
cells were washed with 10 mM Tris-HCl (pH 7.8) and passed
twice through a French Press at a gauge pressure of 1000 psi.
The cell debris was removed by centrifugation at 15,000 rpm.
The activity of the OS17 polypeptide was measured spectro-
photometrically, and the products formed during this enzy-
matic transformation were detected by LC/MS. The assay
mix was as follows (J. Bacteriol., 181:1088-1098 (1999)):

Reagent Volume Final Conc.
Tris-HCI (1000 mM, 7.8 pH) 10 uL 50 mM
MgClL, (100 mM) 10 uL 5 mM
ATP (30 mM) 20 pL 3 mM
KCI (100 mM) 20 pL 10 mM
CoASH (5 mM) 20 pL 0.5 mM
NAD(P)H 20 pL 0.5 mM
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-continued
Reagent Volume Final Cone.
3-hydroxypropionate 2 uL 1 mM
Protein extract (7 mg/mL) 20 (40) pL 140 pg
DI water 78 (58) pL
Total 200 pL

The initial rate of reaction was measured by monitoring the
disappearance of NAD(P)H at 340 nm. The activity of the
0S17 polypeptide was measured using 3-HP as the substrate.
The units/mL of total protein was calculated using the for-
mula set forth in Example 1. The activity of the expressed
OS17 polypeptide was calculated to be 0.061 U/mL of total
protein. The reaction products were purified using a Sep Pak
Vac column (Waters). The column was conditioned with 1 mL
methanol and washed two times with 0.5 mL 0.1% TFA. The
sample was then applied to the column, and the column was
washed two more times with 0.5 mL 0.1% TFA. The sample
was eluted with 200 pl, of 40% acetonitrile, 0.1% TFA. The
acetonitrile was removed from the sample by vacuum cen-
trifugation. The reaction products were analyzed by LC/MS.

Analyses of thioesters namely propionyl CoA, acrylyl
CoA, and 3 HP CoA from the above reaction were carried out
using a Waters/Micromass ZQ LC/MS instrument which had
a Waters 2690 liquid chromatograph with a Waters 996
Photo-Diode Array (PDA) placed in series between the chro-
matograph and the single quadropole mass spectrometer. LC
separations were made using a 4.6x150 mm YMC ods-AQ (3
pm particles, 120 A pores) reversed-phase chromatography
column at room temperature. CoA esters were eluted in
Buffer A (25 mM ammonium acetate, 0.5% acetic acid) with
alinear gradient of buffer B (acetonitrile, 0.5% acetic acid). A
flow rate of 0.25 ml./minute was used, and photodiode array
UV absorbance was monitored from 200 to 400 nm. All
parameters of the electrospray MS system were optimized
and selected based on generation of protonated molecular
ions ([M+H]*) of the analytes of interest and production of
characteristic fragment ions. The following instrumental
parameters were used for ESI-MS detection of CoA and
organic acid-CoA thioesters in the positive ion mode; Extrac-
tor: 1 V; RF lens: 0 V; Source temperature: 100° C.; Desol-
vation temperature: 300° C.; Desolvation gas: 500 L/hour;
Cone gas: 40 L/hour; Low mass resolution: 13.0; High mass
resolution: 14.5; Ion energy: 0.5; Multiplier: 650. Uncertain-
ties for mass charge ratios (m/z) and molecular masses are
%0.01%.

The enzyme assay mix from strains expressing the OS17
polypeptide exhibited peaks for propionyl CoA, acrylyl CoA,
and 3-HP CoA with the propionyl CoA peak being the domi-
nant peak. These peaks were missing in the enzyme assay mix
obtained from the control strain, which carried vectorpET11a
without an insert. These results indicate that the OS17
polypeptide has CoA synthetase activity, CoA hydratase
activity, and dehydrogenase activity.

Genome walking also was performed to obtain the com-
plete coding sequence of OS19. Briefly, primers for conduct-
ing genome walking in both upstream and downstream direc-
tions were designed using the portion of the 151 bp CRF2-
CRR2 fragment sequence that was internal to the CRF2 and
CRR2 degenerate primers (OS19F1 5'-GGCTGATAT-
CAAAGCGATGGCCAATGC-3', SEQ ID NO:98; OS19F2
5'-CCAC-GCCTATTGATATGCTCACCAGTG-3', SEQ ID
NO:99; OS19F3 5'-GCAAACCGG-TGATTGCTGCCGT-
GAATGG-3', SEQ ID NO:100; OS19R1 5'-GCATTGGC-
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CAT-CGCTTTGATATCAGCC-3', SEQ ID NO:101;
OS19R2  5'-CACTGGTGAGCATATC-AATAGGCGTGG-
3', SEQ ID NO:102; and OS19R3 5'-CCATTCACGGCAG-
CAA-TCACCGGTTTGC-3', SEQ ID NO:103). The
OS19F1, OS19F2, and OS19F3 primers face downstream,
while the OS19R1, OS19R2, and OS19R3 primers face
upstream.

An amplification product of about 0.25 kb was obtained
with the Fsp I library using the OS19R1 primer, while an
amplification product of about 0.65 kb was obtained with the
Pvull library using the OS19R 1 primer. In addition, an ampli-
fication product of about 0.4 kb was obtained with the Pvu II
library using the OS19F3 primer. The PCR products were
cloned and sequenced. Sequence analysis revealed that the
sequences derived from genome walking overlapped with the
CRF2-CRR2 fragment and shared sequence similarity with
crotonase and hydratase sequences. The obtained sequences
accounted for most of the coding sequence including the start
codon.

A second genome walk was performed to obtain additional
sequence using two primers (OS19F7 5'-TCATCATCGC-
CAGTGAAAACGCGCAGTTCG-3', SEQ ID NO:104 and
OS19F8  5'-GGATCGCGCAAACCATTGCCACCAAAT-
CAC-3', SEQIDNO:105). The OS19F7 and OS19F8 primers
face downstream.

An amplification product (about 0.7 kb) obtained from the
Pvu II library was cloned and sequenced. Sequence analysis
revealed that the sequence derived from the second genome
walk overlapped with the sequence obtained from the first
genome walk and contained the stop codon. The full-length
0819 clone was found to share sequence similarity with other
sequences such as crotonase and enoyl-CoA hydratase
sequences (FIGS. 32-33).

The OS19 clone was found to encode a polypeptide having
3-hydroxypropionyl-CoA dehydratase activity also referred
to as acrylyl-CoA hydratase activity. The nucleic acid encod-
ing the OS19 dehydratase from C. aurantiacus was PCR
amplified from chromosomal DNA using the following con-
ditions: 94° C. for 3 minutes; 25 cycles of 94° C. for 30
seconds to denature, 56° C. for 30 seconds to anneal, and 68°
C. for 1 minute for extension; and 68° C. for 5 minutes for
final extension. Two primers were used (OSACH3 5'-AT-
GAGTGAAGAGTCTCTGGTTCTCAGC-3', SEQ ID
NO:106 and OSACH2 5'-AGATCGCAATCGCTCGTGTAT-
GTC-3', SEQ ID NO:107).

The resulting PCR product (about 1.2 kb) was separated by
agarose gel electrophoresis and purified using Qiagen PCR
purification kit (Qiagen Inc.; Valencia, Calif.). The purified
product was ligated into pETBlue-1 using the Perfectly Blunt
cloning Kit (Novagen; Madison, Wis.). The ligation reaction
was transformed into NovaBlue chemically competent cells
(Novagen, Madison, Wis.) that then were spread on LB agar
plates supplemented with 50 pg/ml carbenicillin, 40 pug/ml.
IPTG, and 40 pg/ml. X-Gal. White colonies were isolated and
screened for the presence of inserts by restriction mapping.
Isolates with the correct restriction pattern were sequenced
from each end using the primer pETBlueUP and pETBlue-
DOWN (Novagen) to confirm the sequence at the ligation
points.

The plasmid containing the OS19 dehydratase-encoding
sequence was transformed into Tuner (DE3) pLacl chemi-
cally competent cells (Novagen, Madison, Wis.), and expres-
sion from the construct tested. Briefly, a culture was grown
overnight to saturation and diluted 1:20 the following morn-
ing in fresh LB medium with the appropriate antibiotics. The
culture was grown at 37° C. and 250 rpm to an OD,, of about
0.6. At this point, the culture was induced with IPTG at a final
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concentration of 1 mM. The culture was incubated for an
additional two hours at 37° C. and 250 rpm. Aliquots were
taken pre-induction and 2 hours post-induction for SDS-
PAGE analysis. A band of the expected molecular weight
(27,336 Daltons predicted from the sequence) was observed.
This band was not observed in cells containing a plasmid
lacking the nucleic acid encoding the hydratase.

Cell free extracts were prepared by growing cells as
described above. The cells were harvested by centrifugation
and disrupted by sonication. The sonicated cell suspension
was centrifuged to remove cell debris, and the supernatant
was used in the assays. The ability of the 3-hydroxypropio-
nyl-CoA dehydratase to perform the following three reactions
was measured using MALDI-TOF MS:

1) acrylyl-CoA—=3-hydroxypropionyl-CoA

2) 3-hydroxypropionyl-CoA—acrylyl-CoA

3) crotonyl-CoA—3-hydroxybutyryl-CoA

The assay mixture contained 50 mM Tris-HCl (pH 7.5), 1
mM CoA ester, and about 1 pg cell free extract. Reactions
were allowed to proceed at room temperature and were
stopped by adding 1 volume 10% trifluroacetic acid (TFA).
The reaction mixtures were purified prior to MALDI-TOF
MS analysis using Sep Pak Vac C,; 50 mg columns (Waters,
Inc.). The columns were conditioned with 1 m[L methanol and
then equilibrated with two washes of 1 mL. 0.1% TFA. The
sample was applied to the column, and the flow through was
discarded. The column was washed twice with 1 mL 0.1%
TFA. The sample was eluted in 200 uL. 40% acetonitrile, 0.1%
TFA. The acetonitrile was removed by centrifugation in
vacuo. Samples were prepared for MALDI-TOF MS analysis
by mixing 1:1 with 110 mM sinapinic acid in 0.1% TFA, 67%
acetonitrile. The samples were allowed to air dry.

The conversion of acrylyl-CoA into 3-hydroxypropionyl-
CoA catalyzed by the 3-hydroxypropionyl-CoA dehydratase
was detected using the MALDI-TOF MS technique. In reac-
tion #1, the control sample exhibited a dominant peak at a
molecular weight corresponding to acrylyl-CoA (MW 823).
The reaction #1 sample containing the cell extract from cells
transfected with the 3-hydroxypropionyl-CoA dehydratase-
encoding plasmid exhibited a dominant peak corresponding
to 3-hydroxypropionyl-CoA (MW 841). This result demon-
strates that the 3-hydroxypropionyl-CoA dehydratase activ-
ity catalyzes reaction #1.

To detect the conversion of 3-hydroxypropionyl-CoA into
acrylyl-CoA, reaction #2 was carried out in 80% D,O. The
reaction #2 sample containing the cell extract from cells
transfected with the 3-hydroxypropionyl-CoA dehydratase-
encoding plasmid revealed incorporation of deuterium in the
3-hydroxypropionyl-CoA molecule. This result indicates that
the 3-hydroxypropionyl-CoA dehydratase enzyme catalyzes
reaction #2. In addition, the results from both #1 and #2
reactions indicate that the 3-hydroxypropionyl-CoA
dehydratase enzyme can catalyze the
3-hydroxypropionyl -CoA<——acrylyl-CoA reaction in both
directions. It is noted that for both the #1 and #2 reactions, a
peak was observed at MW 811, due to leftover acetyl-CoA
from the synthesis of 3-hydroxypropionyl-CoA from 3-hy-
droxypropionate and acetyl-CoA.

The assays assessing conversion of crotonyl-CoA into
3-hydroxybutyryl-CoA also were carried out in 80% D,O. In
reaction #3, the control sample exhibited a dominant peak at
a molecular weight corresponding to crotonyl-CoA (MW
837). This result indicated that the crotonyl-CoA was not
converted into other products. The reaction #3 sample con-
taining the cell extract from cells transfected with the 3-hy-
droxypropionyl-CoA dehydratase-encoding plasmid exhib-
ited a diffuse group of peaks corresponding to deuterated
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3-hydroxybutyryl-CoA (MW 855 to MW 857). This result
demonstrates that the 3-hydroxypropionyl-CoA dehydratase
activity catalyzes reaction #3.

A series of control reactions were performed to confirm the
specificity of the 3-hydroxypropionyl-CoA dehydratase.
Lactyl-CoA (1 mM) was added to the reaction mixture con-
taining 100 mM Tris (pH 7.0) both in the presence and the
absence of the 3-hydroxypropionyl-CoA dehydratase. In
both cases, the dominant peak observed had a molecular
weight corresponding to lactyl-CoA (MW 841). This result
indicates that lactyl-CoA is not affected by the presence of
3-hydroxypropionyl-CoA dehydratase activity even in the
presence of D,O meaning that the 3-hydroxypropionyl-CoA
dehydratase enzyme does not attach a hydroxyl group at the
alpha carbon position. The presence of 3-hydroxypropionyl-
CoA in an 80% D, O reaction mixture resulted in a shift upon
addition of the 3-hydroxypropionyl-CoA dehydratase activ-
ity. In the absence of 3-hydroxypropionyl-CoA dehydratase
activity, a peak corresponding to 3-hydroxypropionyl-CoA
was observed in addition to a peak of MW 811. The MW 811
peak was due to leftover acetyl-CoA from the synthesis of
3-hydroxypropionyl-CoA. In the presence of 3-hydroxypro-
pionyl-CoA dehydratase activity, a peak corresponding to
deuterated 3-hydroxypropionyl-CoA was observed (MW
842) due to exchange of a hydroxyl group during the conver-
sion of 3-hydroxypropionyl-CoA to acrylyl-CoA and vice-
versa. These control reactions demonstrate that the 3-hydrox-
ypropionyl-CoA dehydratase enzyme is active on
3-hydroxypropionyl-CoA and not active on lactyl-CoA. In
addition, these results demonstrate that the product of the
acrylyl-CoA reaction is 3-hydroxypropionyl-CoA not lactyl-
CoA.

Example 4
Construction of Operon #1

The following operon was constructed and can be used to
produce 3-HP in E. coli (FIG. 34). Briefly, the operon was
cloned into a pET-11a expression vector under the control of
a T7 promoter (Novagen, Madison, Wis.). The pET-11a
expression vector is a 5677 bp plasmid that uses the ATG
sequence of an Nde/restriction site as a start codon for
inserted downstream sequences.

Nucleic acid molecules encoding a CoA transferase and a
lactyl-CoA dehydratase were amplified from Megasphaera
elsdenii genomic DNA by PCR. Two primers were used to
amplify the CoA transferase-encoding sequence (OSNBpctF
5'-GGGAATTCC-ATATGAGAAAAGTAGAAATCATTA-
CAGCTG-3', SEQ ID NO:108 and OSCTE-2 5-GAGAG-
TATACACAGTTTTCACCTCCTTTACAGCAGAGAT-3/,
SEQ ID NO:109), and two primers were used to amplify the
lactyl-CoA  dehydratase-encoding sequence (OSCTE-1
5'-ATCTCTGCTGTAAAGGAGGTGAAAACT-
GTGTATACT-CTC-3', SEQ ID NO:110 and OSEBH-2
5-ACGTTGATCTCCTTGTACATT-AGAGGATTTC-
CGAGAAAGC-3', SEQ ID NO:111). A nucleic acid mol-
ecule encoding a 3-hydroxypropionyl-CoA dehydratase was
amplified from Chloroflexus aurantiacus genomic DNA by
PCR wusing two primers (OSEBH-1 5'-GCTTTCTCGG-
AAATCCTCTAATGTACAAGGAGATCAACGT-3', SEQ
ID NO:112 and OSHBR 5-CGACGGATCCTCAACGAC-
CACTGAAGTTGG-3', SEQ ID NO:113).

PCR was conducted in a Perkin Elmer 2400 Thermocycler
using 100 ng of genomic DNA and a mix of rTth polymerase
(Applied Biosystems; Foster City, Calif.) and Pfu Turbo poly-
merase (Stratagene; La Jolla, Calif)) in 8:1 ratio. The poly-
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merase mix ensured higher fidelity of the PCR reaction. The
following PCR conditions were used: initial denaturation step
01'94° C. for 2 minutes; 20 cycles 0of 94° C. for 30 seconds, 54°
C. for 30 seconds, and 68° C. for 2 minutes; and a final
extension at 68° C. for 5 minutes. The obtained PCR products
were gel purified using a Qiagen Gel Extraction Kit (Qiagen,
Inc.; Valencia, Calif.).

The CoA transferase, lactyl-CoA dehydratase (E1, E2a
subunit, and E2f subunit), and 3-hydroxypropionyl-CoA
dehydratase PCR products were assembled using PCR. The
OSCTE-1 and OSCTE-2 primers as well as the OSEBH-1
and OSEBH-2 primers were complementary to each other.
Thus, the complementary DNA ends could anneal to each
other during the PCR reaction extending the DNA in both
directions. To ensure the efficiency of the assembly, two end
primers (OSNBpctF and OSHBR) were added to the assem-
bly PCR mixture, which contained 100 ng of each PCR prod-
uct (i.e., the PCR products from the CoA-transferase, lactyl-
CoA dehydratase, and 3-hydroxypropionyl-CoA dehydratase
reactions) as well as the rTth polymerase/Pfu Turbo poly-
merase mix described above. The following PCR conditions
were used to assemble the products: 94° C. for 1 minute; 25
cycles o' 94° C. for 30 seconds, 55° C. for 30 seconds, and 68°
C. for 6 minutes; and a final extension at 68° C. for 7 minutes.
The assembled PCR product was gel purified and digested
with restriction enzymes (Ndel and BamHI). The sites for
these restriction enzymes were introduced into the assembled
PCR product using the OSNBpctF (Ndel) and OSHBR
(BamHI) primers. The digested PCR product was heated at
80° C. for 30 minutes to inactivate the restriction enzymes and
used directly for ligation into pET-11a vector.

The pET-11a vector was digested with Ndel and BamHI
restriction enzymes, gel purified using a Qiagen Gel Extrac-
tion kit, treated with shrimp alkaline phosphatase (Roche
Molecular Biochemicals; Indianapolis, Ind.) and used in a
ligation reaction with the assembled PCR product. The liga-
tion was performed at 16° C. overnight using T4 ligase
(Roche Molecular Biochemicals; Indianapolis, Ind.). The
resulting ligation reaction was transformed into NovaBlue
chemically competent cells (Novagen; Madison, Wis.) using
a heat-shock method. Once heat shocked, the cells were
plated on LB plates supplemented with 50 ug/ml. carbenicil-
lin. The plasmid DNA was purified from individual colonies
using a QiaPrep Spin Miniprep Kit (Qiagen Inc., Valencia,
Calif) and analyzed by digestion with Ndel and BamHI
restriction enzymes.

Example 5
Construction of Operon #2

The following operon was constructed and can be used to
produce 3-HP in E. coli (FIGS. 35A and B). Nucleic acid
molecules encoding a CoA transferase and a lactyl-CoA
dehydratase were amplified from Megasphaera elsdenii
genomic DNA by PCR. Two primers were used to amplify the
CoA transferase-encoding sequence (OSNBpctF and
OSCTE-2), and two primers were used to amplify the lactyl-
CoA dehydratase-encoding sequence (OSCTE-1 and
OSNBelR 5'-CGACGGATCCTTAGAGGATTT-
CCGAGAAAGC-3', SEQ ID NO:114). A nucleic acid mol-
ecule encoding a 3-hydroxypropionyl-CoA dehydratase was
amplified from Chloroflexus aurantiacus genomic DNA by
PCR using two primers (OSXNhF 5'-GGTGTCT-AGAGA-
CAGTCCTGTCGTTTATGTAGAAGGAG-3', SEQ ID
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NO:115 and OSXNhR 5'-GGGAATTCCATATGCGTAACT-
TCCTCCTGCTATCAACGACCACTGAA-GTTGG-3',
SEQ ID NO:116).

PCR was conducted in a Perkin Elmer 2400 Thermocycler
using 100 ng of genomic DNA and a mix of rTth polymerase
(Applied Biosystems; Foster City, Calif.) and Pfu Turbo poly-
merase (Stratagene; La Jolla, Calif)) in 8:1 ratio. The poly-
merase mix ensured higher fidelity of the PCR reaction. The
following PCR conditions were used: initial denaturation step
01'94° C. for 2 minutes; 20 cycles 0of 94° C. for 30 seconds, 54°
C. for 30 seconds, and 68° C. for 2 minutes; and a final
extension at 68° C. for 5 minutes. The obtained PCR products
were gel purified using a Qiagen Gel Extraction Kit (Qiagen,
Inc.; Valencia, Calif.).

The CoA transferase and lactyl-CoA dehydratase (E1, E2a
subunit, and E2f subunit) PCR products were assembled
using PCR. The OSCTE-1 and OSCTE-2 primers were
complementary to each other. Thus, the 22 nucleotides at the
end of the CoA transferase sequence and the 22 nucleotides at
the beginning of the lactyl-CoA dehydratase could anneal to
each other during the PCR reaction extending the DNA in
both directions. To ensure the efficiency of the assembly, two
end primers (OSNBpctF and OSNBelR) were added to the
assembly PCR mixture, which contained 100 ng of the CoA
transferase PCR product, 100 ng of lactyl-CoA dehydratase
PCR product, and the rTth polymerase/Ptu Turbo polymerase
mix described above. The following PCR conditions were
used to assemble the products: 94° C. for 1 minute; 20 cycles
0f94° C. for 30 seconds, 54° C. for 30 seconds, and 68° C. for
5 minutes; and a final extension at 68° C. for 6 minutes.

The assembled PCR product was gel purified and digested
with restriction enzymes (Ndel and BamHI). The sites for
these restriction enzymes were introduced into the assembled
PCR product using the OSNBpctF (Ndel) and OSNBelR
(BamHI) primers. The digested PCR product was heated at
80° C. for 30 minutes to inactivate the restriction enzymes and
used directly for ligation into a pET-11a vector.

The pET-11a vector was digested with Ndel and BamHI
restriction enzymes, gel purified using a Qiagen Gel Extrac-
tion kit, treated with shrimp alkaline phosphatase (Roche
Molecular Biochemicals; Indianapolis, Ind.) and used in a
ligation reaction with the assembled PCR product. The liga-
tion was performed at 16° C. overnight using T4 ligase
(Roche Molecular Biochemicals; Indianapolis, Ind.). The
resulting ligation reaction was transformed into NovaBlue
chemically competent cells (Novagen; Madison, Wis.) using
a heat-shock method. Once heat shocked, the cells were
plated on LB plates supplemented with 50 ug/ml. carbenicil-
lin. The plasmid DNA was purified from individual colonies
using a QiaPrep Spin Miniprep Kit (Qiagen Inc., Valencia,
Calif)) and analyzed by digestion with Ndel and BamHI
restriction enzymes. The digest revealed that the DNA frag-
ment containing CoA transferase-encoding and lactyl-CoA
dehydratase-encoding sequences was cloned into the pET-
11a vector.

The plasmid carrying the CoA transferase-encoding and
lactyl-CoA dehydratase-encoding sequences (pTD) was
digested with Xbal and Ndel restriction enzymes, gel puri-
fied, and used for cloning the 3-hydroxypropionyl-CoA dehy-
dratase-encoding product upstream of the CoA transferase-
encoding sequence. Since this Xbal and Ndel digest
eliminated a ribosome-binding site (RBS) from the pET-11a
vector, a new homologous RBS was cloned into the plasmid
together with the 3-hydroxypropionyl-CoA dehydratase-en-
coding product. Briefly, the 3-hydroxypropionyl-CoA dehy-
dratase-encoding PCR product was digested with Xbal and
Ndel restriction enzymes, heated at 65° C. for 30 minutes to
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inactivate the restriction enzymes, and ligated into pTD. The
ligation mixture was transformed into chemically competent
NovaBlue cells (Novagen) that then were plated on LB plates
supplemented with 50 pg/ml. carbenicillin.

Individual colonies were selected, and the plasmid DNA
obtained using a Qiagen Spin Miniprep Kit. The obtained
plasmids were digested with Xbal and Ndel restriction
enzymes and analyzed by gel electrophoresis. pTD plasmids
containing the inserted 3-hydroxypropionyl-CoA dehy-
dratase-encoding PCR product were named pHTD. While
expression of the lactyl-CoA hydratase, CoA transferase, and
3-hydroxypropionyl-CoA dehydratase sequences from
pHTD was directed by a single T7 promoter, each coding
sequence had an individual RBS upstream of their start
codon.

To ensure the correct assembly and cloning of the lactyl-
CoA hydratase, CoA transferase, and 3-hydroxypropionyl-
CoA dehydratase sequences into one operon, both ends of the
operon and all junctions between the coding sequences were
sequenced. This DNA analysis revealed that the operon was
assembled correctly.

The pHTD plasmid was transformed into BL21(DE3) cells
to study the expression of the encoded sequences.

Example 6
Construction of Operons #3 and #4

Operon #3 (FIGS. 36A and B) and operon #4 (FIGS. 37A
and B) each position the E1 activator at the end of the operon.
Operon #3 contains a RBS between the 3-hydroxypropionyl-
CoA dehydratase-encoding sequence and the E1 activator-
encoding sequence. In operon #4, however, the stop codon of
the 3-hydroxypropionyl-CoA dehydratase-encoding
sequence is fused with the start codon of the E1 activator-
encoding sequence as follows: TAGTG. The absence of the
RBS in operon #4 can decrease the level of E1 activator
expression.

To construct operon #3, nucleic acid molecules encoding a
CoA transferase and a lactyl-CoA dehydratase were ampli-
fied from Megasphaera elsdenii genomic DNA by PCR. Two
primers were used to amplify the CoA transferase-encoding
sequence (OSNBpctF and OSHTR 5'-ACGTTGATCTCCT-
TCTACATTATTTTTTCAGT-CCCATG-3', SEQ D
NO:117), two primers were used to amplify the E2a and
subunits of the lactyl-CoA dehydratase-encoding sequence
(OSEIIXNF  5'-GGTGTCTAGAGTCAAAGGAGAGAA-
CAAAATCATGAGTG-3', SEQ ID NO:118 and OSEIIXNR
5'-GGGAATTCCATATGCGTAACTTCCTCCT-
GCTATTAGAGGA-TTTCCGAGAAAGC-3', SEQ 1D
NO:119), and two primers were used to amplify the E1 acti-
vator of the lactyl-CoA dehydratase-encoding sequence
(OSHrEIF  5'-TCAGTG-GTCGTTGATCACGCTATAAA-
GAAAGGTGAAAACTGTGTATACTCTC-3, SEQ 1D
NO:120 and OSEIBR 5'-CGACGGATCCCTTCCTTG-
GAGCTCATGCTTTC-3', SEQ ID NO:121). A nucleic acid
molecule encoding a 3-hydroxypropionyl-CoA dehydratase
was amplified from Chloroflexus aurantiacus genomic DNA
by PCR using two primers (OSTHF 5'-CATGGGACT-
GAAAAAATAATGTAGAAGGAGAT-CAACGT-3', SEQ
ID NO:122 and OSEIrHR 5-GAGAGTATACA-
CAGTTTTCA-CCTTTCTTTATAGCGTGATCAACGAC-
CACTGA-3', SEQ ID NO:123).

PCR was conducted in a Perkin Elmer 2400 Thermocycler
using 100 ng of genomic DNA and a mix of rTth polymerase
(Applied Biosystems; Foster City, Calif.) and Pfu Turbo poly-
merase (Stratagene; La Jolla, Calif)) in 8:1 ratio. The poly-
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merase mix ensured higher fidelity of the PCR reaction. The
following PCR conditions were used: initial denaturation step
01'94° C. for 2 minutes; 20 cycles 0of 94° C. for 30 seconds, 54°
C. for 30 seconds, and 68° C. for 2 minutes; and a final
extension at 68° C. for 5 minutes. The obtained PCR products
were gel purified using a Qiagen Gel Extraction Kit (Qiagen,
Inc.; Valencia, Calif.).

The 3-hydroxypropionyl-CoA dehydratase and E1 activa-
tor PCR products were assembled using PCR. The OSHrE1F
and OSEIrHR primers were complementary to each other.
Thus, the primers could anneal to each other during the PCR
reaction extending the DNA in both directions. To ensure the
efficiency of the assembly, two end primers (OSTHF and
OSEIBR) were added to the assembly PCR mixture, which
contained 100 ng of the 3-hydroxypropionyl-CoA dehy-
dratase PCR product, 100 ng of E1 activator PCR product,
and the rTth polymerase/Pfu Turbo polymerase mix
described above. The following PCR conditions were used to
assemble the products: 94° C. for 1 minute; 20 cycles of 94°
C. for 30 seconds, 54° C. for 30 seconds, and 68° C. for 1.5
minutes; and a final extension at 68° C. for 5 minutes.

The assembled PCR product was gel purified and used in a
second assembly PCR with gel purified CoA transferase PCR
product. The OSTHF and OSHTR primers were complemen-
tary to each other. Thus, the complementary DNA ends could
anneal to each other during the PCR reaction extending the
DNA in both directions. To ensure the efficiency ofthe assem-
bly, two end primers (OSNBpctF and OSEIBR) were added
to the second assembly PCR mixture, which contained 100 ng
of the purified 3-hydroxypropionyl-CoA dehydratase/EI
PCR assembly, 100 ng of the purified CoA transferase PCR
product, and the polymerase mix described above. The fol-
lowing PCR conditions were used to assemble the products:
94° C. for 1 minute; 20 cycles 0f 94° C. for 30 seconds, 54° C.
for 30 seconds, and 68° C. for 3 minutes; and a final extension
at 68° C. for 5 minutes.

The assembled PCR product was gel purified and digested
with Ndel and BamHI restriction enzymes. The sites for these
restriction enzymes were introduced into the assembled PCR
products with the OSNBpctF (Ndel) and OSEIBR (BamHI)
primers. The digested PCR product was heated at 80° C. for
30 minutes to inactivate the restriction enzymes and used
directly for ligation into a pET11a vector.

The pET-11a vector was digested with Ndel and BamHI
restriction enzymes, gel purified using a Qiagen Gel Extrac-
tion kit, treated with shrimp alkaline phosphatase (Roche
Molecular Biochemicals; Indianapolis, Ind.) and used in a
ligation reaction with the assembled PCR product. The liga-
tion was performed at 16° C. overnight using T4 ligase
(Roche Molecular Biochemicals; Indianapolis, Ind.). The
resulting ligation reaction was transformed into NovaBlue
chemically competent cells (Novagen; Madison, Wis.) using
a heat-shock method. Once heat shocked, the cells were
plated on LB plates supplemented with 50 ug/ml. carbenicil-
lin. The plasmid DNA was purified from individual colonies
using a QiaPrep Spin Miniprep Kit (Qiagen Inc.; Valencia,
Calif.). The resulting plasmids carrying the CoA transferase,
3-hydroxypropionyl-CoA dehydratase, and EI activator
sequences (pTHrEI) were digested with Xbal and Ndel, puri-
fied using gel electrophoresis and a Qiagen Gel Extraction kit,
and used as a vector for cloning of the E2a subunit/E2f
subunit PCR product.

The E2a subunit/E2f subunit PCR product was digested
with the same enzymes and ligated into the pTHrEI vector.
The ligation reaction was performed at 16° C. overnight using
T4 ligase (Roche Molecular Biochemicals; Indianapolis,
Ind.). The ligation mixture was transformed into chemically
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competent NovaBlue cells (Novagen) that then were plated
on LB plates supplemented with 50 pg/ml carbenicillin. The
plasmid DNA was purified from individual colonies using a
QiaPrep Spin Miniprep Kit (Qiagen Inc., Valencia, Calif.) and
digested with Xbal and Ndel restriction enzymes for gel
electrophoresis analysis. The resulting plasmids carrying the
constructed operon #3 (pEIITHrEI) were transformed into
BL21(DE3) cells to study the expression of the cloned
sequences. Electrospray mass spectrometry assay confirmed
that extracts from these cells have CoA transferase activity
and 3-hydroxypropionyl-CoA dehydratase activity. Similar
assays are used to confirm that extracts from these cells also
have lactyl-CoA dehydratase activity.

To construct operon #4, nucleic acid molecules encoding a
CoA transferase and a lactyl-CoA dehydratase were ampli-
fied from Megasphaera elsdenii genomic DNA by PCR. Two
primers were used to amplify the CoA transferase-encoding
sequence (OSNBpctF and OSHTR), two primers were used
to amplify the E2a and 13 subunits of the lactyl-CoA dehy-
dratase-encoding sequence (OSEIIXNF and OSEIIXNR),
and two primers were used to amplify the E1 activator of the
lactyl-CoA  dehydratase-encoding sequence (OSHEIF
5'-CCAACTTCAGTGGTCGTTAGTGAAAACTGTGTAT-
ACTCTC-3', SEQ ID NO:124 and OSEIBR). A nucleic acid
molecule encoding a 3-hydroxypropionyl-CoA dehydratase
was amplified from Chloroflexus aurantiacus genomic DNA
by PCR wusing two primers (OSTHF and OSEIHR
5'-GAGAGTATACACAGTTTTCACTAACGAC-
CACTGAAGTTGG-3'", SEQ ID NO:125).

PCR was conducted in a Perkin Elmer 2400 Thermocycler
using 100 ng of genomic DNA and a mix of rTth polymerase
(Applied Biosystems; Foster City, Calif.) and Pfu Turbo poly-
merase (Stratagene; La Jolla, Calif)) in 8:1 ratio. The poly-
merase mix ensured higher fidelity of the PCR reaction. The
following PCR conditions were used: initial denaturation step
01'94° C. for 2 minutes; 20 cycles 0of 94° C. for 30 seconds, 54°
C. for 30 seconds, and 68° C. for 2 minutes; and a final
extension at 68° C. for 5 minutes. The obtained PCR products
were gel purified using a Qiagen Gel Extraction Kit (Qiagen,
Inc.; Valencia, Calif.).

The 3-hydroxypropionyl-CoA dehydratase and E1 activa-
tor PCR products were assembled using PCR. The OSHEIF
and OSEIHR primers were complementary to each other.
Thus, the primers could anneal to each other during the PCR
reaction extending the DNA in both directions. To ensure the
efficiency of the assembly, two end primers (OSTHF and
OSE1BR) were added to the assembly PCR mixture, which
contained 100 ng of the 3-hydroxypropionyl-CoA dehy-
dratase PCR product, 100 ng of E1 activator PCR product,
and the rTth polymerase/Pfu Turbo polymerase mix
described above. The following PCR conditions were used to
assemble the products: 94° C. for 1 minute; 20 cycles of 94°
C. for 30 seconds, 54° C. for 30 seconds, and 68° C. for 1.5
minutes; and a final extension at 68° C. for 5 minutes.

The assembled PCR product was gel purified and used in a
second assembly PCR with gel purified CoA transferase PCR
product. The OSTHF and OSHTR primers were complemen-
tary to each other. Thus, the complementary DNA ends could
anneal to each other during the PCR reaction extending the
DNA inboth directions. To ensure the efficiency of the assem-
bly, two end primers (OSNBpctF and OSEIBR) were added
to the second assembly PCR mixture, which contained 100 ng
of the purified 3-hydroxypropionyl-CoA dehydratase/EI
PCR assembly, 100 ng of the purified CoA transferase PCR
product, and the polymerase mix described above. The fol-
lowing PCR conditions were used to assemble the products:
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94° C. for 1 minute; 20 cycles 0f 94° C. for 30 seconds, 54° C.
for 30 seconds, and 68° C. for 3 minutes; and a final extension
at 68° C. for 5 minutes.

The assembled PCR product was gel purified and digested
with Ndel and BamHI restriction enzymes. The sites for these
restriction enzymes were introduced into the assembled PCR
products with the OSNBpctF (Ndel) and OSEIBR (BamHI)
primers. The digested PCR product was heated at 80° C. for
30 minutes to inactivate the restriction enzymes and used
directly for ligation into a pET11a vector.

The pET-11a vector was digested with Ndel and BamHI
restriction enzymes, gel purified using a Qiagen Gel Extrac-
tion kit, treated with shrimp alkaline phosphatase (Roche
Molecular Biochemicals; Indianapolis, Ind.) and used in a
ligation reaction with the assembled PCR product. The liga-
tion was performed at 16° C. overnight using T4 ligase
(Roche Molecular Biochemicals; Indianapolis, Ind.). The
resulting ligation reaction was transformed into NovaBlue
chemically competent cells (Novagen; Madison, Wis.) using
a heat-shock method. Once shocked, the cells were plated on
LB plates supplemented with 50 pg/ml. carbenicillin. The
plasmid DNA was purified from individual colonies using a
QiaPrep Spin Miniprep Kit (Qiagen Inc., Valencia, Calif.).
The resulting plasmids carrying the CoA transferase, 3-hy-
droxypropionyl-CoA  dehydratase, and E1 activator
sequences (pTHEI) were digested with Xbal and Ndel, puri-
fied using gel electrophoresis and a Qiagen Gel Extraction kit,
and used as a vector for cloning of the E2a subunit/E2f
subunit PCR product.

The E2a subunit/E2f subunit PCR product was digested
with the same enzymes and ligated into the pTHE1 vector.
The ligation reaction was performed at 16° C. overnight using
T4 ligase (Roche Molecular Biochemicals, Indianapolis,
Ind.). The ligation mixture was transformed into chemically
competent NovaBlue cells (Novagen) that then were plated
on LB plates supplemented with 50 pg/ml carbenicillin. The
plasmid DNA was purified from individual colonies using a
QiaPrep Spin Miniprep Kit (Qiagen Inc., Valencia, Calif.) and
digested with Xbal and Ndel restriction enzymes for gel
electrophoresis analysis. The resulting plasmids carrying the
constructed operon #4 (pEIITHEI) were transformed into
BL21(DE3) cells to study the expression of the cloned
sequences. Electrospray mass spectrometry assays confirmed
that extracts from these cells have CoA transferase activity
and 3-hydroxypropionyl-CoA dehydratase activity. Similar
assays are used to confirm that extracts from these cells also
have lactyl-CoA dehydratase activity.

E. coli plasmid pEIITHrEI carrying a synthetic 3-HP
operon was digested with Nrul, Xbal and BamHI restriction
enzymes, Xbal-BamHI DNA fragment was gel purified with
Qiagen Gel Extraction Kit (Qiagen, Inc., Valencia Calif.) and
used for further cloning into Bacillu vector pWH1520 (Mo-
BiTec BmBH, Gottingen, Germany). Vector pWH1520 was
digested with Spel and BamHI restriction enzymes and gel
purified with Qiagen Gel Extraction Kit. The Xbal-BamHI
fragment carrying 3-HP operon was ligated into WH1520
vector at 16° C. overnight using T4 ligase. The ligation mix-
ture was transformed into chemically competent TOP10 cells
and plated on LB plates supplemented with 50 pg/ml carbe-
nicillin. One clone named B. megaterium (pBPO26) was used
for assays of CoA-transferase and CoA-hydratase activities.
The assays were performed as described above for £. Coli.
The enzymatic activity was 5 U/mg and 13 U/mg respec-
tively.
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Example 7

Construction of a Two Plasmid System

The following constructs were constructed and can be used
to produce 3-HP in E. coli (FIGS. 38A and B). Nucleic acid
molecules encoding a CoA transferase and a lactyl-CoA
dehydratase were amplified from Megasphaera elsdenii
genomic DNA by PCR. Two primers were used to amplify the
CoA transferase-encoding sequence (OSNBpctF and
OSHTR), two primers were used to amplify the E2a and (3
subunits of the lactyl-CoA dehydratase-encoding sequence
(OSEIIXNF and OSEIIXNR), and two primers were used to
amplify the E1 activator of the lactyl-CoA dehydratase-en-
coding sequence (E1PROF 5'-GTCGCAGAATTCCCAT-
CAATCGCAGCAATCCCAAC-3', SEQ ID NO:126 and
E1PROR 5'-TAACATGGTACCGACAGAAGCGGAC-
CAGCA-AACGA-3', SEQ ID NO:127). A nucleic acid mol-
ecule encoding a 3-hydroxypropionyl-CoA dehydratase was
amplified from Chloroflexus aurantiacus genomic DNA by
PCR using two primers (OSTHF and OSHBR 5'-CGACG-
GATCCTCAACGACCA-CTGAAGTTGG-3', SEQ ID
NO:128).

PCR was conducted in a Perkin Elmer 2400 Thermocycler
using 100 ng of genomic DNA and a mix of rTth polymerase
(Applied Biosystems; Foster City, Calif.) and Pfu Turbo poly-
merase (Stratagene; La Jolla, Calif)) in 8:1 ratio. The poly-
merase mix ensured higher fidelity of the PCR reaction. The
following PCR conditions were used: initial denaturation step
01'94° C. for 2 minutes; 20 cycles 0of 94° C. for 30 seconds, 54°
C. for 30 seconds, and 68° C. for 2 minutes; and a final
extension at 68° C. for 5 minutes. The obtained PCR products
were gel purified using a Qiagen Gel Extraction Kit (Qiagen,
Inc.; Valencia, Calif.).

The CoA transferase PCR product and the 3-hydroxypro-
pionyl-CoA dehydratase PCR product were assembled using
PCR. The OSTHF and OSHTR primers were complementary
to each other. Thus, the complementary DNA ends could
anneal to each other during the PCR reaction extending the
DNA inboth directions. To ensure the efficiency of the assem-
bly, two end primers (OSNBpctF and OSHBR) were added to
the assembly PCR mixture, which contained 100 ng of the
purified CoA transferase PCR product, 100 ng of the purified
3-hydroxypropionyl-CoA dehydratase PCR product, and the
polymerase mix described above. The following PCR condi-
tions were used to assemble the products: 94° C. for 1 minute;
20 cycles 0f 94° C. for 30 seconds, 54° C. for 30 seconds, and
68° C. for 2.5 minutes; and a final extension at 68° C. for 5
minutes.

The assembled PCR product was gel purified and digested
with Ndel and BamHI restriction enzymes. The sites for these
restriction enzymes were introduced into the assembled PCR
products with the OSNBpctF (Ndel) and OSHBR (BamHI)
primers. The digested PCR product was heated at 80° C. for
30 minutes to inactivate the restriction enzymes and used
directly for ligation into a pET11a vector.

The pET-11a vector was digested with Ndel and BamHI
restriction enzymes, gel purified using a Qiagen Gel Extrac-
tion kit, treated with shrimp alkaline phosphatase (Roche
Molecular Biochemicals; Indianapolis, Ind.) and used in a
ligation reaction with the assembled PCR product. The liga-
tion was performed at 16° C. overnight using T4 ligase
(Roche Molecular Biochemicals; Indianapolis, Ind.). The
resulting ligation reaction was transformed into NovaBlue
chemically competent cells (Novagen; Madison, Wis.) using
a heat-shock method. Once shocked, the cells were plated on
LB plates supplemented with 50 pg/ml carbenicillin. The
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plasmid DNA was purified from individual colonies using a
QiaPrep Spin Miniprep Kit (Qiagen Inc.; Valencia, Calif.) and
digested with Ndel and BamHI restriction enzymes for gel
electrophoresis analysis. The resulting plasmids carrying the
CoA transferase and 3-hydroxypropionyl-CoA dehydratase
(pTH) were digested with Xbal and Ndel, purified using gel
electrophoresis and a Qiagen Gel Extraction kit, and used as
a vector for cloning of the E2a subunit/E2f subunit PCR
product.

The E2c subunit/E2 subunit PCR product digested with
the same enzymes was ligated into the pTH vector. The liga-
tion reaction was performed at 16° C. overnight using T4
ligase (Roche Molecular Biochemicals; Indianapolis, Ind.).
The ligation mixture was transformed into chemically com-
petent NovaBlue cells (Novagen) that then were platedon LB
plates supplemented with 50 pg/ml carbenicillin. The plas-
mid DNA was purified from individual colonies using a
QiaPrep Spin Miniprep Kit (Qiagen Inc.; Valencia, Calif.) and
digested with Xbal and Ndel restriction enzymes for gel
electrophoresis analysis. The resulting plasmids carrying the
E2a and f§ subunits of the lactyl-CoA dehydratase, the CoA
transferase, and the 3-hydroxypropionyl-CoA dehydratase
(pEIITH) were transformed into BL21(DE3) cells to study
the expression of the cloned sequences.

The gel purified E1 activator PCR product was digested
with EcoRI and Kpnl restriction enzymes, heated at 65° C. for
30 minutes, and ligated into a vector (pPROLar.A) that was
digested with EcoRI and Kpnl restriction enzymes, gel puri-
fied using Qiagen Gel Extraction kit, and treated with shrimp
alkaline phosphatase (Roche Molecular Biochemicals; India-
napolis, Ind.). The ligation was performed at 16° C. overnight
using T4 ligase (Roche Molecular Biochemicals; Indianapo-
lis, Ind.). The resulting ligation reaction was transformed into
DHI10B electro-competent cells (Gibco Life Technologies;
Gaithersburg, Md.) using electroporation. Once electropo-
rated, the cells were plated on LB plates supplemented with
25 ug/ml. kanamycin. The plasmid DNA was purified from
individual colonies using a QiaPrep Spin Miniprep Kit
(Qiagen Inc., Valencia, Calif.) and digested with EcoRI and
Kpnl restriction enzymes for gel electrophoresis analysis.
The resulting plasmids carrying the E1 activator (pPROEI)
are transformed into BL.21(DE3) cells to study the expression
of the cloned sequence.

The pPROEI and pEIITH plasmids are compatible plas-
mids that can be used in the same bacterial host cell. In
addition, the expression from the pPROEI and pEIITH plas-
mids can be induced at different levels using IPTG and ara-
binose, allowing for the fine-tuning of the expression of the
cloned sequences.

Example 8

Production of 3-HP

3-HP was produced using recombinant . co/i in a small-
scale batch fermentation reaction. The construction of strain
ALS848 (also designated as TA3476 (J. Bacteriol., 143:
1081-1085(1980))) that carried inducible T7 RNA poly-
merase was performed using ADE3 lysogenization kit
(Novagen, Madison, Wis.) according to the manufacturer’s
instructions. The constructed strain was designated AL.S484
(DE3). Strain ALS484(DE3) was transformed with pEI-
ITHrEI plasmid using standard electroporation techniques.
The transformants were selected on LB/carbenicillin (50
ng/mL) plates. A single colony was used to inoculate 4 mL
culture in a 15 mL culture tube. Strain AL.S484(DE3) strain
carrying vector pET11a was used as a control. The cells were
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grown at 37° C. and 250 rpm in an Innova 4230 Incubator
Shaker (New Brunswick Scientific, Edison, N.J.) for eight to
nine hours. This culture (3 mL.) was used to start an anaerobic
fermentation. Two 100 mL anaerobic cultures of ALS(DE3)/
pET11a and ALS(DE3)pEIITHrEI were grown in serum
bottles using [.B media supplemented with 0.4% glucose, 50
ng/mL carbenicillin, and 100 mM MOPS. The cultures were
grown overnight at 37° C. without shaking. The overnight
grown cultures were sub-cultured in serum bottles using fresh
LB media supplemented with 0.4% glucose, 50 ug/ml. car-
benicillin, and 100 mM MOPS. The starting OD(600) of these
cultures was adjusted to 0.3. These serum bottles were incu-
bated at 37° C. without shaking. After one hour of incubation,
the cultures were induced with 100 uM IPTG. A 3 mL sample
was taken from each of the serum bottles at 30 minutes, 1
hour, 2 hours, 4 hours, 6 hours, 8 hours, and 24 hours. The
samples were transferred into two properly labeled 2 ml.
microcentrifuge tubes, each containing 1.5 ml sample. The
samples were spun down in a microcentrifuge centrifuge at
14000 g for 3 minutes. The supernatant was passed through a
0.45u syringe filter, and the resulting filtrate was stored at
-20° C. until further analysis. The formation of fermentation
products, mainly lactate and 3-hydroxypropionate, was mea-
sured by detecting derivatized CoA esters of lactate and 3-HP
using LC/MS.

The following methods were performed to convert lactate
and 3-HP into their respective CoA esters. Briefly, the filtrates
were mixed with CoA-reaction buffer (200 mM potassium
phosphate bufter, 2 mM acetyl-CoA, and 0.1 mg/mI. purified
transferase) in 1:1 ratio. The reaction was allowed to proceed
for 20 minutes at room temperature. The reaction was stopped
by adding 1 volume of 10% TFA. The sample was purified
using Sep Pak Vac columns (Waters). The column was con-
ditioned with methanol and washed two times with 0.1%
TFA. The sample was then applied to the column, and the
column was washed two more times with 0.1% TFA. The
sample was eluted with 40% acetonitrile, 0.1% TFA. The
acetonitrile was removed from the sample by vacuum cen-
trifugation. The samples were then analyzed by LC/MS.

Analysis of the standard CoA/CoA thioester mixtures and
the CoA thioester mixtures derived from fermentation broths
were carried out using a Waters/Micromass ZQ LC/MS
instrument which had a Waters 2690 liquid chromatograph
with a Waters 996 Photo-Diode Array (PDA) absorbance
monitor placed in series between the chromatograph and the
single quadrupole mass spectrometer. [.C separations were
made using a 4.6x150 mm YMC ODS-AQ (3 um particles,
120 A pores) reversed-phase chromatography column at
room temperature. Two gradient elution systems were devel-
oped using different mobile phases for the separation of the
CoA esters. These two systems are summarized in Table 3.
Elution system 1 was developed to provide the most rapid and
efficient separation of the five-component CoA/CoA
thioester mixture (CoA, acetyl-CoA, lactyl-CoA, acrylyl-
CoA, and propionyl-CoA), while elution system 2 was devel-
oped to provide baseline separation of the structurally iso-
meric esters lactyl-CoA and 3HP-CoA in addition to
separation of the remaining esters listed above. In all cases,
the flow rate was 0.250 m[./minute, and photodiode array UV
absorbance was monitored from 200 nm to 400 nm. All
parameters of the electrospray MS system were optimized
and selected based on generation of protonated molecular
ions ([M+H]*) of the analytes of interest and production of
characteristic fragment ions. The following instrumental
parameters were used for ESI-MS detection of CoA and
organic acid-CoA thioesters in the positive ion mode: Capil-
lary: 4.0 V; Cone: 56 V; Extractor: 1 V; RF lens: 0'V; Source
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temperature: 100° C.; Desolvation temperature: 300° C.;
Desolvation gas: 500 L/hour; Cone gas: 40 L/hour; Low mass
resolution: 13.0; High mass resolution: 14.5; Ion energy: 0.5;
Multiplier: 650. Uncertainties for reported mass/charge ratios
(m/z) and molecular masses are +0.01%. Table 3 provides a
summary of gradient elution systems for the separation of
organic acid-Coenzyme A thioesters.

TABLE 3
Gradient
System Buffer A Buffer B Time Percent B

1 25 mM ammonium  ACN 0 10
acetate 0.5% acetic acid 40 40

0.5% acetic acid 42 100

47 100

50 10

2 25 mM ammonium  ACN 0 10
acetate 0.5% acetic acid 10 10

10 mM TEA 45 60

0.5% acetic acid 50 100

53 100

54 10

The following methods were used to separate the deriva-
tized 3-hydroxypropionyl-CoA, which was formed from
3-HP, from 2-hydroxypropionyl-CoA (i.e., lactyl-CoA),
which was formed from lactate. Because these structural iso-
mers have identical masses and mass spectral fragmentation
behavior, the separation and identification of these analytes in
a mixture depends on their chromatographic separation.
While elution system 1 provided excellent separation of the
CoA thioesters tested (FIGS. 46A-46F), it was unable to
resolve 3-HP-CoA and lactyl-CoA. An alternative L.C elution
system was developed using ammonium acetate and triethy-
lamine (system 2; Table 3).

The ability of system 2 to separate 3-HP-CoA and lactyl-
CoA was tested on a mixture of these two compounds. Com-
paring the results from a mixture of 3-HP-CoA and lactyl-
CoA (FIG. 47 A) to the results from lactyl-CoA only (FIG. 47
B) revealed that system 2 can separate 3-HP-CoA and lactyl-
CoA. The mass spectrum recorded under peak 1 (FIG. 47A
insert) was used to identify peak 1 as being a hydroxypropio-
nyl-CoA thioester when compared to FIG. 46C. In addition,
comparison of FIGS. 47A and 47B as well as the mass spectra
results corresponding to each peak revealed that peak 1 cor-
responds to 3-HP-CoA and peak 2 corresponds to lactyl-CoA.

System 2 was used to confirm that . coli transfected with
pEIITHrEI produced 3-HP in that 3-HP-CoA was detected.
Specifically, an ion chromatogram for m/z=840 in the analy-
sis of a CoA transferase-treated fermentation broth aliquot
collected from a culture of E. coli containing pEIITHrEI
revealed the presence of 3-HP-CoA (FIG. 48A). The CoA
transferase-treated fermentation broth aliquot collected from
aculture of E. colilacking pEIITHrEI did not exhibit the peak
corresponding to 3-HP-CoA (FIG. 48B). Thus, these results
indicate that the pEIITHrEI plasmid directs the expression of
polypeptides having propionyl-CoA transferase activity, lac-
tyl-CoA dehydratase activity, and acrylyl-CoA hydratase
activity. These results also indicate that expression of these
polypeptides leads to the formation of 3-HP.

Example 9
Cloning Nucleic Acid Molecules that Encode a
Polypeptide Having Acetyl CoA Carboxylase
Activity

Polypeptides having acetyl-Co A carboxylase activity cata-
lyze the first committed step of the fatty acid synthesis by
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carboxylation of acetyl-CoA to malonyl-CoA. Polypeptides
having acetyl-CoA carboxylase activity are also responsible
for providing malonyl-CoA for the biosynthesis of very-long-
chain fatty acids required for proper cell function. Polypep-
tides having acetyl-CoA carboxylase activity can be biotin
dependent enzymes in which the cofactor biotin is post-trans-
lationally attached to a specific lysine residue. The reaction
catalyzed by such polypeptides consists of two discrete half
reactions. In the first half reaction, biotin is carboxylated by
biocarbonate in an ATP-dependent reaction to form carboxy-
biotin. In the second half reaction, the carboxyl group is
transferred to acetyl-CoA to form malonyl-CoA.

Prokaryotic and eukaryotic polypeptides having acetyl-
CoA carboxylase activity exist. The prokaryotic polypeptide
is a multi-subunit enzyme (four subunits), where each of the
subunits is encoded by a different nucleic acid sequence. For
example, in E. coli, the following genes encode for the four
subunits of acetyl-CoA carboxylase:

accA: Acetyl-coenzyme a carboxylase carboxyl trans-
ferase subunit alpha (GenBank® accession number M96394)

accB: Biotin carboxyl carrier protein (GenBank® acces-
sion number U18997)

accC: Biotin carboxylase (GenBank® accession number
U18997)

accD: Acetyl-coenzyme a carboxylase carboxyl trans-
ferase subunit beta (GenBank® accession number M68934)

The eukaryotic polypeptide is a high molecular weight
multi-functional enzyme encoded by a single gene. For
example, in Saccharomyces cerevisiae, the acetyl-CoA car-
boxylase can have the sequence set forth in GenBank® acces-
sion number M92156.

The prokaryotic type acetyl-CoA carboxylase from E. coli
was overexpressed using T7 promoter vector pFN476 as
described elsewhere (Davis et al. J. Biol. Chem., 275:28593-
28598 (2000)). The eukaryotic type acetyl-CoA carboxylase
gene was amplified from Saccharomyces cerevisiae genomic
DNA. Two primers were designed to amplify the accl gene
from S. cerevisiae (acclF  5-atagGCGGCCGC
AGGAATGCTGTATGAGCGAAGAAAGCTTATT  C-3',
SEQ ID NO: 138 where the bold is homologous sequence, the
italics is a Not I site, the underline is a RBS, and the lowercase
is extra; and acclR 5'-atgctcgcatCTCGAGTAG-CTAAAT-
TAAATTACATCAATAGTA-3', SEQ ID NO: 139 where the
bold is homologous sequence, the italics is a Xho I site, and
the lowercase is extra). The following PCR mix is used to
amplify accl gene 10x ptu buffer (10 uL), ANTP (10 mM; 2
ul), cDNA (2 uL), acc1F (100 uM; 1 uL.), acc1R (100 uM; 1
pfu enzyme (2.5 units/ul; 2 ul.), and DI water (82 pL.). The
following protocol was used to amplify the accl gene. After
performing PCR, the PCR product was separated on a gel, and
the band corresponding to accl nucleic acid (about 6.7 Kb)
was gel isolated using Qiagen gel isolation kit. The PCR
fragment is digested with Not I and Xho I (New England
BioLab) restriction enzymes. The digested PCR fragment is
then ligated to pET30a which was restricted with Not I and
Xho I and dephosphorylated with SAP enzyme. The E. coli
strain DH10B was transformed with 1 pul, of the ligation mix,
and the cells were recovered in 1 mL of SOC media. The
transformed cells were selected on L.B/kanamycin (50 pg/ul.)
plates. Eight single colonies are selected, and PCR was used
to screen for the correct insert. The plasmid having correct
insert was isolated using Qiagen Spin Mini prep kit.

To obtain a polypeptide having acetyl-CoA carboxylase
activity, the plasmid pMSD8 or pET30a/accl overexpressing
E. coli or S. cerevisiae acetyl-CoA carboxylase was trans-
formed into Tuner pLacl chemically competent cells
(Novagen, Madison, Wis.). The transformed cells were
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selected on LB/chloramphenicol (25 pg/ml) plus carbenicil-
lin (50 pg/mL) or kanamycin (50 pg/mL.).

A crude extract of this strain can be prepared in the follow-
ing manner. An overnight culture of Tuner pLacl with pMSD8
is subcultured into 200 mL. (in one liter baffle culture flask) of
fresh M9 media supplemented with 0.4% glucose, 1 pg/mL
thiamine, 0.1% casamino acids, and 50 pg/ml. carbenicillin
or 50 ug/ml. kanamycin and 25 pg/ml chloramphenicol. The
culture is grown at 37° C. in a shaker with 250 rpm agitation
until it reaches an optical density at 600 nm of about 0.6.
IPTG is then added to a final concentration of 100 uM. The
culture is then incubated for an additional 3 hours with shak-
ing speed of 250 rpm at 37° C. Cells are harvested by cen-
trifugation at 8000xg and are washed one time with 0.85%
NaCl. The cell pellet was resuspended in a minimal volume of
50 mM Tris-HCl (pH 8.0), 5 mM MgCl,, 100 mM KCl, 2 mM
DTT, and 5% glycerol. The cells are lysed by passing them
two times through a French Pressure cell at 1000 psig pres-
sure. The cell debris was removed by centrifugation for 20
minutes at 30,000xg.

The enzyme can be assayed using a method from Davis et
al. (J. Biol. Chem., 275:28593-28598 (2000)).

Example 10

Cloning a Nucleic Acid Molecule that Encodes a
Polypeptide Having Malonyl-CoA Reductase
Activity from Chloroflexus aurantiacus

A polypeptide having malonyl-CoA reductase activity was
partially purified from Chloroflexus aurantiacus and used to
obtain amino acid micro-sequencing results. The amino acid
sequencing results were used to identify and clone the nucleic
acid that encodes a polypeptide having malonyl-CoA reduc-
tase activity.

Biomass required for protein purification was grown in B.
Braun BIOSTAT B fermenters (B. Braun Biotech Interna-
tional GmbH, Melsungen, Germany). A glass vessel fitted
with a water jacket for heating was used to grow the required
biomass. The glass vessel was connected to its own control
unit. The liquid working volume was 4 L, and the fermenter
was operated at 55° C. with 75 rpm of agitation. Carbon
dioxide was occasionally bubbled through the headspace of
the fermenter to maintain anaerobic conditions. The pH of the
cultures was monitored using a standard pH probe and was
maintained between 8.0 and 8.3. The inoculum for the fer-
menters was grown in two 250 mL bottles in an Innova 4230
Incubator, Shaker (New Brunswick Scientific, Edison, N.J.)
at55° C. with interior lights. The fermenters were illuminated
by three 65 W plant light reflector lamps (General Electric,
Cleveland, Ohio). Each lamp was placed approximately 50
cm away from the glass vessel. The media used for the inocu-
lum and the fermenter culture was as follows per liter: 0.07 g
EDTA, 1 mL micronutrient solution, 1 mL FeCl; solution,
0.06 g CaS0O,.2H,0, 0.1 g MgS0,.7H,0, 0.008 g NaCl,
0.075 g KCl, 0.103 g KNO,, 0.68 g NaNO,, 0.111 g
Na,HPO,, 0.2 g NH,Cl, 1 g yeast extract, 2.5 g casamino
acid, 0.5 g Glycyl-Glycine, and 900 mL DI water. The micro-
nutrient solution contained the following per liter: 0.5 mL
H,SO, (conc.), 2.28 g MnSO,.7H,0, 0.5 g ZnSO,.7H,0, 0.5
g H;BO,;, 0.025 g CuS0O,.2H,0, 0.025 g Na,Mo0,.2H,0,
and 0.045 g CoCl,.6H,0. The FeCl, solution contained
0.2905 g FeCl, per liter. After adjusting the pH of the media
to 8.2 to 8.4, 0.75 g/L Na,S.9H,0 was added, the pH was
readjusted to 8.2 to 8.4, and the media was filter-sterilized
through a 0.22y filter.
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The fermenter was inoculated with 500 mL of grown cul-
ture. The fermentation was stopped, and the biomass was
harvested after the cell density was about 0.5 to 0.6 units at
600 nm.

The cells were harvested by centrifugation at 5000xg
(Beckman JLLA 8.1000 rotor) at 4° C., washed with 1 volume
of'ice cold 0.85% NaCl, and centrifuged again. The cell pellet
was resuspended in 30 mL ofice cold 100 mM Tris-HCI (pH
7.8) buffer that was supplemented with 2 mM DTT, 5 mM
MgCl,, 0.4 mM PEFABLOC (Roche Molecular Biochemi-
cals, Indianapolis, Ind.), 1% streptomycin sulfate, and 2 tab-
lets of Complete EDTA-free protease inhibitor cocktail
(Roche Molecular Biochemicals, Indianapolis, Ind.). The cell
suspension was lysed by passing the suspension, three times,
through a 50 mL French Pressure Cell operated at 1600 psi
(gaugereading). Cell debris was removed by centrifugation at
30,000xg (Beckman JA 25.50 rotor). The crude extract was
filtered prior to chromatography using a 0.2 um HT Tuffryn
membrane syringe filter (Pall Corp., Ann Arbor, Mich.). The
protein concentration of the crude extract was 29 mg/ml.,,
which was determined using the BioRad Protein Assay
according to the manufacturer’s microassay protocol. Bovine
gamma globulin was used for the standard curve determina-
tion. This assay was based on the Bradford dye-binding pro-
cedure (Bradford, Anal. Biochem., 72:248 (1976)).

Before starting the protein purification, the following assay
was used to determine the activity of malonyl-CoA reductase
in the crude extract. A 50 uL aliquot of the cell extract (29
mg/ml)was added to 10 ul. 1M Tris-HCl (final concentration
in assay 100 mM), 10 uL. 10 mM malonyl CoA (final concen-
tration in assay 1 mM), 5.5 ul. 5.5 mM NADPH (final con-
centrationinassay 0.3 mM), and 24.5 ul. DI waterin a 96 well
UV transparent plate (Corning, N.Y.). The enzyme activity
was measured at 45° C. using SpectraM AX Plus 96 well plate
reader (Molecular devices Sunnyvale, Calif.). The activity of
malonyl-CoA reductase was monitored by measuring the dis-
appearance of NADPH at 340 nm wavelength. The crude
extract exhibited malonyl-CoA reductase activity.

The 5 mL (total 145 mg) protein cell extract was diluted
with 20 mL buffer A (20 mM ethanolamine (pH 9.0), 5 mM
MgCl,, 2 mM DTT). The chromatographic protein purifica-
tion was conducted using a BioLogic protein purification
system (BioRad Hercules, Calif.). The 25 mL of cell suspen-
sion was loaded onto a UNO Q-6 ion-exchange column that
had been equilibrated with buffer A at a rate of 1 mI./minute.
After sample loading, the column was washed with 2.5 times
column volume of buffer A at a rate of 2 ml./minute. The
proteins were eluted with a linear gradient of NaCl in buffer
A from 0-0.33 M in 25 Column volume. During the entire
chromatographic separation, three ml. fractions were col-
lected. The collection tubes contained 50 uL. of Tris-HCI (pH
6.5) so that the pH of the eluted sample dropped to about pH
7. Major chromatographic peaks were detected in the region
that corresponded to fractions 18 to 21 and 23 to 30. A 200 ul,
sample was taken from these fractions and concentrated in a
microcentrifuge at 4° C. using a Microcon YM-10 column
(Millipore Corp., Bedford, Mass.) as per manufacturer’s
instructions. To each of the concentrated fractions, buffer
A-Tris (100 mM Tris-HC1 (pH 7.8), 5 mM MgCl,, 2 mM
DTT) was added to bring the total volume to 100 uL.. Each of
these fractions was tested for the malonyl-CoA reductase
activity using the spectrophotometric assay described above.
The majority of specific malonyl CoA activity was found in
fractions 18 to 21. These fractions were pooled together, and
the pooled sample was desalted using PD-10 column (Amer-
sham Pharmacia Piscataway, N.J.) as per manufacturer’s
instructions.
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The 10.5 mL of desalted protein extract was diluted with
buffer A-Tris to a volume of 25 mL. This desalted diluted
sample was applied to a 1 mLL HiTrap Blue column (Amer-
sham Pharmacia Piscataway, N.J.) which was equilibrated
with buffer A-Tris. The sample was loaded at a rate of 0.1
ml./minute. Unbound proteins were washed with 2.5 CV
buffer A-Tris. The protein was eluted with 100 Mm Tris (pH
7.8), 5 mM MgCl,, 2 mM DTT, 2 mM NADPH, and 1 M
NaCl. During this separation process, one mL fractions were
collected. A 200 ulL sample was drawn from fractions 49 to 54
and concentrated. Buffer A-Tris was added to each of the
concentrated fractions to bring the total volume to 100 pL.
Fractions were assayed for enzyme activity as described
above. The highest specific activity was observed in fraction
51. The entire fraction 51 was concentrated as described
above, and the concentrated sample was separated on an
SDS-PAGE gel.

Electrophoresis was carried out using a Bio-Rad Protean I1
minigel system and pre-cast SDS-PAGE gels (4-15%), or a
Protean II XI system and 16 cmx20 cmx1 mm SDS-PAGE
gels (10%) cast as per the manufacturer’s protocol. The gels
were run according to the manufacturer’s instructions with a
running buffer of 25 mM Tris-HCI (pH 8.3), 192 mM glycine,
and 0.1% SDS.

A gel thickness of 1 mm was used to run samples from
fraction 51. Protein from fraction 51 was loaded onto 10%
SDS-PAGE (3 lanes, each containing 75 ug of total protein).
The gels were stained briefly with Coomassie blue (Bio-Rad,
Hercules, Calif.) and then destained to a clear background
with a 10% acetic acid and 20% methanol solution. The
staining revealed a band of about 130 to 140 KDa.

The protein band of about 130-140 KDa was excised with
no excess unstained gel present. An equal area gel without
protein was excised as a negative control. The gel slices were
placed in uncolored microcentrifuge tubes, prewashed with
50% acetonitrile in HPL.C-grade water, washed twice with
50% acetonitrile, and shipped on dry ice to Harvard Micro-
chemistry Sequencing Facility, Cambridge, Mass.

After in-situ enzymatic digestion of the polypeptide
sample with trypsin, the resulting polypeptides were sepa-
rated by micro-capillary reverse-phase HPLC. The HPLC
was directly coupled to the nano-electrospray ionization
source of a Finnigan LCQ quadrupole ion trap mass spec-
trometer (WLC/MS/MS). Individual sequence spectra (MS/
MS) were acquired on-line at high sensitivity for the multiple
polypeptides separated during the chromatographic run. The
MS/MS spectra of the polypeptides were correlated with
known sequences using the algorithm Sequest developed at
the University of Washington (Eng et al., J. Am. Soc. Mass
Spectrom., 5:976 (1994)) and programs developed at Harvard
(Chittum et al., Biochemistry, 37:10866 (1998)). The results
were reviewed for consensus with known proteins and for
manual confirmation of fidelity.

A similar purification procedure was used to obtain another
sample (protein 1 sample) that was subjected to the same
analysis that was used to evaluate the fraction 51 sample.

The polypeptide sequence results indicated that the
polypeptides obtained from both the fraction 51 sample and
the protein 1 sample had similarity to the six (764, 799, 859,
923, 1090, 1024) contigs sequenced from the C. aurantiacus
genome and presented on the Joint Genome Institute’s web
site (http://www.jgi.doe.gov/). The 764 contig was the most
prominent of the six with about 40 peptide sequences show-
ing similarity. BLASTX analysis of each of these contigs on
the GenBank web site (http:/www.ncbi.nlm.nih.gov/
BLASTY/) indicated that the DNA sequence of the 764 contig
(4201 bases) encoded for polypeptides that had a dehydroge-
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nase/reductase type activity. Close inspection of the 764 con-
tig, however, revealed that this contig did not have an appro-
priate ORF that would encode for a 130-140 KDa
polypeptide.

BLASTX analysis also was conducted using the other five
contigs. The results of this analysis were as follows. The 799
contig (3173 bases) appeared to encode polypeptides having
phosphate and dehydrogenase type activities. The 859 contig
(5865 bases) appeared to encode polypeptides having syn-
thetase type activities. The 923 contig (5660 bases) appeared
to encode polypeptides having elongation factor and syn-
thetase type activities. The 1090 contig (15201 bases)
appeared to encode polypeptides having dehydrogenase/re-
ductase and cytochrome and sigma factor activities. The 1024
contig (12276 bases) appeared to encode polypeptides having
dehydrogenase and decarboxylase and synthetase type activi-
ties. Thus, the 859 and 923 contigs were eliminated from any
further analysis.

The results from the BLASTX analysis also revealed that
the dehydrogenase found in the 1024 contig was most likely
an inositol monophosphate dehydrogenase. Thus, the 1024
contig was eliminated as a possible candidate that might
encode for a polypeptide having malonyl-CoA reductase
activity. The 799 contig also was eliminated since this contig
is part of the OS17 polypeptide described above.

This narrowed down the search to 2 contigs, the 764 and
1090 contigs. Since the contigs were identified using the same
protein sample and the dehydrogenase activities found in
these contigs gave very similar BLASTX results, it was
hypothesized that they are part of the same polypeptide. Addi-
tional evidence supporting this hypothesis was obtained from
the discovery that the 764 and 1090 contigs are adjacent to
each other in the C. aurantiacus genome as revealed by an
analysis of scatfold data provided by the Joint Genome Insti-
tute. Sequence similarity and assembly analysis, however,
revealed no overlapping sequence between these two contigs,
possibly due to the presence of gaps in the genome sequenc-
ing.

The polypeptide sequences that belonged to the 764 and
1090 contigs were mapped. Based on this analysis, an appro-
priate coding frame and potential start and stop codons were
identified. The following PCR primers were designed to PCR
amplify a fragment that encoded for a polypeptide having
malonyl-CoA reductase activity: PRO140F 5'-ATGGC-
GACGGGCGAGTCCATGAG-3', SEQ ID NO:153;
PRO140R  5'-GGACACGAAGAACAGGGCGACAC-3',
SEQ ID NO:154; and PRO140UP 5'-GAACTGTCTGGAG-
TAAGGCTGTC-3', SEQ ID NO:155. The PRO140F primer
was designed based on the sequence of the 1090 contig and
corresponds to the start of the potential start codon. The
twelfth base was changed from G to C to avoid primer-dimer
formation. This change does not change the amino acid that
was encoded by the codon. The PRO140R primer was
designed based on sequence of the 764 contig and corre-
sponds to a region located about 1 kB downstream from the
potential stop codon. The PRO140UPF primer was designed
based on sequence of the 1090 contig and corresponds to a
region located about 300 bases upstream of potential start
codon.

Genomic C. aurantiacus DNA was obtained. Briefly, C.
aurantiacus was grown in 50 mL cultures for 3 to 4 days.
Cells were pelleted and washed with 5 mL of a 10 mM Tris
solution. The genomic DNA was then isolated using the gram
positive bacteria protocol provided with Gentra Genomic
“Puregene” DNA isolation kit (Gentra Systems, Minneapo-
lis, Minn.). The cell pellet was resuspended in 1 mL Gentra
Cell Suspension Solution to which 14.2 mg of lysozyme and
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4 ulL of 20 mg/mL proteinase K solution was added. The cell
suspension was incubated at 37° C. for 30 minutes. The
precipitated genomic DNA was recovered by centrifugation
at 3500 g for 25 minutes and air-dried for 10 minutes. The
genomic DNA was suspended in an appropriate amount of a
10 mM Tris solution and stored at 4° C.

Two PCR reactions were set-up using C. aurantiacus
genomic DNA as template as follows:

PCR program
PCR Reaction #1
3.3 X 1TH polymerase Buffer 30 pL 94° C. 2 minutes
Mg(OAC) (25 mM) 4 pul. 29 cycles of:
dNTP Mix (10 mM) 3 pL 94° C. 30 seconds
PRO140F (100 uM) 2 pL 63° C. 45 seconds
PRO140R (100 pM) 2 uL 68° C. 4.5 minutes
Genomic DNA (100 ng/mL) 1 pL. 68° C. 7 minutes
1TH polymerase (2 U/uL) 2 pL 4° C. Until further use
pfu polymerase (2.5 U/uL) 0.25 uL
DI water 55.75 pL
Total 100 pL
PCR Reaction #2
3.3 X 1TH polymerase Buffer 30 pL 94° C. 2 minutes
Mg(OAC) (25 mM) 4 pul. 29 cycles of:
dNTP Mix (10 mM) 3 pL 94° C. 30 seconds
PRO140UPF (100 uM) 2 uL 60° C. 45 seconds
PRO140R (100 pM) 2 uL 68° C. 4.5 minutes
Genomic DNA (100 ng/mL) 1 pL. 68° C. 7 minutes
1TH polymerase (2 U/uL) 2 pL 4° C. Until further use
pfu polymerase 2.5 U/uL) 0.25 uL
DI water 55.75 pL
Total 100 pL

The products from both PCR reactions were separated on a
0.8% TAE gel. Both PCR reactions produced a product of 4.7
to 5 Kb in size. This approximately matched the expected size
of a nucleic acid molecule that could encode a polypeptide
having malonyl-CoA reductase activity.

Both PCR products were sequenced using sequencing
primers (1090Fseq 5-GATTCCGTATGTCACCCCTA-3',
SEQ ID NO:156; and 764Rseq 5'-CAGGCGACTGGCAAT-
CACAA-3', SEQ ID NO:157). The sequence analysis
revealed a gap between the 764 and 1090 contigs. The nucleic
acid sequence between the sequences from the 764 and 1090
contigs was greater than 300 base pairs in length (FIG. 51). In
addition, the sequence analysis revealed an ORF of 3678
bases that showed similarities to dehydrogenase/reductase
type enzymes (FIGS. 52A-52D). The amino acid sequence
encoded by this ORF is 1225 amino acids in length (FIG. 50).
Also, BLASTP analysis of the amino acid sequence encoded
by this ORF revealed two short chain dehydrogenase domains
(adh type). These results are consistent with a polypeptide
having malonyl-CoA reductase activity since such an enzyme
involves two reduction steps for the conversion of malonyl
CoA to 3-HP. Further, the computed MW of the polypeptide
was determined to be about 134 KDa.

PCR was conducted using the PRO140F/PRO140R primer
pair, C. aurantiacus genomic DNA, and the protocol
described above as PCR reaction #1. After the PCR was
completed, 0.25 U of Taq polymerase (Roche Molecular Bio-
chemicals, Indianapolis, Ind.) was added to the PCR mix,
which was then incubated at 72° C. for 10 minutes. The PCR
product was column purified using Qiagen PCR purification
kit (Qiagen Inc., Valencia, Calif.). The purified PCR product
was then TOPO cloned into expression vector pCRT7/CT as
per manufacturer’s instructions (Invitrogen, Carlsbad,
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Calif.). TOP10 F' chemical competent cells were transformed
with the TOPO ligation mix as per manufacturer’s instruc-
tions (Invitrogen, Carlsbad, Calif.). The cells were recovered
for half an hour, and the transformants were selected on
LB/ampicillin (100 pg/ml.) plates. Twenty single colonies
were selected, and the plasmid DNA was isolated using
Qiagen spin Mini prep kit (Qiagen Inc., Valencia, Calif.).

Each of these twenty clones were tested for correct orien-
tation and right insert size by PCR. Briefly, plasmid DNA was
used as a template, and the following two primers were used
in the PCR amplification: PCRT7 5'-GAGACCACAACG-
GTTTCCCTCTA-3', SEQ ID NO:158; and PROI140R
5'-GGACACGAAGAACAGGGCGACAC-3, SEQ 1D
NO:159. The following PCR reaction mix and program was
used:

PCR Reaction PCR program
3.3 X 1TH polymerase Buffer 7.5 uL 94° C. 2 minutes
Mg(OAC) (25 mM) 1 pL. 25cycles of:
dNTP Mix (10 mM) 0.5 puL. 94° C. 30 seconds
PCRT7 (100 uM) 0.125 pL. 55° C. 45 seconds
PRO140R (100 pM) 0.125 uL  68° C. 4 minutes
Plasmid DNA 0.5 pL.  68° C. 7 minutes
1TH polymerase (2 U/uL) 0.5 pL.  4° C. Until further use
DI water 14.75 pL
Total 25 pL

Out of twenty clones tested, only one clone exhibited the
correct insert (Clone # P-10). Chemical competent cells of
BL21(DE3)pLysS (Invitrogen, Carlsbad, Calif.) were trans-
formed with 2 plL of the P-10 plasmid DNA as per the manu-
facturer’s instructions. The cells were recovered at 37° C. for
30 minutes and were plated on LB ampicillin (100 pg/ml.)

and chloramphenicol (25 pg/mL).

A 20 mL culture of BL21(DE3)pLysS/P-10 and a 20 mL.
control culture of BL21(DE3)pLysS was incubated over-
night. Using the overnight cultures as an inoculum, two 100
ml BL21(DE3)pLysS/P-10 clone cultures and two control
strain cultures (BL21(DE3)pLysS) were started. All the cul-
tures were induced with IPTG when they reached an OD of
about 0.5 at 600 nm. The control strain culture was induced
with 10 uM IPTG or 100 uM IPTG, while one of the B[.21
(DE3)pLysS/P-10 clone cultures was induced with 10 uM
IPTG and the other with 100 uM IPTG. The cultures were
grown for 2.5 hours after induction. Aliquots were taken from
each of the culture flasks before and after 2.5 hours of induc-
tion and separated using 4-15% SDS-PAGE to analyze
polypeptide expression. In the induced BL21(DE3)pLysS/P-
10 samples, a band corresponding to a polypeptide having a
molecular weight of about 135 KDa was observed. This band
was absent in the control strain samples and in samples taken
before IPTG induction.

To assess malonyl-CoA reductase activity, BL21(DE3)
pLysS/P-10 and BL21(DE3)pLysS cells were cultured and
then harvested by centrifugation at 8,000xg (Rotor JA
16.250, Beckman Coulter, Fullerton, Calif.). Once harvested,
the cells were washed once with an equal volume of'a 0.85%
NaCl solution. The cell pellets were resuspended into 100
mM Tris-HC] buffer that was supplemented with 5 mM
Mg,Cl and 2 mM DTT. The cells were disrupted by passing
twice through a French Press Cell at 1,000 psi pressure
(Gauge value). The cell debris was removed by centrifugation
at 30,000xg (Rotor JA 25.50, Beckman Coulter, Fullerton,
Calif.). The cell extract was maintained at 4° C. or on ice until
further use.
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Activity of malonyl-CoA reductase was measured at 37° C.
for both the control cells and the IPTG-induced cells. The
activity of malonyl-CoA reductase was monitored by observ-
ing the disappearance of added NADPH as described above.
No activity was found in the cell extract of the control strain,
while the cell extract from the IPTG-induced BL21(DE3)
pLysS/P-10 cells displayed malonyl-CoA reductase activity
with a specific activity calculated to be about 0.0942 pmole/
minute/mg of total protein.

Malonyl-CoA reductase activity also was measured by
analyzing 3-HP formation from malonyl CoA using the fol-
lowing reaction conducted at 37° C.:

Volume Final conc.
Tris HCI (1M) 10 pL 100 mM
Malonyl CoA (10 mM) 40 uL 4 mM
NADPH (10 mM) 30 uL 3mM
Cell extract 20 uL
Total 100 pL

The reaction was carried outat 37° C. for 30 minutes. In the
control reaction, a cell extract from BL21(DE3)pLysS was
added to a final concentration of 322 mg total protein. In the
experimental reaction mix, a cell extract from BL21(DE3)
pLysS/P-10 was added to a final concentration of 226 mg of
total protein. The reaction mixtures were frozen at —20° C.
until further analysis.

Chromatographic separation of the components in the
reaction mixtures was performed using a HPX-87H (7.8x300
mm) organic acid HPLC column (BioRad Laboratories, Her-
cules, Calif.). The column was maintained at 60° C. Mobile
phase composition was HPL.C grade water pH to 2.5 using
triflouroacetic acid (TFA) and was delivered at a flow rate of
0.6 mL/minute.

Detection of 3-HP in the reaction samples was accom-
plished using a Waters/Micromass ZQ LC/MS instrument
consisting of a Waters 2690 liquid chromatograph (Waters
Corp., Milford, Mass.) with a Waters 996 Photo-diode Array
(PDA) absorbance monitor placed in series between the chro-
matograph and the single quadrupole mass spectrometer. The
ionization source was an Atmospheric Pressure Chemical
Ionization (APCI) ionization source. All parameters of the
APCI-MS system were optimized and selected based on the
generation of the protonated molecular ion ([M+H])" of
3-HP. The following parameters were used to detect 3-HP in
the positive ion mode: Corona: 10 pA; Cone: 20V; Extractor:
2V; RF lens: 0.2V; Source temperature: 100° C.; APCI Probe
temperature: 300° C.; Desolvation gas: 500 L/hour; Cone gas:
50 L/hour; Low mass resolution: 15; High mass resolution:
15; Ton energy: 1.0; Multiplier: 650. Data was collected in
Selected Ion Reporting (SIR) mode set at m/z=90.9.

Both the control reaction sample and the experimental
reaction sample were probed for presence of 3-HP using the
HPLC-mass spectroscopy technique. In the control samples,
no 3-HP peak was observed, while the experimental sample
exhibited a peak that matched the retention and the mass of
3-HP.

Example 11
Constructing Recombinant Cells that Produce 3-HP
A pathway to make 3-hydroxypropionate directly from

glucose via acetyl CoA is presented in FIG. 44. Most organ-
isms such as E. coli, Bacillus, and yeast produce acetyl CoA
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from glucose via glycolysis and the action of pyruvate dehy-
drogenase. In order to divert the acetyl CoA generated from
glucose, it is desirable to overexpress two genes, one encod-
ing for acetyl CoA carboxylase and the other encoding malo-
nyl-CoA reductase. As an example, these genes are expressed
in E. coli through a T7 promoter using vectors pET30a and
pFN476. The vector pET30a has a pBR ori and kanamycin
resistance, while pFN476 has pSC101 ori and uses carbeni-
cillin resistance for selection. Because these two vectors have
compatible ori and different markers they can be maintained
in E. coli at the same time. Hence, the constructs used to
engineer E. coli for direct production of 3-hydroxypropionate
from glucose are pMSDS8 (pFN476/accABCD) (Davis et al.,
J. Biol. Chem., 275:28593-28598, 2000) and pET30a/malo-
nyl-CoA reductase or pET30a/accl and pFN476/malonyl-
CoA reductase. The constructs are depicted in FIG. 45.

To test the production of 3-hydroxypropionate from glu-
cose, E. coli strain Tuner pLacl carrying plasmid pMSD8
(pFN476/accABCD) and pET30a/malonyl-CoA reductase or
pET30a/accl and pFN476/malonyl-CoA reductase are
grown in a B. Braun BIOSTAT B fermenter. A glass vessel
fitted with a water jacket for heating is used to conduct this
experiment. The fermenter working volume is 1.5 L and is
operated at 37° C. The fermenter is continuously supplied
with oxygen by bubbling sterile air through it at a rate of 1
vvm. The agitation is cascaded to the dissolve oxygen con-
centration which is maintained at 40% DO. The pH of the
liquid media is maintained at 7 using 2 N NaOH. The E. cofi
strain is grown in M9 media supplemented with 1% glucose,
1 pg/mL thiamine, 0.1% casamino acids, 10 pg/mlL. biotin, 50
ng/ml. carbenicillin, 50 pg/ml kanamycin, and 25 pg/mL
chloramphenicol. The expression of the genes is induced
when the cell density reached 0.5 OD(600 nm) by adding 100
UM IPTG. After induction, samples of 2 m[. volume are taken
at1,2,3, 4, and 8 hours. In addition, at 3 hours after induction,
a 200 mL sample is taken to make a cell extract. The 2 mL
samples are spun, and the supernatant is used to analyze
products using LC/MS technique. The supernatant is stored at
-20° C. until further analysis.

The extract is prepared by spinning the 200 mL of cell
suspension at 8000 g and washing the cell pellet with 50 mL.
of 50 mM Tris-HCI (pH 8.0), 5 mM MgCl,, 100 mM KCl, 2
mM DTT, and 5% glycerol. The cell suspension is spun again
at 8000 g, and the pellet is resuspended into 5 mL of 50 mM
Tris-HC1 (pH 8.0), 5 mM MgCl,, 100 mM KCl, 2 mM DTT,
and 5% glycerol. The cells are disrupted by passing twice
through a French Press at 1000 psig. The cell debris is
removed by centrifugation for 20 minutes at 30,000 g. All the
operations are conducted at 4° C. To demonstrate in vitro
formation of 3-hydroxypropionate using this recombinant
cell extract, the following reaction of 200 pL is conducted at
37° C. The reaction mix is as follows: Tris HCI (pH 8.0; 100
mM), ATP (1 mM), MgCl, (5 mM), KC1 (100 mM), DTT (5
mM), NaHCO; (40 mM), NADPH (0.5 mM), acetyl CoA (0.5
mM), and cell extract (0.2 mg). The reaction is stopped after
15 minutes by adding 1 volume of 10% trifluroacetic acid
(TFA). The products of this reaction are detected using an
LC/MS technique.

The detection and analysis for the presence of 3-hydrox-
ypropionate in the supernatant and the in vitro reaction mix-
ture is carried out using a Waters/Micromass ZQ LC/MS
instrument. This instrument consists of a Waters 2690 liquid
chromatograph with a Waters 2410 refractive index detector
placed in series between the chromatograph and the single
quadrupole mass spectrometer. L.C separations are made
using a Bio-Rad Aminex 87-H ion-exchange column at45° C.
Sugars, alcohol, and organic acid products are eluted with



US 9,340,803 B2

67
0.015% TFA buffer. For elution, the buffer is passed at a flow
rate of 0.6 ml./minute. For detection and quantification of
3-hydroxypropionate, a sample obtained from TCI, America
(Portland, Oreg.) is used as a standard.

Example 12

Cloning of Propionyl-CoA Transferase, Lactyl-CoA
Dehydratase (LDH), and a Hydratase (OS19) for
Expression in Saccharomyces cerevisiae

The pESC Yeast Epitope Tagging Vector System (Strat-
agene, La Jolla, Calif.) was used in cloning the genes involved
in 3-hydroxypropionic acid production via lactic acid. The
pESC vectors each contain GAL1 and GAL10 promoters in
opposing directions, allowing the expression of two genes
from each vector. The GAL1 and GAL10 promoters are
repressed by glucose and induced by galactose. Each of the
four available pESC vectors has a different yeast-selectable
marker (HIS3, TRP1, LEU2, URA3) so multiple plasmids
can be maintained in a single strain. Each cloning region has
apolylinker site for gene insertion, a transcription terminator,
and an epitope coding sequence for C-terminal or N-terminal
epitope tagging of expressed proteins. The pESC vectors also
have a ColE1 origin of replication and an ampicillin resis-
tance gene to allow replication and selection in £. coli. The
following vector/promoter/nucleic acid combinations were
constructed:

Vector Promoter Polypeptide Source of nucleic acid
pESC-Trp GAL1 OS19 hydratase  Chloroflexus aurantiacus
GAL10 El Megasphaera elsdenii
pESC-Leu GAL1 E2a Megasphaera elsdenii
GAL10 E2pB Megasphaera elsdenii
pESC-His GAL1 D-LDH Escherishia coli
GAL10 PCT Megasphaera elsdenii

The primers used were as follows:

OS19APAF:

(SEQ ID NO: 164)
5' -ATAGGGCCCAGGAGATCAAACCATGGGTGAAGAGTCT -
CTGGTTC-3"'
OS19SALR:

(SEQ ID NO: 165)
5'-CCTCTGCTACAGTCGACACAACGACCACTGAAGTTG-
GGAG-3"
OS19KPNR:

(SEQ ID NO: 166)
5'-AGTCTGCTATCGGTACCTCAACGACCACTGAAGTTG-
GGAG-3"
EINOTF:

(SEQ ID NO: 167)
5'-ATAGCGGCCGCATAATGGATACTCTCGGAATCGACG-
TTGG-3"'
EICLAR:

(SEQ ID NO: 168)
5'-CCCCATCGATACATATTTCTTGATTTTATCATAAGCA-
ATC-3'
EITOAPAF:

(SEQ ID NO: 169)
5'-CCAGGGCCCATAATGGGTGAAGAAAAAACAGTAGA -
TATTG-3'
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-continued
EITGSALR:
(SEQ ID NO: 170)
5' - GGTAGACTTGTCGACGTAGTGGTTTCCTCCTTCATT-
GG-3"
EIIPNOTE:
(SEQ ID NO: 171)
5' - ATAGCGGCCGCATAATGGGTCAGATCGACGAACTTA-
TCAG-3'
EIIPSPER:
(SEQ ID NO: 172)
5' - AGGTTCAACTAGT TCGTAGAGGATTTCCGAGARAGC-
CTG-3"
LDHAPAF :
(SEQ ID NO: 173)
5 ' - CTAGGGCCCATAATGGAACTCGCCGTTTATAG-
CAC-3'
LDHXHOR :
(SEQ ID NO: 174)
5! - ACTTCTCGAGTTARACCAGTTCGTTCGGGCA-
GGT-3"
PCTSPEF:
(SEQ ID NO: 175)
5 ' - GGGACTAGTATAATGGGAAAAGTAGAAATCAT-
TACAG-3'
PCTPACR:
(SEQ ID NO: 176)
5 ' - CGGCTTAAT TAACAGCAGAGATTTATTTTTTCA-
GTCC-3¢

All restriction enzymes were obtained from New England
Biolabs, Beverly, Mass. All plasmid DNA preparations were
done using QIAprep Spin Miniprep Kits, and all gel purifi-
cations were done using QIAquick Gel Extraction Kits
(Qiagen, Valencia, Calif.).

A. Construction of the pESC-Trp/OS19 Hydratase Vector

Two constructs in pESC-Trp were made for the OS19
nucleic acid from C. aurantiacus. One of these constructs
utilized the Apa I and Sal I restriction sites of the GALI1
multiple cloning site and was designed to include the c-myc
epitope. The second construct utilized the Apa I and Kpn |
sites and thus did not include the c-myc epitope sequence.

Six pg of pESC-Trp vector DNA was digested with the
restriction enzyme Apa I and the digest was purified using a
QIAquick PCR Purification Column. Three pg of the Apa
I-digested vector DNA was then digested with the restriction
enzyme Kpn I, and 3 ng was digested with Sal 1. The double-
digested vector DNAs were separated on a 1% TAE-agarose
gel, purified, dephosphorylated with shrimp alkaline phos-
phatase (Roche Biochemical Products, Indianapolis, Ind.),
and purified with a QIAquick PCR Purification Column.

The nucleic acid encoding the Chloroflexus aurantiacus
polypeptide having hydratase activity (OS19) was amplified
from genomic DNA using the PCR primer pair OS19APAF
and OS19SALR and the primer pair OS19APAF and
OS19KPNR. OS19APAF was designed to introduce an Apa |
restriction site and a translation initiation site (ACCATGG) at
the beginning of the amplified fragment. The OS19KPNR
primer was designed to introduce a Kpn I restriction site at the
end of the amplified fragment and to contain the translational
stop codon for the hydratase gene. OS19SALR introduces a
Sal I site at the end of the amplified fragment and has an
altered stop codon so that translation continues in-frame
through the vector c-myc epitope. The PCR mix contained the
following: 1x Expand PCR buffer, 100 ng C. aurantiacus
genomic DNA, 0.2 uM of each primer, 0.2 mM each dNTP,
and 5.25 units of Expand DNA Polymerase (Roche) in a final
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volume of 100 pul.. The PCR reaction was performed in an MJ
Research PTC100 under the following conditions: an initial
denaturation at 94° C. for 1 minute; 8 cycles of 94° C. for 30
seconds, 57° C. for 1 minute, and 72° C. for 2.25 minutes; 24
cycles of 94° C. for 30 seconds, 62° C. for 1 minute, and 72°
C. for 2.25 minutes; and a final extension for 7 minutes at 72°
C. The amplification product was then separated by gel elec-
trophoresis using a 1% TAE-agarose gel. A 0.8 Kb fragment
was excised from the gel and purified for each primer pair.
The purified fragments were digested with Kpn I or Sal I
restriction enzyme, purified with a QIAquick PCR Purifica-
tion Column, digested with Apa I restriction enzyme, purified
again with a QIAquick PCR Purification Column, and quan-
tified on a minigel.

50-60 ng of the digested PCR product containing the
nucleic acid encoding the C. aurantiacus polypeptide having
hydratase activity (OS19) and 50 ng of the prepared pESC-
Trp vector were ligated using T4 DNA ligase at 16° C. for 16
hours. One ul. of the ligation reaction was used to electropo-
rate 40 pl. of E. coli Electromax™ DH10B™ cells. The
electroporated cells were plated onto LB plates containing
100 pg/mlL. of carbenicillin (LBC). Individual colonies were
screened using colony PCR with the appropriate PCR prim-
ers. Individual colonies were suspended in about 25 ul. of 10
mM Tris, and 2 pl. of the suspension was plated on LBC
media. The remnant suspension was heated for 10 minutes at
95° C. to break open the bacterial cells, and 2 pt of the heated
cells was used in a 25 pl. PCR reaction. The PCR mix con-
tained the following: 1x Taq buffer, 0.2 uM each primer, 0.2
mM each dNTP, and 1 unit of Taq DNA polymerase per
reaction. The PCR program used was the same as described
above for amplification of the nucleic acid from genomic
DNA.

Plasmid DNA was isolated from cultures of colonies hav-
ing the desired insert and was sequenced to confirm the lack
of nucleotide errors from PCR. A construct with a confirmed
sequence was transformed into S. cerevisiae strain YPHS500
using a Frozen-EZ Yeast Transformation I1I™ Kit (Zymo
Research, Orange, Calif.). Transformation reactions were
plated on SC-Trp media (see Stratagene pESC Vector Instruc-
tion Manual for media recipes). Individual yeast colonies
were screened for the presence of the OS19 nucleic acid by
colony PCR. Colonies were suspended in 20 pL. of Y-Lysis
Buffer (Zymo Research) containing 5 units of zymolase and
heated at 37° C. for 10 minutes. Three pl. of this suspension
was thenused ina 25 pl, PCR reaction using the PCR reaction
mixture and program described for the colony screen of the £.
coli transformants. The pESC-Trp vector was also trans-
formed into YPHS500 for use as a hydratase assay control and
transformants were screened by PCR using GAL1 and
GAL10 primers.

B. Construction of the pESC-Trp/OS19/EI Hydratase Vector

Plasmid DNA of a pESC-Trp/OS19 construct (Apa I-Sal
sites) with confirmed sequence and positive assay results was
used for insertion of the nucleic acid for the M. elsdenii E1
activator polypeptide downstream of the GAL10 promoter.
Three ng of plasmid DNA was digested with the restriction
enzyme Cla I, and the digest was purified using a QIlAquick
PCR Purification Column. The vector DNA was then digested
with the restriction enzyme Not I, and the digest was inacti-
vated by heating to 65° C. for 20 minutes. The double-di-
gested vector DNA was dephosphorylated with shrimp alka-
line phosphatase (Roche), separated on a 1% TAE-agarose
gel, and gel purified.

The nucleic acid encoding the M. elsdenii E1 activator
polypeptide was amplified from genomic DNA using the
PCR primer pair EINOTF and EICLAR. EINOTF was
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designed to introduce a Not I restriction site and a translation
initiation site at the beginning of the amplified fragment. The
EICLAR primer was designed to introduce a Cla I restriction
site at the end of the amplified fragment and to contain an
altered translational stop codon to allow in-frame translation
of'the FLAG epitope. The PCR mix contained the following:
1x Expand PCR buffer, 100 ng M. elsdenii genomic DNA, 0.2
UM of each primer, 0.2 mM each dNTP, and 5.25 units of
Expand DNA Polymerase in a final volume of 100 uL.. The
PCR reaction was performed in an MJ Research PTC100
under the following conditions: an initial denaturation at 94°
C. for 1 minute; 8 cycles of 94° C. for 30 seconds, 55° C. for
45 seconds, and 72° C. for 3 minutes; 24 cycles of 94° C. for
30 seconds, 62° C. for 45 seconds, and 72° C. for 3 minutes;
and a final extension for 7 minutes at 72° C. The amplification
product was then separated by gel electrophoresis using a 1%
TAE-agarose gel, and a 0.8 Kb fragment was excised and
purified. The purified fragment was digested with Cla I
restriction enzyme, purified with a QIAquick PCR Purifica-
tion Column, digested with Not I restriction enzyme, purified
again with a QIAquick PCR Purification Column, and quan-
tified on a minigel.

60 ng of the digested PCR product containing the nucleic
acid for the M. elsdenii E1 activator polypeptide and 70 ng of
the prepared pESC-Trp/OS19 hydratase vector were ligated
using T4 DNA ligase at 16° C. for 16 hours. One pl of the
ligation reaction was used to electroporate 40 pul. of £. coli
Electromax™ DH10™ cells. The electroporated cells were
plated onto LBC media. Individual colonies were screened
using colony PCR with the EINOTF and EICLAR primers.
Individual colonies were suspended in about 25 pl. of 10 mM
Tris, and 2 pL. of the suspension was plated on LBC media.
The remnant suspension was heated for 10 minutes at 95° C.
to break open the bacterial cells, and 2 pulL of the heated cells
used in a 25 pl. PCR reaction. The PCR mix contained the
following: 1x Taq bufter, 0.2 uM each primer, 0.2 mM each
dNTP, and 1 unit of Tag DNA polymerase per reaction. The
PCR program used was the same as described above for
amplification of the gene from genomic DNA. Plasmid DNA
was isolated from cultures of colonies having the desired
insert and was sequenced to confirm the lack of nucleotide
errors from PCR.

C. Construction of the pESC-Lew/Ello/EIIp Vector

Three pug of DNA of the vector pESC-Leu was digested
with the restriction enzyme Apa I, and the digest was purified
using a QIAquick PCR Purification Column. The vector DNA
was then digested with the restriction enzyme Sal I, and the
digest was inactivated by heating to 65° C. for 20 minutes.
The double-digested vector DNA was dephosphorylated with
shrimp alkaline phosphatase (Roche), separated on a 1%
TAE-agarose gel, and gel purified.

The nucleic acid encoding the M. elsdenii E2c. polypeptide
was amplified from genomic DNA using the PCR primer pair
ElIcAPAF and EllaSALR. ElloAPAF was designed to
introduce an Apa I restriction site and a translation initiation
site at the beginning of the amplified fragment. The
EIaSALR primer was designed to introduce a Sal I restric-
tion site at the end of the amplified fragment and to contain an
altered translational stop codon to allow in-frame translation
of the c-myc epitope. The PCR mix contained the following:
1x Expand PCR buffer, 100 ng M. elsdenii genomic DNA, 0.2
UM of each primer, 0.2 mM each dNTP, and 5.25 units of
Expand DNA Polymerase in a final volume of 100 uL.. The
PCR reaction was performed in an MJ Research PTC100
under the following conditions: an initial denaturation at 94°
C. for 1 minute; 8 cycles of 94° C. for 30 seconds, 55° C. for
1 minute, and 72° C. for 3 minutes; 24 cycles of 94° C. for 30
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seconds, 62° C. for 1 minute, and 72° C. for 3 minutes; and a
final extension for 7 minutes at 72° C. The amplification
product was then separated by gel electrophoresis using a 1%
TAE-agarose gel, and a 1.3 Kb fragment was excised and
purified. The purified fragment was digested with Apa I
restriction enzyme, purified with a QIAquick PCR Purifica-
tion Column, digested with Sal I restriction enzyme, purified
again with a QIAquick PCR Purification Column, and quan-
tified on a minigel.

80 ng of the digested PCR product containing the nucleic
acid encoding the M. elsdenii E2a polypeptide and 80 ng of
the prepared pESC-Leu vector were ligated using T4 DNA
ligase at 16° C. for 16 hours. One pL of the ligation reaction
was used to electroporate 40 pl. of E. coli Electromax™
DH10B™ cells. The electroporated cells were plated onto
LBC media. Individual colonies were screened using colony
PCR with the EIIc APAF and EIIaSALR primers. Individual
colonies were suspended in about 25 pl of 10 mM Tris, and 2
uL of the suspension was plated on LBC media. The remnant
suspension was heated for 10 minutes at 95° C. to break open
the bacterial cells, and 2 pul, of the heated cells used ina 25 pl.
PCR reaction. The PCR mix contained the following: 1x Taq
buffer, 0.2 uM each primer, 0.2 mM each dNTP, and 1 unit of
Taq DNA polymerase per reaction. The PCR program used
was the same as described above for amplification of the gene
from genomic DNA. Plasmid DNA was isolated from cul-
tures of colonies having the desired insert and was sequenced
to confirm the lack of nucleotide errors from PCR.

Plasmid DNA of a pESC-Leuw/Ella vector with confirmed
sequence was used for insertion of the nucleic acid encoding
the M. elsdenii E2[} polypeptide. Three pug of plasmid DNA
was digested with the restriction enzyme Spe I, and the digest
was purified using a QIAquick PCR Purification Column.
The vector DNA was then digested with the restriction
enzyme Not I and gel purified from a 1% TAE-agarose gel.
The double-digested vector DNA was then dephosphorylated
with shrimp alkaline phosphatase (Roche) and purified with a
QIAquick PCR Purification Column.

The nucleic acid encoding the M. elsdenii E23 polypeptide
was amplified from genomic DNA using the PCR primer pair
EIBNOTF and EINBSPER. The EIBNOTF primer was
designed to introduce a Not I restriction site and a translation
initiation site at the beginning of the amplified fragment. The
EIIBSPER primer was designed to introduce an Spe I restric-
tion site at the end of the amplified fragment and to contain an
altered translational stop codon to allow for in-frame transla-
tion of the FLAG epitope. The PCR mix contained the fol-
lowing: 1x Expand PCR buffer, 100 ng M. e/sdenii genomic
DNA, 0.2 uM of each primer, 0.2 mM each dNTP, and 5.25
units of Expand DNA Polymerase in a final volume of 100 uL..
The PCR reaction was performed in an MJ Research PTC100
under the following conditions: an initial denaturation at 94°
C. for 1 minute; 8 cycles of 94° C. for 30 seconds, 55° C. for
45 seconds, and 72° C. for 3 minutes; 24 cycles of 94° C. for
30 seconds, 62° C. for 45 seconds, and 72° C. for 3 minutes;
and a final extension for 7 minutes at 72° C. The amplification
product was separated by gel electrophoresis using a 1%
TAE-agarose gel, and a 1.1 Kb fragment was excised and
purified. The purified fragment was digested with Spe I
restriction enzyme, purified with a QIAquick PCR Purifica-
tion Column, digested with Not [ restriction enzyme, purified
again with a QIAquick PCR Purification Column, and quan-
tified on a minigel.

38 ng of the digested PCR product containing the nucleic
acid encoding the M. elsdenii E2f polypeptide and 50 ng of
the prepared pESC-Leu/Ella vector were ligated using T4
DNA ligase at 16° C. for 16 hours. One pL of the ligation
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reaction was used to electroporate 40 uL of E. coli Electro-
max™ DH10B™ cells. The electroporated cells were plated
onto LBC plates. Individual colonies were screened using
colony PCR with the EIIBPNOTF and EIIPSPER primers.
Individual colonies were suspended in about 25 pl. of 10 mM
Tris, and 2 pL. of the suspension was plated on LBC media.
The remnant suspension was heated for 10 minutes at 95° C.
to break open the bacterial cells, and 2 pulL of the heated cells
was used in a 25 plL PCR reaction. The PCR mix contained the
following: 1x Taq bufter, 0.2 uM each primer, 0.2 mM each
dNTP, and 1 unit of Tag DNA polymerase per reaction. The
PCR program used was the same as described above for
amplification of the gene from genomic DNA.

Plasmid DNA was isolated from cultures of colonies hav-
ing the desired insert and was sequenced to confirm the lack
of nucleotide errors from PCR. A pESC-Lew/EIIo/EIIf con-
struct with a confirmed sequence was co-transformed along
with the pESC-Trp/OS19/EI vector into S. cerevisiae strain
YPHS00 using a Frozen-EZ Yeast Transformation 1™ Kit
(Zymo Research, Orange, Calif.). Transformation reactions
were plated on SC-Trp-Leu media. Individual yeast colonies
were screened for the presence of the OS19, E1, E2a, and
E2p nucleic acid by colony PCR. Colonies were suspended in
20 uLL of Y-Lysis Buffer (Zymo Research) containing 5 units
of' zymolase and heated at 37° C. for 10 minutes. Three ul. of
this suspension was then used in a 25 ulL PCR reaction using
the PCR reaction mixtures and programs described for the
colony screens of the E. coli transformants. The pESC-Trp/
0819 and pESC-Leu vectors were also co-transformed into
YPHS00 for use as a lactyl-CoA dehydratase assay control.
These transformants were colony screened using the GAL1
and GAL10 primers (Instruction manual, pESC Yeast Epitope
Tagging Vectors, Stratagene).

D. Construction of the pESC-His/D-LDH/PCT Vector

Three pg of DNA of the vector pESC-His was digested
with the restriction enzyme Xho I, and the digest was purified
using a QIAquick PCR Purification Column. The vector DNA
was then digested with the restriction enzyme Apa I and gel
purified from a 1% TAE-agarose gel. The double-digested
vector DNA was dephosphorylated with shrimp alkaline
phosphatase (Roche) and purified using a QIAquick PCR
Purification Column.

The E. coli D-LDH gene was amplified from genomic
DNA of strain DH10B using the PCR primer pair LDHAPAF
and LDHXHOR. LDHAPAF was designed to introduce an
Apa I restriction site and a translation initiation site at the
beginning of the amplified fragment. The LDHXHOR primer
was designed to introduce an Xho I restriction site at the end
of'the amplified fragment and to contain the translational stop
codon for the D-LDH gene. The PCR mix contained the
following: 1x Expand PCR buffer, 100 ng E. coli genomic
DNA, 0.2 uM of each primer, 0.2 mM each dNTP, and 5.25
units of Expand DNA Polymerase in a final volume of 100 pt.
The PCR reaction was performed in an MJ Research PTC100
under the following conditions: an initial denaturation at 94°
C. for 1 minute; 8 cycles of 94° C. for 30 seconds, 59° C. for
45 seconds, and 72° C. for 2 minutes; 24 cycles of 94° C. for
30 seconds, 64° C. for 45 seconds, and 72° C. for 2 minutes;
and a final extension for 7 minutes at 72° C. The amplification
product was separated by gel electrophoresis using a 1%
TAE-agarose gel, and a 1.0 Kb fragment was excised and
purified. The purified fragment was digested with Apa I
restriction enzyme, purified with a QIAquick PCR Purifica-
tion Column, digested with Xho [ restriction enzyme, purified
again with a QIAquick PCR Purification Column, and quan-
tified on a minigel.
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80 ng of the digested PCR product containing the . coli
D-LDH gene and 80 ng of the prepared pESC-His vector were
ligated using T4 DNA ligase at 16° C. for 16 hours. One pl. of
the ligation reaction was used to electroporate 40 ul. of £. coli
Electromax™ DH10B™ cells. The electroporated cells were
plated onto LBC media. Individual colonies were screened
using colony PCR with the LDHAPAF and LDHXHOR
primers. Individual colonies were suspended in about 25 pl.
of' 10 mM Tris, and 2 pl. of the suspension was plated on LBC
media. The remnant suspension was heated for 10 minutes at
95°C. to break open the bacterial cells, and 2 pl, of the heated
cells used in a 25 pl. PCR reaction. The PCR mix contained
the following: 1xTaq buffer, 0.2 uM each primer, 0.2 mM
each ANTP, and 1 unit of Taq DNA polymerase per reaction.
The PCR program used was the same as described above for
amplification of the gene from genomic DNA. Plasmid DNA
was isolated from cultures of colonies having the desired
insert and was sequenced to confirm the lack of nucleotide
errors from PCR.

Plasmid DNA of a pESC-His/D-LDH construct with a
confirmed sequence was used for insertion of the nucleic acid
encoding the M. elsdenii PCT polypeptide. Three ug of plas-
mid DNA was digested with the restriction enzyme Pac I, and
the digest was purified using a QIlAquick PCR Purification
Column. The vector DNA was then digested with the restric-
tion enzyme Spe I and gel purified from a 1% TAE-agarose
gel. The double-digested vector DNA was dephosphorylated
with shrimp alkaline phosphatase (Roche) and purified with a
QIAquick PCR Purification Column.

The nucleic acid encoding the M. e/sdenii PCT polypeptide
was amplified from genomic DNA using the PCR primer pair
PCTSPEF and PCTPACR. PCTSPEF was designed to intro-
duce an Spe I restriction site and a translation initiation site at
the beginning of the amplified fragment. The PCTPACR
primer was designed to introduce a Pac I restriction site at the
end of the amplified fragment and to contain the translational
stop codon for the PCT gene. The PCR mix contained the
following: 1x Expand PCR buffer, 100 ng M. elsdenii
genomic DNA, 0.2 uM of each primer, 0.2 mM each dNTP,
and 5.25 units of Expand DNA Polymerase in a final volume
of 100 pL.. The PCR reaction was performed in an MJ
Research PTC100 under the following conditions: an initial
denaturation at 94° C. for 1 minute; 8 cycles of 94° C. for 30
seconds, 56° C. for 45 seconds, and 72° C. for 2.5 minutes; 24
cycles 0f94° C. for 30 seconds, 64° C. for 45 seconds, and 72°
C. for 2.5 minutes; and a final extension for 7 minutes at 72°
C. The amplification product was separated by gel electro-
phoresis using a 1% TAE-agarose gel, and a 1.55 Kb fragment
was excised and purified. The purified fragment was digested
with Pac [ restriction enzyme, purified with a QIAquick PCR
Purification Column, digested with Spe I restriction enzyme,
purified again with a QIAquick PCR Purification Column,
and quantified on a minigel.

95 ng of the digested PCR product containing the nucleic
acid encoding the M. elsdenii PCT polypeptide and 75 ng of
the prepared pESC-His/D-LDH vector were ligated using T4
DNA ligase at 16° C. for 16 hours. One 4, of the ligation
reaction was used to electroporate 40 pl of E. coli Electro-
max™ DH10B™ cells. The electroporated cells were plated
onto LBC plates. Individual colonies were screened using
colony PCR with the PCTSPEF and PCTPACR primers. Indi-
vidual colonies were suspended in about 25 ul. of 10 mM
Tris, and 2 pL of the suspension was plated on LBC media.
The remnant suspension was heated for 10 minutes at 95° C.
to break open the bacterial cells, and 2 ulL of the heated cells
used in a 25 pl, PCR reaction. The PCR mix contained the
following: 1x Taq bufter, 0.2 uM each primer, 0.2 mM each
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dNTP, and 1 unit of Tag DNA polymerase per reaction. The
PCR program used was the same as described above for
amplification of the gene from genomic DNA.

Plasmid DNA was isolated from cultures of colonies hav-
ing the desired insert and was sequenced to confirm the lack
of nucleotide errors from PCR. A construct with a confirmed
sequence was transformed into S. cerevisiae strain YPHS500
using a Frozen-EZ Yeast Transformation II™ Kit (Zymo
Research, Orange, Calif.). Transformation reactions were
plated on SC-His media. Individual yeast colonies were
screened for the presence of the D-LDH and PCT genes by
colony PCR. Colonies were suspended in 20 pL. of Y-Lysis
Buffer (Zymo Research) containing 5 units of zymolase and
heated at 37° C. for 10 minutes. Three pl. of this suspension
was thenused ina 25 pl, PCR reaction using the PCR reaction
mixture and program described for the colony screen of the £.
coli transformants. The pESC-His vector was also trans-
formed into YPHS00 for use as an assay control, and trans-
formants were screened by PCR using GAL1 and GAL10
primers.

Example 13
Expression of Enzymes in S. cerevisiae

A. Hydratase Activity in Transformed Yeast

Individual colonies carrying the pESC-Trp/OS19 con-
struct or the pESC-Trp vector (negative control) were used to
inoculate 5 ml cultures of SC-Trp media containing 2%
glucose. These cultures were grown for 16 hours at 30° C. and
used to inoculate 35 mL of the same media. The subcultures
were grown for 7 hours at 30° C., and their ODg,,s were
determined. A volume of cells giving an ODxvolume equal to
40 was pelleted, washed with SC-Trp media with no carbon
source, and repelleted. The cells were suspended in 5 mL of
SC-Trp media containing 2% galactose and used to inoculate
atotal volume of 100 mL of this media. Cultures were grown
for 17.5 hours at 30° C. and 250 rpm. Cells were then pelleted,
rinsed in 0.85% NaCl, and repelleted. Cell pellets (70 mg)
were suspended in 140 ul. of 50 mM TrisHCL, pH 7.5, and an
equal volume (pellet plus buffer) of pre-rinsed glass beads
(Sigma, 150-212 microns) was added. This mixture was vor-
texed for 30 seconds and placed on ice for 1 minute, and the
vortexing/cooling cycle was repeated 8 additional times. The
cells were then centrifuged for 6 minutes at 5,000 g, and the
supernatant was removed to a fresh tube. The beads/pellet
were washed twice with 250 ulL of buffer, centrifuged, and the
supernatants joined with the first supernatant.

An FE. coli strain carrying the pETBlue-1/0S19 construct,
described previously, was used as a positive control for
hydratase assays. A culture of this strain was grown to satu-
ration overnight and diluted 1:20 the following morning in
fresh LBC media. The culture was grown at 37° C. and 250
rpm to an ODy, of 0.6, at which point it was induced with
IPTG at a final concentration of 1 mM. The culture was
incubated for an additional two hours at 37° C. and 250 rpm.
Cells were pelleted, washed with 0.85% NaCl, and repelleted.
Cells were disrupted using BugBuster™ Protein Extraction
Reagent and Benzonase® (Novagen) as per manufacturer’s
instructions with a 20 minute incubation at room temperature.
After centrifugation at 16,000 g and 4° C., the supernatant
was transferred to a new tube and used in the activity assay.

Total protein content of cell extracts from S. cerevisiae
described above were quantified using a microplate Bio-Rad
Protein Assay (Bio-Rad, Hercules, Calif.). The OS19 con-
structs (both ApaI-Sall and Apa I-Kpn I sites) in YPHS00, the
pESC-Trp negative control in YPHS500, and the pETBlue-1/
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OS19 construct in E. coli were tested for their ability to
convert acrylyl-CoA to 3-hydroxypropionyl-CoA. The assay
was conducted as previously described for the pETBlue-1/
0819 constructs in the E. coli Tuner strain. When cell extract
of the negative control strain was added to the reaction mix-
ture containing acrylyl-CoA, one dominant peak of MW 823
was exhibited. This peak corresponds to acrylyl-CoA and
indicates that acrylyl-CoA was not converted to any other
product. When cell extract of the strain carrying a pESC-Trp/
OS19 construct (either Apa I-Sal I or Apa I-Kpn I sites) was
added to the reaction mix, the dominant peak shifted to MW
841, which corresponds to 3-hydroxypropionyl-CoA. The
reaction mix from the E. coli control also showed the MW 841
peak. A time course study was conducted for the pESC-Trp/
OS19(Apa I-Sal ) construct, which measured the appearance
of'the MW 841 and MW 823 peaks after 0, 1, 3, 7, 15,30, and
60 minutes of reaction time. An increase in the 3-hydroxypro-
pionyl-CoA peak was seen over time with the cell extracts
from both this construct and the E. coli control, whereas cell
extract from the YPHS00 strain with vector only showed a
dominant acrylyl-CoA peak.

B. Propionyl CoA-Transferase Activity in Transformed Yeast

Individual colonies of S. cerevisiae strain YPHS500 carry-
ing the pESC-His/D-LDH or pESC-His/D-LDH/PCT con-
struct or the pESC-His vector with no insert (negative control)
were used to inoculate 5 mL cultures of SC-His media con-
taining 2% glucose. These cultures were grown for 16 hours
at 30° C. and 250 rpm and were then used to inoculate 35 mL
of'the same media. The subcultures were grown for 7 hours at
30° C., and their OD,,s were determined. For each strain, a
volume of cells giving an ODxvolume equal to 40 was pel-
leted, washed with SC-His media with no carbon source, and
repelleted. The cells were suspended in 5 mL of SC-His
media containing 2% galactose and used to inoculate a total
volume of 100 mL of this media. Cultures were grown for
16.75 hours at 30° C. and 250 rpm. Cells were then pelleted,
rinsed in 0.85% NaCl, and repelleted. Cell pellets (70 mg)
were suspended in 140 pl. of 100 mM potassium phosphate
buffer, pH 7.5, and an equal volume (pellet plus buffer) of
pre-rinsed glass beads (Sigma, 150-212 microns) was added.
This mixture was vortexed for 30 seconds and placed on ice
for 1 minute, and the vortexing/cooling cycle was repeated 8
additional times. The cells were then centrifuged for 6 min-
utes at 5,000 g, and the supernatant was removed to a fresh
tube. The beads/pellet were washed twice with 250 ul. of
buffer and centrifuged, and the supernatants joined with the
first supernatant.

An E. coli strain carrying the pETBlue-1/PCT construct,
described previously, was used as a positive control for pro-
pionyl CoA transferase assays. A culture of this strain was
grown to saturation overnight and diluted 1:20 the following
morning in fresh LB media containing 100 pg/ml of carbe-
nicillin. The culture was grown at 37° C. and 250 rpm to an
0Dy, of 0.6, at which point it was induced with IPTG at a
final concentration of 1 mM. The culture was incubated for an
additional two hours at 37° C. and 250 rpm. Cells were
pelleted, washed with 0.85% NaCl, and repelleted. Cells were
disrupted using BugBuster™ Protein Extraction Reagent and
Benzonase® (Novagen) as per manufacturer’s instructions
with a 20 minute incubation at room temperature. After cen-
trifugation at 16,000 g and 4° C., the supernatant was trans-
ferred to a new tube and used in the activity assay.

Total protein content of cell extracts was quantified using a
microplate Bio-Rad Protein Assay (Bio-Rad, Hercules,
Calif.). The D-LDH and D-LDH/PCT constructs in S. cerevi-
siae strain YPHS500, the pESC-His negative control in
YPHS500, and the pETBlue-1/PCT construct in E. coli were
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tested for their ability to catalyze the conversion of propionyl-
CoA and acetate to acetyl-CoA and propionate. The assay
mixture used was that previously described for the pETBlue-
1/PCT constructs in the . coli Tuner strain.

When 1 pg of total cell extract protein of the negative
control strain or the YPH500/pESC-His/D-LDH strain was
added to the reaction mixture, no increase in absorbance (0.00
to 0.00) was seen over 11 minutes. Increases in absorbance
from 0.00 to 0.04 and from 0.00 to 0.06 were seen, respec-
tively, with 1 pg of cell extract protein from the YPHS500/
pESC-His/D-LDH/PCT strain and the E. coli/PCT strain.
With 2 mg of total cell extract protein, the negative control
strain and the YPHS00/pESC-His/D-LDH strain showed an
increase in absorbance from 0.00 to 0.01 over 11 minutes,
whereas increases from 0.00 to 0.10 and 0.00 to 0.08 were
seen, respectively, with the YPHS500/pESC-His/D-LDH/PCT
strain and the E. coli/PCT strain.

C. Lactyl-CoA Dehydratase Activity in Transformed Yeast

Individual colonies of S. cerevisiae strain YPHS00 carry-
ing the pESC-His/D-LDH or pESC-His/D-LDH/PCT con-
struct or the pESC-His vector with no insert (negative control)
were used to inoculate 5 mL cultures of SC-His media con-
taining 4% glucose. These cultures were grown for 23 hours
at 30° C. and used to inoculate 35 mL of SC-His media
containing 2% raffinose. The subcultures were grown for 8
hours at 30° C., and their ODg,,s were determined. For each
strain, a volume of cells giving an ODxvolume equal to 40
was pelleted, resuspended in 10 mL of SC-His media con-
taining 2% galactose, and used to inoculate a total volume of
100 mL of this media. Cultures were grown for 17 hours at
30° C. and 250 rpm. Cells were then pelleted, rinsed in 0.85%
NaCl, and repelleted. Cell pellets (190 mg) were suspended in
380 uL of 100 mM potassium phosphate buffer, pH 7.5, and
an equal volume (pellet plus butfer) of pre-rinsed glass beads
(Sigma, 150-212 microns) was added. This mixture was vor-
texed for 30 seconds and placed on ice for 1 minute, and the
vortexing/cooling cycle was repeated 7 additional times. The
cells were then centrifuged for 6 minutes at 5,000 g and the
supernatant was removed to a fresh tube. The beads/pellet
were washed twice with 300 ulL of buffer and centrifuged, and
the supernatants joined with the first supernatant.

An anaerobically-grown culture of E. coli strain DH10B
was used as a positive control for D-LDH assays. A culture of
this strain was grown to saturation overnight and diluted 1:20
the following morning in fresh LB media. The culture was
grown anaerobically at 37° C. for 7.5 hours. Cells were pel-
leted, washed with 0.85% NaCl, and repelleted. Cells were
disrupted using BugBuster™ Protein Extraction Reagent and
Benzonase® (Novagen) as per manufacturer’s instructions
with a 20-minute incubation at room temperature. After cen-
trifugation at 16,000 g and 4° C., the supernatant was trans-
ferred to a new tube and used in the activity assay.

Total protein content of cell extracts was quantified using a
microplate Bio-Rad Protein Assay (Bio-Rad, Hercules,
Calif.). The D-LDH and D-LDH/PCT constructs in YPHS500,
the pESC-His negative control in YPH500, and the anaerobi-
cally-grown E. coli strain were tested for their ability to
catalyze the conversion of pyruvate to lactate by assaying the
concurrent oxidation of NADH to NAD. The assay mixture
contained 100 mM potassium phosphate buffer, pH 7.5, 0.2
mM NADH, and 0.5-1.0 pg of cell extract. The reaction was
started by the addition of sodium pyruvate to a final concen-
tration of 5 mM, and the decrease in absorbance at 340 nm
was measured over 10 minutes. When 0.5 pg of total cell
extract protein of the negative control strain was added to the
reaction mixture, a decrease in absorbance from -0.01 to
-0.02 was seen over 200 seconds. A decrease in absorbance
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from —0.21 to -0.47 and -0.20 to —0.47 over 200 seconds was
seen, respectively, for cell extract from the YPHS00/pESC-
His/D-LDH or YPHS500/pESC-His/D-LDH/PCT strains. 0.5
uL (7.85 pg) of cell extract from the anaerobically-grown E.
coli strain showed a decrease in absorbance very similar to
that for 1 pg ofcell extract of the YPHS500/pESC-His/D-LDH/
PCT strain. When 4 pg of cell extract was used, the YPHS500/
pESC-His/D-LDH/PCT strain showed a decrease in absor-
bance from -0.18 to -0.60 over 10 minutes, whereas the
negative control strain showed no decrease in absorbance
(-0.08 to -0.08).

D. Demonstration of 3-HP Production in S. cerevisiae

The pESC-Trp/OS19/El pESC-Lew/Ello/EII, and pESC-
His/D-LDH/PCT constructs were transformed into a single
strain of S. cerevisiae YPHS500 using a Frozen-EZ Yeast
Transformation II™ Kit (Zymo Research, Orange, Calif.). A
negative control strain was also developed by transformation
of the pESC-Trp, pESC-Leu, and pESC-His vectors into a
single YPHS500 strain. Transformation reactions were plated
on SC-Trp-Leu-His media. Individual yeast colonies were
screened by colony PCR for the presence or absence of
nucleic acid corresponding to each construct.

The strain carrying all six genes and the negative control
strain were grown in 5 mL of SC-Trp-Leu-His media con-
taining 2% glucose. These cultures were grown for 31 hours
at30° C., and 2 mL was used to inoculate 50 mL of the same
media. The subcultures were grown for 19 hours at 30° C.,
and their OD600s were determined. For each strain, a volume
of cells giving an ODxvolume equal to 100 was pelleted,
washed with SC-Trp-Leu-His media with no carbon source,
and repelleted. The cells were suspended in 10 mL of SC-Trp-
Leu-His media containing 2% galactose and 2% raffinose and
used to inoculate a total volume of 250 mL of this media. The
cultures were grown in bottles at 30° C. with no shaking, and
samples were taken at 0, 4.5, 20, 28.5, 45, and 70 hours.
Samples were spun down to remove cells and the supernatant
was filtered using 0.45 micron Acrodisc Syringe Filters (Pall
Gelman Laboratory, Ann Arbor, Mich.).

100 microliters of the filtered broth was used to derive CoA
esters of any lactate or 3-HP in the broth using 6 micrograms
of purified propionyl-CoA transferase, 50 mM potassium
phosphate buffer (pH 7.0), and 1 mM acetyl-CoA. The reac-
tion was allowed to proceed at room temperature for 15
minutes and was stopped by adding 1 volume 10% trifluoro-
acetic acid. The reaction mixtures were purified using Sep
Pak C18 columns as previously described and analyzed by
LC/MS.

Example 14 Constructing a Biosynthetic Pathway
that Produces Organic Acids from §-Alanine

One possible pathway to 3-HP from f-alanine involves the
use of a polypeptide having CoA transferase activity (e.g., an
enzyme from a class of enzymes that transfers a CoA group
from one metabolite to the other). As shown in FIG. 54,
[-alanine can be converted to -alanyl-CoA using a polypep-
tide having CoA transferase activity and CoA donors such as
acetyl-CoA or propionyl-CoA. Alternatively, f-alanyl-CoA
can be generated by the action of a polypeptide having CoA
synthetase activity. The f-alanyl-CoA can be deaminated to
form acrylyl-CoA by a polypeptide having -alanyl-CoA
ammonia lyase activity. The hydration of acrylyl-CoA at the
[ position to yield 3-HP-CoA can be carried out by a polypep-
tide having 3-HP-CoA dehydratase activity. The 3-HP-CoA
can act as a CoA donor for f-alanine, a reaction that can be
catalyzed by a polypeptide having CoA transferase activity,
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thus yielding 3-HP as a product. Alternatively, 3-HP-CoA can
be hydrolyzed to yield 3-HP by a polypeptide having specific
CoA hydrolase activity.

Methods for isolating, sequencing, expressing, and testing
the activity of a polypeptide having CoA transferase activity
are described herein.

A. Isolation of a Polypeptide Having 3-Alanyl-CoA Ammo-
nia Lyase Activity

Polypeptides having p-alanyl-CoA ammonia lyase activity
can catalyze the conversion of f-alanyl-CoA into acryly-
CoA. The activity of such polypeptides has been described by
Vagelos et al. (J. Biol. Chem., 234:490-497 (1959)) in
Clostridium propionicum. This polypeptide can be used as
part of the acrylate pathway in Clostridium propionicum to
produce propionic acid.

C. propionicum was grown at 37° C. in an anoxic medium
containing 0.2% yeast extract, 0.2% trypticase peptone,
0.05% cysteine, 0.5% b-alanine, 0.4% VRB-salts, 5 mM
potassium phosphate, pH 7.0. The cells were harvested after
12 hours and washed twice with 50 mM potassium phosphate
(Kpi), pH 7.0. About 2 g of wet packed cells were re-sus-
pended in 40 mL of Kpi pH 7.0, 1 mM MgCl,, 1 mM EDTA,
and 1 mM DTT (Buffer A), and homogenized by sonication at
about 85-100 W power using a 3 mm tip (Branson sonifier
250). Cell debris was removed by centrifugation at 100,000 g
for 45 minutes in a Centricon T-1080 Ultra centrifuge, and the
cell free extract (~110 U/mg activity) was subjected to anion
exchange chromatography on Source-15Q-material. The
Source-15Q column was loaded with 32 ml of cell free
extract. The column was developed by a linear gradient of 0 M
to 0.5 M NaCl within 10 column volumes. The polypeptide
eluted between 70-110 mM NaCl.

The solution was adjusted to a final concentration of 1 M
(NH,),S0, and applied onto a Resource-Phe column equili-
brated with 1 M (NH,),SO,, in buffer A. The polypeptide did
not bind to this column.

The final preparation was obtained after concentration in
an Amicon chamber (filter cut-off 30 kDa). The functional
polypeptide is composed of four polypeptide sub-units, each
having a molecular mass of 16 kDa. The polypeptide had a
final specific activity of 1033 U/mg in the standard assay (see
below).

The polypeptide sample after every purification step was
separated on a 15% SDS-PAGE gel. The gel was stained with
0.1% Coomassie R 250, and the destaining was achieved by
using 7.1% acetic acid/5% ethanol solution.

The polypeptide was desalted by RP-HPLC and subjected
to N-terminal sequencing by gas phase Edman degradation.
The results of this analysis yielded a 35 amino acid N-termi-
nal sequence of the polypeptide. The sequence was as fol-
lows:

(SEQ ID NO: 177)

MV-GKKVVHHLMMSAKDAHY TGNLVNGARIVNQWGD .

B. Amplification of a Gene Fragment

The 35 amino acid sequence of the polypeptide having
[-alanine-CoA ammonia lyase activity was used to design
primers with which to amplify the corresponding DNA from
genome of C. propionicum. Genomic DNA from C. propioni-
cum was isolated using the Gentra Genomic DNA isolation
Kit (Gentra Systems, Minneapolis) following the genomic
DNA protocol for gram-positive bacteria. A codon usage
table for Clostridium propionicum was used to back translate
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the seven amino acids on either end of the amino acid
sequence to obtain 20-nucleotide degenerate primers:

ACLF :

(SEQ ID NO: 178)
5' -ATGGTWGGYAARAARGTWGT-3"'
ACLR:

(SEQ ID NO: 179)

5'-TCRCCCCAYTGRTTWACRAT-3"'

The primers were used in a 50 ul. PCR reaction containing
1x Taq PCR butfer, 0.6 uM each primer, 0.2 mM each dNTP,
2 units of Tag DNA polymerase (Roche Molecular Biochemi-
cals, Indianapolis, Ind.), 2.5% (v/v) DMSO, and 100 ng of
genomic DNA. PCR was conducted using a touchdown PCR
program with 4 cycles at an annealing temperature of 58° C.,
4 cycles at 56° C., 4 cycles at 54° C., and 24 cycles at 52° C.
Each cycle used an initial 30 second denaturing step at 94° C.
and a 1.25 minute extension at 72° C., and the program had an
initial denaturation step at 94° C. for 2 minutes and final
extension at 72° C. for 5 minutes. The amounts of PCR primer
used in the reaction were increased three-fold above typical
PCR amounts due to the amount of degeneracy inthe 3' end of
the primer. In addition, separate PCR reactions containing
each individual primer were made to identify PCR product
resulting from single degenerate primers. Twenty ul. of each
PCR product was separated on a 2.0% TAE (Tris-acetate-
EDTA)-agarose gel.

A band of about 100 bp was produced by the reaction
containing both the forward and reverse primers, but was not
present in the individual forward and reverse primer control
reactions. This fragment was excised and purified using a
QIAquick Gel Extraction Kit (Qiagen, Valencia, Calif.). Four
microliters of the purified band was ligated into pCRII-TOPO
vector and transformed by a heat-shock method into TOP10
E. coli cells using a TOPO cloning procedure (Invitrogen,
Carlsbad, Calif.). Transformations were plated on LB media
containing 50 pg/ml. of kanamycin and 50 pg/ml of
5-Bromo-4-Chloro-3-Indolyl-B-D-Galactopyranoside
(X-gal). Individual, white colonies were resuspended in 25
pL of 10 mM Tris and heated for 10 minutes at 95° C. to break
open the bacterial cells. Two microliters of the heated cells
were used in a 25 pulL PCR reaction using M13R and M13F
universal primers homologous to the pCRII-TOPO vector.
The PCR mix contained the following: 1x Taq PCR buffer,
0.2 uM each primer, 0.2 mM each dNTP, and 1 unit of Taq
DNA polymerase per reaction. The PCR reaction was per-
formed in a MJ Research PTC100 under the following con-
ditions: an initial denaturation at 94° C. for 2 minutes; 30
cycles of 94° C. for 30 seconds, 52° C. for 1 minute, and 72°
C. for 1.25 minutes; and a final extension for 7 minutes at 72°
C. Plasmid DNA was obtained (QIAprep Spin Miniprep Kit,
Qiagen) from cultures of colonies showing the desired insert
and was used for DNA sequencing with M13R universal
primer. The following nucleic acid sequence was internal to
the degenerate primers and corresponds to a portion of the 35
amino acid residue sequence:

(SEQ ID NO:
5'-ACATCATTTAATGATGAGCGCAAAAGATGCTCACTAT -
ACTGGAAACTTAGTAAACGGCGCTAGA-3 ' .

180)

C. Genome Walking to Obtain the Complete Coding
Sequence

Primers for conducting genome walking in both upstream
and downstream directions were designed using the portion
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of'the nucleic acid sequence that was internal to the degener-
ate primers. The primer sequences were as follows:

ACLGSP1F:

(SEQ ID NO: 181)
5'-GTACATCATTTAATGATGAGCGCAAAAGATG-3"
ACLGSP2F:

(SEQ ID NO: 182)
5'-GATGCTCACTATACTGGAAACTTAGTAAAC-3!
ACLGSPI1R:

(SEQ ID NO: 183)
5'-ATTCTAGCGCCGTTTACTAAGTTTCCAG-3"'

ACLGSP2R:
(SEQ ID NO: 184)

5'-CCAGTATAGTGAGCATCTTTTGCGCTCATC-3"!

GSP1F and GSP2F are primers facing downstream,
GSP1R and GSP2R are primers facing upstream, and GSP2F
and GSP2R are primers nested inside GSP1F and GSP1R,
respectively. Genome walking libraries were constructed
according to the manual for CLONTECH’s Universal
Genome Walking Kit (CLONTECH Laboratories, Palo Alto,
Calif.), with the exception that the restriction enzymes Ssp |
and Hinc II were used in addition to Dra I, EcoR V, and Pvu
II. PCR was conducted in a Perkin Elmer 9700 Thermocycler
using the following reaction mix: 1xXL Buffer II, 0.2 mM
each dNTP, 1.25 mM Mg(OAc),, 0.2 uM each primer, 2 units
of rTth DNA polymerase XI. (Applied Biosystems, Foster
City, Calif.), and 1 pLL of library per 50 L reaction. First
round PCR used an initial denaturation at 94° C. for 5 sec-
onds; 7 cycles consisting of 2 sec at 94° C. and 3 minat 70° C.;
32 cycles consisting of 2 sec at 94° C. and 3 min at 64° C.; and
a final extension at 64° C. for 4 min. Second round PCR used
an initial denaturation at 94° C. for 15 seconds; 5 cycles
consisting of 5 sec at 94° C. and 3 min at 70° C.; 26 cycles
consisting of 5 sec at 94° C. and 3 min at 64° C.; and a final
extension at 66° C. for 7 min. Twenty L of each first and
second round product was run on a 1.0% TAE-agarose gel. In
the second round PCR for the forward reactions, a 1.4 Kb
band was obtained for Dra I, a 1.5 Kb band for Hinc 11, a 4.0
Kb band for Pvu II, and 2.0 and 2.6 Kb bands were obtained
for Ssp 1. In the second round PCR for the reverse reactions,
a 1.5 Kb band was obtained for Dra I, a 0.8 Kb band for EcoR
V, a 2.0 Kb band for Hinc II, a 2.9 Kb band for Pvu II, and a
1.5 Kb band was obtained for Ssp 1. Several of these frag-
ments were gel purified, cloned, and sequenced.

The coding sequence of the polypeptide having [3-alanyl-
CoA ammonia lyase activity is set forth in SEQ ID NO:162.
This coding sequence encodes the amino acid sequence set
forth in SEQ ID NO:160. The coding sequence was cloned
and expressed in bacterial cells. A polypeptide with the
expected size was isolated and tested for enzymatic activity.

The isolation of a nucleic acid molecule encoding a
polypeptide having 3-HP-CoA dehydratase activity (e.g., the
seventh enzymatic activity in FIG. 54, which can be accom-
plished with a polypeptide having the amino acid sequence
set forth in SEQ ID NO:41) is described herein. This polypep-
tide in combination with a polypeptide having CoA trans-
ferase activity (e.g., a polypeptide having the amino acid
sequence set forth in SEQ ID NO:2) and a polypeptide having
p-alanyl-CoA ammonia lyase activity (e.g., a polypeptide
having the amino acid sequence set forth in SEQ ID NO: 160)
provides one method of making 3-HP from [-alanine.
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Example 15

Constructing a Biosynthetic Pathway that Produces
Organic Acids from [-Alanine

In another pathway, §-alanine generated from aspartate can
be deaminated by a polypeptide having 4,4-aminobutyrate
aminotransferase activity (FIG. 55). This reaction also can
regenerate glutamate that is consumed in the formation of
aspartate. The deamination of 3-alanine can yield malonate
semialdehyde, which can be further reduced to 3-HP by a
polypeptide having 3-hydroxypropionate dehydrogenase
activity or a polypeptide having 3-hydroxyisobutyrate dehy-
drogenase activity. Such polypeptides can be obtained as
follows.

a. Cloning gabT (4-Aminobutyrate Aminotransferase) from
C. acetobutycilicum

The following PCR primers were designed based on a
published sequence for a gabT gene from Clostridium aceto-
butycilicum (GenBank# AE007654):

20

82

isolated using a Mini prep kit (Qiagen, Valencia, Calif.), and
1 uL. of this plasmid DNA was used to transform electrocom-
petent BL21(DE3) (Novagen, Madison, Wis.). These cells
were used to check the expression of a polypeptide having
4-aminobutyrate aminotransferase activity.
B. Cloning mmsB (3-Hydroxyisobutyrate Dehydrogenase)
from P. aeruginosa

The following PCR primers were designed based on a

published sequence for a mmsB gene from
Pseudomona_aeruginosa (GenBank# M84911):
Ppu hid nde sen:
(SEQ ID NO: 187)
5' - ATACATATGACCGACCGACATCGCATT- 3"
Ppu hid sal anti:
(SEQ ID NO: 188)

5'-ATAGTCGACGGGTCAGTCCTTGCCGCG-3"

The primers introduced a Nde I site at the 5' end and a
BamH I site at the 3' end.

Cac aba nco sen: H,0 80.75 pL PCR Program
(SEQ ID NO: 185) Taq Plus Long 10x Buffer 10 pL 94° C. 5 minutes
5! -GAGCCATGGAAGAAATAAATGCTAAAG-3" 55 ANTP mix (10mM) 3 pL 25 cycles of:
94° C. 30 seconds
Cac aba bam anti: 55° C. 30 seconds
(SEQ ID NO: 186) 72° C. 90 seconds + 2
5! - AGAGGATGGCTTTTTAAATCGCTATTC-3" seconds/cycle
Ppu hid nde sen (20 uM) 2 pL 68° C. 7 minutes
The primers introduced a Ncol site at the 5' end and a Ppu hid sal anti (20 uM) 2 pL 4° C. until use
BamH I site at the 3' end. A PCR reaction was set up using 30 g a;l"bfﬂiwg’ DNA (~100 ng) } Hi
chromosomal DNA from C. acetobutylicum as the template. aq Plus Long (Stratagene, ®
LaJolla, CA)
Pfu (Stratagene, La Jolla, CA) 0.25 uL
H20 80.75 uL PCR Program ) )
Taq Plus Long 10x Buffer 10 pL 94° C. 5 minutes 35 A PCR reaction was set up using chromosomal DNA from
dNTP mix (10 mM) 3 pL 25 cycles of: P aeruginosa as the template. Chromosomal DNA was

Cac aba nco sen (20 mM)

Cac aba bam anti (20 mM)

C. acetobutylicum DNA (~100 ng)
Taq Plus Long (5 U/mL)

Pfu (2.5 U/mL)

2 pL 94° C. 30 seconds
2 pL 50° C. 30 seconds
1 pL 72° C. 80 seconds + 2
1 pL seconds/cycle
0.25pul.  68° C. 7 minutes
1 cycle of: 4° C. until use

Upon agarose gel analysis a single band was observed of
~1.3 Kb in size. This fragment was purified using QIAquick
PCR purification kit (Qiagen, Valencia, Calif.) and cloned
into pCRII TOPO using the TOPO Zero Blunt PCR cloning
kit (Invitrogen, Carlsbad, Calif.). 1 pL. of the pCRII TOPO
ligation mix was used to transform chemically competent
TOP10 E. coli cells. The cells were grown for 1 hour in SOC
media, and the transformants were selected on LB/kanamy-
cin (50 ug/ml.) plates. Single colonies of the transformants
grown overnight in LB/kanamycin media, and the plasmid
DNA was extracted using a Mini prep kit (Qiagen, Valencia,
Calif.). The super-coiled plasmid DNA was separated on a
1% agarose gel and digested, and the colonies with insert
were selected. The insert was sequenced to confirm the
sequence and its quality.

The plasmid having the correct insert was digested with
restriction enzyme Nco I and BamH 1. The digested insert was
gel isolated and ligated to pET28b expression vector that was
also restricted with Nco I and BamH I enzymes. 1 pl of
ligation mix was used to transform chemically competent
TOP10 E. coli cells. The cells were recovered for 1 hour in
SOC media, and the transformants were selected on LB/kana-
mycin (50 pg/ml) plates. The super-coiled plasmid DNA was
separated on a 1% agarose gel and digested, and the colonies
with insert were selected. The plasmid with the insert was
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obtained from ATCC (Manassas, Va.) P. aeruginosa 17933D.

Upon agarose gel analysis, a single band was observed of
~1.6 Kb in size. This fragment was purified using QIAquick
PCR purification kit (Qiagen, Valencia, Calif.) and cloned
into pCRII TOPO using the TOPO Zero Blunt PCR cloning
kit (Invitrogen, Carlsbad, Calif.). 1 pL. of the pCRII TOPO
ligation mix was used to transform chemically competent
TOP10 E. coli cells. The cells were recovered for 1 hour in
SOC media, and the transformants were selected on LB/kana-
mycin (50 ng/ml.) plates. Single colonies of the transfor-
mants grown overnight in [.B/kanamycin media, and the plas-
mid DNA was extracted using a Mini prep kit (Qiagen,
Valencia, Calif.). The super-coiled plasmid DNA was sepa-
rated on a 1% agarose gel and digested, and the colonies with
insert were selected. The insert was sequenced to confirm the
sequence and its quality.

The plasmid having the correct insert was digested with
restriction enzyme Nde [ and BamHI. The digested insert was
gel isolated and ligated to pET30a expression vector that was
also restricted with Nde I and BamH 1 enzymes. 1 ul. of
ligation mix was used to transform chemically competent
TOP10 E. coli cells. The cells were recovered for 1 hour in
SOC media, and the transformants were selected on LB/kana-
mycin (50 ug/mL) plates. The super-coiled plasmid DNA was
separated on a 1% agarose gel and digested, and the colonies
with insert were selected. The plasmid with the insert was
isolated using a Mini prep kit (Qiagen, Valencia, Calif.), and
1 ul of this plasmid DNA was used to transform electrocom-
petent BL21(DE3) (Novagen, Madison, Wis.). These cells
were used to check the expression of a polypeptide having
3-hydroxyisobutyrate dehydrogenase activity.
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It is to be understood that while the invention has been
described in conjunction with the detailed description

84

thereof, the foregoing description is intended to illustrate and
not limit the scope of the invention, which is defined by the
scope of the appended claims. Other aspects, advantages, and
modifications are within the scope of the following claims.

<160>

<210>
<211>
<212>
<213>
<220>
<221>
<222>

<400>

atg
Met
1

gat
Asp
65

gce

Ala

gte
Val

cac
His

Ile

aat
Asn
145

His

cge
Arg

ate
Ile

gge
Gly

cte
Leu
225

aga
Arg

gac
Asp

gaa
Glu

ceg
Pro
50

gge
Gly

ate
Ile

gaa
Glu

tgg
Trp

ggt
Gly
130

gac
Asp

gaa
Glu

ggt
Gly

999
Gly

ggt
Gly
210

gac
Asp

aaa
Lys

aac
Asn

gca
Ala
35

cag
Gln

cgt
Arg

ate
Ile

aac
Asn

tte
Phe
115

ctyg
Leu

gta
Val

cag
Gln

acg
Thr

cct
Pro
195

aaa

Lys

ceg
Pro

FEATURE :
NAME/KEY :
LOCATION:

SEQUENCE:

gta
Val

gac
Asp
20

ctyg
Leu

aac
Asn

gece
Ala

ggt
Gly

aag
Lys
100

cge
Arg

gaa
Glu

ace
Thr

ctt
Leu

tat
Tyr
180

ttec

Phe

gte
Val

cge
Arg

SEQ ID NO 1
LENGTH:
TYPE: DNA
ORGANISM:

1554

NUMBER OF SEQ ID NOS:

Megasphaera

CDS

(1) ..(1551)

1

gaa
Glu

acg
Thr

ace
Thr

ttg
Leu

get
Ala

cac
His
85

att
Ile

gece
Ala

act
Thr

aaa
Lys

ttc
Phe
165

get
Ala

gaa
Glu

gte
Val

atg
Met

ate
Ile

att
Ile

aaa
Lys

ace
Thr

gaa
Glu
70

tgg
Trp

gaa
Glu

ttg
Leu

ttc
Phe

gaa
Glu
150

tac
Tyr

gat
Asp

agc
Ser

gte
Val

gte
Val
230

att
Ile

acyg
Thr

get
Ala

tac
Tyr
55

cat
His

cag
Gln

get
Ala

gca
Ala

cte
Leu
135

gac
Asp

ccg
Pro

gaa
Glu

act
Thr

cag
Gln
215

aag
Lys

194

elsdenii

aca
Thr

tct
Ser

ttg
Leu
40

ate
Ile

ctyg
Leu

act
Thr

tac
Tyr

ggt
Gly
120

gat
Asp

cte
Leu

acce
Thr

tecc
Ser

tecc
Ser
200

gte

Val

ate
Ile

SEQUENCE LISTING

get
Ala

ate
Ile
25

gaa
Glu

tat
Tyr

gca
Ala

gta
Val

aac
Asn
105

cat
His

cece
Pro

gte
Val

tte
Phe

gge
Gly
185

gta
Val

aaa
Lys

cct
Pro

gaa
Glu
10

gge
Gly

aaa
Lys

gca
Ala

cac
His

ceg
Pro
90

tte
Phe

aag
Lys

cgt
Arg

aaa
Lys

ceg
Pro
170

aat

Asn

gece
Ala

gac
Asp

gge
Gly

caa
Gln

ttt
Phe

cgg
Arg

gge
Gly

aca
Thr
75

get
Ala

tcg
Ser

cte
Leu

cag
Gln

ctyg
Leu
155

gte
Val

ate
Ile

cag
Gln

gte
Val

ate
Ile
235

gca
Ala

gte
Val

ttc
Phe

tct
Ser

gge
Gly

ate
Ile

cag
Gln

gge
Gly

cte
Leu
140

ate
Ile

aac
Asn

ace
Thr

gece
Ala

gte
Val
220

tat
Tyr

get
Ala

agc
Ser

ctyg
Leu
45

cag
Gln

ctt
Leu

ggt
Gly

gge
Gly

gte
Val
125

gge
Gly

gaa
Glu

gta
Val

atg
Met

gtt
Val
205

gct

Ala

gte
Val

cag ctc gta 48
Gln Leu Val
15

agc gcc cat 96
Ser Ala His
30

gac acg aac 144

Asp Thr Asn

ggc aaa cgc 192
Gly Lys Arg

ttg aaa cgc 240
Leu Lys Arg
80
aaa ctg gct 288
Lys Leu Ala
95

acg ttg gtc 336
Thr Leu Val

110

ttc acc gac 384

Phe Thr Asp

ggc aag ctc 432
Gly Lys Leu

gtc gat ggt 480
Val Asp Gly

160
gct tte cte 528
Ala Phe Leu

175

gac gaa gaa 576
Asp Glu Glu
190
cac aac tgt 624

His Asn Cys

cac ggc agc 672
His Gly Ser

gac tac gtc 720
Asp Tyr Val
240



85

US 9,340,803 B2
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86

gte
Val

gat
Asp

gca
Ala

ttg
Leu

gaa
Glu
305

acce
Thr

gece
Ala

tat
Tyr

gge
Gly

ggt
Gly
385

aca
Thr

ate
Ile

aag
Lys

gca
Ala

ttt
Phe
465

atc

Ile

att
Ile

atg
Met

<210>
<211>
<212>
<213>

<400>

gta
Val

ccg
Pro

get
Ala

gaa
Glu
290

tac
Tyr

ctyg
Leu

cge
Arg

cag
Gln

ctyg
Leu
370

act
Thr

ccg
Pro

get
Ala

aag
Lys

gece
Ala
450

gaa

Glu

gat
Asp

gat
Asp

gga
Gly

gca
Ala

tce
Ser

cte
Leu
275

ttg
Leu

gtt
Val

ace
Thr

ttc
Phe

ttc
Phe
355

gece
Ala

aac
Asn

aat
Asn

gte
Val

ttc
Phe
435

cge
Arg

ctyg
Leu

att
Ile

aat
Asn

ctyg
Leu
515

get
Ala

cte
Leu
260

cce
Pro

act
Thr

get
Ala

gte
Val

ggt
Gly
340

gac
Asp

cag
Gln

gtt
Val

gtt
Val

gaa
Glu
420

atc

Ile

aac
Asn

ace
Thr

gaa
Glu

ccg
Pro
500

aaa
Lys

PRT

SEQUENCE :

ceg
Pro
245

agc
Ser

atg
Met

gaa
Glu

tct
Ser

gaa
Glu
325

teg
Ser

tte
Phe

tgc
Cys

gece
Ala

tac
Tyr
405

gac
Asp

aaa
Lys

gge
Gly

aaa
Lys

aaa
Lys
485

aaa

Lys

aaa
Lys

SEQ ID NO 2
LENGTH:
TYPE :
ORGANISM: Megasphaera elsdenii

517

2

gaa
Glu

ggt
Gly

agc
Ser

aac
Asn

gtt
Val
310

ggt
Gly

tecc
Ser

tac
Tyr

gat
Asp

gge
Gly
390

ttc

Phe

gge
Gly

get
Ala

aaa
Lys

gaa
Glu
470

gat
Asp

cte
Leu

taa

gac
Asp

gaa
Glu

get
Ala

get
Ala
295

gece
Ala

gge
Gly

cge
Arg

gat
Asp

gge
Gly
375

tgc
Cys

tgc
Cys

aaa
Lys

gte
Val

cac
His
455

gge
Gly

ate
Ile

atg
Met

cat
His

cat
His

aag
Lys
280

gte
Val

ggt
Gly

gece
Ala

aat
Asn

gge
Gly
360

tcg
Ser

gge
Gly

gge
Gly

gte
Val

gac
Asp
440

gtt
Val

ttg
Leu

cte
Leu

gat
Asp

cag
Gln

cgt
Arg
265

aaa
Lys

gte
Val

gaa
Glu

ate
Ile

gece
Ala
345

gge
Gly

gge
Gly

ggt
Gly

ace
Thr

aag
Lys
425

cag
Gln

cte
Leu

aaa
Lys

get
Ala

gece
Ala
505

cag
Gln
250

get
Ala

ate
Ile

aac
Asn

gaa
Glu

ggt
Gly
330

gat
Asp

ggt
Gly

aac
Asn

ttc
Phe

ttc
Phe
410

ate
Ile

ate
Ile

tac
Tyr

cte
Leu

cac
His
490

cge
Arg

acyg
Thr

cct
Pro

ate
Ile

cte
Leu

ggt
Gly
315

gge
Gly

gee
Ala

ctg
Leu

ate
Ile

cce
Pro
395

acyg
Thr

cte
Leu

act
Thr

ate
Ile

ate
Ile
475

atg

Met

cte
Leu

tat
Tyr

gaa
Glu

gge
Gly

gge
Gly
300

ate
Ile

gta
Val

ate
Ile

gac
Asp

aac
Asn
380

aac
Asn

get
Ala

cag
Gln

tte
Phe

aca
Thr
460

gaa

Glu

gac
Asp

tte
Phe

gac
Asp

gge
Gly

cge
Arg
285

gte
Val

gece
Ala

ceg
Pro

ate
Ile

ate
Ile
365

gte
Val

att
Ile

gge
Gly

gaa
Glu

aac
Asn
445

gaa

Glu

gte
Val

tte
Phe

cag
Gln

tgce
Cys

get
Ala
270

cge
Arg

ggt
Gly

gat
Asp

cag
Gln

gac
Asp
350

get
Ala

agc
Ser

tce
Ser

gge
Gly

gge
Gly
430

ggt
Gly

cge
Arg

gca
Ala

aag
Lys

gac
Asp
510

gaa
Glu
255

ace
Thr

gge
Gly

get
Ala

ace
Thr

gge
Gly
335

cac
His

tac
Tyr

aag
Lys

cag
Gln

ttg
Leu
415

aaa
Lys

tce
Ser

tgce
Cys

ccg
Pro

ccg
Pro
495

ggt
Gly

tac
Tyr

gat
Asp

get
Ala

ccg
Pro

att
Ile
320

ggt
Gly

ace
Thr

cte
Leu

ttc
Phe

cag
Gln
400

aaa
Lys

gece
Ala

tat
Tyr

gta
Val

gge
Gly
480

atc

Ile

cce
Pro

768

816

864

912

960

1008

1056

1104

1152

1200

1248

1296

1344

1392

1440

1488

1536

1554
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88

Met

Lys

Pro

Thr

Asp

Ala

Val

Ile

Asn

145

Arg

Ile

Gly

Leu

225

Val

Asp

Ala

Leu

Glu

305

Thr

Ala

Tyr

Gly

Gly

385

Thr

Arg

Asp

Glu

Pro

50

Gly

Ile

Glu

Trp

Gly

130

Asp

Glu

Gly

Gly

Gly

210

Asp

Val

Pro

Ala

Glu

290

Tyr

Leu

Arg

Gln

Leu
370

Thr

Pro

Lys

Asn

Ala

35

Gln

Arg

Ile

Asn

Phe

115

Leu

Val

Gln

Thr

Pro

195

Lys

Pro

Ala

Ser

Leu

275

Leu

Val

Thr

Phe

Phe

355

Ala

Asn

Asn

Val

Asp

20

Leu

Asn

Ala

Gly

Lys

100

Arg

Glu

Thr

Leu

Tyr

180

Phe

Val

Arg

Ala

Leu

260

Pro

Thr

Ala

Val

Gly

340

Asp

Gln

Val

Val

Glu

Thr

Thr

Leu

Ala

His

85

Ile

Ala

Thr

Lys

Phe

165

Ala

Glu

Val

Met

Pro

245

Ser

Met

Glu

Ser

Glu

325

Ser

Phe

Cys

Ala

Tyr
405

Ile

Ile

Lys

Thr

Glu

70

Trp

Glu

Leu

Phe

Glu

150

Tyr

Asp

Ser

Val

Val

230

Glu

Gly

Ser

Asn

Val

310

Gly

Ser

Tyr

Asp

Gly

390

Phe

Ile

Thr

Ala

Tyr

55

His

Gln

Ala

Ala

Leu

135

Asp

Pro

Glu

Thr

Gln

215

Lys

Asp

Glu

Ala

Ala

295

Ala

Gly

Arg

Asp

Gly

375

Cys

Cys

Thr

Ser

Leu

40

Ile

Leu

Thr

Tyr

Gly

120

Asp

Leu

Thr

Ser

Ser

200

Val

Ile

His

His

Lys

280

Val

Gly

Ala

Asn

Gly

360

Ser

Gly

Gly

Ala

Ile

25

Glu

Tyr

Ala

Val

Asn

105

His

Pro

Val

Phe

Gly

185

Val

Lys

Pro

Gln

Arg

265

Lys

Val

Glu

Ile

Ala

345

Gly

Gly

Gly

Thr

Glu

10

Gly

Lys

Ala

His

Pro

90

Phe

Lys

Arg

Lys

Pro

170

Asn

Ala

Asp

Gly

Gln

250

Ala

Ile

Asn

Glu

Gly

330

Asp

Gly

Asn

Phe

Phe
410

Gln

Phe

Arg

Gly

Thr

75

Ala

Ser

Leu

Gln

Leu

155

Val

Ile

Gln

Val

Ile

235

Thr

Pro

Ile

Leu

Gly

315

Gly

Ala

Leu

Ile

Pro

395

Thr

Ala

Val

Phe

Ser

60

Gly

Ile

Gln

Gly

Leu

140

Ile

Asn

Thr

Ala

Val

220

Tyr

Tyr

Glu

Gly

Gly

300

Ile

Val

Ile

Asp

Asn

380

Asn

Ala

Ala

Ser

Leu

45

Gln

Leu

Gly

Gly

Val

125

Gly

Glu

Val

Met

Val

205

Ala

Val

Asp

Gly

Arg

285

Val

Ala

Pro

Ile

Ile
365
Val

Ile

Gly

Gln

Ser

30

Asp

Gly

Leu

Lys

Thr

110

Phe

Gly

Val

Ala

Asp

190

His

His

Asp

Cys

Ala

270

Arg

Gly

Asp

Gln

Asp

350

Ala

Ser

Ser

Gly

Leu

15

Ala

Thr

Lys

Lys

Leu

95

Leu

Thr

Lys

Asp

Phe

175

Glu

Asn

Gly

Tyr

Glu

255

Thr

Gly

Ala

Thr

Gly

335

His

Tyr

Lys

Gln

Leu
415

Val

His

Asn

Arg

Arg

Ala

Val

Asp

Leu

Gly

160

Leu

Glu

Cys

Ser

Val

240

Tyr

Asp

Ala

Pro

Ile

320

Gly

Thr

Leu

Phe

Gln

400

Lys
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-continued
Ile Ala Val Glu Asp Gly Lys Val Lys Ile Leu Gln Glu Gly Lys Ala
420 425 430
Lys Lys Phe Ile Lys Ala Val Asp Gln Ile Thr Phe Asn Gly Ser Tyr
435 440 445
Ala Ala Arg Asn Gly Lys His Val Leu Tyr Ile Thr Glu Arg Cys Val
450 455 460
Phe Glu Leu Thr Lys Glu Gly Leu Lys Leu Ile Glu Val Ala Pro Gly
465 470 475 480
Ile Asp Ile Glu Lys Asp Ile Leu Ala His Met Asp Phe Lys Pro Ile
485 490 495
Ile Asp Asn Pro Lys Leu Met Asp Ala Arg Leu Phe Gln Asp Gly Pro
500 505 510
Met Gly Leu Lys Lys
515
<210> SEQ ID NO 3
<211> LENGTH: 1560
<212> TYPE: DNA
<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 3
gtgccggtece tgtcggcaca ggaageggtg aattatattce ccgacgaagce aacactttgt 60
gtgttaggeyg ctggcggcegg tattctggaa gecaccacgt taattactge tcettgctgat 120
aaatataaac agactcaaac accacgtaat ttatcgatta ttagtccaac agggcttgge 180
gatcgegeeyg accgtggtat tagtectetg gegcaagaag gtetggtgaa atgggcatta 240
tgtggtcact ggggacaatc gccgcegtatt tctgaacteg cagaacaaaa taaaattatt 300
gcttataact acccacaagg tgtacttaca caaaccttac gegccgecge agceccaccag 360
cctggtatta ttagtgatat tggcatcggg acatttgteg atccacgeca gcaaggcegge 420
aaactgaatg aagtcactaa agaagacctg attaaactgg tcgagtttga taacaaagaa 480
tatctctatt acaaagcgat tgcgccagat attgectteca ttegegctac cacctgcgac 540
agtgaaggct acgccacttt tgaagatgag gtgatgtatce tcgacgcatt ggttattgee 600
caggcggtge acaataacgg cggtattgtg atgatgcagg tgcagaaaat ggttaagaaa 660
gecacgetge atcctaaatce tgtcecgtatt ccgggttate tggtggatat tgtggtggte 720
gatccggate aaacccaact gtatggcggt gcaccggtta accgetttat ttetggtgac 780
ttcacccttyg atgacagtac caaacttage ctgcccctaa accaacgtaa attagttgeg 840
cggcgegeat tattcgaaat gegtaaagge geggtgggga atgteggegt cggtattget 900
gacggcattyg gectggtcege ccgagaagaa ggttgtgetg atgactttat tctgacggta 960
gaaacaggtc cgattggcgg aattacttca caggggatcg cctttggcgce gaacgtgaat 1020
acccgtgeca ttcectggatat gacgtceccag tttgattttt atcacggtgg cggtctggat 1080
gtttgttatt tgagttttgc tgaagtcgac cagcacggta acgtcggcgt gcataaattce 1140
aatggtaaaa tcatgggcac cggtggattt attgatatca gtgccacttc gaagaaaatc 1200
attttctgeg gcacattaac tgcgggcagt ttaaaaacag aaattaccga cggcaaatta 1260
aatatcgtcce aggaaggacg ggtgaagaaa tttattcggg aactaccgga aattactttce 1320
agcggaaaaa tcgctctega gegagggctg gatgttegtt atatcactga gegcgcagta 1380
ttcacgctga aagaagacgg cctgcattta atcgaaatcg cccctggcecgt cgatttacaa 1440
aaagatattc tcgacaaaat ggatttcacc ccagtgattt cgccagaact caaactgatg 1500
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gacgaaagat tatttatcga tgcggcgatg ggttttgtec tgcctgaagce ggctcattaa 1560
<210> SEQ ID NO 4
<211> LENGTH: 1566
<212> TYPE: DNA
<213> ORGANISM: Caenorhabditis elegans
<400> SEQUENCE: 4
atgccgatte tctcaaaaat atgggegget ccagcagetyg gaatcttgag aaaaactccg 60
agaaatgctce atcaaatgag gctaatctca atgacatcct cgatgaaagce aaaagtcettt 120
aactctgceg aagaagccgt gaaggatatt ccagataatg caaagetttt agttggegge 180
tteggactat gcggaatcce agaaaatctce atccaagcta tcacaaaaac tggtcaaaaa 240
ggtcttacat gtgtatcaaa caatgcggga gttgataatt ggggacttgg cttgctccett 300
caaactcgac aaatcaagaa aatgatctca tcgtacgteg gtgaaaacgg agaatttget 360
cgacaatatc ttagcggaga gctcgagttg gaattcacac cacaaggaac actcgccgaa 420
cgaattcegtg cagetggtge cggtgttece geattctaca caccaacagyg atacggtace 480
cagattcaag aaggaggtgc tccgattaag tacagtaaaa ctgaaaaagyg aaagattgaa 540
gttgcaagta aagcgaaaga aacacgacaa ttcaatggaa ttaattatgt aatggaagag 600
gctatttggyg gagattttge attgatcaag gegtggagag cagatactct tggaaatatt 660
caattcagac atgctgctgg aaatttcaat aatccaatgt gcaaagcctce taaatgcace 720
atcgtcgaag tagaggaaat cgtcgaaccg ggagtaattyg ctccaaacga tgtgcacatt 780
ccatcaatct attgtcatcg tctagttttg ggaaagaact acaaaaaacc aatcgaacgg 840
ccaatgtteg cacacgaagg accaataaaa ccatctacat cggctgctgg aaaatcgaga 900
gaaatcattyg cagcacgtgce agctttggag ttcacagatg gaatgtacgc caatttgggt 960
atcgggattc cgactttggce gccaaattat ataccaaatg gatttactgt tcatttgcaa 1020
agtgagaatg gtattattgg agtgggacca tatccaagaa aaggaacaga agacgccgat 1080
ctcattaatg ctggaaaaga gccaattact cttctcaaag gagcttcaat tgttggttct 1140
gatgaatcat tcgcaatgat tcgtggttct catatggata ttactgtgcet cggtgcactt 1200
cagtgctcac agtttggaga tttagcgaat tggatgattc cgggaaaatt ggtgaaagga 1260
atgggcggtg caatggatct tgtctcectgct cccggagece gtgtgatcgt tgtaatggag 1320
catgtatcga agaacggaga gccaaaaatt ctagagcact gcgaacttcecce tcectgaccggce 1380
aaaggagtaa tttcccgaat cattactgat atggcagttt tcgacgtgga cacaaagaac 1440
ggattgacat tgatcgaagt caggaaggat cttactgtag atgatatcaa gaaactcacc 1500
gcttgcaaat tcgaaatttc cgaaaatctg aagccaatgg gacaggctcce tcttaatcaa 1560
ggataa 1566
<210> SEQ ID NO 5
<211> LENGTH: 672
<212> TYPE: DNA
<213> ORGANISM: Haemophilus influenzae
<400> SEQUENCE: 5
atgaatgcaa aagaattaat cgctcgecga attgcgatgg aattacatga tggagatatt 60
gttaatctcg gtattggttt accaacacag gttgttaatt atttacctga taatgtcaat 120
attacacttc aatcagaaaa tggctttctt ggtttaactyg catttgaccce agaaaatgct 180
aattcaaact tagtaaatgc tggtggtcag ccttgtggaa ttaaaaaagg cggctctact 240
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tttgatagtyg

ggtggacttg

gtaccaggaa

atggaacatt

acagcaagta

ggcagattag

acagaagccg

ctttttettt

aagttgatca

tgggeggage

gtgccaagte

aaaaagttge

ttctaaaaga

atttcattgt

cttgaattat ga

<210> SEQ ID NO 6
<211> LENGTH: 519
<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 6

cgctttaatt

agaagcaaat

aatggactta

aggttectca

catggtggtt

acatgctect

tgccgatgat

Escherichia coli

Met Pro Val Leu Ser Ala Gln Glu

1

Ala

Thr

Arg

Arg

65

Cys

Leu

Ile

Val

145

Tyr

Thr

Tyr

Ile

Pro

225

Asp

Ile

Leu

Thr

Leu

Asn

50

Gly

Gly

Lys

Arg

Gly

130

Thr

Leu

Thr

Leu

Val

210

Lys

Pro

Ser

Asn

Leu

Ile

35

Leu

Ile

His

Ile

Ala

115

Thr

Lys

Tyr

Cys

Asp

195

Met

Ser

Asp

Gly

Gln
275

Cys Val Leu Gly Ala

20

Thr Ala Leu Ala Asp

40

Ser Ile Ile Ser Pro

Ser Pro Leu Ala Gln

70

Trp Gly Gln Ser Pro

85

Ile Ala Tyr Asn Tyr

100

Ala Ala Ala His Gln

120

Phe Val Asp Pro Arg

135

Glu Asp Leu Ile Lys
150

Tyr Lys Ala Ile Ala

165

Asp Ser Glu Gly Tyr

180

Ala Leu Val Ile Ala

200

Met Gln Val Gln Lys

215

Val Arg Ile Pro Gly
230

Gln Thr Gln Leu Tyr

245

Asp Phe Thr Leu Asp

260

Arg Lys Leu Val Ala

280

cgtggeggte
ctcgctaact
gtgactggtg
aaaattctaa
accgaattgg
catgtggatt

ttcaaagaaa

Ala Val Asn
10

Gly Gly Gly
25

Lys Tyr Lys

Thr Gly Leu

Glu Gly Leu

75

Arg Ile Ser
90

Pro Gln Gly
105

Pro Gly Ile

Gln Gln Gly

Leu Val Glu

155

Pro Asp Ile
170

Ala Thr Phe
185

Gln Ala Val

Met Val Lys
Tyr Leu Val
235

Gly Gly Ala
250

Asp Ser Thr
265

Arg Arg Ala

atgttgatge

ggatggtgcc

caaaaaaagt

agaaatgtac

cagtatttaa

tagaaacaat

tgcaaatcag

Tyr

Ile

Gln

Gly

Val

Glu

Val

Ile

Gly

140

Phe

Ala

Glu

His

Lys

220

Asp

Pro

Lys

Leu

Ile

Leu

Thr

45

Asp

Lys

Leu

Leu

Ser

125

Lys

Asp

Phe

Asp

Asn

205

Ala

Ile

Val

Leu

Phe
285

Pro

Glu

30

Gln

Arg

Trp

Ala

Thr

110

Asp

Leu

Asn

Ile

Glu

190

Asn

Thr

Val

Asn

Ser

270

Glu

ctgtgtgeta
tggcaaaatg
gattattgge
attaccgete
cttcattgaa
taaagccaaa

ccagaaagga

Asp Glu
15

Ala Thr

Thr Pro

Ala Asp

Ala Leu
80

Glu Gln
95

Gln Thr

Ile Gly

Asn Glu

Lys Glu
160

Arg Ala
175

Val Met

Gly Gly

Leu His

Val Val
240

Arg Phe
255

Leu Pro

Met Arg

300

360

420

480

540

600

660

672
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96

Lys

Leu

305

Glu

Ala

Phe

Val

Met

385

Ile

Asp

Arg

Gly

Glu

465

Lys

Leu

Val

Gly

290

Val

Thr

Asn

Tyr

Asp

370

Gly

Phe

Gly

Glu

Leu

450

Asp

Asp

Lys

Leu

Ala

Ala

Gly

Val

His

355

Gln

Thr

Cys

Lys

Leu

435

Asp

Gly

Ile

Leu

Pro
515

Val

Arg

Pro

Asn

340

Gly

His

Gly

Gly

Leu

420

Pro

Val

Leu

Leu

Met

500

Glu

Gly

Glu

Ile

325

Thr

Gly

Gly

Gly

Thr

405

Asn

Glu

Arg

His

Asp

485

Asp

Ala

<210> SEQ ID NO 7

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Pro Ile Leu

1

Arg

Ser

Asp

Gly

65

Gly

Gly

Val

Glu

Lys

Ser

Ile

50

Ile

Leu

Leu

Gly

Leu
130

Thr

Met

35

Pro

Pro

Thr

Leu

Glu

115

Glu

Pro

20

Lys

Asp

Glu

Cys

Leu

100

Asn

Phe

521

Asn

Glu

310

Gly

Arg

Gly

Asn

Phe

390

Leu

Ile

Ile

Tyr

Leu

470

Lys

Glu

Ala

Val

295

Gly

Gly

Ala

Leu

Val

375

Ile

Thr

Val

Thr

Ile

455

Ile

Met

Arg

His

Gly

Cys

Ile

Ile

Asp

360

Gly

Asp

Ala

Gln

Phe

440

Thr

Glu

Asp

Leu

Val

Ala

Thr

Leu

345

Val

Val

Ile

Gly

Glu

425

Ser

Glu

Ile

Phe

Phe
505

Gly

Asp

Ser

330

Asp

Cys

His

Ser

Ser

410

Gly

Gly

Arg

Ala

Thr

490

Ile

Caenorhabditis elegans

7

Ser

Arg

Ala

Asn

Asn

Val

85

Gln

Gly

Thr

Lys

Asn

Lys

Ala

Leu

70

Ser

Thr

Glu

Pro

Ile

Ala

Val

Lys

55

Ile

Asn

Arg

Phe

Gln
135

Trp

His

Phe

40

Leu

Gln

Asn

Gln

Ala
120

Gly

Ala

Gln

25

Asn

Leu

Ala

Ala

Ile
105

Arg

Thr

Ala

10

Met

Ser

Val

Ile

Gly
90
Lys

Gln

Leu

Ile

Asp

315

Gln

Met

Tyr

Lys

Ala

395

Leu

Arg

Lys

Ala

Pro

475

Pro

Asp

Pro

Arg

Ala

Gly

Thr

75

Val

Lys

Tyr

Ala

Ala

300

Phe

Gly

Thr

Leu

Phe

380

Thr

Lys

Val

Ile

Val

460

Gly

Val

Ala

Ala

Leu

Glu

Gly

60

Lys

Asp

Met

Leu

Glu
140

Asp Gly Ile

Ile

Ile

Ser

Ser

365

Asn

Ser

Thr

Lys

Ala

445

Phe

Val

Ile

Ala

Ala

Ile

Glu

45

Phe

Thr

Asn

Ile

Ser
125

Arg

Leu

Ala

Gln

350

Phe

Gly

Lys

Glu

Lys

430

Leu

Thr

Asp

Ser

Met
510

Gly

Ser

30

Ala

Gly

Gly

Trp

Ser

110

Gly

Ile

Thr

Phe

335

Phe

Ala

Lys

Lys

Ile

415

Phe

Glu

Leu

Leu

Pro

495

Gly

Ile

15

Met

Val

Leu

Gln

Gly
95
Ser

Glu

Arg

Gly

Val

320

Gly

Asp

Glu

Ile

Ile

400

Thr

Ile

Arg

Lys

Gln

480

Glu

Phe

Leu

Thr

Lys

Cys

Lys

80

Leu

Tyr

Leu

Ala
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98

Ala

145

Gln

Gly

Gly

Ile

Ala

225

Ile

Asp

Asn

Ile

Ala

305

Ile

Val

Arg

Ile

Ala

385

Gln

Leu

Ala

Lys

Ser

465

Gly

Lys

Met

Gly

Ile

Lys

Ile

Lys

210

Ala

Val

Val

Tyr

Lys

290

Arg

Gly

His

Lys

Thr

370

Met

Cys

Val

Arg

Ile

450

Arg

Leu

Lys

Gly

Ala

Gln

Ile

Asn

195

Ala

Gly

Glu

His

Lys

275

Pro

Ala

Ile

Leu

Gly

355

Leu

Ile

Ser

Lys

Val

435

Leu

Ile

Thr

Leu

Gln
515

Gly

Glu

Glu

180

Tyr

Trp

Asn

Val

Ile

260

Lys

Ser

Ala

Pro

Gln

340

Thr

Leu

Arg

Gln

Gly

420

Ile

Glu

Ile

Leu

Thr
500

Ala

Val

Gly

165

Val

Val

Arg

Phe

Glu

245

Pro

Pro

Thr

Leu

Thr

325

Ser

Glu

Lys

Gly

Phe

405

Met

Val

His

Thr

Ile
485

Ala

Pro

<210> SEQ ID NO 8

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Haemophilus

PRT

223

Pro

150

Gly

Ala

Met

Ala

Asn

230

Glu

Ser

Ile

Ser

Glu

310

Leu

Glu

Asp

Gly

Ser

390

Gly

Gly

Val

Cys

Asp

470

Glu

Cys

Leu

Ala

Ala

Ser

Glu

Asp

215

Asn

Ile

Ile

Glu

Ala

295

Phe

Ala

Asn

Ala

Ala

375

His

Asp

Gly

Met

Glu

455

Met

Val

Lys

Asn

Phe

Pro

Lys

Glu

200

Thr

Pro

Val

Tyr

Arg

280

Ala

Thr

Pro

Gly

Asp

360

Ser

Met

Leu

Ala

Glu

440

Leu

Ala

Arg

Phe

Gln
520

Tyr

Ile

Ala

185

Ala

Leu

Met

Glu

Cys

265

Pro

Gly

Asp

Asn

Ile

345

Leu

Ile

Asp

Ala

Met

425

His

Pro

Val

Lys

Glu
505

Gly

Thr

Lys

170

Lys

Ile

Gly

Cys

Pro

250

His

Met

Lys

Gly

Tyr

330

Ile

Ile

Val

Ile

Asn

410

Asp

Val

Leu

Phe

Asp

490

Ile

influenzae

Pro

155

Tyr

Glu

Trp

Asn

Lys

235

Gly

Arg

Phe

Ser

Met

315

Ile

Gly

Asn

Gly

Thr

395

Trp

Leu

Ser

Thr

Asp

475

Leu

Ser

Thr

Ser

Thr

Gly

Ile

220

Ala

Val

Leu

Ala

Arg

300

Tyr

Pro

Val

Ala

Ser

380

Val

Met

Val

Lys

Gly

460

Val

Thr

Glu

Gly

Lys

Arg

Asp

205

Gln

Ser

Ile

Val

His

285

Glu

Ala

Asn

Gly

Gly

365

Asp

Leu

Ile

Ser

Asn

445

Lys

Asp

Val

Asn

Tyr

Thr

Gln

190

Phe

Phe

Lys

Ala

Leu

270

Glu

Ile

Asn

Gly

Pro

350

Lys

Glu

Gly

Pro

Ala

430

Gly

Gly

Thr

Asp

Leu
510

Gly

Glu

175

Phe

Ala

Arg

Cys

Pro

255

Gly

Gly

Ile

Leu

Phe

335

Tyr

Glu

Ser

Ala

Gly

415

Pro

Glu

Val

Lys

Asp

495

Lys

Thr

160

Lys

Asn

Leu

His

Thr

240

Asn

Lys

Pro

Ala

Gly

320

Thr

Pro

Pro

Phe

Leu

400

Lys

Gly

Pro

Ile

Asn

480

Ile

Pro
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100

<400> SEQUENCE: 8

Met
1

Asp

Phe

Val

65

Phe

Ala

Asn

Asp

Ala

145

Thr

Asp

Asp

Asn Ala Lys Glu Leu Ile
Gly Asp Ile Val Asn Leu
20

Tyr Leu Pro Asp Asn Val
35

Leu Gly Leu Thr Ala Phe
50 55

Asn Ala Gly Gly Gln Pro
70

Asp Ser Ala Phe Ser Phe
85

Cys Val Leu Gly Gly Leu
100

Trp Met Val Pro Gly Lys
115

Leu Val Thr Gly Ala Lys
130 135

Lys Ser Gly Ser Ser Lys
150

Ala Ser Lys Lys Val Ala
165

Phe Ile Glu Gly Arg Leu
180

Leu Glu Thr Ile Lys Ala
195

Asp Phe Lys Glu Met Gln
210 215

<210> SEQ ID NO 9

<211> LENGTH: 786

<212> TYPE: DNA

<213> ORGANISM: Megasphaera
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(783)

<400> SEQUENCE: 9

gtg
Val
1

aag
Lys

gtt
Val

gte
Val

gece
Ala
65

agc
Ser

aaa act gtg tat act cte
Lys Thr Val Tyr Thr Leu

gca gtc atc ctg gaa gat
Ala Val Ile Leu Glu Asp
20

gaa atc ggc acc ggt tcg
Glu Ile Gly Thr Gly Ser
35

ttc aaa gat acc aac tta
Phe Lys Asp Thr Asn Leu
50 55

aca ggc tat ggc cgt tte
Thr Gly Tyr Gly Arg Phe
70

gaa atc acg tgc cat gcc
Glu Ile Thr Cys His Ala
85

Ala Arg Arg
10

Gly Ile Gly
25

Asn Ile Thr
40

Asp Pro Glu

Cys Gly Ile

Ala Leu Ile

90

Glu Val Asp
105

Met Val Pro
120

Lys Val Ile

Ile Leu Lys

Met Val Val

170

Val Leu Lys
185

Lys Thr Glu
200

Ile Ser Gln

elsdenii

gga atc gac
Gly Ile Asp

ggc aag aag
Gly Lys Lys
25

acc ggt ccg
Thr Gly Pro
40

aaa att gaa
Lys Ile Glu

aat gtc gac
Asn Val Asp

aaa ggg gcc
Lys Gly Ala
90

Ile

Leu

Leu

Asn

Lys

75

Arg

Gln

Gly

Ile

Lys

155

Thr

Glu

Ala

Lys

gtt
Val

ate
Ile

gaa
Glu

gac
Asp

tge
Cys
75

cte
Leu

Ala

Pro

Gln

Ala

60

Lys

Gly

Glu

Met

Gly

140

Cys

Glu

His

Asp

Gly
220

ggt
Gly

gte
Val

cge
Arg

atg
Met
60

gece
Ala

ttt
Phe

Met

Thr

Ser

45

Asn

Gly

Gly

Ala

Gly

125

Met

Thr

Leu

Ala

Phe

205

Leu

tct
Ser

gece
Ala

gte
Val
45

gecg
Ala

aaa
Lys

gaa
Glu

Glu

Gln

30

Glu

Ser

Gly

His

Asn

110

Gly

Glu

Leu

Ala

Pro

190

Ile

Glu

tct
Ser

cat
His
30

ctyg

Leu

aac
Asn

gge
Gly

tgce
Cys

Leu

15

Val

Asn

Asn

Ser

Val

95

Leu

Ala

His

Pro

Val

175

His

Val

Leu

tct
Ser
15

gece
Ala

gac
Asp

ate
Ile

gaa
Glu

cce
Pro
95

His

Val

Gly

Leu

Thr

80

Asp

Ala

Met

Cys

Leu

160

Phe

Val

Ala

tce
Ser

gte
Val

gaa
Glu

ate
Ile

gte
Val
80

ggt
Gly

48

96

144

192

240

288



101

US 9,340,803 B2

-continued

102

acg acg acc atc ctc gat atc
Thr Thr Thr Ile Leu Asp Ile
100

ttg aat ggc cag ggc ctg gtc
Leu Asn Gly Gln Gly Leu Val
115

gee get ggt acg gge cgt tte
Ala Ala Gly Thr Gly Arg Phe
130 135

atc ccc atg tct gaa atg ggg
Ile Pro Met Ser Glu Met Gly
145 150

gct gee gte age agt acc tge
Ala Ala Val Ser Ser Thr Cys
165

tce ctt ctt tce aag aat gtc
Ser Leu Leu Ser Lys Asn Val
180

cat cag tcc atc gee gee aaa
His Gln Ser Ile Ala Ala Lys
195

gtc ggt gaa gac ctg acc atg
Val Gly Glu Asp Leu Thr Met
210 215

gte gte gat gec gta teg aaa
Val Val Asp Ala Val Ser Lys
225 230

ctg cat ccc caa geog gtg ggt
Leu His Pro Gln Ala Val Gly
245

gat aaa atc aag aaa taa
Asp Lys Ile Lys Lys
260

<210> SEQ ID NO 10

<211> LENGTH: 261

<212> TYPE: PRT

<213> ORGANISM: Megasphaera

<400> SEQUENCE: 10

Val Lys Thr Val Tyr Thr Leu
1 5

Lys Ala Val Ile Leu Glu Asp
20

Val Glu Ile Gly Thr Gly Ser
Val Phe Lys Asp Thr Asn Leu
50 55

Ala Thr Gly Tyr Gly Arg Phe
65 70

Ser Glu Ile Thr Cys His Ala
85

Thr Thr Thr Ile Leu Asp Ile
100

Leu Asn Gly Gln Gly Leu Val
115

Ala Ala Gly Thr Gly Arg Phe
130 135

ggce ggt cag
Gly Gly Gln
105

atg cag ttt
Met Gln Phe
120

ctec gac gte

Leu Asp Val

gac tgg tac
Asp Trp Tyr

acg gtt ttt
Thr Val Phe
170

ccg aaa gaa

Pro Lys Glu
185

gce tge get

Ala Cys Ala

200

acc ggc ggt
Thr Gly Gly

gaa tta ggt
Glu Leu Gly

get cte gga
Ala Leu Gly
250

elsdenii

Gly Ile Asp
10

Gly Lys Lys
25

Thr Gly Pro
40

Lys Ile Glu

Asn Val Asp
Lys Gly Ala
90

Gly Gly Gln
105

Met Gln Phe
120

Leu Asp Val

gac
Asp

gee
Ala

atg
Met

tte
Phe
155

get
Ala

gat
Asp

cte
Leu

gge
Gly

att
Ile
235

get
Ala

Val

Ile

Glu

Asp

Cys

75

Leu

Asp

Ala

Met

gte
Val

atg
Met

teg
Ser
140
aaa

Lys

gaa
Glu

ate
Ile

gtg
Val

tecc
Ser
220

cct

Pro

get
Ala

Gly

Val

Arg

Met

60

Ala

Phe

Val

Met

Ser
140

aag
Lys

aac
Asn
125
aag

Lys

teg
Ser

teg
Ser

gta
Val

cge
Arg
205

cge

Arg

gte
Val

ttg
Leu

Ser

Ala

Val

45

Ala

Lys

Glu

Lys

Asn
125

Lys

tce
Ser
110

gac
Asp

gta
Val

aag
Lys

gaa
Glu

gece
Ala
190

cge

Arg

gat
Asp

aga
Arg

att
Ile

Ser

His

30

Leu

Asn

Gly

Cys

Ser
110

Asp

Val

ate
Ile

aaa
Lys

ctyg
Leu

cat
His

gte
Val
175

ggt
Gly

gte
Val

cce
Pro

gte
Val

get
Ala
255

Ser

15

Ala

Asp

Ile

Glu

Pro
95
Ile

Lys

Leu

aaa
Lys

tgce
Cys

gaa
Glu

cce
Pro
160

att

Ile

gte
Val

ggt
Gly

gge
Gly

get
Ala
240

tat
Tyr

Ser

Val

Glu

Ile

Val

80

Gly

Lys

Cys

Glu

336

384

432

480

528

576

624

672

720

768

786
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104

-continued
Ile Pro Met Ser Glu Met Gly Asp Trp Tyr Phe Lys Ser Lys His Pro
145 150 155 160
Ala Ala Val Ser Ser Thr Cys Thr Val Phe Ala Glu Ser Glu Val Ile
165 170 175
Ser Leu Leu Ser Lys Asn Val Pro Lys Glu Asp Ile Val Ala Gly Val
180 185 190
His Gln Ser Ile Ala Ala Lys Ala Cys Ala Leu Val Arg Arg Val Gly
195 200 205
Val Gly Glu Asp Leu Thr Met Thr Gly Gly Gly Ser Arg Asp Pro Gly
210 215 220
Val Val Asp Ala Val Ser Lys Glu Leu Gly Ile Pro Val Arg Val Ala
225 230 235 240
Leu His Pro Gln Ala Val Gly Ala Leu Gly Ala Ala Leu Ile Ala Tyr
245 250 255
Asp Lys Ile Lys Lys
260
<210> SEQ ID NO 11
<211> LENGTH: 783
<212> TYPE: DNA
<213> ORGANISM: Acidaminococcus fermentans
<400> SEQUENCE: 11
atgagtatct ataccttggg aatcgatgtt ggatctactg catccaagtyg cattatcctg 60
aaagatggaa aagaaatcgt ggcgaaatcce ctggtagecyg tggggaccgyg aacttccggt 120
ccegeacggt ctatttcgga agtcctggaa aatgcccaca tgaaaaaaga agacatggcece 180
tttaccctgg ctaccggcta cggacgcaat tegetggaag gcattgccga caagcagatg 240
agcgaactga gctgecatge catgggegece agetttatet ggeccaacgt ccataccgte 300
atcgatatcg gcgggcagga tgtgaaggtce atccatgtgg aaaacgggac catgaccaat 360
ttccagatga atgataaatg cgctgeeggg actggccegtt tectggatgt tatggecaat 420
atcctggaag tgaaggtttc cgacctgget gagetgggag ccaaatccac caaacgggtyg 480
gctatcaget ccacctgtac tgtgtttgca gaaagtgaag tcatcagcca getgtccaaa 540
ggaaccgaca agatcgacat cattgccggg atccategtt ctgtagecag cegggtcatt 600
ggtettgeca atcgggtggg gattgtgaaa gacgtggtca tgaccggegg tgtagcccag 660
aactatggeg tgagaggagc cctggaagaa ggecttggeg tggaaatcaa gacgtctcce 720
ctggctcagt acaacggtgce cctgggtgece getcectgtatg cgtataaaaa agcagccaaa 780
taa 783
<210> SEQ ID NO 12
<211> LENGTH: 774
<212> TYPE: DNA
<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 12
gtggcagtgyg catattcgat tggcattgat tccggctcaa ccgccaccaa agggatctta 60
ctggcagacg gcegtgattac gegccegttte ctegttcecaa ccececttteg cccggcaaca 120
gcaattactyg aagcctggga aactctgcge gaagggttag agacaacgcc gtttetgacy 180
ctcaccgget acgggeggca actggtggat tttgccgata aacaggtaac ggaaatctce 240
tgtcacggge tgggegcacg gtttcettgeg ccagcaacge gegeggtaat cgacatcggt 300
ggtcaggaca gcaaagtgat tcagcttgat gatgacggta acctgtgcga tttectgatg 360
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-continued

106

aatgacaaat gcgcggeggyg
accagcegtceg agcaactcga
atgtgcacag tgtttgctga
gaagcgatte tcgcaggagt
cgtetetect gtgaagegec
geceggatge tggaatctcea
getggegeaa ttggegegge
<210> SEQ ID NO 13

<211> LENGTH: 732
<212> TYPE: DNA

caccgggegt
cagcattacc
atcagaagcg
gattaacgcyg
gattctgttt
cctgegaatyg

ggtaattggt

ttcctggagy

gaaaatgtca

atcagectge

atggcgcgga

actggtggcg

ccggtaaata

caacgagtga

tgatctcgeyg cacgettgge

cgcegeacge

gctcagcggg

ggagtgccaa

ttagtcattg

cccatectga

ggacacgccg

<213> ORGANISM: Methanocaldococcus jannaschii

<400> SEQUENCE: 13
atgattttag ggatagatgt
aagataattt ggtataagat
aaaatggtta aggagattga
ggaaggcata aggttagttt
ggagctaact atttctttaa
aaggtcttaa agattgataa
gecgetggaa ctggaaaatt
gagataaata aatacaaatc
gctgaaagtyg agataataag
ggcgtetatyg agagtataat
aacatagtgt ttagtggagg
aaattgaata aaaaactact
atattggttt aa

<210> SEQ ID NO 14

<211> LENGTH: 260
<212> TYPE: PRT

tggatctaca

agaggatatt

acaaaaatat

tgcagataag

cgaggcagat

aaacggaaaa

cttagaaaag

agataatatc

cttactatca

aaatagggtt

agttgctaaa

aattccaaaa

<213> ORGANISM: Acidaminococcus

<400> SEQUENCE: 14

Met Ser Ile Tyr Thr Leu Gly Ile

1 5

Cys Ile Ile Leu Lys Asp Gly Lys

20

Ala Val Gly Thr Gly Thr Ser Gly

35

40

Leu Glu Asn Ala His Met Lys Lys

50

55

Thr Gly Tyr Gly Arg Asn Ser Leu

65 70

Ser Glu Leu Ser Cys His Ala Met

85

Val His Thr Val Ile Asp Ile Gly

100

Val Glu Asn Gly Thr Met Thr Asn

acaacgaaga
ggagttgtta
ccaatagata
atagttccag
ggagttatag
gttgttgatt
gcattagata
gctaaaatat
aaaaaagttc
atcccaatga
aataaggttt

gaaccacaga

fermentans

Asp Val Gly

Glu Ile Val
25

Pro Ala Arg

Glu Asp Met

Glu Gly Ile

75

Gly Ala Ser
90

Gly Gln Asp
105

Phe Gln Met

tggttctaat

ttgaggaaga

aaatcgttge

aagttattge

acattggagg

ttatcctate

ttttaaaaat

cttcaatgtyg

caaaggaagg

ccaatagget

tggttgagat

ttgtttgetyg

Ser

Ala

Ser

Ala

60

Ala

Phe

Val

Asn

Thr

Lys

Ile

45

Phe

Asp

Ile

Lys

Asp

Ala

Ser

30

Ser

Thr

Lys

Trp

Val
110

Lys

catcacgagt
cgtegegeca
ttteattget
ccagaagttt
tgcgcaattt

atga

ggaagatagce
tattttatta
aactggatat
attgggaaaa
gcaagataca
agataaatgt
tgataaaaat
tgctgtettt
cattttaatg
taaaattcaa
gtttgagaaa

tgttggaget

Ser Lys
15

Leu Val

Glu Val

Leu Ala

Gln Met
80

Pro Asn
95

Ile His

Cys Ala

420

480

540

600

660

720

774

60

120

180

240

300

360

420

480

540

600

660

720

732
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-continued

108

Ala

Lys

145

Ala

Gln

Arg

Val

Arg

225

Leu

Lys

Gly

130

Val

Ile

Leu

Ser

Lys

210

Gly

Ala

Ala

115

Thr

Ser

Ser

Ser

Val

195

Asp

Ala

Gln

Ala

Gly

Asp

Ser

Lys

180

Ala

Val

Leu

Tyr

Lys
260

Arg Phe Leu
135

Leu Ala Glu
150

Thr Cys Thr
165

Gly Thr Asp

Ser Arg Val

Val Met Thr
215

Glu Glu Gly
230

Asn Gly Ala
245

<210> SEQ ID NO 15

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Ala Val Ala

1

Lys

Pro

Leu

Gly

65

Cys

Ile

Gly

Gly

Gln

145

Met

Gly

Arg

Leu

Gly

Thr

Arg

Arg

His

Asp

Asn

Arg

130

Leu

Cys

Val

Arg

Phe
210

Ile

Pro

35

Glu

Gln

Gly

Ile

Leu

115

Phe

Asp

Thr

Ala

Ser
195

Thr

Leu

20

Phe

Gly

Leu

Leu

Gly

100

Cys

Leu

Ser

Val

Pro
180

Ala

Gly

257

Escherichia
15

Tyr Ser Ile

Leu Ala Asp

Arg Pro Ala

Leu Glu Thr

55

Val Asp Phe
70

Gly Ala Arg
85

Gly Gln Asp

Asp Phe Leu

Glu Val Ile
135

Ile Thr Glu
150

Phe Ala Glu
165

Glu Ala Ile

Asn Phe Ile

Gly Val Ser
215

120

Asp Val

Leu Gly

Val Phe

Lys Ile
185

Ile Gly
200

Gly Gly

Leu Gly

Leu Gly

coli

Gly Ile

Gly Val
25

Thr Ala
40

Thr Pro

Ala Asp

Phe Leu

Ser Lys
105

Met Asn
120

Ser Arg

Asn Val

Ser Glu

Leu Ala

185

Ala Arg
200

His Cys

Met

Ala

Ala

170

Asp

Leu

Val

Val

Ala
250

Asp

10

Ile

Ile

Phe

Lys

Ala

90

Val

Asp

Thr

Thr

Ala
170
Gly

Leu

Gln

Ala

Lys

155

Glu

Ile

Ala

Ala

Glu

235

Ala

Ser

Thr

Thr

Leu

Gln

75

Pro

Ile

Lys

Leu

Pro

155

Ile

Val

Ser

Lys

Asn

140

Ser

Ser

Ile

Asn

Gln

220

Ile

Leu

Gly

Arg

Glu

Thr

60

Val

Ala

Gln

Cys

Gly

140

His

Ser

Ile

Cys

Phe
220

125

Ile

Thr

Glu

Ala

Arg

205

Asn

Lys

Tyr

Ser

Arg

Ala

45

Leu

Thr

Thr

Leu

Ala

125

Thr

Ala

Leu

Asn

Glu

205

Ala

Leu

Lys

Val

Gly

190

Val

Tyr

Thr

Ala

Thr

Phe

30

Trp

Thr

Glu

Arg

Asp

110

Ala

Ser

Ile

Arg

Ala

190

Ala

Arg

Glu

Arg

Ile

175

Ile

Gly

Gly

Ser

Tyr
255

Ala

15

Leu

Glu

Gly

Ile

Ala

95

Asp

Gly

Val

Thr

Ser

175

Met

Pro

Met

Val

Val

160

Ser

His

Ile

Val

Pro

240

Lys

Thr

Val

Thr

Tyr

Ser

80

Val

Asp

Thr

Glu

Ser

160

Ala

Ala

Ile

Leu
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-continued

110

Glu Ser His Leu Arg Met Pro Val Asn Thr His Pro Asp Ala Gln Phe

225

Ala

Arg

<210>
<211>
<212>
<213>

<400>

230

235 240

Gly Ala Ile Gly Ala Ala Val Ile Gly Gln Arg Val Arg Thr Arg

PRT

SEQUENCE :

Met Ile Leu Gly

1

Met

Val

Lys

Val

65

Gly

Gly

Asp

Glu

Tyr

145

Ala

Gly

Met

Ala

Lys

225

Ile

<210>
<211>
<212>
<213>
<220>
<221>
<222>

<400>

Glu

Ile

Tyr

50

Ser

Ala

Gln

Phe

Lys

130

Lys

Glu

Ile

Thr

Lys

210

Leu

Leu

Asp

Glu

35

Pro

Phe

Asn

Asp

Ile

115

Ala

Ser

Ser

Leu

Asn

195

Asn

Leu

Val

Ser

20

Glu

Ile

Ala

Tyr

Thr

100

Leu

Leu

Asp

Glu

Met

180

Arg

Lys

Ile

FEATURE:
NAME /KEY :
LOCATION :

SEQUENCE :

245

SEQ ID NO 16
LENGTH:
TYPE :
ORGANISM:

243

250 255

Methanocaldococcus jannaschii

16

Ile

Lys

Asp

Asp

Asp

Phe

85

Lys

Ser

Asp

Asn

Ile

165

Gly

Leu

Val

Pro

SEQ ID NO 17
LENGTH:
TYPE: DNA
ORGANISM:

1287

Asp

Ile

Ile

Lys

Lys

70

Phe

Val

Asp

Ile

Ile

150

Ile

Val

Lys

Leu

Lys
230

Val Gly Ser Thr Thr Thr Lys Met Val Leu
10 15

Ile Trp Tyr Lys Ile Glu Asp Ile Gly Val
25 30

Leu Leu Lys Met Val Lys Glu Ile Glu Gln
40 45

Ile Val Ala Thr Gly Tyr Gly Arg His Lys
55 60

Ile Val Pro Glu Val Ile Ala Leu Gly Lys
75 80

Asn Glu Ala Asp Gly Val Ile Asp Ile Gly
90 95

Leu Lys Ile Asp Lys Asn Gly Lys Val Val
105 110

Lys Cys Ala Ala Gly Thr Gly Lys Phe Leu
120 125

Leu Lys Ile Asp Lys Asn Glu Ile Asn Lys
135 140

Ala Lys Ile Ser Ser Met Cys Ala Val Phe
155 160

Ser Leu Leu Ser Lys Lys Val Pro Lys Glu
170 175

Tyr Glu Ser Ile Ile Asn Arg Val Ile Pro
185 190

Ile Gln Asn Ile Val Phe Ser Gly Gly Val
200 205

Val Glu Met Phe Glu Lys Lys Leu Asn Lys
215 220

Glu Pro Gln Ile Val Cys Cys Val Gly Ala
235 240

Megasphaera elsdenii

CDsS

(1) ..(1284)

17

atg agt gaa gaa aaa aca gta gat att gaa agc atg agc tcc aag gaa 48
Met Ser Glu Glu Lys Thr Val Asp Ile Glu Ser Met Ser Ser Lys Glu

1

5

10 15

gee ctt ggt tac ttc ttg cecg aaa gtc gat gaa gac gca cgt aaa geg 96
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112

Ala

aaa
Lys

gaa
Glu

gca
Ala

get
Ala

aac
Asn

acg
Thr

gat
Asp

tat
Tyr
145

gta
Val

ate
Ile

gge
Gly

cag
Gln

aaa
Lys
225

gece
Ala

tte
Phe

ggt
Gly

ate
Ile

atg
Met
305

gge
Gly

Leu

aaa
Lys

ttc
Phe
50

get
Ala

gaa
Glu

atg
Met

ccg
Pro

gtt
Val
130

gaa
Glu

ccg
Pro

gte
Val

cgt
Arg

cge
Arg
210

ccg
Pro

gtt
Val

cte
Leu

gaa
Glu

get
Ala
290

act

Thr

gac
Asp

Gly

gaa
Glu
35

tgce
Cys

ggt
Gly

aac
Asn

gge
Gly

gaa
Glu
115

gte
Val

aac
Asn

ttc
Phe

gge
Gly

cce
Pro
195

tce
Ser

tcg
Ser

get
Ala

aaa
Lys

aac
Asn
275

cte

Leu

ggt
Gly

cte
Leu

Tyr
20

gge
Gly

acg
Thr

ate
Ile

aaa
Lys

tac
Tyr
100

gte
Val

cte
Leu

ttg
Leu

aac
Asn

gaa
Glu
180

ttc
Phe

ate
Ile

ccg
Pro

gece
Ala

gaa
Glu
260

gaa

Glu

gge
Gly

tce
Ser

gaa
Glu

Phe

cge
Arg

get
Ala

ggt
Gly

ggt
Gly
85

atg
Met

cte
Leu

act
Thr

get
Ala

cat
His
165

tte
Phe

gac
Asp

get
Ala

cte
Leu

cge
Arg
245

ttg
Leu

aaa
Lys

cac
His

get
Ala

tecc
Ser
325

Leu

cte
Leu

atg
Met

gece
Ala

tac
Tyr

gaa
Glu

aaa
Lys

tgc
Cys

aaa
Lys
150

gaa
Glu

aaa
Lys

tat
Tyr

gece
Ala

aac
Asn
230

tecc
Ser

gac
Asp

tecc
Ser

acce
Thr

tat
Tyr
310

atg
Met

Pro

gtt
Val

gac
Asp
55

cgt
Arg

aac
Asn

cte
Leu

aac
Asn

aac
Asn
135

gaa
Glu

tte
Phe

cat
His

gac
Asp

tgg
Trp
215

gge
Gly

ttg
Leu

gaa
Glu

cgt
Arg

tte
Phe
295

cct

Pro

gca
Ala

Lys

tgce
Cys
40

ate
Ile

cac
His

cag
Gln

cte
Leu

tce
Ser
120

aac
Asn

ttg
Leu

cct
Pro

get
Ala

aaa
Lys
200

aac
Asn

ttc
Phe

aac
Asn

aaa
Lys

gtt
Val
280

aaa

Lys

gge
Gly

gaa
Glu

Val

tgg
Trp

gece
Ala

ggt
Gly

gac
Asp

aaa
Lys
105

ccg
Pro

ate
Ile

aac
Asn

gtt
Val

ate
Ile
185

ttc
Phe

aaa
Lys

gac
Asp

tac
Tyr

gta
Val
265

act

Thr

gaa
Glu

atg
Met

get
Ala

Asp

tce
Ser

ate
Ile

get
Ala

ate
Ile
90

cag
Gln

get
Ala

tgce
Cys

gta
Val

acg
Thr
170

aaa
Lys

ttc
Phe

ate
Ile

cte
Leu

tcg
Ser
250

get
Ala

tgg
Trp

cte
Leu

tgg
Trp

tat
Tyr
330

Glu

get
Ala

gte
Val

ccg
Pro
75

tgt
Cys

cag
Gln

tct
Ser

aat
Asn

cct
Pro
155

aaa
Lys

cag
Gln

gaa
Glu

get
Ala

tte
Phe
235

gaa
Glu

aat
Asn

gaa
Glu

aaa
Lys

gac
Asp
315

tce
Ser

Asp

tct
Ser

tat
Tyr
60

gece
Ala

tecc
Ser

get
Ala

ceg
Pro

acce
Thr
140

cte
Leu

cac
His

cte
Leu

gta
Val

acg
Thr
220

aac
Asn

ate
Ile

aag
Lys

ggt
Gly

ggt
Gly
300

gtt

Val

cgt
Arg

Ala

gte
Val
45

ceg
Pro

atg
Met

tac
Tyr

ctyg
Leu

att
Ile
125

ttg
Leu

ate
Ile

get
Ala

gaa
Glu

cag
Gln
205

tac
Tyr

tac
Tyr

acg
Thr

aaa
Lys

ate
Ile
285

cag

Gln

tecc
Ser

aca
Thr

Arg
30

get
Ala

gaa
Glu

cte
Leu

tgce
Cys

aca
Thr
110

cce
Pro

cte
Leu

aac
Asn

aaa
Lys

gac
Asp
190

aaa
Lys

ttc
Phe

atg
Met

ttc
Phe

tgg
Trp
270

get
Ala

gge
Gly

tac
Tyr

tac
Tyr

Lys

cct
Pro

act
Thr

gaa
Glu

cge
Arg
95

gge
Gly

ctt
Leu

aaa
Lys

ate
Ile

cag
Gln
175

ctt
Leu

cag
Gln

cag
Gln

gge
Gly

aac
Asn
255

get
Ala

gte
Val

get
Ala

gaa
Glu

ate
Ile
335

Ala

ccg
Pro

cac
His

gtt
Val

gte
Val

gaa
Glu

ccg
Pro

tgg
Trp

gac
Asp
160

tac
Tyr

tgce
Cys

aca
Thr

tac
Tyr

cte
Leu
240

aaa
Lys

ttc
Phe

tgg
Trp

cte
Leu

ccg
Pro
320

aac
Asn

144

192

240

288

336

384

432

480

528

576

624

672

720

768

816

864

912

960

1008
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114

tgc
Cys

gge
Gly

atg
Met

gge
Gly
385

ttc

Phe

atg
Met

tgce ctc gaa cag cgc ggt
Cys Leu Glu Gln Arg Gly
340

aaa tgc gac ggc ttg atce
Lys Cys Asp Gly Leu Ile
355

agc ctc ctc aac aac gaa
Ser Leu Leu Asn Asn Glu
370 375

gta ccg tac gtc atc tte
Val Pro Tyr Val Ile Phe
390

tcg gaa gca cag tte gat
Ser Glu Ala Gln Phe Asp
405

gca gac aaa aaa gcc aat
Ala Asp Lys Lys Ala Asn
420

<210> SEQ ID NO 18

<211> LENGTH: 428

<212> TYPE: PRT

<213> ORGANISM: Megasphaera

<400> SEQUENCE: 18

Met

1

Ala

Lys

Glu

Ala

65

Ala

Asn

Thr

Asp

Tyr

145

Val

Ile

Gly

Gln

Lys
225

Ala

Ser Glu Glu Lys Thr Val
Leu Gly Tyr Phe Leu Pro
20

Lys Glu Gly Arg Leu Val
35

Phe Cys Thr Ala Met Asp
50 55

Ala Gly Ile Gly Ala Arg
70

Glu Asn Lys Gly Tyr Asn
Met Gly Tyr Met Glu Leu
100

Pro Glu Val Leu Lys Asn
115

Val Val Leu Thr Cys Asn
130 135

Glu Asn Leu Ala Lys Glu
150

Pro Phe Asn His Glu Phe
165

Val Gly Glu Phe Lys His
180

Arg Pro Phe Asp Tyr Asp
195

Arg Ser Ile Ala Ala Trp
210 215

Pro Ser Pro Leu Asn Gly
230

Val Ala Ala Arg Ser Leu
245

gct gtt ctt
Ala Val Leu
345

atg cac cag
Met His Gln
360

ggce gge cag
Gly Gly Gln

gac ggc gac
Asp Gly Asp

acc cgce gta

Thr Arg Val

410

gaa gga gga

Glu Gly Gly
425

elsdenii

Asp Ile Glu
10

Lys Val Asp

Cys Trp Ser
40

Ile Ala Ile

His Gly Ala

Gln Asp Ile

Leu Lys Gln
105

Ser Pro Ala
120

Asn Ile Cys

Leu Asn Val

Pro Val Thr
170

Ala Ile Lys
185

Lys Phe Phe
200

Asn Lys Ile

Phe Asp Leu

Asn Tyr Ser
250

gaa
Glu

aac
Asn

cge
Arg

cag
Gln
395

gaa

Glu

aac
Asn

Ser

Glu

Ala

Val

Pro

75

Cys

Gln

Ser

Asn

Pro

155

Lys

Gln

Glu

Ala

Phe
235

Glu

aaa
Lys

cgt
Arg

ate
Ile
380

acc

Thr

get
Ala

cac
His

Met

Asp

Ser

Tyr

60

Ala

Ser

Ala

Pro

Thr

140

Leu

His

Leu

Val

Thr
220

Asn

Ile

gtt
Val

tecc
Ser
365

cag

Gln

gat
Asp

ttg
Leu

taa

Ser

Ala

Val

45

Pro

Met

Tyr

Leu

Ile

125

Leu

Ile

Ala

Glu

Gln

205

Tyr

Tyr

Thr

gte
Val
350

tgce

Cys

aag
Lys

get
Ala

gca
Ala

Ser

Arg

Ala

Glu

Leu

Cys

Thr

110

Pro

Leu

Asn

Lys

Asp

190

Lys

Phe

Met

Phe

cge
Arg

aag
Lys

aac
Asn

cgt
Arg

gaa
Glu
415

Lys

15

Lys

Pro

Thr

Glu

Arg

Gly

Leu

Lys

Ile

Gln

175

Leu

Gln

Gln

Gly

Asn
255

gat
Asp

aac
Asn

cte
Leu

aac
Asn
400

atg
Met

Glu

Ala

Pro

His

Val

80

Val

Glu

Pro

Trp

Asp

160

Tyr

Cys

Thr

Tyr

Leu
240

Lys

1056

1104

1152

1200

1248

1287
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Phe Leu Lys Glu Leu Asp Glu Lys Val Ala Asn Lys Lys Trp Ala Phe
260 265 270
Gly Glu Asn Glu Lys Ser Arg Val Thr Trp Glu Gly Ile Ala Val Trp
275 280 285
Ile Ala Leu Gly His Thr Phe Lys Glu Leu Lys Gly Gln Gly Ala Leu
290 295 300
Met Thr Gly Ser Ala Tyr Pro Gly Met Trp Asp Val Ser Tyr Glu Pro
305 310 315 320
Gly Asp Leu Glu Ser Met Ala Glu Ala Tyr Ser Arg Thr Tyr Ile Asn
325 330 335
Cys Cys Leu Glu Gln Arg Gly Ala Val Leu Glu Lys Val Val Arg Asp
340 345 350
Gly Lys Cys Asp Gly Leu Ile Met His Gln Asn Arg Ser Cys Lys Asn
355 360 365
Met Ser Leu Leu Asn Asn Glu Gly Gly Gln Arg Ile Gln Lys Asn Leu
370 375 380
Gly Val Pro Tyr Val Ile Phe Asp Gly Asp Gln Thr Asp Ala Arg Asn
385 390 395 400
Phe Ser Glu Ala Gln Phe Asp Thr Arg Val Glu Ala Leu Ala Glu Met
405 410 415
Met Ala Asp Lys Lys Ala Asn Glu Gly Gly Asn His
420 425
<210> SEQ ID NO 19
<211> LENGTH: 1434
<212> TYPE: DNA
<213> ORGANISM: Acidaminococcus fermentans
<400> SEQUENCE: 19
atgccaaaga cagtaagccc tggcgttcag gecattgagag atgtagttga aaaggtttac 60
agagaactgc gggaaccgaa agaaagagga gaaaaagtag gctggtccte ttccaagtte 120
cectgegaac tggcetgaatce ttttceggetg catgttgggt atccggaaaa ccaggetget 180
ggtatcgetyg ccaaccgtga cggcgaagtg atgtgecagg ctgcagaaga tatcggttat 240
gacaacgata tctgcggcta tgccegtatt tccctggett atgetgecgg gtteeggggt 300
gccaacaaaa tggacaaaga tggcaactat gtcatcaacc cccacagegg caaacagatg 360
aaagatgcca atggcaaaaa ggtattcgac gcagatggca aacccgtaat cgatcccaag 420
accctgaaac cctttgecac caccgacaac atctatgaaa tcegetgcetet gceccggaaggg 480
gaagaaaaga cccgecgceca gaatgecctg cacaaatatce gtcagatgac catgeccatg 540
cecggactteg tgctgtgetyg caacaacatce tgcaactgca tgaccaaatyg gtatgaagac 600
attgcccegte ggcacaacat tcctttgatce atgatcgacyg ttecttacaa cgaattcgac 660
catgtcaacg aagccaacgt gaaatacatc cggtcccage tggatacgge catccgtcaa 720
atggaagaaa tcaccggcaa gaagttcgat gaagacaaat tcgaacagtyg ctgccagaac 780
gccaaccgta ctgccaaage atggcetgaag gtttgegact acctgcagta caaaccgget 840
cegttcaacyg ggttegacct gttcaaccat atggetgacyg tggttaccege ccegtggecgt 900
gtggaagctyg ctgaagcttt cgaactgctg gccaaggaac tggaacagca tgtgaaggaa 960
ggcaccacca ccgctcecectt caaagaacag catcgtatca tgttcgaagg gatcccctge 1020
tggccgaaac tgccgaacct gttcaaaccg ctgaaagcca acggectgaa catcaccgge 1080
gttgtatatg ctcctgettt cgggttegtg tacaacaacc tggacgaatt ggtcaaagece 1140
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-continued
tactgcaaag ccccgaactce cgtcagcatc gaacagggtg ttgcctggeg tgaaggcctg 1200
atccgcgaca acaaggttga cggcgtactg gttcactaca accggtcctg caaaccctgg 1260
agcggctaca tgcctgaaat gcagcgtcecgt ttcaccaaag acatgggtat ccccactget 1320
ggattcgacg gtgaccaggc tgacccgaga aacttcaacg cggctcagta tgagacccgt 1380
gttcagggct tggtcgaagce catggaagca aatgatgaaa agaaggggaa ataa 1434
<210> SEQ ID NO 20
<211> LENGTH: 1122
<212> TYPE: DNA
<213> ORGANISM: Methanocaldococcus jannaschii
<400> SEQUENCE: 20
atgatgaaat taaaggcaat tgaaaagttg atgcaaaaat tcgccagtag aaaagaacag 60
ctatataagc aaaaagaaga aggtagaaaa gtttttggaa tgttctgtge ctatgttcca 120
atagaaataa ttttagcagc aaatgcaatc ccagttggtt tgtgtggagyg taaaaatgac 180
acaatcccaa tagcagagga ggatttgcca agaaacctat gceccattaat aaaatcatce 240
tatggtttta agaaggcaaa aacctgccct tactttgaag catctgatat agttattgga 300
gaaactacct gtgaaggaaa gaagaagatg tttgagttga tggagagatt ggtgccaatg 360
catataatgc acctcccaca catgaaagat gaagattctt tgaaaatctyg gattaaagaa 420
gttgaaaagc taaaagaatt ggttgagaaa gagactggaa ataaaataac agaggaaaag 480
ttaaaagaga cagttgataa agtaaataaa gttagggagt tgttttataa actctatgaa 540
ttgaggaaga ataaaccagc tccaattaag ggtttagatg ttttaaaatt attccagttt 600
gectatttat tggatattga tgacacaata gggattttag aggatttaat tgaggagtta 660
gaggagagag ttaaaaaagg agaaggttat gaaggaaaga gaattttaat aactggctgt 720
ccaatggttyg ctggaaacaa taagattgtt gaaattattyg aggaagttgg aggagtagtt 780
gttggtgaag aaagctgcac tggaacaaga ttctttgaaa actttgttga gggctatage 840
gtagaggaca ttgcaaaaag atactttaaa atcccatgtg cttgtagatt taaaaacgat 900
gagagagttyg aaaatataaa gagattggtt aaagagttgg acgtcgatgg agttgtttat 960
tacactttgc agtattgcca tacatttaac atagagggag ctaaggtaga ggaggcatta 1020
aaagaggagg gcattccaat tataagaatt gaaactgact attctgaaag tgatagagag 1080
cagttaaaaa caaggttgga ggcatttatt gagatgattt aa 1122
<210> SEQ ID NO 21
<211> LENGTH: 1152
<212> TYPE: DNA
<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 21
atgtcacttg tcaccgatct acccgeccatt ttegatcagt tcetctgaage tcegecagaca 60
ggctttceteca cegtcatgga tctcaaggag cgceggcatte cgetggttgg cacttactge 120
acctttatge cgcaagagat cccgatggca geecggtgegyg ttgtggttte getcetgttee 180
acctctgatg aaaccattga agaagcggag aaagatctge cgegcaacct ctgeccgetg 240
attaaaagca gctacggett cggcaaaacc gataaatgec cctacttcta ctttteggat 300
ctggtggteg gtgaaaccac ctgcgacggce aaaaagaaaa tgtatgaata catggcggag 360
tttaagcctyg ttcatgtgat gcaattgecce aacagcgtta aggacgatge ctcgegtgeg 420
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ttatggaaag ccgagatgct gcgcttgcaa aaaacggtag aagaacgttt tgggcacgag 480
attagcgaag atgctctgceg cgatgccatt gcegctgaaaa accgcgaacg tcgegcactg 540
gctaattttt atcatcttgg gcagttaaat cctcecggege ttagcggcag cgacattctg 600
aaagtggttt acggcgcaac cttccggttc gataaagagg cgttgatcaa tgaactggat 660
gcaatgaccg cccegegtteg tcagcagtgg gaagaaggcce agcgactgga cccgcegtecg 720
cgcattttaa tcaccggctg cccgattgge ggecgcagcag aaaaagtggt gcgegcegatt 780
gaagagaatg gcggctgggt tgtcggttat gaaaactgca ccggggcgaa agcgaccgag 840
caatgcgtgg cagaaacggg cgatgtctac gacgcgetgg cggataaata tctggegatt 900
ggctgctect gtgtttegee gaacgatcag cgectgaaaa tgctcagecca gatggtggag 960

gaatatcagg tcgatggcgt agttgatgtg attttgcagg cgtgccatac ctacgcggtyg 1020
gaatcgctgg cgattaaacg tcatgtgcgce cagcagcaca acattcctta tatcgctatt 1080
gaaacagact actccacctc ggatgtcggg cagctcagta cccgtgtege ggectttatt 1140
gagatgctgt aa 1152
<210> SEQ ID NO 22

<211> LENGTH: 477

<212> TYPE: PRT

<213> ORGANISM: Acidaminococcus fermentans

<400> SEQUENCE: 22

Met Pro Lys Thr Val Ser Pro Gly Val Gln Ala Leu Arg Asp Val Val
1 5 10 15

Glu Lys Val Tyr Arg Glu Leu Arg Glu Pro Lys Glu Arg Gly Glu Lys
20 25 30

Val Gly Trp Ser Ser Ser Lys Phe Pro Cys Glu Leu Ala Glu Ser Phe
35 40 45

Arg Leu His Val Gly Tyr Pro Glu Asn Gln Ala Ala Gly Ile Ala Ala
50 55 60

Asn Arg Asp Gly Glu Val Met Cys Gln Ala Ala Glu Asp Ile Gly Tyr
65 70 75 80

Asp Asn Asp Ile Cys Gly Tyr Ala Arg Ile Ser Leu Ala Tyr Ala Ala
85 90 95

Gly Phe Arg Gly Ala Asn Lys Met Asp Lys Asp Gly Asn Tyr Val Ile
100 105 110

Asn Pro His Ser Gly Lys Gln Met Lys Asp Ala Asn Gly Lys Lys Val
115 120 125

Phe Asp Ala Asp Gly Lys Pro Val Ile Asp Pro Lys Thr Leu Lys Pro
130 135 140

Phe Ala Thr Thr Asp Asn Ile Tyr Glu Ile Ala Ala Leu Pro Glu Gly
145 150 155 160

Glu Glu Lys Thr Arg Arg Gln Asn Ala Leu His Lys Tyr Arg Gln Met
165 170 175

Thr Met Pro Met Pro Asp Phe Val Leu Cys Cys Asn Asn Ile Cys Asn
180 185 190

Cys Met Thr Lys Trp Tyr Glu Asp Ile Ala Arg Arg His Asn Ile Pro
195 200 205

Leu Ile Met Ile Asp Val Pro Tyr Asn Glu Phe Asp His Val Asn Glu
210 215 220

Ala Asn Val Lys Tyr Ile Arg Ser Gln Leu Asp Thr Ala Ile Arg Gln
225 230 235 240
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Met

Cys

Asp

Asn

Glu

305

Gly

Gly

Ala

Phe

Pro

385

Ile

Cys

Lys

Pro

Val
465

Glu

Cys

Tyr

His

290

Ala

Thr

Ile

Asn

Val

370

Asn

Arg

Lys

Asp

Arg

450

Glu

Glu

Gln

Leu

275

Met

Phe

Thr

Pro

Gly

355

Tyr

Ser

Asp

Pro

Met

435

Asn

Ala

Ile

Asn

260

Gln

Ala

Glu

Thr

Cys

340

Leu

Asn

Val

Asn

Trp

420

Gly

Phe

Met

Thr

245

Ala

Tyr

Asp

Leu

Ala

325

Trp

Asn

Asn

Ser

Lys

405

Ser

Ile

Asn

Glu

<210> SEQ ID NO 23

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Met Lys Leu

1

Arg

Gly

Ala

Ala

65

Tyr

Ile

Leu

Lys

Lys

Met

Ile

50

Glu

Gly

Val

Met

Asp
130

Glu

Phe

35

Pro

Glu

Phe

Ile

Glu

115

Glu

Gln

20

Cys

Val

Asp

Lys

Gly

100

Arg

Asp

373

Gly

Asn

Lys

Val

Leu

310

Pro

Pro

Ile

Leu

Ile

390

Val

Gly

Pro

Ala

Ala
470

Lys

Arg

Pro

Val

295

Ala

Phe

Lys

Thr

Asp

375

Glu

Asp

Tyr

Thr

Ala

455

Asn

Lys

Thr

Ala

280

Thr

Lys

Lys

Leu

Gly

360

Glu

Gln

Gly

Met

Ala

440

Gln

Asp

Phe

Ala

265

Pro

Ala

Glu

Glu

Pro

345

Val

Leu

Gly

Val

Pro

425

Gly

Tyr

Glu

Asp

250

Lys

Phe

Arg

Leu

Gln

330

Asn

Val

Val

Val

Leu

410

Glu

Phe

Glu

Lys

Glu

Ala

Asn

Gly

Glu

315

His

Leu

Tyr

Lys

Ala

395

Val

Met

Asp

Thr

Lys
475

Asp

Trp

Gly

Arg

300

Gln

Arg

Phe

Ala

Ala

380

Trp

His

Gln

Gly

Arg

460

Gly

Methanocaldococcus jannaschii

23

Lys

Leu

Ala

Gly

Leu

Lys

85

Glu

Leu

Ser

Ala

Tyr

Tyr

Leu

Pro

70

Ala

Thr

Val

Leu

Ile

Lys

Val

Cys

55

Arg

Lys

Thr

Pro

Lys
135

Glu

Gln

Pro

40

Gly

Asn

Thr

Cys

Met

120

Ile

Lys

Lys

25

Ile

Gly

Leu

Cys

Glu

105

His

Trp

Leu

10

Glu

Glu

Lys

Cys

Pro

90

Gly

Ile

Ile

Met

Glu

Ile

Asn

Pro

75

Tyr

Lys

Met

Lys

Gln

Gly

Ile

Asp

60

Leu

Phe

Lys

His

Glu
140

Lys

Leu

Phe

285

Val

His

Ile

Lys

Pro

365

Tyr

Arg

Tyr

Arg

Asp

445

Val

Lys

Lys

Arg

Leu

45

Thr

Ile

Glu

Lys

Leu
125

Val

Phe

Lys

270

Asp

Glu

Val

Met

Pro

350

Ala

Cys

Glu

Asn

Arg

430

Gln

Gln

Phe

Lys

30

Ala

Ile

Lys

Ala

Met

110

Pro

Glu

Glu

255

Val

Leu

Ala

Lys

Phe

335

Leu

Phe

Lys

Gly

Arg

415

Phe

Ala

Gly

Ala

15

Val

Ala

Pro

Ser

Ser

95

Phe

His

Lys

Gln

Cys

Phe

Ala

Glu

320

Glu

Lys

Gly

Ala

Leu

400

Ser

Thr

Asp

Leu

Ser

Phe

Asn

Ile

Ser

80

Asp

Glu

Met

Leu
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Lys

145

Leu

Lys

Asp

Thr

Lys

225

Pro

Gly

Glu

Phe

Asn

305

Tyr

Glu

Asp

Phe

Glu

Lys

Leu

Val

Ile

210

Lys

Met

Gly

Asn

Lys

290

Ile

Thr

Glu

Tyr

Ile
370

Leu

Glu

Tyr

Leu

195

Gly

Gly

Val

Val

Phe

275

Ile

Lys

Leu

Ala

Ser

355

Glu

Val

Thr

Glu

180

Lys

Ile

Glu

Ala

Val

260

Val

Pro

Arg

Gln

Leu

340

Glu

Met

Glu

Val

165

Leu

Leu

Leu

Gly

Gly

245

Val

Glu

Cys

Leu

Tyr

325

Lys

Ser

Ile

<210> SEQ ID NO 24

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Methanocaldococcus jannaschii

PRT

<400> SEQUENCE:

Met Ser Leu Val

1

Ala

Ile

Met

Thr

65

Ile

Tyr

Lys

Leu

Arg

Pro

Ala

50

Ile

Lys

Phe

Met

Pro

Gln

Leu

35

Ala

Glu

Ser

Ser

Tyr

115

Asn

Thr

20

Val

Gly

Glu

Ser

Asp

100

Glu

Ser

383

24

Thr

Gly

Gly

Ala

Ala

Tyr

85

Leu

Tyr

Val

Lys

150

Asp

Arg

Phe

Glu

Tyr

230

Asn

Gly

Gly

Ala

Val

310

Cys

Glu

Asp

Asp

Phe

Thr

Val

Glu

70

Gly

Val

Met

Lys

Glu

Lys

Lys

Gln

Asp

215

Glu

Asn

Glu

Tyr

Cys

295

Lys

His

Glu

Arg

Leu

Leu

Tyr

Val

55

Lys

Phe

Val

Ala

Asp

Thr

Val

Asn

Phe

200

Leu

Gly

Lys

Glu

Ser

280

Arg

Glu

Thr

Gly

Glu
360

Pro

Thr

Cys

40

Val

Asp

Gly

Gly

Glu

120

Asp

Gly

Asn

Lys

185

Ala

Ile

Lys

Ile

Ser

265

Val

Phe

Leu

Phe

Ile

345

Gln

Ala

Val

Thr

Ser

Leu

Lys

Glu

105

Phe

Ala

Asn

Lys

170

Pro

Tyr

Glu

Arg

Val

250

Cys

Glu

Lys

Asp

Asn

330

Pro

Leu

Ile

10

Met

Phe

Leu

Pro

Thr

90

Thr

Lys

Ser

Lys

155

Val

Ala

Leu

Glu

Ile

235

Glu

Thr

Asp

Asn

Val

315

Ile

Ile

Lys

Phe

Asp

Met

Cys

Arg

75

Asp

Thr

Pro

Arg

Ile

Arg

Pro

Leu

Leu

220

Leu

Ile

Gly

Ile

Asp

300

Asp

Glu

Ile

Thr

Asp

Leu

Pro

Ser

60

Asn

Lys

Cys

Val

Ala

Thr

Glu

Ile

Asp

205

Glu

Ile

Ile

Thr

Ala

285

Glu

Gly

Gly

Arg

Arg
365

Gln

Lys

Gln

45

Thr

Leu

Cys

Asp

His

125

Leu

Glu

Leu

Lys

190

Ile

Glu

Thr

Glu

Arg

270

Lys

Arg

Val

Ala

Ile

350

Leu

Phe

Glu

30

Glu

Ser

Cys

Pro

Gly

110

Val

Trp

Glu

Phe

175

Gly

Asp

Arg

Gly

Glu

255

Phe

Arg

Val

Val

Lys

335

Glu

Glu

Ser

15

Arg

Ile

Asp

Pro

Tyr

95

Lys

Met

Lys

Lys

160

Tyr

Leu

Asp

Val

Cys

240

Val

Phe

Tyr

Glu

Tyr

320

Val

Thr

Ala

Glu

Gly

Pro

Glu

Leu

80

Phe

Lys

Gln

Ala
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Glu

145

Ile

Arg

Ala

Arg

Arg

225

Arg

Val

Cys

Val

Val

305

Glu

Thr

Val

<210>
<211>
<212>
<213>
<220>
<221>
<222>

130

Met

Ser

Arg

Leu

Phe

210

Val

Ile

Arg

Thr

Tyr

290

Ser

Tyr

Tyr

Asn

Gly
370

Leu

Glu

Ala

Ser

195

Asp

Arg

Leu

Ala

Gly

275

Asp

Pro

Gln

Ala

Ile

355

Gln

Arg

Asp

Leu

180

Gly

Lys

Gln

Ile

Ile

260

Ala

Ala

Asn

Val

Val

340

Pro

Leu

FEATURE:
NAME /KEY :
LOCATION :

<400> SEQUENCE:

atg
Met
1

cat

His

gta
Val

gge
Gly

gca
Ala
65

gac

agt
Ser

cce
Pro

gge
Gly

tac
Tyr
50

get
Ala

atg

cag
Gln

cag
Gln

atg
Met
35

cte
Leu

cgt
Arg

gaa

ate
Ile

aag
Lys
20

atg
Met

ccg
Pro

acg
Thr

cte

Leu Gln
150

Ala Leu
165

Ala Asn

Ser Asp

Glu Ala

Gln Trp

230

Thr Gly
245

Glu Glu

Lys Ala

Leu Ala

Asp Gln

310
Asp Gly
325
Glu Ser

Tyr Ile

Ser Thr

SEQ ID NO 25
LENGTH:
TYPE: DNA
ORGANISM:

1119

135

Lys

Arg

Phe

Ile

Leu

215

Glu

Cys

Asn

Thr

Asp

295

Arg

Val

Leu

Ala

Arg
375

Megasphaera

CDsS

(1) ..(1116)

25
gac gaa

Asp Glu

acg gtt
Thr Val

cce tac
Pro Tyr

gta ggc
Val Gly

tac ctt
Tyr Leu
70

cag ctc

ctt
Leu

ttg
Leu

tac
Tyr

atg
Met
55

cct
Pro

aac

Thr Val Glu
Asp Ala Ile
170

Tyr His Leu
185

Leu Lys Val
200

Ile Asn Glu

Glu Gly Gln

Pro Ile Gly

250

Gly Gly Trp
265

Glu Gln Cys
280

Lys Tyr Leu

Leu Lys Met

Val Asp Val

330

Ala Ile Lys
345

Ile Glu Thr
360

Val Ala Ala

elsdenii

atc agc aaa
Ile Ser Lys
10

aat tat aaa
Asn Tyr Lys
25

gct ccg gaa
Ala Pro Glu
40

ttc ggt tcc
Phe Gly Ser

ccg tte get
Pro Phe Ala

ggc acc tat

Glu

155

Ala

Gly

Val

Leu

Arg

235

Gly

Val

Val

Ala

Leu

315

Ile

Arg

Asp

Phe

tta
Leu

aaa
Lys

gaa
Glu

cag
Gln

tge
Cys
75

gac

140

Arg

Leu

Gln

Tyr

Asp

220

Leu

Ala

Val

Ala

Ile

300

Ser

Leu

His

Tyr

Ile
380

cag
Gln

cag
Gln

ate
Ile

aac
Asn
60

tecc
Ser

tge

Phe

Lys

Leu

Gly

205

Ala

Asp

Ala

Gly

Glu

285

Gly

Gln

Gln

Val

Ser

365

Glu

gaa
Glu

ggt
Gly

gta
Val
45

ceg
Pro

ttg
Leu

cte

Gly

Asn

Asn

190

Ala

Met

Pro

Glu

Tyr

270

Thr

Cys

Met

Ala

Arg

350

Thr

Met

gta
Val

aaa
Lys
30

tat
Tyr

cag
Gln

atg
Met

gac

His

Arg

175

Pro

Thr

Thr

Arg

Lys

255

Glu

Gly

Ser

Val

Cys

335

Gln

Ser

Leu

tce
Ser
15

gge
Gly

get
Ala

ate
Ile

cag
Gln

gct

Glu

160

Glu

Pro

Phe

Ala

Pro

240

Val

Asn

Asp

Cys

Glu

320

His

Gln

Asp

aac
Asn

cte
Leu

gca
Ala

tce
Ser

get
Ala
80

gtt

48

96

144

192

240

288



127

US 9,340,803 B2
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128

Asp

ate
Ile

cac
His

ate
Ile

acg
Thr
145

cag
Gln

tte
Phe

cgt
Arg

acce
Thr

cag
Gln
225

ceg
Pro

get
Ala

tecc
Ser

gat
Asp

cte
Leu
305

atg
Met

ceg
Pro

ate
Ile

teg
Ser

Met

ttc
Phe

gge
Gly

cge
Arg
130

gaa
Glu

gaa
Glu

tgce
Cys

cat
His

get
Ala
210

ccg
Pro

gat
Asp

gac
Asp

gge
Gly

gge
Gly
290

ate
Ile

atg
Met

gaa
Glu

gaa
Glu

gaa
Glu
370

Glu

tce
Ser

aaa
Lys
115

ccg
Pro

ttg
Leu

get
Ala

gac
Asp

gac
Asp
195

ttg
Leu

tgg
Trp

gaa
Glu

gac
Asp

ate
Ile
275

tgce
Cys

gac
Asp

cgt
Arg

ttt
Phe

tct
Ser
355

ate
Ile

Leu

gtt
Val
100

get
Ala

get
Ala

gga
Gly

ate
Ile

gta
Val
180

gte
Val

gte
Val

aat
Asn

ttc
Phe

cte
Leu
260

gat
Asp

ccg
Pro

atg
Met

ttc
Phe

gaa
Glu
340

ceg

Pro

cte
Leu

Gln
85

cct
Pro

ceg
Pro

gte
Val

cgt
Arg

aaa
Lys
165

get
Ala

ate
Ile

cge
Arg

gge
Gly

cte
Leu
245

get
Ala

cece
Pro

cte
Leu

act
Thr

tgc
Cys
325

get
Ala

tecc
Ser

taa

<210> SEQ ID NO 26

<211> LENGTH:

<212> TYPE:

PRT

372

Leu

tgc
Cys

gte
Val

gat
Asp

ate
Ile
150

gta
Val

get
Ala

aaa
Lys

gaa
Glu

aaa
Lys
230

gat
Asp

cag
Gln

cte
Leu

get
Ala

aag
Lys
310

gat

Asp

get
Ala

cte
Leu

Asn

gac
Asp

ate
Ile

tte
Phe
135

cte
Leu

tat
Tyr

cag
Gln

gece
Ala

cte
Leu
215

aaa
Lys

ate
Ile

gaa
Glu

gaa
Glu

ttg
Leu
295

aaa

Lys

cct
Pro

gge
Gly

gaa
Glu

Gly

act
Thr

gte
Val
120

cte
Leu

aac
Asn

aac
Asn

tac
Tyr

cge
Arg
200

ate
Ile

gte
Val

ttc
Phe

tce
Ser

cag
Gln
280

aac
Asn

tac
Tyr

gaa
Glu

gtt
Val

cag
Gln
360

Thr

cte
Leu
105

ttc
Phe

aaa
Lys

gta
Val

gaa
Glu

ccg
Pro
185

tgg
Trp

gac
Asp

ate
Ile

agc
Ser

cge
Arg
265

cte
Leu

gaa
Glu

aat
Asn

gaa
Glu

cgt
Arg
345

cte
Leu

Tyr
90

cge
Arg

aca
Thr

get
Ala

aaa
Lys

aac
Asn
170

cag
Gln

ttc
Phe

get
Ala

cte
Leu

gaa
Glu
250

cag
Gln

get
Ala

gac
Asp

get
Ala

ttc
Phe
330

tac

Tyr

cge
Arg

Asp

tge
Cys

cag
Gln

gaa
Glu

ate
Ile
155

cgt
Arg

ate
Ile

atg
Met

gte
Val

tce
Ser
235

tte
Phe

tte
Phe

cag
Gln

aaa
Lys

gac
Asp
315

gac

Asp

acyg
Thr

ace
Thr

Cys

atg
Met

ceg
Pro

tac
Tyr
140

tecc
Ser

cag
Gln

tte
Phe

gac
Asp

aag
Lys
220

ggt
Gly

aac
Asn

cgt
Arg

cag
Gln

ceg
Pro
300

gee

Ala

tat
Tyr

gte
Val

cgt
Arg

Leu

agc
Ser

cag
Gln
125

gaa
Glu

gac
Asp

gtt
Val

act
Thr

aaa
Lys
205

aaa
Lys

ate
Ile

ate
Ile

aca
Thr

tgg
Trp
285

cgt
Arg

gte
Val

ceg
Pro

cte
Leu

ate
Ile
365

Asp

cag
Gln
110

aac
Asn

cat
His

ctyg
Leu

atg
Met

ccg
Pro
190

get
Ala

gaa
Glu

atg
Met

get
Ala

gac
Asp
270

cag
Gln

gge
Gly

gte
Val

att
Ile

gac
Asp
350

cag
Gln

Ala
95

aaa
Lys

cgt
Arg

gte
Val

get
Ala

cgt
Arg
175

ata
Ile

gaa
Glu

ccg
Pro

gca
Ala

gte
Val
255

gta
Val

gac
Asp

cag
Gln

ate
Ile

tac
Tyr
335

cte

Leu

get
Ala

Val

tgg
Trp

aag
Lys

cgt
Arg

ate
Ile
160

gaa
Glu

aaa
Lys

cac
His

gta
Val

gaa
Glu
240

gte
Val

ccg
Pro

ttc
Phe

atg
Met

tgce
Cys
320

aaa

Lys

gac
Asp

ttc
Phe

336

384

432

480

528

576

624

672

720

768

816

864

912

960

1008

1056

1104

1119
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<213> ORGANISM:

<400> SEQUENCE:

Met Ser Gln Ile

1
His

Val

Gly

Ala

65

Asp

Ile

Ile

Thr

145

Gln

Phe

Arg

Thr

Gln

225

Pro

Ala

Ser

Asp

Leu

305

Met

Pro

Ile

Ser

Pro

Gly

Tyr

50

Ala

Met

Phe

Gly

Arg

130

Glu

Glu

Cys

His

Ala

210

Pro

Asp

Asp

Gly

Gly

290

Ile

Met

Glu

Glu

Glu
370

Gln

Met

35

Leu

Arg

Glu

Ser

Lys

115

Pro

Leu

Ala

Asp

Asp

195

Leu

Trp

Glu

Asp

Ile

275

Cys

Asp

Arg

Phe

Ser
355

Ile

Lys

20

Met

Pro

Thr

Leu

Val

100

Ala

Ala

Gly

Ile

Val

180

Val

Val

Asn

Phe

Leu

260

Asp

Pro

Met

Phe
Glu
340

Pro

Leu

Megasphaera

26

Asp

Thr

Pro

Val

Tyr

Gln

85

Pro

Pro

Val

Arg

Lys

165

Ala

Ile

Arg

Gly

Leu

245

Ala

Pro

Leu

Thr

Cys

325

Ala

Ser

<210> SEQ ID NO 27

<211> LENGTH:

1140

Glu

Val

Tyr

Gly

Leu

70

Leu

Cys

Val

Asp

Ile

150

Val

Ala

Lys

Glu

Lys

230

Asp

Gln

Leu

Ala

Lys

310

Asp

Ala

Leu

Leu

Leu

Tyr

Met

55

Pro

Asn

Asp

Ile

Phe

135

Leu

Tyr

Gln

Ala

Leu

215

Lys

Ile

Glu

Glu

Leu

295

Lys

Pro

Gly

Glu

elsdenii

Ile

Asn

Ala

40

Phe

Pro

Gly

Thr

Val

120

Leu

Asn

Asn

Tyr

Arg

200

Ile

Val

Phe

Ser

Gln

280

Asn

Tyr

Glu

Val

Gln
360

Ser

Tyr

25

Pro

Gly

Phe

Thr

Leu

105

Phe

Lys

Val

Glu

Pro

185

Trp

Asp

Ile

Ser

Arg

265

Leu

Glu

Asn

Glu

Arg
345

Leu

Lys

10

Lys

Glu

Ser

Ala

Tyr

90

Arg

Thr

Ala

Lys

Asn

170

Gln

Phe

Ala

Leu

Glu

250

Gln

Ala

Asp

Ala

Phe
330

Tyr

Arg

Leu

Lys

Glu

Gln

Cys

75

Asp

Cys

Gln

Glu

Ile

155

Arg

Ile

Met

Val

Ser

235

Phe

Phe

Gln

Lys

Asp

315

Asp

Thr

Thr

Gln

Gln

Ile

Asn

60

Ser

Cys

Met

Pro

Tyr

140

Ser

Gln

Phe

Asp

Lys

220

Gly

Asn

Arg

Gln

Pro

300

Ala

Tyr

Val

Arg

Glu

Gly

Val

45

Pro

Leu

Leu

Ser

Gln

125

Glu

Asp

Val

Thr

Lys

205

Lys

Ile

Ile

Thr

Trp

285

Arg

Val

Pro

Leu

Ile
365

Val

Lys

30

Tyr

Gln

Met

Asp

Gln

110

Asn

His

Leu

Met

Pro

190

Ala

Glu

Met

Ala

Asp

270

Gln

Gly

Val

Ile

Asp
350

Gln

Ser

15

Gly

Ala

Ile

Gln

Ala

95

Lys

Arg

Val

Ala

Arg

175

Ile

Glu

Pro

Ala

Val

255

Val

Asp

Gln

Ile

Tyr

335

Leu

Ala

Asn

Leu

Ala

Ser

Ala

80

Val

Trp

Lys

Arg

Ile

160

Glu

Lys

His

Val

Glu

240

Val

Pro

Phe

Met

Cys

320

Lys

Asp

Phe
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-continued
<212> TYPE: DNA
<213> ORGANISM: Acidaminococcus fermentans
<400> SEQUENCE: 27
atggctatca gtgcacttat tgaagagttc caaaaagtat ctgccagecce gaagaccatg 60
ctggccaaat ataaagccca gggcaaaaaa gecatcegget gectgecgta ctatgttecg 120
gaagaactgyg tctatgcetge aggcatggtt cccatgggtyg tatggggetyg caatggcaaa 180
caggaagtce gttccaagga atactgtget tecttcetact gecaccattge ccagecagtet 240
ctggaaatge tgctggacgg gaccctggat gggttggacyg ggatcatcac teeggtactg 300
tgtgatacce tgcgteccat gagccagaac ttcaaagtgg ccatgaaaga caagatgecg 360
gttattttee tggctcatee ccaggtcegt cagaatgecyg ceggcaagca gttcacctat 420
gatgcctaca gegaagtgaa aggccatctg gaagaaatct geggccatga aatcaccaat 480
gatgccatee tggatgccat caaagtgtac aacaagagcce gtgctgeceg cegegaatte 540
tgcaaactgg ccaacgaaca tcctgatetyg atccceggett cegtacggge cacegtactg 600
cgtgeegett acttcatget gaaggatgaa tacaccgaaa agetggaaga actgaacaag 660
gaactggcag ctgctectge cggcaagtte gacggccaca aagtggttgt ttecggeatce 720
atctacaaca cgcceggcat cctgaaagee atggatgaca acaaactgge cattgetget 780
gatgactgeyg cttatgaaag ccgecagettt gecegtggatyg ctecggaaga tcetggacaac 840
ggactgcatyg ctectggetgt acagttctec aaacagaaga acgatgttet getgtacgat 900
cctgaatttyg ccaagaatac ccgttctgaa cacgttggea atctggtaaa agaaagcgge 960

gcagaaggac tgatcgtgtt catgatgcag ttctgcgatc cggaagaaat ggaatatcct 1020
gatctgaaga aggctctgga tgcccaccac attcctcatg tgaagattgg tgtggaccag 1080
atgaccecggg actttggtca ggcccagacce gctcectggaag ctttcgcaga aagcctgtaa 1140
<210> SEQ ID NO 28

<211> LENGTH: 1122

<212> TYPE: DNA

<213> ORGANISM: Methanocaldococcus jannaschii

<400> SEQUENCE: 28

atgatgaaat taaaggcaat tgaaaagttg atgcaaaaat tcgccagtag aaaagaacag 60
ctatataagc aaaaagaaga aggtagaaaa gtttttggaa tgttctgtge ctatgttcca 120
atagaaataa ttttagcagc aaatgcaatc ccagttggtt tgtgtggagg taaaaatgac 180
acaatcccaa tagcagagga ggatttgeca agaaacctat geccattaat aaaatcatcce 240
tatggtttta agaaggcaaa aacctgcect tactttgaag catctgatat agttattgga 300
gaaactacct gtgaaggaaa gaagaagatyg tttgagttga tggagagatt ggtgeccaatg 360
catataatgc acctcccaca catgaaagat gaagattctt tgaaaatctg gattaaagaa 420
gttgaaaagc taaaagaatt ggttgagaaa gagactggaa ataaaataac agaggaaaag 480
ttaaaagaga cagttgataa agtaaataaa gttagggagt tgttttataa actctatgaa 540
ttgaggaaga ataaaccagc tccaattaag ggtttagatg ttttaaaatt attccagttt 600
gectatttat tggatattga tgacacaata gggattttag aggatttaat tgaggagtta 660
gaggagagag ttaaaaaagg agaaggttat gaaggaaaga gaattttaat aactggetgt 720
ccaatggttyg ctggaaacaa taagattgtt gaaattattg aggaagttgg aggagtagtt 780

gttggtgaag aaagctgcac tggaacaaga ttctttgaaa actttgttga gggctatage 840
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134

gtagaggaca
gagagagttg
tacactttge
aaagaggagg
cagttaaaaa
<210> SEQ I

<211> LENGT.
<212> TYPE:

ttgcaaaaag
aaaatataaa
agtattgcca

gcattccaat

caaggttgga

D NO 29
H: 1152
DNA

atactttaaa

gagattggtt

tacatttaac

tataagaatt

ggcatttatt

<213> ORGANISM: Escherichia coli

<400> SEQUE:
atgtcacttg
ggctttetea
acctttatge
acctctgatg
attaaaagca
ctggtggtcg
tttaagcetyg
ttatggaaag
attagcgaag
gctaattttt
aaagtggttt
gcaatgaccyg
cgcattttaa
gaagagaatg
caatgcgtygg
ggctgetect
gaatatcagg
gaatcgctgg
gaaacagact
gagatgctgt
<210> SEQ I
<211> LENGT.

<212> TYPE:
<213> ORGAN

NCE: 29

tcaccgatct

ccgtcatgga

cgcaagagat

aaaccattga

gctacggett

gtgaaaccac

ttcatgtgat

ccgagatget

atgctetgeg

atcatcttgg

acggcgcaac

cecegegtteg

tcaccggety

geggetgggt

cagaaacggg

gtgtttcgee

tcgatggegt

cgattaaacg

actccacctce

aa

D NO 30

H: 379
PRT

acccgecatt

tctcaaggag

cccgatggea

agaagcggag

cggcaaaacc

ctgcgacgge

gcaattgecce

gegettgcaa

cgatgecatt

gcagttaaat

ctteeggtte

tcagcagtygg

cccgattgge

tgtcggttat

cgatgtctac

gaacgatcag

agttgatgtg

tcatgtgege

ggatgtcggg

ISM: Acidaminococcus

<400> SEQUENCE: 30

Met Ala Ile
1

Pro Lys Thr
Gly Cys Leu
35

Met Val Pro
50

Ser Lys Glu

Ser Ala Leu Ile Glu

Met Leu Ala Lys Tyr

20

Pro Tyr Tyr Val Pro

40

Met Gly Val Trp Gly

55

Tyr Cys Ala Ser Phe

atcccatgtyg
aaagagttgg
atagagggag
gaaactgact

gagatgattt

ttcgatcagt
cgcggeatte
geeggtgegy
aaagatctge
gataaatgce
aaaaagaaaa
aacagcgtta
aaaacggtag
gegetgaaaa
cctecggege
gataaagagg
gaagaaggce
ggcgcagcag
gaaaactgca
gacgcgctgg
cgcctgaaaa
attttgcagyg
cagcagcaca

cagctcagta

fermentans

Glu Phe Gln
10

Lys Ala Gln
25
Glu Glu Leu

Cys Asn Gly

Tyr Cys Thr

cttgtagatt taaaaacgat

acgtcgatgg agttgtttat

ctaaggtaga ggaggcatta

attctgaaag

aa

tctetgaage

cgctggttgg

ttgtggttte

cgcgcaacct

cctacttcta

tgtatgaata

aggacgatge

aagaacgttt

accgcgaacyg

ttagcggcag

cgttgatcaa

agcgactgga

aaaaagtggt

ccggggcgaa

cggataaata

tgctcageca

cgtgccatac

acattcctta

ccegtgtege

Lys

Gly

Val

Lys

60

Ile

Val

Lys

Tyr

45

Gln

Ala

Ser

Lys

30

Ala

Glu

Gln

tgatagagag

tcgecagaca
cacttactge
getetgttee
ctgecegety
ctttteggat
catggcggag
ctegegtgeyg
tgggcacgag
tcgegeactyg
cgacattctyg
tgaactggat
ccegegtecy
gegegegatt
agcgaccgag
tctggegatt
gatggtggag
ctacgeggty
tatcgetatt

ggcctttatt

Ala Ser

15

Ala Ile

Ala Gly

Val Arg

Gln Ser

900

960

1020

1080

1122

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1152
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-continued

136

65

Leu

Thr

Val

Val

Glu

145

Asp

Arg

Ala

Asp

Ala

225

Ile

Ala

Asp

Phe

Lys

305

Ala

Met

Gln

<210>
<211>
<212>
<213>

<400>

Glu

Pro

Ala

Arg

130

Val

Ala

Arg

Ser

Glu

210

Pro

Tyr

Ile

Ala

Ser

290

Asn

Glu

Glu

Val

Thr
370

Met

Val

Met

115

Gln

Lys

Ile

Glu

Val

195

Tyr

Ala

Asn

Ala

Pro

275

Lys

Thr

Gly

Tyr

Lys

355

Ala

Leu

Leu

100

Lys

Asn

Gly

Leu

Phe

180

Arg

Thr

Gly

Thr

Ala

260

Glu

Gln

Arg

Leu

Pro

340

Ile

Leu

PRT

SEQUENCE :

Leu

85

Cys

Asp

Ala

His

Asp

165

Cys

Ala

Glu

Lys

Pro

245

Asp

Asp

Lys

Ser

Ile

325

Asp

Gly

Glu

SEQ ID NO 31
LENGTH:
TYPE :
ORGANISM: Methanocaldococcus jannaschii

373

31

Met Met Lys Leu Lys

1

5

Arg Lys Glu Gln Leu

20

Gly Met Phe Cys Ala

35

Ala Ile Pro Val Gly

50

70

Asp

Asp

Lys

Ala

Leu

150

Ala

Lys

Thr

Lys

Phe

230

Gly

Asp

Leu

Asn

Glu

310

Val

Leu

Val

Ala

Ala

Tyr

Tyr

Leu

Gly

Thr

Met

Gly

135

Glu

Ile

Leu

Val

Leu

215

Asp

Ile

Cys

Asp

Asp

295

His

Phe

Lys

Asp

Phe
375

Ile

Lys

Val

Cys
55

Thr

Leu

Pro

120

Lys

Glu

Lys

Ala

Leu

200

Glu

Gly

Leu

Ala

Asn

280

Val

Val

Met

Lys

Gln

360

Ala

Glu

Gln

Pro

40

Gly

Leu

Arg

105

Val

Gln

Ile

Val

Asn

185

Arg

Glu

His

Lys

Tyr

265

Gly

Leu

Gly

Met

Ala

345

Met

Glu

Lys

Lys

Ile

Gly

Asp

90

Pro

Ile

Phe

Cys

Tyr

170

Glu

Ala

Leu

Lys

Ala

250

Glu

Leu

Leu

Asn

Gln

330

Leu

Thr

Ser

Leu

10

Glu

Glu

Lys

75

Gly

Met

Phe

Thr

Gly

155

Asn

His

Ala

Asn

Val

235

Met

Ser

His

Tyr

Leu

315

Phe

Asp

Arg

Leu

Met

Glu

Ile

Asn

Leu

Ser

Leu

Tyr

140

His

Lys

Pro

Tyr

Lys

220

Val

Asp

Arg

Ala

Asp

300

Val

Cys

Ala

Asp

Gln

Gly

Ile

Asp
60

Asp

Gln

Ala

125

Asp

Glu

Ser

Asp

Phe

205

Glu

Val

Asp

Ser

Leu

285

Pro

Lys

Asp

His

Phe
365

Lys

Arg

Leu

45

Thr

Gly

Asn

110

His

Ala

Ile

Arg

Leu

190

Met

Leu

Ser

Asn

Phe

270

Ala

Glu

Glu

Pro

His

350

Gly

Phe

Lys

Ala

Ile

Ile

95

Phe

Pro

Tyr

Thr

Ala

175

Ile

Leu

Ala

Gly

Lys

255

Ala

Val

Phe

Ser

Glu

335

Ile

Gln

Ala
15
Val

Ala

Pro

80

Ile

Lys

Gln

Ser

Asn

160

Ala

Pro

Lys

Ala

Ile

240

Leu

Val

Gln

Ala

Gly

320

Glu

Pro

Ala

Ser

Phe

Asn

Ile
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-continued

138

Ala

65

Tyr

Ile

Leu

Lys

Lys

145

Leu

Lys

Asp

Thr

Lys

225

Pro

Gly

Glu

Phe

Asn

305

Tyr

Glu

Asp

Phe

Glu

Gly

Val

Met

Asp

130

Glu

Lys

Leu

Val

Ile

210

Lys

Met

Gly

Asn

Lys

290

Ile

Thr

Glu

Tyr

Ile
370

Glu

Phe

Ile

Glu

115

Glu

Leu

Glu

Tyr

Leu

195

Gly

Gly

Val

Val

Phe

275

Ile

Lys

Leu

Ala

Ser

355

Glu

Asp

Lys

Gly

100

Arg

Asp

Val

Thr

Glu

180

Lys

Ile

Glu

Ala

Val

260

Val

Pro

Arg

Gln

Leu

340

Glu

Met

Leu

Lys

85

Glu

Leu

Ser

Glu

Val

165

Leu

Leu

Leu

Gly

Gly

245

Val

Glu

Cys

Leu

Tyr

325

Lys

Ser

Ile

<210> SEQ ID NO 32

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Ser Leu Val

1

Ala Arg Gln Thr

20

Ile Pro Leu Val

35

Met Ala Ala Gly

50

383

Pro

70

Ala

Thr

Val

Leu

Lys

150

Asp

Arg

Phe

Glu

Tyr

230

Asn

Gly

Gly

Ala

Val

310

Cys

Glu

Asp

Arg

Lys

Thr

Pro

Lys

135

Glu

Lys

Lys

Gln

Asp

215

Glu

Asn

Glu

Tyr

Cys

295

Lys

His

Glu

Arg

Asn

Thr

Cys

Met

120

Ile

Thr

Val

Asn

Phe

200

Leu

Gly

Lys

Glu

Ser

280

Arg

Glu

Thr

Gly

Glu
360

Leu

Cys

Glu

105

His

Trp

Gly

Asn

Lys

185

Ala

Ile

Lys

Ile

Ser

265

Val

Phe

Leu

Phe

Ile

345

Gln

Cys

Pro

90

Gly

Ile

Ile

Asn

Lys

170

Pro

Tyr

Glu

Arg

Val

250

Cys

Glu

Lys

Asp

Asn

330

Pro

Leu

Pro

75

Tyr

Lys

Met

Lys

Lys

155

Val

Ala

Leu

Glu

Ile

235

Glu

Thr

Asp

Asn

Val

315

Ile

Ile

Lys

Leu

Phe

Lys

His

Glu

140

Ile

Arg

Pro

Leu

Leu

220

Leu

Ile

Gly

Ile

Asp

300

Asp

Glu

Ile

Thr

Methanocaldococcus jannaschii

32
Thr
5
Gly

Gly

Ala

Asp

Phe

Thr

Val

Leu

Leu

Tyr

Val
55

Pro

Thr

Cys

40

Val

Ala

Val

25

Thr

Ser

Ile

10

Met

Phe

Leu

Phe

Asp

Met

Cys

Asp

Leu

Pro

Ser
60

Ile

Glu

Lys

Leu

125

Val

Thr

Glu

Ile

Asp

205

Glu

Ile

Ile

Thr

Ala

285

Glu

Gly

Gly

Arg

Arg
365

Gln

Lys

Gln

45

Thr

Lys

Ala

Met

110

Pro

Glu

Glu

Leu

Lys

190

Ile

Glu

Thr

Glu

Arg

270

Lys

Arg

Val

Ala

Ile

350

Leu

Phe

Glu

30

Glu

Ser

Ser

Ser

95

Phe

His

Lys

Glu

Phe

175

Gly

Asp

Arg

Gly

Glu

255

Phe

Arg

Val

Val

Lys

335

Glu

Glu

Ser
15
Arg

Ile

Asp

Ser

80

Asp

Glu

Met

Leu

Lys

160

Tyr

Leu

Asp

Val

Cys

240

Val

Phe

Tyr

Glu

Tyr

320

Val

Thr

Ala

Glu

Gly

Pro

Glu
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140

Thr

65

Ile

Tyr

Lys

Leu

Glu

145

Ile

Arg

Ala

Arg

Arg

225

Arg

Val

Cys

Val

Val

305

Glu

Thr

Val

Ile

Lys

Phe

Met

Pro

130

Met

Ser

Arg

Leu

Phe

210

Val

Ile

Arg

Thr

Tyr

290

Ser

Tyr

Tyr

Asn

Gly
370

Glu

Ser

Ser

Tyr

115

Asn

Leu

Glu

Ala

Ser

195

Asp

Arg

Leu

Ala

Gly

275

Asp

Pro

Gln

Ala

Ile

355

Gln

Glu Ala Glu Lys Asp

70

Ser Tyr Gly Phe Gly

85

Asp Leu Val Val Gly

100

Glu Tyr Met Ala Glu

120

Ser Val Lys Asp Asp

135

Arg Leu Gln Lys Thr
150

Asp Ala Leu Arg Asp

165

Leu Ala Asn Phe Tyr

180

Gly Ser Asp Ile Leu

200

Lys Glu Ala Leu Ile

215

Gln Gln Trp Glu Glu
230

Ile Thr Gly Cys Pro

245

Ile Glu Glu Asn Gly

260

Ala Lys Ala Thr Glu

280

Ala Leu Ala Asp Lys

295

Asn Asp Gln Arg Leu
310

Val Asp Gly Val Val

325

Val Glu Ser Leu Ala

340

Pro Tyr Ile Ala Ile

360

Leu Ser Thr Arg Val

<210> SEQ ID NO 33
<211> LENGTH: 6295
<212> TYPE: DNA

<213> ORGANISM: Megasphaera elsd

<400> SEQUENCE: 33

cgacggeceg ggctggtate

gcagtacgac

aagtagaaat

cgtectategyg

ggttcctgga

agaagcgteg

cattacagct

ctttgtcage

cacgaacacc

375

attctagtca

atacattcca

gaacaagcag

agcgccecate

ccgcagaact

Leu Pro Arg
Lys Thr Asp
90

Glu Thr Thr
105

Phe Lys Pro

Ala Ser Arg

Val Glu Glu

155

Ala Ile Ala
170

His Leu Gly
185

Lys Val Val

Asn Glu Leu

Gly Gln Arg
235

Ile Gly Gly
250

Gly Trp Val
265

Gln Cys Val

Tyr Leu Ala

Lys Met Leu
315

Asp Val Ile
330

Ile Lys Arg
345

Glu Thr Asp

Ala Ala Phe

enii

gtaattcacc
tttagcagga
ctcagetegt
cggaagcact

tgacctacat

Asn

Lys

Cys

Val

Ala

140

Arg

Leu

Gln

Tyr

Asp

220

Leu

Ala

Val

Ala

Ile

300

Ser

Leu

His

Tyr

Ile
380

Leu

Cys

Asp

His

125

Leu

Phe

Lys

Leu

Gly

205

Ala

Asp

Ala

Gly

Glu

285

Gly

Gln

Gln

Val

Ser

365

Glu

Cys

Pro

Gly

110

Val

Trp

Gly

Asn

Asn

190

Ala

Met

Pro

Glu

Tyr

270

Thr

Cys

Met

Ala

Arg

350

Thr

Met

tttggaaaat

ggaagttacg

aaaagacaac

gaccaaagct

ctatgcagge

Pro Leu
80

Tyr Phe
95

Lys Lys

Met Gln

Lys Ala

His Glu
160

Arg Glu
175

Pro Pro

Thr Phe

Thr Ala

Arg Pro
240

Lys Val
255

Glu Asn

Gly Asp

Ser Cys

Val Glu
320

Cys His
335

Gln Gln

Ser Asp

Leu

tttcacaaag
gtaatgagaa
gacacgatta
ttggaaaaac

tctcagggca

60

120

180

240

300
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-continued
aacgcgatgg ccgtgccget gaacatctgg cacacacagg ccttttgaaa cgcgecatca 360
tceggtcactg gcagactgta ccggctatcg gtaaactgge tgtcgaaaac aagattgaag 420
cttacaactt ctcgcagggce acgttggtcc actggttceg cgccttggca ggtcataagce 480
teggegtett caccgacatc ggtctggaaa ctttcectega tccccgtcag ctceggeggea 540
agctcaatga cgtaaccaaa gaagacctcg tcaaactgat cgaagtcgat ggtcatgaac 600
agcttttcta ccecgacctte cecggtcaacg tagetttect cegeggtacyg tatgetgatg 660
aatccggcaa tatcaccatg gacgaagaaa tcgggecttt cgaaagcact tccegtagcecce 720
aggccgttca caactgtgge ggtaaagtcg tcgtccaggt caaagacgtc gtcegetcacg 780
gcagcctcga cccegegcatg gtcaagatcce ctggcatcta tgtcgactac gtcgtegtag 840
cagctccgga agaccatcag cagacgtatg actgcgaata cgatccegtcece ctcageggtg 900
aacatcgtgc tcctgaaggce gctaccgatg cagctctcee catgagceget aagaaaatca 960

tcggecgecg cggcegctttyg gaattgactg aaaacgcetgt cgtcaaccte ggcgteggtg 1020
ctccggaata cgttgcttet gttgcececggtg aagaaggtat cgccgatacce attaccctga 1080
ccgtcgaagg tggcgccatce ggtggcegtac cgcagggegg tgcccgcectte ggttegtece 1140
gcaatgccga tgccatcatce gaccacacct atcagttcga cttctacgat ggcggcggtce 1200
tggacatcge ttacctcgge ctggcccagt gcgatggcetce gggcaacatc aacgtcagca 1260
agttcggtac taacgttgcc ggctgcggcg gtttccccaa catttcecccag cagacaccga 1320
atgtttactt ctgcggcacc ttcacggctg gcggcttgaa aatcgcectgtce gaagacggca 1380
aagtcaagat cctccaggaa ggcaaagcca agaagttcat caaagctgtce gaccagatca 1440
ctttcaacgg ttcctatgca gcccgcaacg gcaaacacgt tctctacatce acagaacgcet 1500
gcgtatttga actgaccaaa gaaggcttga aactcatcga agtcgcaccg ggcatcgata 1560
ttgaaaaaga tatcctcgcect cacatggact tcaagccgat cattgataat ccgaaactca 1620
tggatgccecg cctcetteccag gacggtecca tgggactgaa aaaataaatc tetgctgtaa 1680
aggagacttt actatgaaac caatgagact acatcacgta ggcattgtcc tgccgacctt 1740
agaaaaagcc catgaattca tgcagaataa tggacttgaa atcgactatg ccggctatgt 1800
cgatgcttac caggctgatc tcattttcac taagtttggt gaatttgcca gcccgattga 1860
aatgattatc ccgcactceg gtgtgcttac ccaattcaat ggtggccgeg geggcattgce 1920
ccacatcgece ttcgaagtgg acgatgtcga agctgtecge caggaaatgg aagcagattg 1980
tcecgggatge atgttagaaa agaaagctgt ccagggtacg gacgacatta tcgtcaactt 2040
ccgccgeccg acaaccaacce agggtatcct cgttgaatat gttcagacga cagcacctat 2100
caccggecge ggcgaaaatc ctttcegttaa gaatctegge ceggaaaaag ggaagctcaa 2160
cgaaacatgg catcccatgc gectgcacca tatcggcatc gtcttgccga ccttggaaaa 2220
ggcccatgaa ttcatcaaga ccaatggtct ggaagtggat tattccggtt tcecgtcecgacge 2280
ctaccatgcg gatctcattt tcactaaaaa aggtgaaaac agtacgccta tcgaattcat 2340
tattccecegt gaaggggtcec tcaaagattt caatcatggc aggggaggta tcgctcatat 2400
cgcctttgaa gtggatgatg tcgaaaaggt acgtcagatt atggaaagcc agaagcctgg 2460
ttgcatgctc gaaaagaaag ccgtccgggg aacggacgat atcatcgtca acttccgecg 2520
tceccagecacg gacgecggca tectegtcecga atatgtcecag accgtagcte ccatcaatcg 2580
cagcaatccc aaccctttta atgattgatt ttttataaag aaaggtgaaa actgtgtata 2640

ctctcggaat cgacgttggt tettettcectt ccaaggcagt catcctggaa gatggcaaga 2700
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144

agatcgtege

tggacgaagt

caggctatgg

atgccaaagg

aggacgtcaa

acaaatgcge

ccatgtctga

cctgecacggt

aagatatcgt

gegteggtgt

tcgatgeegt

tgggtgctet

agaacaaaat

cccttggtta

gectegttty

ccatcgteta

tgctcgaagt

acatgggcta

tcaaaaactc

tctgcaatac

tcaacatcga

tegteggega

actatgacaa

aaatcgctac

acatgggect

tcctcaaaga

aatccegtgt

aactcaaagg

cctacgaacce

getgectega

gettgatcat

gccagegeat

atgctegtaa

tggcagacaa

cagcaaatta

gggtaaaggc

aggctaccte

gtaccttect

cacctatgac

ccatgeegte

cttcaaagat

ccgttteaat

ggcectettt

gtccatcaaa

cgctggtacy

aatgggggac

ttttgctgaa

agcecggtgte

cggtgaagac

atcgaaagaa

cggagetget

catgagtgaa

cttettgeceyg

ctggteeget

tccggaaact

tgctgaaaac

catggaactc

cceggettet

cttgctcaaa

cgtaccgtte

attcaaacat

attcttecgaa

gtacttccag

cgecegttget

attggacgaa

tacttgggaa

tcagggeget

gggcgaccte

acagcgeggt

gcaccagaac

ccagaagaac

ctteteggaa

aaaagccaat

caggaagtat

ctcgtaggea

ccggtaggea
cegttegett

tgcctegacy

gttgaaatcyg

accaacttaa

gtcgactgeyg

gaatgccccyg

ttgaatggce

ggcegtttee

tggtacttca

tcggaagtca

catcagtcca

ctgaccatga

ttaggtattc

ttgattgett

gaaaaaacag

aaagtcgatg

tctgtegete

cacgcagetyg

aaaggttaca

ctcaaacagc

ccgattecce

tggtatgaaa

aaccatgaat

gctatcaaac

gtacagaaac

tacaaaccgt

gecegetect

aaagtagcta

ggtatcgety

ctcatgactyg

gaatccatgg

getgttettyg

cgttectgea

ctceggegtac

gcacagtteg

gaaggaggaa

ccaaccatcce

tgatgcccta

tgtteggtte

getecttgat

ctgttatcett

gcaccggtte

aaattgaaga

ccaaaggcga

gtacgacgac

agggcctggt

tcgacgtceat

aatcgaagca

tttceccttet

tcgecgecaa

ceggeggtgg

ctgtcagagt

atgataaaat

tagatattga

aagacgcacg

ctceggaatt

gtatcggtge

accaggacat

aggctcetgac

ttceggatgt

acttggctaa

tcecectgttac

agctcgaaga

agacacagcg

cgcegetcaa

tgaactactc

ataagaaatg

tctggatege

gttecgetta

cagaagctta

aaaaagttgt

agaacatgag

cgtacgtcat

ataccecgegt

accactaatg

ccagaagacg

ctacgceteeg

ccagaacceg

gcaggctgac

ctcegttect

gaceggtecg gaacgegtece

catggcgaac atcatcgeca

agtcagcgaa atcacgtgec

catcctcgat atcggeggte

catgcagttt gccatgaacyg

gtcgaaggta ctggaaatce

tccegetgee gtcagcagta

ttccaagaat gtcccgaaag

agcctgeget ctegtgegece

ctcecegegat cceggegteg

cgctetgeat ccccaagegyg

caagaaataa gtcaaaggag

aagcatgagce tccaaggaag

taaagcgaaa aaagaaggcc

ctgcacgget atggacatcg

cegtcacggt getceggeca

ctgttectac tgccgegtca

aggcgaaacg ccggaagtec

tgtcctcact tgcaacaaca

agaattgaac gtacctctca

gaaacacgct aaacagtaca

cctttgegge cgteectteg

ctccatcget gectggaaca

cggettegac ctettcaact

ggaaatcacg ttcaacaaat

ggcttteggt gaaaacgaaa

tcteggecac accttcaaag

tcctggecatyg tgggacgttt

ttcecegtaca tacatcaact

ccgegatgge aaatgegacyg

cctectcaac aacgaaggceg

cttegacgge gaccagaccg

agaagctttyg gcagaaatga

agtcagatcg acgaacttat

gttttgaatt ataaaaaaca

gaagaaatcg tatatgctge

cagatctecg cagctegtac

atggaactcc agctcaacgg

tgcgacacte tcegetgeat

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

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040
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gagccagaaa tggcacggca
gatcegeceg getgtegatt
acgtatccte aacgtaaaaa
cgaaaaccgt caggttatge
cactccgata aaacgtcatg
caccgetttyg gtccgegaac
tggcaaaaaa gtcatcctct
cagcgaatte aacatcgetg
tacagacgta ccgtccggea
cgatggetge cecgetegett
gactaagaaa tacaatgctg
agaattcgac tatccgattt
cctegaccte gacatcgaat
ctcggaaate ctctaagaat
gectgetaca tgatacattg
ttgtacggge tgcaagctgt
aacataaaac catatataat
aattacagca agatatcgca
ctgtcaaaga gcgtgacgaa
ctcteggect teteggtatt
tcagecctege agttgettge
<210> SEQ ID NO 34

<211> LENGTH: 915
<212> TYPE: DNA

aagcteceggt

tcctcaaage

tctecgacct

gtgaattctyg

acgtcatcaa

tcatcgacge

ccggtatcat

tcgtegetga

tcgatccect

tgaacgaaga

acgccgtegt

acaaaccgga

ctcegtecct

cgectgaate

cctgttttea

caatgatgct

ctattaggag

aatctcgcaa

aaagaagttt

ccctgggaag

gaagaagtag

catcgtette

tgaatacgaa

ggctatccag

cgacgtaget

agcccgetygyg

tgtcaagaaa

ggcagaaccyg

cgaccteget

cgaacagcete

caaaccgegt

catctgcatg

atttgaagct

cgaacagcete

atcaaacatc

ggcagacaga

ttaaagacgg

gaaactcaat

aagatttecge

tcgategtge

aagaaaacgg

ctaaagttac

<213> ORGANISM: Megasphaera elsdenii

<400> SEQUENCE: 34

atgaaaccaa tgagactaca

gaattcatgce agaataatgg

getgatctca ttttcactaa

cactceggty tgcttaccca

gaagtggacg atgtcgaagce

ttagaaaaga aagctgtcca

accaaccagyg gtatcctegt

gaaaatcctt tcgttaagaa

cccatgegee tgcaccatat

atcaagacca atggtctgga

ctcattttca ctaaaaaagg

ggggtcctca aagatttcaa

gatgatgtcg aaaaggtacg

aagaaagccyg tccggggaac

geeggeatcee tegtcegaata

tcacgtagge

acttgaaatc

gtttggtgaa

attcaatggt

tgtccgecag

gggtacggac

tgaatatgtt

tcteggeceyg

cggcategte

agtggattat

tgaaaacagt

tcatggcagyg

tcagattatg

ggacgatatc

tgtccagacc

attgtecctge

gactatgccyg

tttgccagee

dgecgegygcey

gaaatggaag

gacattatcg

cagacgacag

gaaaaaggga

ttgccgacct

tceggttteg

acgcctateg

ggaggtatcg

gaaagccaga

atcgtcaact

gtagctccca

acacagccge agaaccgtaa

catgtccgta cggaattggyg

gaagctatca aagtatataa

gctcagtace cgcagatcett

ttcatggaca aagctgaaca

gaaccggtac agccgtggaa

gatgaattce tcgatatctt

caggaatcce gccagttecg

gctcagecagt ggcaggactt

ggccagatge tcatcgacat

atgcgtttet gecgatcctga

getggegtte gttacacggt

cgcacccgta tccaggettt

tgggcgggac tccgaaaggt

tttgcagett geggecccca

ctctgecgtt tttaaataaa

catggaattc aaactttctg

agaaaaaaaa ttagctccca

tatccttgac gaagtgggta

cggegtagge getgacttee

cagcceggge cgteg

cgaccttaga aaaagcccat

getatgtega tgcttaccag

cgattgaaat gattatcccg

gecattgceca catcgectte

cagattgtcc gggatgcatg

tcaacttccyg ccgeccgaca

cacctatcac cggccegegge

agctcaacga aacatggcat

tggaaaaggc ccatgaattce

tcgacgecta ccatgeggat

aattcattat tccccgtgaa

ctcatatcge ctttgaagtyg

agcctggttyg catgetcgaa

tcegeegtee cagcacggac

tcaatcgcag caatcccaac

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6295

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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ccttttaatg attga

<210> SEQ ID NO 35

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Megasphaera

PRT

<400> SEQUENCE:

Met Lys Pro Met

1

Glu

Ala

Gly

Leu

65

Glu

Pro

Ile

Tyr

Val

145

Pro

Ala

Phe

Asn

Asp

225

Asp

Cys

Gln

Lys

Gly

Glu

50

Thr

Val

Gly

Val

Val

130

Lys

Met

His

Val

Ser

210

Phe

Asp

Met

Phe

Thr
290

Ala

Tyr

35

Phe

Gln

Asp

Cys

Asn

115

Gln

Asn

Arg

Glu

Asp

195

Thr

Asn

Val

Leu

Arg

275

Val

His

20

Val

Ala

Phe

Asp

Met

100

Phe

Thr

Leu

Leu

Phe

180

Ala

Pro

His

Glu

Glu

260

Arg

Ala

304

35

Arg

Glu

Asp

Ser

Asn

Val

85

Leu

Arg

Thr

Gly

His

165

Ile

Tyr

Ile

Gly

Lys

245

Lys

Pro

Pro

<210> SEQ ID NO 36

<211> LENGTH:

<212> TYPE: DNA
<213> ORGANISM: Megasphaera

<400> SEQUENCE:

atggaattca aactttctga attacagcaa gatatcgcaa atctcgcaaa agatttcegca

gaaaaaaaat tagctcccac tgtcaaagag cgtgacgaaa aagaagtttt cgategtget

254

36

Leu

Phe

Ala

Pro

Gly

Glu

Glu

Arg

Ala

Pro

150

His

Lys

His

Glu

Arg

230

Val

Lys

Ser

Ile

His

Met

Tyr

Ile

55

Gly

Ala

Lys

Pro

Pro

135

Glu

Ile

Thr

Ala

Phe

215

Gly

Arg

Ala

Thr

Asn
295

elsdenii

His

Gln

Gln

40

Glu

Arg

Val

Lys

Thr

120

Ile

Lys

Gly

Asn

Asp

200

Ile

Gly

Gln

Val

Asp

280

Arg

elsdenii

Val

Asn

25

Ala

Met

Gly

Arg

Ala

105

Thr

Thr

Gly

Ile

Gly

185

Leu

Ile

Ile

Ile

Arg

265

Ala

Ser

Gly

Asn

Asp

Ile

Gly

Gln

90

Val

Asn

Gly

Lys

Val

170

Leu

Ile

Pro

Ala

Met

250

Gly

Gly

Asn

Ile

Gly

Leu

Ile

Ile

Glu

Gln

Gln

Arg

Leu

155

Leu

Glu

Phe

Arg

His

235

Glu

Thr

Ile

Pro

Val

Leu

Ile

Pro

60

Ala

Met

Gly

Gly

Gly

140

Asn

Pro

Val

Thr

Glu

220

Ile

Ser

Asp

Leu

Asn
300

Leu

Glu

Phe

45

His

His

Glu

Thr

Ile

125

Glu

Glu

Thr

Asp

Lys

205

Gly

Ala

Gln

Asp

Val

285

Pro

Pro

Ile

30

Thr

Ser

Ile

Ala

Asp

110

Leu

Asn

Thr

Leu

Tyr

190

Lys

Val

Phe

Lys

Ile

270

Glu

Phe

Thr

15

Asp

Lys

Gly

Ala

Asp

95

Asp

Val

Pro

Trp

Glu

175

Ser

Gly

Leu

Glu

Pro

255

Ile

Tyr

Asn

Leu

Tyr

Phe

Val

Phe

80

Cys

Ile

Glu

Phe

His

160

Lys

Gly

Glu

Lys

Val

240

Gly

Val

Val

Asp

915

60

120
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-continued
atccttgacyg aagtgggtac tctceggectt cteggtatte cctgggaaga agaaaacggce 180
ggecgtaggeyg ctgacttcect cagectcgca gttgcttgeg aagaagtagce taaagttacce 240
agcccegggece gteg 254

<210> SEQ ID NO 37

<211> LENGTH: 84

<212> TYPE: PRT

<213> ORGANISM: Megasphaera elsdenii

<400> SEQUENCE: 37

Met Glu Phe Lys Leu Ser Glu Leu Gln Gln Asp Ile Ala Asn Leu Ala
1 5 10 15

Lys Asp Phe Ala Glu Lys Lys Leu Ala Pro Thr Val Lys Glu Arg Asp
20 25 30

Glu Lys Glu Val Phe Asp Arg Ala Ile Leu Asp Glu Val Gly Thr Leu
35 40 45

Gly Leu Leu Gly Ile Pro Trp Glu Glu Glu Asn Gly Gly Val Gly Ala
50 55 60

Asp Phe Leu Ser Leu Ala Val Ala Cys Glu Glu Val Ala Lys Val Thr
65 70 75 80

Ser Pro Gly Arg

<210> SEQ ID NO 38

<211> LENGTH: 6141

<212> TYPE: DNA

<213> ORGANISM: Chloroflexus aurantiacus
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (480)..(5945

<400> SEQUENCE: 38

gtgagcacac acttgatagc tgatgccgtc aatgatcagt tgttcgtcta tagcaggetg 60
aaaggacatg ggtttggtca cagtctgage agttgcagge agtcaaacac gttcgtaact 120
acgctgtaga tgatataagc agtataccat cttgctacge tctegttgat caggttgaat 180
getttgagga aggtcaggeg aatagccatg cctettgttt ccagaacatg gcatggggat 240
ggatcgacgyg taccctgteg gatgcatget atgegtggea ttcatatcat caaccagaat 300
ttgatcttga actacacagc aattctgege gttatgcaag tgtcttceggt cagatggtga 360
acaattctca attgttgagg tcttgacgaa ttgcgttata cactgtagge tatagtatge 420
acccettgtt atctatatca caaccggtcet attagcattt gegtcaagga ggatggtcg 479
atg atc gac act gcg cce ctt gec cca cca ¢gg geg ccc cge tcet aat 527
Met Ile Asp Thr Ala Pro Leu Ala Pro Pro Arg Ala Pro Arg Ser Asn

1 5 10 15

ccg att cgg gat cga gtt gat tgg gaa gct cag c¢gc gct gct geg ctg 575
Pro Ile Arg Asp Arg Val Asp Trp Glu Ala Gln Arg Ala Ala Ala Leu

20 25 30
gca gat ccc ggt gec ttt cat ggc gecg att gec c¢gg aca gtt atc cac 623
Ala Asp Pro Gly Ala Phe His Gly Ala Ile Ala Arg Thr Val Ile His
35 40 45
tgg tac gac cca caa cac cat tgc tgg att cgc ttc aac gag tct agt 671
Trp Tyr Asp Pro Gln His His Cys Trp Ile Arg Phe Asn Glu Ser Ser
50 55 60
cag cgt tgg gaa ggg ctg gat gce get acce ggt gee cct gta acg gta 719

Gln Arg Trp Glu Gly Leu Asp Ala Ala Thr Gly Ala Pro Val Thr Val
65 70 75 80
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gac
Asp

gaa
Glu

ttt
Phe

gece
Ala

cgt
Arg
145

gtg
Val

aag
Lys

tat
Tyr

tte
Phe

ggt
Gly
225

gtg
Val

att
Ile

ttg
Leu

gece
Ala

999
Gly
305

cag
Gln

ceg
Pro

ttg
Leu

gecg
Ala

cac
His
385

tat
Tyr

gecg
Ala

aat
Asn

tac
Tyr
130

ggt
Gly

gag
Glu

ggt
Gly

tat
Tyr

ggt
Gly
210

gca
Ala

gtg
Val

ccg
Pro

cce
Pro

gca
Ala
290

gtt
Val

gca
Ala

cgg
Arg

tgg
Trp

ctyg
Leu
370

agt
Ser

cce
Pro

ccg
Pro

gaa
Glu
115

tac
Tyr

ggt
Gly

gtg
Val

gat
Asp

acg
Thr
195

gge
Gly

cga
Arg

cce
Pro

gtt
Val

ctyg
Leu
275

ctyg
Leu

ggt
Gly

aag
Lys

gtt
Val

aac
Asn
355

gecg
Ala

gag
Glu

gece
Ala

ttt
Phe
100

gta
Val

ttt
Phe

ccg
Pro

gtg
Val

cgg
Arg
180

gaa
Glu

ttc
Phe

gtg
Val

tac
Tyr

gag
Glu
260

act
Thr

gece
Ala

tct
Ser

gtg
Val

gaa
Glu
340

gag
Glu

aag
Lys

aat
Asn

gat
Asp

tac
Tyr

gac
Asp

gaa
Glu

gtt
Val

aag
Lys
165

att
Ile

gecg
Ala

teg
Ser

gtg
Val

aaa
Lys
245

acg
Thr

gag
Glu

ggt
Gly

gece
Ala

cgt
Arg
325

get
Ala

999
Gly

att
Ile

gat
Asp

tat
Tyr

cge
Arg

cgg
Arg

ggt
Gly

gte
Val
150

get
Ala

get
Ala

gca
Ala

gac
Asp

att
Ile
230

gaa
Glu

gecg
Ala

teg
Ser

gag
Glu

cte
Leu
310

aca
Thr

gtg
Val

cga
Arg

ctyg
Leu

ctyg
Leu
390

cag
Gln

tgg
Trp

cat
His

gac
Asp
135

cag
Gln

gecg
Ala

ctyg
Leu

aaa
Lys

aag
Lys
215

acce
Thr

gecg
Ala

cag
Gln

cag
Gln

att
Ile
295

gca
Ala

gta
Val

gtg
Val

gat
Asp

gece
Ala
375

cte
Leu

cce
Pro

ttt
Phe

gte
Val
120

cge
Arg

gag
Glu

cag
Gln

aat
Asn

cga
Arg
200

act
Thr

tct
Ser

tat
Tyr

gecg
Ala

cge
Arg
280

acg
Thr

aag
Lys

ctyg
Leu

gtt
Val

cge
Arg
360

aat

Asn

aat
Asn

tgg
Trp

agt
Ser
105

atg
Met

tgg
Trp

aca
Thr

gtg
Val

atg
Met
185

ctyg
Leu

ctt
Leu

gat
Asp

ace
Thr

att
Ile
265

cag
Gln

gtt
Val

cte
Leu

gecg
Ala

gtg
Val
345

tgg
Trp

gecg
Ala

cte
Leu

caa
Gln

ggt
Gly

atg
Met

gat
Asp

ate
Ile

ttg
Leu
170

ccg
Pro

ggt
Gly

tce
Ser

ggt
Gly

gat
Asp
250

gtt
Val

acg
Thr

gag
Glu

cge
Arg

cag
Gln
330

cgt

Arg

agt
Ser

cgt
Arg

cce
Pro

cag
Gln

999
Gly

gge
Gly

aac
Asn

acyg
Thr
155

cgt
Arg

aat
Asn

att
Ile

gac
Asp

geg
Ala
235

cag
Gln

geg
Ala

ate
Ile

cge
Arg

gat
Asp
315

geg
Ala

cat
His

cac
His

get
Ala

gat
Asp
395

gecg
Ala

ttg
Leu

tat
Tyr

teg
Ser
140

cgg
Arg

gat
Asp

att
Ile

ctyg
Leu

cgt
Arg
220

tac
Tyr

gecg
Ala

cag
Gln

ate
Ile

teg
Ser
300

ctt
Leu

ctyg
Leu

acce
Thr

gac
Asp

gece
Ala
380

gac
Asp

ttt
Phe

aca
Thr

gge
Gly
125

cte
Leu

cgg
Arg

ctyg
Leu

atg
Met

tac
Tyr
205

att
Ile

cge
Arg

cte
Leu

acce
Thr

acce
Thr
285

gac
Asp

gat
Asp

gte
Val

ggt
Gly

ttg
Leu
365

gge
Gly

cag
Gln

gat
Asp

aat
Asn
110

gac
Asp

aac
Asn

cge
Arg

gge
Gly

ccg
Pro
190

acg
Thr

cac
His

aac
Asn

gat
Asp

ctyg
Leu
270

gaa
Glu

gtg
Val

gca
Ala

gag
Glu

cag
Gln
350

ctyg
Leu

ttt
Phe

ctt
Leu

gat
Asp
95

gece
Ala

gag
Glu

aat
Asn

ctyg
Leu

ctyg
Leu
175

cag
Gln

ccg
Pro

aat
Asn

gecg
Ala

aag
Lys
255

gece
Ala

gtg
Val

atg
Met

agc
Ser

tcg
Ser
335

gag
Glu

gat
Asp

gat
Asp

ate
Ile

agt
Ser

tgce
Cys

gtg
Val

ggt
Gly

ttg
Leu
160

aag
Lys

att
Ile

gte
Val

gece
Ala

cag
Gln
240

tat
Tyr

ace
Thr

gag
Glu

cgt
Arg

gtg
Val
320

ccg
Pro

att
Ile

get
Ala

gtg
Val

cgt
Arg
400

767

815

863

911

959

1007

1055

1103

1151

1199

1247

1295

1343

1391

1439

1487

1535

1583

1631

1679



153

US 9,340,803 B2

-continued

154

gecg
Ala

atg
Met

ate
Ile

gte
Val

ceg
Pro
465

ggt
Gly

gece
Ala

aag
Lys

gtt
Val

tte
Phe
545

ate
Ile

gga
Gly

cece
Pro

gtg
Val

tte
Phe
625

acc

Thr

ggt
Gly

aag
Lys

ggt
Gly

cge
Arg

cte
Leu

ttt
Phe

cac
His

agt
Ser
450

gge
Gly

cgg
Arg

999
Gly

gecg
Ala

gaa
Glu
530

tgce
Cys

atg
Met

att
Ile

gat
Asp

gece
Ala
610

gat
Asp

cge
Arg

gag
Glu

ace
Thr

gat
Asp
690

cct
Pro

tac
Tyr

ate
Ile

gtt
Val
435

ttt
Phe

tgg
Trp

ctyg
Leu

cgt
Arg

ggt
Gly
515

gat
Asp

gece
Ala

ace
Thr

gte
Val

gece
Ala
595

gaa
Glu

gag
Glu

aca
Thr

att
Ile

tac
Tyr
675

ttt

Phe

gac
Asp

gece
Ala

att
Ile
420

cac
His

gac
Asp

ate
Ile

ace
Thr

tat
Tyr
500

gtg
Val

gtg
Val

gag
Glu

ccg
Pro

tgg
Trp
580

cat
His

act
Thr

aag
Lys

cte
Leu

ccg
Pro
660

tgg
Trp

gece
Ala

gat
Asp

agt
Ser
405

tac
Tyr

gge
Gly

gece
Ala

acce
Thr

999
Gly
485

gece
Ala

acce
Thr

cga
Arg

ceg
Pro

cag
Gln
565

acg
Thr

acce
Thr

gat
Asp

gge
Gly

tgg
Trp
645

ctyg

Leu

cga
Arg

ate
Ile

gtg
Val

att
Ile

aca
Thr

ggt
Gly

gag
Glu

ggt
Gly
470

gtg
Val

agc
Ser

tte
Phe

cte
Leu

gte
Val
550

tat
Tyr

cat
His

tat
Tyr

gag
Glu

gag
Glu
630

ggt
Gly

cgg
Arg

cgt
Arg

aag
Lys

ate
Ile

cece
Pro

teg
Ser

tat
Tyr

ceg
Pro
455

cag
Gln

att
Ile

ate
Ile

cte
Leu

tat
Tyr
535

agt
Ser

ate
Ile

tte
Phe

cece
Pro

agc
Ser
615

att
Ile

gat
Asp

gece
Ala

999
Gly

tac
Tyr
695

aat
Asn

tgt
Cys

ggt
Gly

gte
Val
440

ggt
Gly

agc
Ser

gece
Ala

ate
Ile

aag
Lys
520

gat
Asp

ccg
Pro

aat
Asn

tac
Tyr

ttg
Leu
600

999
Gly

gtg
Val

gtg
Val

tgg
Trp

cca
Pro
680

cccC

Pro

gtg
Val

gaa
Glu

agc
Ser
425

gece
Ala

gat
Asp

tat
Tyr

gag
Glu

gag
Glu
505

aca
Thr

atg
Met

gecg
Ala

tcg
Ser

ggt
Gly
585

cce
Pro

acg
Thr

att
Ile

cce
Pro

aag
Lys
665

aac

Asn

gat
Asp

tcg
Ser

ccg
Pro
410

ace
Thr

ggt
Gly

acg
Thr

atg
Met

gga
Gly
490

cge
Arg

gtg
Val

cac
His

gtg
Val

tac
Tyr
570

aat
Asn

tgg
Trp

acg
Thr

ace
Thr

ggt
Gly
650

ggt
Gly

ggt
Gly

ggt
Gly

gge
Gly

gtt
Val

ggt
Gly

gtg
Val

ata
Ile

cte
Leu
475

tca
Ser

tat
Tyr

atg
Met

tcg
Ser

cag
Gln
555

tgg
Trp

cag
Gln

gtg
Val

cge
Arg

gee
Ala
635

tte

Phe

gat
Asp

gaa
Glu

agc
Ser

cac
His

gat
Asp

aag
Lys

gtg
Val

tat
Tyr
460

aca
Thr

ceg
Pro

999
Gly

tecc
Ser

ctyg
Leu
540

cag
Gln

gecg
Ala

gac
Asp

atg
Met

tat
Tyr
620

ceg
Pro

gag
Glu

gece
Ala

tgg
Trp

tte
Phe
700

cgt
Arg

get
Ala

cece
Pro

cac
His
445

gtg
Val

gece
Ala

cte
Leu

gtg
Val

aat
Asn
525

cgg
Arg

ttt
Phe

acce
Thr

tte
Phe

ggt
Gly
605

cgg
Arg

tat
Tyr

gecg
Ala

gag
Glu

gge
Gly
685

acg

Thr

atg
Met

gaa
Glu

aag
Lys
430

ace
Thr

ate
Ile

aca
Thr

ttc
Phe

cag
Gln
510

ccg
Pro

gtt
Val

ggt
Gly

gag
Glu

ccg
Pro
590

gat
Asp

gte
Val

cce
Pro

tac
Tyr

cgt
Arg
670

tat

Tyr

cte
Leu

gge
Gly

tat
Tyr
415

ggt
Gly

ttg
Leu

gece
Ala

atg
Met

cce
Pro
495

ate
Ile

cag
Gln

gca
Ala

atg
Met

cac
His
575

ctt
Leu

gte
Val

get
Ala

tac
Tyr

ctyg
Leu
655

ttec

Phe

ate
Ile

cac
His

ace
Thr

ccg
Pro

gtg
Val

cgg
Arg

gat
Asp

gece
Ala
480

tca
Ser

ttt
Phe

aat
Asn

ace
Thr

cag
Gln
560

ggt
Gly

cgt
Arg

tgg
Trp

gat
Asp

ctyg
Leu
640

cge

Arg

gte
Val

cag
Gln

gga
Gly

gag
Glu

1727

1775

1823

1871

1919

1967

2015

2063

2111

2159

2207

2255

2303

2351

2399

2447

2495

2543

2591

2639
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156

-continued
705 710 715 720
gag att gag ggt gcc att ttg cgt gac cgc cag atc acg ccc gac tcg 2687
Glu Ile Glu Gly Ala Ile Leu Arg Asp Arg Gln Ile Thr Pro Asp Ser
725 730 735
cce gte ggt aat tgt att gtg gtc ggt gcg ccg cac cgt gag aag ggt 2735
Pro Val Gly Asn Cys Ile Val Val Gly Ala Pro His Arg Glu Lys Gly
740 745 750
ctg acc ccg gtt gce tte att caa cct geg cct gge cgt cat ctg acc 2783
Leu Thr Pro Val Ala Phe Ile Gln Pro Ala Pro Gly Arg His Leu Thr
755 760 765
ggc gcc gac c¢gg cgc cgt ctce gat gag ctg gtg cgt acc gag aag ggg 2831
Gly Ala Asp Arg Arg Arg Leu Asp Glu Leu Val Arg Thr Glu Lys Gly
770 775 780
gcg gtc agt gtc cca gag gat tac atc gag gtc agt gcc ttt ccc gaa 2879
Ala Val Ser Val Pro Glu Asp Tyr Ile Glu Val Ser Ala Phe Pro Glu
785 790 795 800
acc cgc agc ggg aag tat atg c¢gg cgc ttt ttg cgc aat atg atg ctc 2927
Thr Arg Ser Gly Lys Tyr Met Arg Arg Phe Leu Arg Asn Met Met Leu
805 810 815
gat gaa cca ctg ggt gat acg acg acg ttg cgc aat cct gaa gtg ctce 2975
Asp Glu Pro Leu Gly Asp Thr Thr Thr Leu Arg Asn Pro Glu Val Leu
820 825 830
gaa gag att gca gcc aag atc gct gag tgg aaa cgc cgt cag cgt atg 3023
Glu Glu Ile Ala Ala Lys Ile Ala Glu Trp Lys Arg Arg Gln Arg Met
835 840 845
gce gaa gag cag cag atc atc gaa cgc tat cgc tac tte cgg atc gag 3071
Ala Glu Glu Gln Gln Ile Ile Glu Arg Tyr Arg Tyr Phe Arg Ile Glu
850 855 860
tat cac cca cca acg gcc agt gcg ggt aaa ctc geg gta gtg acg gtg 3119
Tyr His Pro Pro Thr Ala Ser Ala Gly Lys Leu Ala Val Val Thr Val
865 870 875 880
aca aat ccg ccg gtg aac gca ctg aat gag cgt gcg ctc gat gag ttg 3167
Thr Asn Pro Pro Val Asn Ala Leu Asn Glu Arg Ala Leu Asp Glu Leu
885 890 895
aac aca att gtt gac cac ctg gcc cgt cgt cag gat gtt gcc gca att 3215
Asn Thr Ile Val Asp His Leu Ala Arg Arg Gln Asp Val Ala Ala Ile
900 905 910
gtc ttc acc gga cag ggc gcc agg agt ttt gtc gec gge gect gat att 3263
Val Phe Thr Gly Gln Gly Ala Arg Ser Phe Val Ala Gly Ala Asp Ile
915 920 925
cgce cag ttg ctc gaa gag att cat acg gtt gaa gag gca atg gcc ctg 3311
Arg Gln Leu Leu Glu Glu Ile His Thr Val Glu Glu Ala Met Ala Leu
930 935 940
ccg aat aac gcc cat ctt get tte cgc aag att gag cgt atg aat aag 3359
Pro Asn Asn Ala His Leu Ala Phe Arg Lys Ile Glu Arg Met Asn Lys
945 950 955 960
ccg tgt atc gecg gcg atce aac ggt gtg gcg cte ggt ggt ggt ctg gaa 3407
Pro Cys Ile Ala Ala Ile Asn Gly Val Ala Leu Gly Gly Gly Leu Glu
965 970 975
ttec gece atg gce tge cat tac c¢gg gtt gcc gat gtc tat gcc gaa tte 3455
Phe Ala Met Ala Cys His Tyr Arg Val Ala Asp Val Tyr Ala Glu Phe
980 985 990
ggt cag cca gag att aat ctg cgc ttg cta cct ggt tat ggt ggc acg 3503
Gly Gln Pro Glu Ile Asn Leu Arg Leu Leu Pro Gly Tyr Gly Gly Thr
995 1000 1005
cag cgc ttg ccg cge ctg ttg tac aag cgc aac aac ggc acc ggt 3548
Gln Arg Leu Pro Arg Leu Leu Tyr Lys Arg Asn Asn Gly Thr Gly
1010 1015 1020
ctg ctce cga gcg ctg gag atg att ctg ggt ggg cgt agc gta ccg 3593
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158

-continued

Leu Leu Arg Ala Leu Glu Met Ile Leu Gly Gly Arg Ser Val Pro

1025 1030 1035
gct gat gag gcg ctg aag ctg ggt ctg atc gat gce att gct acce 3638
Ala Asp Glu Ala Leu Lys Leu Gly Leu Ile Asp Ala Ile Ala Thr

1040 1045 1050
ggc gat cag gac tca ctg tcg ctg gca tge gcg tta gece cgt gce 3683
Gly Asp Gln Asp Ser Leu Ser Leu Ala Cys Ala Leu Ala Arg Ala

1055 1060 1065
gca atc ggce gcc gat ggt cag ttg atc gag tcg gect geg gtg acce 3728
Ala Ile Gly Ala Asp Gly Gln Leu Ile Glu Ser Ala Ala Val Thr

1070 1075 1080
cag gct tte cge cat cge cac gag cag ctt gac gag tgg cgc aaa 3773
Gln Ala Phe Arg His Arg His Glu Gln Leu Asp Glu Trp Arg Lys

1085 1090 1095
cca gac ccg cgce ttt gee gat gac gaa ctg cge tcecg att atc gece 3818
Pro Asp Pro Arg Phe Ala Asp Asp Glu Leu Arg Ser Ile Ile Ala

1100 1105 1110
cat cca cgt atc gag cgg att atc cgg cag gcc cat acc gtt ggg 3863
His Pro Arg Ile Glu Arg Ile Ile Arg Gln Ala His Thr Val Gly

1115 1120 1125
cgce gat gcg gca gtg cat c¢gg gca ctg gat gca atc cgc tat ggce 3908
Arg Asp Ala Ala Val His Arg Ala Leu Asp Ala Ile Arg Tyr Gly

1130 1135 1140
att atc cac ggc ttc gag gcc ggt ctg gag cac gag gcg aag ctc 3953
Ile Ile His Gly Phe Glu Ala Gly Leu Glu His Glu Ala Lys Leu

1145 1150 1155
ttt gce gag gca gtg gtt gac ccg aac ggt ggc aag cgt ggt att 3998
Phe Ala Glu Ala Val Val Asp Pro Asn Gly Gly Lys Arg Gly Ile

1160 1165 1170
cgc gag tte cte gac cge cag agt gcg ccg ttg cca acc cgce cga 4043
Arg Glu Phe Leu Asp Arg Gln Ser Ala Pro Leu Pro Thr Arg Arg

1175 1180 1185
cca ttg att aca cct gaa cag gag caa ctc ttg cgc gat cag aaa 4088
Pro Leu Ile Thr Pro Glu Gln Glu Gln Leu Leu Arg Asp Gln Lys

1190 1195 1200
gaa ctg ttg ccg gtt ggt tca ccc tte tte cce ggt gttt gac cgg 4133
Glu Leu Leu Pro Val Gly Ser Pro Phe Phe Pro Gly Val Asp Arg

1205 1210 1215
att ccg aag tgg cag tac gcg cag gcg gtt att cgt gat ccg gac 4178
Ile Pro Lys Trp Gln Tyr Ala Gln Ala Val Ile Arg Asp Pro Asp

1220 1225 1230
acc ggt gcg gcg gct cac gge gat ccec ate gtg get gaa aag cag 4223
Thr Gly Ala Ala Ala His Gly Asp Pro Ile Val Ala Glu Lys Gln

1235 1240 1245
att att gtg ccg gtg gaa cgc ccc cge gec aat cag gcg ctg atce 4268
Ile Ile Val Pro Val Glu Arg Pro Arg Ala Asn Gln Ala Leu Ile

1250 1255 1260
tat gtt c¢ctg gcec tcg gag gtg aac ttc aac gat atc tgg gcg att 4313
Tyr Val Leu Ala Ser Glu Val Asn Phe Asn Asp Ile Trp Ala Ile

1265 1270 1275
acc ggt att ccg gtg tca cgg ttt gat gag cac gac cgc gac tgg 4358
Thr Gly Ile Pro Val Ser Arg Phe Asp Glu His Asp Arg Asp Trp

1280 1285 1290
cac gtt acc ggt tca ggt ggc atc ggc ctg atc gtt geg ctg ggt 4403
His Val Thr Gly Ser Gly Gly Ile Gly Leu Ile Val Ala Leu Gly

1295 1300 1305
gaa gag gcg cga cgc gaa ggc cgg ctg aag gtg ggt gat ctg gtg 4448
Glu Glu Ala Arg Arg Glu Gly Arg Leu Lys Val Gly Asp Leu Val

1310 1315 1320
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-continued

gcg atc tac tcc ggg cag tcg gat ctg cte tca ccg ctg atg ggce 4493
Ala Ile Tyr Ser Gly Gln Ser Asp Leu Leu Ser Pro Leu Met Gly

1325 1330 1335
ctt gat c¢ccg atg gcec gee gat tte gte atec cag ggg aac gac acg 4538
Leu Asp Pro Met Ala Ala Asp Phe Val Ile Gln Gly Asn Asp Thr

1340 1345 1350
cca gat gga tcg cat cag caa ttt atg ctg gecc cag gec cecg cag 4583
Pro Asp Gly Ser His Gln Gln Phe Met Leu Ala Gln Ala Pro Gln

1355 1360 1365
tgt ctg ccc atc cca acc gat atg tct atc gag gca gecc ggc agce 4628
Cys Leu Pro Ile Pro Thr Asp Met Ser Ile Glu Ala Ala Gly Ser

1370 1375 1380
tac atc ctc aat ctc ggt acg atc tat cgc gec cte ttt acg acg 4673
Tyr Ile Leu Asn Leu Gly Thr Ile Tyr Arg Ala Leu Phe Thr Thr

1385 1390 1395
ttg caa atc aag gcc gga cgc acc atc ttt atc gag ggt gcg gcg 4718
Leu Gln 1Ile Lys Ala Gly Arg Thr Ile Phe Ile Glu Gly Ala Ala

1400 1405 1410
acc ggt acc ggt ctg gac gca gcg cgce teg geg gee  cgg aat ggt 4763
Thr Gly Thr Gly Leu Asp Ala Ala Arg Ser Ala Ala Arg Asn Gly

1415 1420 1425
ctg cgc gta att gga atg gtc agt tcg teg tca cgt geg tet acg 4808
Leu Arg Val Ile Gly Met Val Ser Ser Ser Ser Arg Ala Ser Thr

1430 1435 1440
ctg ctg gct gecg ggt gee cac ggt gcg att aac cgt aaa gac ccg 4853
Leu Leu Ala Ala Gly Ala His Gly Ala Ile Asn Arg Lys Asp Pro

1445 1450 1455
gag gtt gcc gat tgt ttc acg c¢gc gtg ccc gaa gat cca tca gcc 4898
Glu Val Ala Asp Cys Phe Thr Arg Val Pro Glu Asp Pro Ser Ala

1460 1465 1470
tgg gca gcc tgg gaa gcc gecc ggt cag ccg ttg ctg geg atg tte 4943
Trp Ala Ala Trp Glu Ala Ala Gly Gln Pro Leu Leu Ala Met Phe

1475 1480 1485
cgg gcg cag aac gac ggg cga ctg gcc gat tat gtg gtc teg cac 4988
Arg Ala Gln Asn Asp Gly Arg Leu Ala Asp Tyr Val Val Ser His

1490 1495 1500
gcg ggc gag acg gcc ttc ccg cgce agt tte cag ctt cte gge gag 5033
Ala Gly Glu Thr Ala Phe Pro Arg Ser Phe Gln Leu Leu Gly Glu

1505 1510 1515
cca cgc gat ggt cac att ccg acg ctc aca tte tac ggt gecc acc 5078
Pro Arg Asp Gly His Ile Pro Thr Leu Thr Phe Tyr Gly Ala Thr

1520 1525 1530
agt ggc tac cac ttc acc ttce ctg ggt aag cca ggg tca gect teg 5123
Ser Gly Tyr His Phe Thr Phe Leu Gly Lys Pro Gly Ser Ala Ser

1535 1540 1545
ccg acce gag atg ctg cgg c¢cgg gcecce aat cte cge gee ggt gag gcg 5168
Pro Thr Glu Met Leu Arg Arg Ala Asn Leu Arg Ala Gly Glu Ala

1550 1555 1560
gtg ttg atc tac tac ggg gtt ggg agc gat gac ctg dJgta gat acc 5213
Val Leu Ile Tyr Tyr Gly Val Gly Ser Asp Asp Leu Val Asp Thr

1565 1570 1575
ggc ggt ctg gag gct atc gag gceg gcg c¢gg caa atg gga gcg cgg 5258
Gly Gly Leu Glu Ala Ile Glu Ala Ala Arg Gln Met Gly Ala Arg

1580 1585 1590
atc gtc gtec gtt acc gtec age gat gcg caa cgc gag ttt gtce cte 5303
Ile Val Val Val Thr Val Ser Asp Ala Gln Arg Glu Phe Val Leu

1595 1600 1605
tcg ttg gge tte ggg gct gee cta cgt ggt gte gte age ctg geg 5348
Ser Leu Gly Phe Gly Ala Ala Leu Arg Gly Val Val Ser Leu Ala

1610 1615 1620
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-continued

162

gaa ctc aaa cgg cgc ttc gge gat gag ttt gag tgg ccg cge acg
Glu Leu Lys Arg Arg Phe Gly Asp Glu Phe Glu Trp Pro Arg Thr
1625 1630 1635

atg ccg ccg ttg ccg aac goce  cgce cag gac ccg cag ggt ctg aaa
Met Pro Pro Leu Pro Asn Ala Arg Gln Asp Pro Gln Gly Leu Lys
1640 1645 1650

gag gct gtc cge cge ttc aac gat ctg gte tte aag ccg cta gga
Glu Ala Val Arg Arg Phe Asn Asp Leu Val Phe Lys Pro Leu Gly
1655 1660 1665

agc geg gte ggt gtce tte ttg cgg agt gee gac aat cecg cgt gge
Ser Ala Val Gly Val Phe Leu Arg Ser Ala Asp Asn Pro Arg Gly
1670 1675 1680

tac ccc gat ctg atc atc gag cgg get gee cac gat gea ctg geg
Tyr Pro Asp Leu Ile Ile Glu Arg Ala Ala His Asp Ala Leu Ala
1685 1690 1695

gtg agc gcg atg ctg atc aag cce tte ace gga cgg att gte tac
Val Ser Ala Met Leu Ile Lys Pro Phe Thr Gly Arg Ile Val Tyr
1700 1705 1710

ttc gag gac att ggt ggg cgg cgt tac tce tte tte gea ccg caa
Phe Glu Asp Ile Gly Gly Arg Arg Tyr Ser Phe Phe Ala Pro Gln
1715 1720 1725

atc tgg gty cge cag cge cge atc tac atg ccg acg geca cag atce
Ile Trp Val Arg Gln Arg Arg Ile Tyr Met Pro Thr Ala Gln Ile
1730 1735 1740

ttt ggt acg cac ctc tca aat gcg tat gaa att ctg cgt ctg aat
Phe Gly Thr His Leu Ser Asn Ala Tyr Glu Ile Leu Arg Leu Asn
1745 1750 1755

gat gag atc agc gcc ggt ctg ctg acg att acc gag ccg gca gtg
Asp Glu Ile Ser Ala Gly Leu Leu Thr Ile Thr Glu Pro Ala Val
1760 1765 1770

gtg ccg tgg gat gaa cta ccc gaa gca cat cag gcg atg tgg gaa
Val Pro Trp Asp Glu Leu Pro Glu Ala His Gln Ala Met Trp Glu
1775 1780 1785

aat cgc cac acg geg gec act  tat gtg gtg aat cat gecc tta cca
Asn Arg His Thr Ala Ala Thr Tyr Val Val Asn His Ala Leu Pro
1790 1795 1800

cgt cte gge cta aag aac agg gac gag ctg tac gag gcg tgg acg

Arg Leu Gly Leu Lys Asn Arg Asp Glu Leu Tyr Glu Ala Trp Thr
1805 1810 1815

gcc gge gag cgg tagcgcggat gggtattgaa caggtaacgg acggaagatc
Ala Gly Glu Arg
1820
gaaccttceg tcegttatcet tttggcegte gaagegtget gagccgatta tcegttgeegt
ggttgtcceg atgggcagac gcgctcgaac cagatgatac caccgacggce tatcgtcacc
aaaccggcga agaccaggta agcctctgaa ggacgce
<210> SEQ ID NO 39
<211> LENGTH: 1822
<212> TYPE: PRT
<213> ORGANISM: Chloroflexus aurantiacus

<400> SEQUENCE: 39

Met Ile Asp Thr Ala Pro Leu Ala Pro Pro Arg Ala Pro Arg Ser Asn
1 5 10 15

Pro Ile Arg Asp Arg Val Asp Trp Glu Ala Gln Arg Ala Ala Ala Leu
20 25 30

Ala Asp Pro Gly Ala Phe His Gly Ala Ile Ala Arg Thr Val Ile His
35 40 45

5393

5438

5483

5528

5573

5618

5663

5708

5753

5798

5843

5888

5933

5985

6045

6105

6141
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164

Trp

Gln

65

Asp

Glu

Phe

Ala

Arg

145

Val

Lys

Tyr

Phe

Gly

225

Val

Ile

Leu

Ala

Gly

305

Gln

Pro

Leu

Ala

His

385

Ala

Met

Ile

Val

Tyr

50

Arg

Tyr

Ala

Asn

Tyr

130

Gly

Glu

Gly

Tyr

Gly

210

Ala

Val

Pro

Pro

Ala

290

Val

Ala

Arg

Trp

Leu

370

Ser

Leu

Phe

His

Ser
450

Asp

Trp

Pro

Pro

Glu

115

Tyr

Gly

Val

Asp

Thr

195

Gly

Arg

Pro

Val

Leu

275

Leu

Gly

Lys

Val

Asn

355

Ala

Glu

Tyr

Ile

Val

435

Phe

Pro

Glu

Ala

Phe

100

Val

Phe

Pro

Val

Arg

180

Glu

Phe

Val

Tyr

Glu

260

Thr

Ala

Ser

Val

Glu

340

Glu

Lys

Asn

Ala

Ile
420

His

Asp

Gln

Gly

Asp

85

Tyr

Asp

Glu

Val

Lys

165

Ile

Ala

Ser

Val

Lys

245

Thr

Glu

Gly

Ala

Arg

325

Ala

Gly

Ile

Asp

Ser
405
Tyr

Gly

Ala

His

Leu

70

Tyr

Arg

Arg

Gly

Val

150

Ala

Ala

Ala

Asp

Ile

230

Glu

Ala

Ser

Glu

Leu

310

Thr

Val

Arg

Leu

Leu

390

Ile

Thr

Gly

Glu

His

Asp

Gln

Trp

His

Asp

135

Gln

Ala

Leu

Lys

Lys

215

Thr

Ala

Gln

Gln

Ile

295

Ala

Val

Val

Asp

Ala

375

Leu

Pro

Ser

Tyr

Pro
455

Cys

Ala

Pro

Phe

Val

120

Arg

Glu

Gln

Asn

Arg

200

Thr

Ser

Tyr

Ala

Arg

280

Thr

Lys

Leu

Val

Arg

360

Asn

Asn

Cys

Gly

Val

440

Gly

Trp

Ala

Trp

Ser

105

Met

Trp

Thr

Val

Met

185

Leu

Leu

Asp

Thr

Ile

265

Gln

Val

Leu

Ala

Val

345

Trp

Ala

Leu

Glu

Ser
425

Ala

Asp

Ile

Thr

Gln

90

Gly

Met

Asp

Ile

Leu

170

Pro

Gly

Ser

Gly

Asp

250

Val

Thr

Glu

Arg

Gln

330

Arg

Ser

Arg

Pro

Pro
410
Thr

Gly

Thr

Arg

Gly

75

Gln

Gly

Gly

Asn

Thr

155

Arg

Asn

Ile

Asp

Ala

235

Gln

Ala

Ile

Arg

Asp

315

Ala

His

His

Ala

Asp

395

Val

Gly

Val

Ile

Phe

60

Ala

Ala

Leu

Tyr

Ser

140

Arg

Asp

Ile

Leu

Arg

220

Tyr

Ala

Gln

Ile

Ser

300

Leu

Leu

Thr

Asp

Ala

380

Asp

Asp

Lys

Val

Tyr
460

Asn

Pro

Phe

Thr

Gly

125

Leu

Arg

Leu

Met

Tyr

205

Ile

Arg

Leu

Thr

Thr

285

Asp

Asp

Val

Gly

Leu

365

Gly

Gln

Ala

Pro

His

445

Val

Glu

Val

Asp

Asn

110

Asp

Asn

Arg

Gly

Pro

190

Thr

His

Asn

Asp

Leu

270

Glu

Val

Ala

Glu

Gln

350

Leu

Phe

Leu

Glu

Lys
430

Thr

Ile

Ser

Thr

Asp

95

Ala

Glu

Asn

Leu

Leu

175

Gln

Pro

Asn

Ala

Lys

255

Ala

Val

Met

Ser

Ser

335

Glu

Asp

Asp

Ile

Tyr
415
Gly

Leu

Ala

Ser

Val

80

Ser

Cys

Val

Gly

Leu

160

Lys

Ile

Val

Ala

Gln

240

Tyr

Thr

Glu

Arg

Val

320

Pro

Ile

Ala

Val

Arg

400

Pro

Val

Arg

Asp
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Pro

465

Gly

Ala

Lys

Val

Phe

545

Ile

Gly

Pro

Val

Phe

625

Thr

Gly

Lys

Gly

Arg

705

Glu

Pro

Leu

Gly

Ala

785

Thr

Asp

Glu

Ala

Tyr

865

Thr

Gly

Arg

Gly

Ala

Glu

530

Cys

Met

Ile

Asp

Ala

610

Asp

Arg

Glu

Thr

Asp

690

Pro

Ile

Val

Thr

Ala

770

Val

Arg

Glu

Glu

Glu
850

His

Asn

Trp

Leu

Arg

Gly

515

Asp

Ala

Thr

Val

Ala

595

Glu

Glu

Thr

Ile

Tyr

675

Phe

Asp

Glu

Gly

Pro

755

Asp

Ser

Ser

Pro

Ile
835
Glu

Pro

Pro

Ile

Thr

Tyr

500

Val

Val

Glu

Pro

Trp

580

His

Thr

Lys

Leu

Pro

660

Trp

Ala

Asp

Gly

Asn

740

Val

Arg

Val

Gly

Leu

820

Ala

Gln

Pro

Pro

Thr

Gly

485

Ala

Thr

Arg

Pro

Gln

565

Thr

Thr

Asp

Gly

Trp

645

Leu

Arg

Ile

Val

Ala

725

Cys

Ala

Arg

Pro

Lys

805

Gly

Ala

Gln

Thr

Val

Gly

470

Val

Ser

Phe

Leu

Val

550

Tyr

His

Tyr

Glu

Glu

630

Gly

Arg

Arg

Lys

Ile

710

Ile

Ile

Phe

Arg

Glu

790

Tyr

Asp

Lys

Ile

Ala
870

Asn

Gln

Ile

Ile

Leu

Tyr

535

Ser

Ile

Phe

Pro

Ser

615

Ile

Asp

Ala

Gly

Tyr

695

Asn

Leu

Val

Ile

Leu

775

Asp

Met

Thr

Ile

Ile
855

Ser

Ala

Ser

Ala

Ile

Lys

520

Asp

Pro

Asn

Tyr

Leu

600

Gly

Val

Val

Trp

Pro

680

Pro

Val

Arg

Val

Gln

760

Asp

Tyr

Arg

Thr

Ala
840
Glu

Ala

Leu

Tyr

Glu

Glu

505

Thr

Met

Ala

Ser

Gly

585

Pro

Thr

Ile

Pro

Lys

665

Asn

Asp

Ser

Asp

Gly

745

Pro

Glu

Ile

Arg

Thr

825

Glu

Arg

Gly

Asn

Met

Gly

490

Arg

Val

His

Val

Tyr

570

Asn

Trp

Thr

Thr

Gly

650

Gly

Gly

Gly

Gly

Arg

730

Ala

Ala

Leu

Glu

Phe

810

Leu

Trp

Tyr

Lys

Glu

Leu

475

Ser

Tyr

Met

Ser

Gln

555

Trp

Gln

Val

Arg

Ala

635

Phe

Asp

Glu

Ser

His

715

Gln

Pro

Pro

Val

Val

795

Leu

Arg

Lys

Arg

Leu

875

Arg

Thr

Pro

Gly

Ser

Leu

540

Gln

Ala

Asp

Met

Tyr

620

Pro

Glu

Ala

Trp

Phe

700

Arg

Ile

His

Gly

Arg

780

Ser

Arg

Asn

Arg

Tyr

860

Ala

Ala

Ala

Leu

Val

Asn

525

Arg

Phe

Thr

Phe

Gly

605

Arg

Tyr

Ala

Glu

Gly

685

Thr

Met

Thr

Arg

Arg

765

Thr

Ala

Asn

Pro

Arg
845
Phe

Val

Leu

Thr

Phe

Gln

510

Pro

Val

Gly

Glu

Pro

590

Asp

Val

Pro

Tyr

Arg

670

Tyr

Leu

Gly

Pro

Glu

750

His

Glu

Phe

Met

Glu

830

Gln

Arg

Val

Asp

Met

Pro

495

Ile

Gln

Ala

Met

His

575

Leu

Val

Ala

Tyr

Leu

655

Phe

Ile

His

Thr

Asp

735

Lys

Leu

Lys

Pro

Met

815

Val

Arg

Ile

Thr

Glu

Ala

480

Ser

Phe

Asn

Thr

Gln

560

Gly

Arg

Trp

Asp

Leu

640

Arg

Val

Gln

Gly

Glu

720

Ser

Gly

Thr

Gly

Glu

800

Leu

Leu

Met

Glu

Val
880

Leu



167

US 9,340,803 B2

168

-continued
885 890 895
Asn Thr Ile Val Asp His Leu Ala Arg Arg Gln Asp Val Ala Ala Ile
900 905 910
Val Phe Thr Gly Gln Gly Ala Arg Ser Phe Val Ala Gly Ala Asp Ile
915 920 925
Arg Gln Leu Leu Glu Glu Ile His Thr Val Glu Glu Ala Met Ala Leu
930 935 940
Pro Asn Asn Ala His Leu Ala Phe Arg Lys Ile Glu Arg Met Asn Lys
945 950 955 960
Pro Cys Ile Ala Ala Ile Asn Gly Val Ala Leu Gly Gly Gly Leu Glu
965 970 975
Phe Ala Met Ala Cys His Tyr Arg Val Ala Asp Val Tyr Ala Glu Phe
980 985 990
Gly Gln Pro Glu Ile Asn Leu Arg Leu Leu Pro Gly Tyr Gly Gly Thr
995 1000 1005
Gln Arg Leu Pro Arg Leu Leu Tyr Lys Arg Asn Asn Gly Thr Gly
1010 1015 1020
Leu Leu Arg Ala Leu Glu Met Ile Leu Gly Gly Arg Ser Val Pro
1025 1030 1035
Ala Asp Glu Ala Leu Lys Leu Gly Leu Ile Asp Ala Ile Ala Thr
1040 1045 1050
Gly Asp Gln Asp Ser Leu Ser Leu Ala Cys Ala Leu Ala Arg Ala
1055 1060 1065
Ala Ile Gly Ala Asp Gly Gln Leu Ile Glu Ser Ala Ala Val Thr
1070 1075 1080
Gln Ala Phe Arg His Arg His Glu Gln Leu Asp Glu Trp Arg Lys
1085 1090 1095
Pro Asp Pro Arg Phe Ala Asp Asp Glu Leu Arg Ser Ile Ile Ala
1100 1105 1110
His Pro Arg Ile Glu Arg Ile Ile Arg Gln Ala His Thr Val Gly
1115 1120 1125
Arg Asp Ala Ala Val His Arg Ala Leu Asp Ala Ile Arg Tyr Gly
1130 1135 1140
Ile Ile His Gly Phe Glu Ala Gly Leu Glu His Glu Ala Lys Leu
1145 1150 1155
Phe Ala Glu Ala Val Val Asp Pro Asn Gly Gly Lys Arg Gly Ile
1160 1165 1170
Arg Glu Phe Leu Asp Arg Gln Ser Ala Pro Leu Pro Thr Arg Arg
1175 1180 1185
Pro Leu Ile Thr Pro Glu Gln Glu Gln Leu Leu Arg Asp Gln Lys
1190 1195 1200
Glu Leu Leu Pro Val Gly Ser Pro Phe Phe Pro Gly Val Asp Arg
1205 1210 1215
Ile Pro Lys Trp Gln Tyr Ala Gln Ala Val Ile Arg Asp Pro Asp
1220 1225 1230
Thr Gly Ala Ala Ala His Gly Asp Pro Ile Val Ala Glu Lys Gln
1235 1240 1245
Ile Ile Val Pro Val Glu Arg Pro Arg Ala Asn Gln Ala Leu Ile
1250 1255 1260
Tyr Val Leu Ala Ser Glu Val Asn Phe Asn Asp Ile Trp Ala Ile
1265 1270 1275
Thr Gly Ile Pro Val Ser Arg Phe Asp Glu His Asp Arg Asp Trp
1280 1285 1290
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170

Glu

Ala

Leu

Pro

Cys

Tyr

Leu

Thr

Leu

Leu

Glu

Trp

Arg

Ala

Pro

Ser

Pro

Val

Gly

Ile

Ser

Glu

Met

Glu

Ser

Val
1295

Glu
1310

Ile
1325

Asp
1340

Asp
1355

Leu
1370

Ile
1385

Gln
1400

Gly
1415

Arg
1430

Leu
1445

Val
1460

Ala
1475

Ala
1490

Gly
1505

Arg
1520

Gly
1535

Thr
1550

Leu
1565

Gly
1580

Val
1595

Leu
1610

Leu
1625

Pro
1640

Ala
1655

Ala
1670

Thr

Ala

Tyr

Pro

Gly

Pro

Leu

Ile

Thr

Val

Ala

Ala

Ala

Gln

Glu

Asp

Tyr

Glu

Ile

Leu

Val

Gly

Lys

Pro

Val

Val

Gly

Arg

Ser

Met

Ser

Ile

Asn

Lys

Gly

Ile

Ala

Asp

Trp

Asn

Thr

Gly

His

Met

Tyr

Glu

Val

Phe

Arg

Leu

Arg

Gly

Ser

Arg

Gly

Ala

His

Pro

Leu

Ala

Leu

Gly

Gly

Cys

Glu

Asp

Ala

His

Phe

Leu

Tyr

Ala

Thr

Gly

Arg

Pro

Arg

Val

Gly

Glu

Gln

Ala

Gln

Thr

Gly

Gly

Asp

Met

Ala

Phe

Ala

Gly

Phe

Ile

Thr

Arg

Gly

Ile

Val

Ala

Phe

Asn

Phe

Phe

Gly
1300

Gly
1315

Ser
1330

Asp
1345

Gln
1360

Asp
1375

Thr
1390

Arg
1405

Ala
1420

Val
1435
His
1450

Thr
1465

Ala
1480

Arg
1495

Pro
1510

Pro
1525

Phe
1540

Arg
1555

Val
1570

Glu
1585

Ser
1600

Ala
1615

Gly
1630

Ala
1645

Asn
1660

Leu
1675

Ile

Arg

Asp

Phe

Phe

Met

Ile

Thr

Ala

Ser

Gly

Arg

Gly

Leu

Arg

Thr

Leu

Ala

Gly

Ala

Asp

Leu

Asp

Arg

Asp

Arg

Gly

Leu

Leu

Val

Met

Ser

Tyr

Ile

Arg

Ser

Ala

Val

Gln

Ala

Ser

Leu

Gly

Asn

Ser

Ala

Ala

Arg

Glu

Gln

Leu

Ser

Leu

Lys

Leu

Ile

Leu

Ile

Arg

Phe

Ser

Ser

Ile

Pro

Pro

Asp

Phe

Thr

Lys

Leu

Asp

Arg

Gln

Gly

Phe

Asp

Val

Ala

Ile

Val

Ser

Gln

Ala

Glu

Ala

Ile

Ala

Ser

Asn

Glu

Leu

Tyr

Gln

Phe

Pro

Arg

Asp

Gln

Arg

Val

Glu

Pro

Phe

Asp

Val
1305

Gly
1320

Pro
1335

Gly
1350

Gln
1365

Ala
1380

Leu
1395

Glu
1410

Ala
1425

Arg
1440

Arg
1455

Asp
1470

Leu
1485

Val
1500

Leu
1515

Tyr
1530

Gly
1545

Ala
1560

Leu
1575

Met
1590

Glu
1605

Val
1620

Trp
1635

Gln
1650

Lys
1665

Asn
1680

Ala

Asp

Leu

Asn

Ala

Ala

Phe

Gly

Arg

Ala

Lys

Pro

Ala

Val

Leu

Gly

Ser

Gly

Val

Gly

Phe

Ser

Pro

Gly

Pro

Pro

Leu

Leu

Met

Asp

Pro

Gly

Thr

Ala

Asn

Ser

Asp

Ser

Met

Ser

Gly

Ala

Ala

Glu

Asp

Ala

Val

Leu

Arg

Leu

Leu

Arg

Gly

Val

Gly

Thr

Gln

Ser

Thr

Ala

Gly

Thr

Pro

Ala

Phe

His

Glu

Thr

Ser

Ala

Thr

Arg

Leu

Ala

Thr

Lys

Gly

Gly
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172

Tyr Pro Asp Leu Ile Ile Glu Arg Ala Ala His
1685 1690 1695

Val Ser Ala Met Leu Ile Lys Pro Phe Thr Gly Arg
1700 1705 1710

Phe Glu Asp Ile Gly Gly Arg Arg Tyr Ser Phe Phe
1715 1720 1725

Ile Trp Val Arg Gln Arg Arg Ile Tyr Met Pro Thr
1730 1735 1740

Phe Gly Thr His Leu Ser Asn Ala Tyr Glu Ile Leu
1745 1750 1755

Asp Glu Ile Ser Ala Gly Leu Leu Thr Ile Thr Glu
1760 1765 1770

Val Pro Trp Asp Glu Leu Pro Glu Ala His Gln Ala
1775 1780 1785

Asn Arg His Thr Ala Ala Thr Tyr Val Val Asn His
1790 1795 1800

Arg Leu Gly Leu Lys Asn Arg Asp Glu Leu Tyr Glu
1805 1810 1815

Ala Gly Glu Arg
1820

<210> SEQ ID NO 40

<211> LENGTH: 777

<212> TYPE: DNA

<213> ORGANISM: Chloroflexus aurantiacus

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)..(774)

<400> SEQUENCE: 40

atg agt gaa gag tct ctg gtt ctc age aca att gaa ggc

Met Ser Glu Glu Ser Leu Val Leu Ser Thr Ile Glu Gly

1 5 10

atc ctc acc cte aat cge cce cag gee cte aat geg cte

Ile Leu Thr Leu Asn Arg Pro Gln Ala Leu Asn Ala Leu

20 25
ttg att gat gac ctc att cgc cat tta gaa gcc tge gat
Leu Ile Asp Asp Leu Ile Arg His Leu Glu Ala Cys Asp
35 40 45

aca atc cge gtg atc att atc acc ggce gcce gga cgg gca

Thr Ile Arg Val Ile Ile Ile Thr Gly Ala Gly Arg Ala
50 55 60

gge gct gat atc aaa gcg atg gece aat gec acg cct att

Gly Ala Asp Ile Lys Ala Met Ala Asn Ala Thr Pro Ile

65 70 75

acc agt ggc atg att geg cge tgg gca cge ate gee geg

Thr Ser Gly Met Ile Ala Arg Trp Ala Arg Ile Ala Ala

85 90
ceg gtg att get gee gtg aat ggg tat geg cte ggt ggt
Pro Val Ile Ala Ala Val Asn Gly Tyr Ala Leu Gly Gly
100 105
ttg gca atg atg tgc gac atc atc atc gcc agt gaa aac
Leu Ala Met Met Cys Asp Ile Ile Ile Ala Ser Glu Asn
115 120 125

gga caa ccg gaa atc aat ctg ggc atc att ccc ggt get

Gly Gln Pro Glu Ile Asn Leu Gly Ile Ile Pro Gly Ala
130 135 140

caa c¢gg ctg acc cgc gee ctt gge ceg tat cge gea atg

Gln Arg Leu Thr Arg Ala Leu Gly Pro Tyr Arg Ala Met

Ile

Ala

Ala

Arg

Pro

Met

Ala

Ala

cce
Pro

agt
Ser

gece
Ala

ttt
Phe

gat
Asp

gtg
Val

ggt
Gly
110

gecg
Ala

ggt
Gly

gaa
Glu

Val

Pro

Gln

Leu

Ala

Trp

Leu

Trp

ate
Ile
15

ccg
Pro

gat
Asp

get
Ala

atg
Met

cge
Arg
95

tgt

Cys

cag
Gln

gge
Gly

ttg
Leu

Asp Ala Leu Ala

Tyr

Gln

Ile

Asn

Val

Glu

Pro

Thr

gece
Ala

gece
Ala

gac
Asp

gece
Ala

cte
Leu
80

aaa

Lys

gaa
Glu

ttc
Phe

ace
Thr

ate
Ile

48

96

144

192

240

288

336

384

432

480
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174

145

ctyg
Leu

gtg
Val

ate
Ile

aaa
Lys

get
Ala
225

aaa

Lys

ggt
Gly

ace
Thr

tgce
Cys

gecg
Ala

gag
Glu
210

atc

Ile

gag
Glu

cgt
Arg

gge
Gly

cgg
Arg

caa
Gln
195

gca
Ala

gag
Glu

999
Gly

tga

gecg
Ala

gte
Val
180

accec

Thr

gte
Val

ctyg
Leu

atg
Met

150 155

acc atc agt gct cag gaa gct
Thr Ile Ser Ala Gln Glu Ala
165 170

tge ccg cct gaa agce ctg cte
Cys Pro Pro Glu Ser Leu Leu
185

att gcc acc aaa tca cca ctg
Ile Ala Thr Lys Ser Pro Leu
200

cgt atg gce gee gaa acc act
Arg Met Ala Ala Glu Thr Thr
215

cgt aac tte tat ctg ctg ttt
Arg Asn Phe Tyr Leu Leu Phe
230 235

cag gca ttt atc gag aaa cgc
Gln Ala Phe Ile Glu Lys Arg
245 250

<210> SEQ ID NO 41

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Ser Glu Glu

1

Ile

Leu

Thr

Gly

65

Thr

Pro

Leu

Gly

Gln

145

Leu

Val

Ile

Lys

Leu

Ile

Ile

Ala

Ser

Val

Ala

Gln

130

Arg

Thr

Cys

Ala

Glu
210

Thr

Asp

35

Arg

Asp

Gly

Ile

Met

115

Pro

Leu

Gly

Arg

Gln

195

Ala

Leu

20

Asp

Val

Ile

Met

Ala

100

Met

Glu

Thr

Ala

Val

180

Thr

Val

258

Chloroflexus aurantiacus

41

Ser Leu Val Leu Ser Thr Ile

Asn Arg Pro Gln Ala Leu Asn
25

Leu Ile Arg His Leu Glu Ala
40

Ile Ile Ile Thr Gly Ala Gly
Lys Ala Met Ala Asn Ala Thr
70 75

Ile Ala Arg Trp Ala Arg Ile
85 90

Ala Val Asn Gly Tyr Ala Leu
105

Cys Asp Ile Ile Ile Ala Ser
120

Ile Asn Leu Gly Ile Ile Pro
135

Arg Ala Leu Gly Pro Tyr Arg
150 155

Thr Ile Ser Ala Gln Glu Ala
165 170

Cys Pro Pro Glu Ser Leu Leu
185

Ile Ala Thr Lys Ser Pro Leu
200

Arg Met Ala Ala Glu Thr Thr
215

cte
Leu

gat
Asp

get
Ala

gtg
Val
220

gee

Ala

get
Ala

Glu

Ala

Cys

Arg

Pro

Ala

Gly

Glu

Gly

140

Ala

Leu

Asp

Ala

Val
220

gece
Ala

gaa
Glu

gta
Val
205

cge

Arg

agt
Ser

cece
Pro

Gly

Leu

Asp

45

Ala

Ile

Ala

Gly

Asn

125

Ala

Met

Ala

Glu

Val

205

Arg

cac
His

gece
Ala
190

cag

Gln

gag
Glu

get
Ala

aac
Asn

Pro

Ser

30

Ala

Phe

Asp

Val

Gly

110

Ala

Gly

Glu

His

Ala
190

Gln

Glu

gge
Gly
175

cgt

Arg

ttg
Leu

999
Gly

gac
Asp

ttc
Phe
255

Ile

15

Pro

Asp

Ala

Met

Arg

95

Cys

Gln

Gly

Leu

Gly
175
Arg

Leu

Gly

160

ctyg
Leu

cgg
Arg

gecg
Ala

ttg
Leu

caa
Gln
240

agt
Ser

Ala

Ala

Asp

Ala

Leu

80

Lys

Glu

Phe

Thr

Ile

160

Leu

Arg

Ala

Leu

528

576

624

672

720

768

777
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-continued

176

Ala Ile Glu Leu Arg Asn Phe Tyr Leu Leu Phe Ala Ser Ala Asp Gln
225 230 235 240

Lys Glu Gly Met Gln Ala Phe Ile Glu Lys Arg Ala Pro Asn Phe Ser
245 250 255

Gly Arg

<210> SEQ ID NO 42

<211> LENGTH: 1220

<212> TYPE: DNA

<213> ORGANISM: Chloroflexus aurantiacus

<400> SEQUENCE: 42

ggcgtaatcee gaccggcagg ttagggtett ctactggggt caaggegegt ctecttttgg
tggcgegage aaccceggett ttectggett caatgtacca tagageggtt acttegtgea
acgggegtgg tacaatcgag agcaaccttt cgcaaaaget atccaatcct gcacacgtge
atctgttaca gggtattatt gtcggcaaac gacagtcctyg tegtttatgt acaaggagat
caacgtatga gtgaagagtc tctggttcte agcacaattyg aaggccccat cgccatccte
accctcaate gcccccagge cctcaatgeg cteagtceegyg ccettgattga tgacctcatt
cgccatttag aagectgcga tgccgatgac acaatccgeg tgatcattat caccggegece
ggacgggcat ttgctgccgg cgctgatatc aaagcgatgg ccaatgccac gectattgat
atgctcacca gtggcatgat tgcgcgetgg geacgcateg cegeggtgeyg caaaccggtyg
attgctgceg tgaatgggta tgcgcteggt ggtggttgtyg aattggcaat gatgtgcgac
atcatcatcg ccagtgaaaa cgcgcagttc ggacaaccgg aaatcaatct gggcatcatt
cceggtgetyg gtggecaccca acggctgace cgegeccttyg geccgtateyg cgcaatggaa
ttgatcctga ccggegegac catcagtget caggaagete tegeccacgyg cctggtgtge
cgggtetgee cgcectgaaag cctgctegat gaagcccegte ggatcgcegea aaccattgece
accaaatcac cactggctgt acagttggeg aaagaggcag tccgtatgge cgccgaaacce
actgtgcgeg aggggttgge tatcgagetg cgtaacttet atctgetgtt tgccagtget
gaccaaaaag aggggatgca ggcatttatc gagaaacgcg ctcccaactt cagtggtegt
tgatcacgeg cagaacatgg cagcaggggce aatacctgea cgtactgect cctgecgceca
tactaccaga tgatcgagca gtaaagggta aatactctat caatctggec agataagcgg
ttgggtaaca acgcaatgct ccaaaggaga cgatcatgga catacacgag cgattgcgat
ctectegaacyg cgaaaatgcet

<210> SEQ ID NO 43

<211> LENGTH: 774

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 43

atgacgtacg aaaccatcct ggtcgagege gatcagcgag ttggcattat cacgctgaac
cgtceeccagg cactgaacgce gcectcaacage caggtgatga acgaggtcac cagcegetgca
accgaactgg acgatgaccc ggacattggg gegatcatca tcaccggtte ggccaaagceg
tttgcecgeeg gagecgacat caaagaaatg gecgacctga cgttegecga cgcegttcace
geegacttet tegecacctyg gggcaagetg gecgeegtge geacccecgac gatcgecgeg
gtggcgggat acgegetcegg cggtggetge gagcetggega tgatgtgega cgtgetgatce

gecgecgaca ccgcgaagtt cggacagcce gagataaage tgggegtget gecaggeatg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1220

60

120

180

240

300

360

420
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177 178

-continued
ggeggceteee ageggetgac ccgggetatce ggcaaggceta aggcgatgga cctcatcctg 480
accgggegcea ccatggacge cgccgaggece gagegcageg gtetggttte acgggtggtyg 540
ceggecgacyg acttgetgac cgaagccagg gecactgeca cgaccattte gcagatgtceg 600
gecteggegy cecggatgge caaggaggcece gtcaaccggg ctttcegaatce cagtttgtec 660
gaggggcetge tctacgaacg ccggetttte cattceggett tegcgaccga agaccaatcce 720
gaaggtatgyg cagcgttcat cgagaaacgc gctccccagt tcacccaccg atga 774
<210> SEQ ID NO 44
<211> LENGTH: 873
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 44
atggccgece tgcgtgtect getgtectge geccgeggece cgetgaggece ccceggttege 60
tgtcecegect ggegteectt cgecctegggt getaactttyg agtacatcat cgcagaaaaa 120
agagggaaga ataacaccgt ggggttgatc caactgaacc gccccaaggce cctcaatgca 180
ctttgcgatyg gcectgattga cgagctcaac caggccctga agatcttega ggaggacccyg 240
geegttgggyg geattgtect caccggeggg gataaggect ttgcagetgg agetgatatce 300
aaggaaatgc agaacctgag tttccaggac tgttactcca gcaagttcett gaagcactgg 360
ggccaccteca cccaggtcaa gaagcecagtce atcgetgetg tcaatggeta teegtttgge 420
gggggctgtyg agettgccat gatgtgtgat atcatctatg ccggtgagaa ggcccagttt 480
gcacagccegyg agatcttaat aggaaccatc ccaggtgcag geggcaccca gagactcacce 540
cgtgetgttyg ggaagteget ggagetggag atggtcectea ceggtgacge gatctcagece 600
caggacgcca agcaagcagg tcttgtcage aagatttgte ctgttgagac actggtggaa 660
gaagccatce agtgtgcaga aaaaattgcce agcaattcta aaattgtagt agcgatggec 720
aaagaatcag tgaatgcagc ttttgaaatg acattaacag aaggaagtaa gttggagaag 780
aaactctttt attcaacctt tgccactgat gaccggaaag aagggatgac cgcegtttgtg 840
gaaaagagaa aggccaactt caaagaccag tga 873
<210> SEQ ID NO 45
<211> LENGTH: 873
<212> TYPE: DNA
<213> ORGANISM: Rattus norvegicus
<400> SEQUENCE: 45
atggcggece tgcgtgetcet getgcccaga gectgcaact cgetgttgte cccagttege 60
tgcccagaat tccggegett cgecctegggt getaacttte agtacatcat cacggaaaag 120
aaaggaaaga atagcagcgt ggggctgatc cagttgaacc gtcccaaagce actcaatgca 180
ctttgcaatg gactgattga ggagctcaac caagcactgg agacctttga ggaagatcce 240
getgtgggeyg ccattgtget cactggtggg gagaaggect ttgcagecgg agetgacatce 300
aaggaaatgc agaaccggac atttcaggac tgttactcag gcaagttcect gagccactgg 360
gaccatatca cccggatcaa gaaaccggtce atcgeggetyg tcaatggeta tgetettggt 420
gggggctgtyg aacttgccat gatgtgcgat atcatctatg ctggtgagaa agcccagttt 480
ggacagccag aaatcctcect ggggaccatce ccaggtgcag ggggcactca gagactcacce 540

cgagcagtcg gcaaatcact agcaatggag atggtccteca ctggtgaccg aatttcagca 600
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caggatgcca

gaggccatce

aaagaatctg

aagctettet

gagaaaagga

agcaagcagyg tcttgtaage

aatgtgcaga aaagatcgcc

tgaatgcage ctttgaaatg

attccacctt tgccactgat

aggccaactt caaagaccac

<210> SEQ ID NO 46
<211> LENGTH: 257
<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 46

Met Thr Tyr Glu Thr

1

Ile

Met

Ile

Ala

65

Ala

Thr

Ala

Gln

Arg

145

Thr

Ser

Ala

Glu

Tyr

225

Glu

Arg

Thr

Asn

Gly

50

Asp

Asp

Ile

Met

Pro

130

Leu

Gly

Arg

Thr

Ala

210

Glu

Gly

Leu

Glu

35

Ala

Ile

Phe

Ala

Met

115

Glu

Thr

Arg

Val

Thr

195

Val

Arg

Met

Asn Arg
20

Val Thr

Ile Ile

Lys Glu

Phe Ala

85

Ala Val
100

Cys Asp

Ile Lys

Arg Ala

Thr Met

165

Val Pro

180

Ile Ser

Asn Arg

Arg Leu

Ala Ala
245

<210> SEQ ID NO 47
<211> LENGTH: 290

<212> TYPE:
<213> ORGANISM: Homo sapiens

PRT

<400> SEQUENCE: 47

Ile Leu Val

Pro Gln Ala

Ser Ala Ala

Ile Thr Gly

55

Met Ala Asp
70

Thr Trp Gly

Ala Gly Tyr

Val Leu Ile

120

Leu Gly Val
135

Ile Gly Lys
150

Asp Ala Ala

Ala Asp Asp

Gln Met Ser

200

Ala Phe Glu
215

Phe His Ser
230

Phe Ile Glu

aagatttttce

aacaattcca

acgttaacag

gaccggagag

tga

Mycobacterium tuberculosis

Glu Arg Asp
10

Leu Asn Ala
25

Thr Glu Leu

Ser Ala Lys

Leu Thr Phe

75

Lys Leu Ala
90

Ala Leu Gly
105

Ala Ala Asp

Leu Pro Gly

Ala Lys Ala

155

Glu Ala Glu
170

Leu Leu Thr
185

Ala Ser Ala

Ser Ser Leu

Ala Phe Ala
235

Lys Arg Ala
250

ccgttgaaac actggttgaa
agatcatagt agccatggeg
aaggaaataa gctggagaag

aagggatgtc tgcctttgtyg

Gln Arg Val Gly Ile
15

Leu Asn Ser Gln Val
30

Asp Asp Asp Pro Asp
Ala Phe Ala Ala Gly
60

Ala Asp Ala Phe Thr
80

Ala Val Arg Thr Pro
95

Gly Gly Cys Glu Leu
110

Thr Ala Lys Phe Gly
125

Met Gly Gly Ser Gln
140

Met Asp Leu Ile Leu
160

Arg Ser Gly Leu Val
175

Glu Ala Arg Ala Thr
190

Ala Arg Met Ala Lys
205

Ser Glu Gly Leu Leu
220

Thr Glu Asp Gln Ser
240

Pro Gln Phe Thr His
255

Met Ala Ala Leu Arg Val Leu Leu Ser Cys Ala Arg Gly Pro Leu Arg

1

5

10

15

660

720

780

840

873
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Pro

Phe

Leu

Leu

65

Ala

Gly

Ser

Pro

Leu

145

Ala

Gln

Leu

Val

Cys

225

Lys

Lys

Lys

Asp

Pro

Glu

Ile

50

Ile

Val

Ala

Ser

Val

130

Ala

Gln

Arg

Thr

Ser

210

Ala

Glu

Leu

Glu

Gln
290

Val

Tyr

35

Gln

Asp

Gly

Asp

Lys

115

Ile

Met

Pro

Leu

Gly

195

Lys

Glu

Ser

Glu

Gly
275

Arg

Ile

Leu

Glu

Ala

Ile

100

Phe

Ala

Met

Glu

Thr

180

Asp

Ile

Lys

Val

Lys

260

Met

Cys

Ile

Asn

Leu

Ile

Lys

Leu

Ala

Cys

Ile

165

Arg

Arg

Cys

Ile

Asn

245

Lys

Thr

<210> SEQ ID NO 48

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Ala Ala Leu

1

Ser

Phe

Leu

Leu

65

Ala

Pro

Gln

Ile

50

Ile

Val

Val

Tyr

35

Gln

Glu

Gly

Arg

20

Ile

Leu

Glu

Ala

290

Pro

Ala

Arg

Asn

70

Val

Glu

Lys

Val

Asp

150

Leu

Ala

Ile

Pro

Ala

230

Ala

Leu

Ala

Ala

Glu

Pro

55

Gln

Leu

Met

His

Asn

135

Ile

Ile

Val

Ser

Val

215

Ser

Ala

Phe

Phe

Trp

Lys

40

Lys

Ala

Thr

Gln

Trp

120

Gly

Ile

Gly

Gly

Ala

200

Glu

Asn

Phe

Tyr

Val
280

Arg

Arg

Ala

Leu

Gly

Asn

105

Asp

Tyr

Tyr

Thr

Lys

185

Gln

Thr

Ser

Glu

Ser

265

Glu

Rattus norvegicus

48

Arg

Cys

Ile

Asn

Leu

Ile
85

Ala

Pro

Thr

Arg

Asn

70

Val

Leu

Glu

Glu

Pro

55

Gln

Leu

Leu

Phe

Lys

40

Lys

Ala

Thr

Pro

Arg

25

Lys

Ala

Leu

Gly

Pro

Gly

Leu

Lys

Gly

Leu

His

Ala

Ala

Ile

170

Ser

Asp

Leu

Lys

Met

250

Thr

Lys

Arg

10

Arg

Gly

Leu

Glu

Gly
90

Phe

Lys

Asn

Ile

75

Asp

Ser

Leu

Phe

Gly

155

Pro

Leu

Ala

Val

Ile

235

Thr

Phe

Arg

Ala

Phe

Lys

Asn

Thr

75

Glu

Ala

Asn

Ala

60

Phe

Lys

Phe

Thr

Gly

140

Glu

Gly

Ala

Lys

Glu

220

Val

Leu

Ala

Lys

Cys

Ala

Asn

Ala

60

Phe

Lys

Ser

Asn

45

Leu

Glu

Ala

Gln

Gln

125

Gly

Lys

Ala

Met

Gln

205

Glu

Val

Thr

Thr

Ala
285

Asn

Ser

Ser

45

Leu

Glu

Ala

Gly

30

Thr

Cys

Glu

Phe

Asp

110

Val

Gly

Ala

Gly

Glu

190

Ala

Ala

Ala

Glu

Asp

270

Asn

Ser

Gly

30

Ser

Cys

Glu

Phe

Ala

Val

Asp

Asp

Ala

Cys

Lys

Cys

Gln

Gly

175

Met

Gly

Ile

Met

Gly

255

Asp

Phe

Leu

15

Ala

Val

Asn

Asp

Ala
95

Asn

Gly

Gly

Pro

80

Ala

Tyr

Lys

Glu

Phe

160

Thr

Val

Leu

Gln

Ala

240

Ser

Arg

Lys

Leu

Asn

Gly

Gly

Pro

80

Ala
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184

Gly

Ser

Pro

Leu

145

Gly

Gln

Leu

Val

Cys

225

Lys

Lys

Arg

Asp

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<222>
<223>

Ala

Gly

Val

130

Ala

Gln

Arg

Thr

Ser

210

Ala

Glu

Leu

Glu

His
290

Asp

Lys

115

Ile

Met

Pro

Leu

Gly

195

Lys

Glu

Ser

Glu

Gly
275

Ile

100

Phe

Ala

Met

Glu

Thr

180

Asp

Ile

Lys

Val

Lys

260

Met

Lys

Leu

Ala

Cys

Ile

165

Arg

Arg

Phe

Ile

Asn

245

Lys

Ser

SEQ ID NO 49
LENGTH:
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Primer
FEATURE:
NAME/KEY: misc_feature
LOCATION:

20

Glu

Ser

Val

Asp

150

Leu

Ala

Ile

Pro

Ala

230

Ala

Leu

Ala

Met

His

Asn

135

Ile

Leu

Val

Ser

Val

215

Asn

Ala

Phe

Phe

(1) .. (20)

s 1s g or ¢

<400> SEQUENCE:

49

gaawscggys cnatyggygg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQUENCE :

23

SEQ ID NO 50
LENGTH:
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Primer

50

ttytgyggyr sbttyacbgc wgg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQUENCE :

23

SEQ ID NO 51
LENGTH:
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Primer

51

Gln

Trp

120

Gly

Ile

Gly

Gly

Ala

200

Glu

Asn

Phe

Tyr

Val
280

Asn

105

Asp

Tyr

Tyr

Thr

Lys

185

Gln

Thr

Ser

Glu

Ser

265

Glu

Arg

His

Ala

Ala

Ile

170

Ser

Asp

Leu

Lys

Met

250

Thr

Lys

Thr

Ile

Leu

Gly

155

Pro

Leu

Ala

Val

Ile

235

Thr

Phe

Arg

Phe Gln
Thr Arg
125

Gly Gly
140

Glu Lys

Gly Ala

Ala Met

Lys Gln

205

Glu Glu

220

Ile Val

Leu Thr

Ala Thr

Lys Ala
285

Asp

110

Ile

Gly

Ala

Gly

Glu

190

Ala

Ala

Ala

Glu

Asp

270

Asn

Cys

Lys

Cys

Gln

Gly

175

Met

Gly

Ile

Met

Gly

255

Asp

Phe

Tyr

Lys

Glu

Phe

160

Thr

Val

Leu

Gln

Ala

240

Asn

Arg

Lys

OTHER INFORMATION: n is any nucleotide; w is a or t; y is t or c¢;



185

US 9,340,803 B2

-continued

186

cewgevgtra avsyrccrca raa

<210> SEQ ID NO 52

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 52

aaracdsmrc gttcvgtrat rta

<210> SEQ ID NO 53

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 53

tcrayrcesg gwgcraytte

<210> SEQ ID NO 54

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 54

gaatgtttac ttctgcggca ccttcac

<210> SEQ ID NO 55

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 55

gaccagatca ctttcaacgg ttcctatg

<210> SEQ ID NO 56

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 56

gcataggaac cgttgaaagt gatctgg

<210> SEQ ID NO 57

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 57

gttagtaccg aacttgctga cgttgatg
<210> SEQ ID NO 58

<211> LENGTH: 23

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

23

23

20

27

28

27

28
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<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 58

atgagaaaag tagaaatcat tac

<210> SEQ ID NO 59

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 59

ggcggaagtt gacgataatg

<210> SEQ ID NO 60

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 60

gewacbggyt ayggycg

<210> SEQ ID NO 61

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 61

gtyrtygayr tyggyggyca gga

<210> SEQ ID NO 62

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 62

atgaacgaya artgygcwge wgg

<210> SEQ ID NO 63

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 63

tgygcwgewg gyacbggyeg ytt

<210> SEQ ID NO 64

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 64

tcctgrecre crayrtcray rac

23

20

17

23

23

23

23
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 65

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 65

cewgewgere ayttrtegtt cat

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 66

LENGTH: 23

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 66

aarcgrccvyg treowgcewge rca

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 67

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 67

gettegswtt cracratgsw

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 68

LENGTH: 24

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 68

gswratract tcgcwttcwg craa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 69

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 69

acgtcatgte gaaggtactg gaaatcc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 70

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 70

gggactggta cttcaaatcg aagcatc

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 71

LENGTH: 27

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

23

23

20

24

27

27
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<400> SEQUENCE: 71

tgacggcage gggatgette gatttga

<210> SEQ ID NO 72

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 72

tcagacatgg ggatttccag tacctte

<210> SEQ ID NO 73

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 73

cegtgttact tgggaaggta tegetgtetg

<210> SEQ ID NO 74

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 74

gccaatgaag gaggaaacca ctaatgagtce

<210> SEQ ID NO 75

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 75

gggaattcca tatgaaaact gtgtatactc tc

<210> SEQ ID NO 76

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 76

cgacggatce ttagaggatt tccgagaaag ¢

<210> SEQ ID NO 77

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(23)

27

27

30

30

32

31

<223> OTHER INFORMATION: n is any nucleotide; y is t or ¢; b is g, ¢ or

t; vis a, g, or ¢; s is g or ¢

<400> SEQUENCE: 77
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-continued

194

aaycgbecova argenctsaa yge

<210> SEQ ID NO 78

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(20)

<223> OTHER INFORMATION: n is any nucleotide; y is t or c;
or t

<400> SEQUENCE: 78

ttygtbgeng gygcngayat

<210> SEQ ID NO 79

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(20)

<223> OTHER INFORMATION: n is any nucleotide; r is g or a;
or c.

<400> SEQUENCE: 79

atrtcngere cngcvacraa

<210> SEQ ID NO 80

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(23)

<223> OTHER INFORMATION: n is any nucleotide; r is g or a;
w is a or t.

<400> SEQUENCE: 80

cecrecrecsa gngcerwarcce rtt

<210> SEQ ID NO 81

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(21)

<223> OTHER INFORMATION: n is any nucleotide; r is g or a;
w is a or t; v is a, g or c.

<400> SEQUENCE: 81

sswngcratv cgratrtcra ¢

<210> SEQ ID NO 82

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

23

b is ¢, g,

20

v is a, g,

20

s 1s g or c¢;

23

s 1s g or c¢;

21
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<400> SEQUENCE: 82

cgctgatatt cgecagttge tcgaag

<210> SEQ ID NO 83

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 83

cccatettge ttteegecaag attgage

<210> SEQ ID NO 84

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 84

caatggcect gecgaataac geccatcet

<210> SEQ ID NO 85

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 85

cttegagcaa ctggcgaata tcageg

<210> SEQ ID NO 86

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 86

getcaatett gecggaaagca agatggg

<210> SEQ ID NO 87

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 87

agatgggcegt tattecggecag ggecattg
<210> SEQ ID NO 88

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 88

aagctgggte tgatcgatge cattgetace

<210> SEQ ID NO 89
<211> LENGTH: 28

26

27

28

26

27

28

30
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 89

ctcgattatc gecccatccac gtatcgag 28

<210> SEQ ID NO 90

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 90

tggatgcaat ccgctatggc attatccacg 30

<210> SEQ ID NO 91

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 91

tcattcagtg cgttcaccgg cggatttgte 30

<210> SEQ ID NO 92

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 92

tcgatcecgga agtagcgata gegttcecgatg 30

<210> SEQ ID NO 93

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 93

cttggctgca atctcecttega gcacttcagg 30

<210> SEQ ID NO 94

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 94

catcagaggt aatcaccact cgtgca 26

<210> SEQ ID NO 95

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 95
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aagtagtagg ccacctegte gecata

<210> SEQ ID NO 96

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 96

gccaatcagg cgctgatcta tgttet

<210> SEQ ID NO 97

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 97

ctgatctatg ttetggecte ggaggt

<210> SEQ ID NO 98

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 98

ggctgatatce aaagcgatgg ccaatge

<210> SEQ ID NO 99

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 99

ccacgectat tgatatgete accagtg

<210> SEQ ID NO 100

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 100

gcaaaccggt gattgctgec gtgaatgg

<210> SEQ ID NO 101

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 101
gecattggcca tcgetttgat atcagec
<210> SEQ ID NO 102

<211> LENGTH: 27

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence

26

26

26

27

27

28

27
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<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 102

cactggtgag catatcaata ggcgtgg

<210> SEQ ID NO 103

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 103

ccattcacgg cagcaatcac cggtttge

<210> SEQ ID NO 104

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 104

tcatcatcge cagtgaaaac gegcagtteg

<210> SEQ ID NO 105

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 105

ggatcgcgca aaccattgec accaaatcac

<210> SEQ ID NO 106

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 106

atgagtgaag agtctctggt tctcage

<210> SEQ ID NO 107

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 107

agatcgcaat cgctegtgta tgte

<210> SEQ ID NO 108

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 108

gggaattcca tatgagaaaa gtagaaatca ttacagetg

27

28

30

30

27

24

39
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<210> SEQ ID NO 109

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 109

gagagtatac acagttttca cctectttac agcagagat

<210> SEQ ID NO 110

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 110

atctctgetg taaaggaggt gaaaactgtg tatactcte

<210> SEQ ID NO 111

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 111

acgttgatct ccttgtacat tagaggattt ccgagaaagce

<210> SEQ ID NO 112

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 112

getttetegyg aaatcctcta atgtacaagg agatcaacgt

<210> SEQ ID NO 113

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 113

cgacggatce tcaacgacca ctgaagttgg

<210> SEQ ID NO 114

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 114

cgacggatce ttagaggatt tccgagaaag ¢

<210> SEQ ID NO 115

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

39

39

40

40

30

31
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<400> SEQUENCE: 115

ggtgtctaga gacagtcctg tegtttatgt agaaggag 38

<210> SEQ ID NO 116

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 116

gggaattcca tatgegtaac ttcctectge tatcaacgac cactgaagtt gg 52

<210> SEQ ID NO 117

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 117

acgttgatct ccttctacat tattttttca gtcccatg 38

<210> SEQ ID NO 118

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 118

ggtgtctaga gtcaaaggag agaacaaaat catgagtg 38

<210> SEQ ID NO 119

<211> LENGTH: 53

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 119

gggaattcca tatgcgtaac ttcctectge tattagagga tttecgagaa age 53

<210> SEQ ID NO 120

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 120

tcagtggtcg ttgatcacge tataaagaaa ggtgaaaact gtgtatactce tc 52
<210> SEQ ID NO 121

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 121

cgacggatcce cttcecttgga gectcatgett te 32

<210> SEQ ID NO 122
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<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 122

catgggactyg aaaaaataat gtagaaggag atcaacgt 38

<210> SEQ ID NO 123

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 123

gagagtatac acagttttca cctttettta tagegtgate aacgaccact ga 52

<210> SEQ ID NO 124

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 124

ccaacttcag tggtegttag tgaaaactgt gtatactcte 40

<210> SEQ ID NO 125

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 125

gagagtatac acagttttca ctaacgacca ctgaagttgg 40

<210> SEQ ID NO 126

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 126

gtcgcagaat tcccatcaat cgcagcaatce ccaac 35

<210> SEQ ID NO 127

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 127

taacatggta ccgacagaag cggaccagca aacga 35

<210> SEQ ID NO 128

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 128
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cgacggatcc tcaacgacca ctgaagttgg 30
<210> SEQ ID NO 129
<211> LENGTH: 5469
<212> TYPE: DNA
<213> ORGANISM: Chloroflexus aurantiacus
<400> SEQUENCE: 129
atgatcgaca ctgcgecect tgccccacca cgggegeccee gcetctaatcece gattcegggat 60
cgagttgatt gggaagctca gecgcgetget gegetggeag atcccggtge ctttcatgge 120
gegattgecee ggacagttat ccactggtac gacccacaac accattgcetg gattcgette 180
aacgagtcta gtcagegttyg ggaagggetg gatgecgeta ceggtgceccee tgtaacggta 240
gactatcceg ccgattatca gccctggcaa caggegtttyg atgatagtga agegecgttt 300
taccgetggt ttagtggtgg gttgacaaat gectgcettta atgaagtaga ccggcatgte 360
atgatgggcet atggcgacga ggtggectac tactttgaag gtgaccgetyg ggataactcg 420
ctcaacaatg gtcgtggtgg tccggttgte caggagacaa tcacgceggeyg gcegectgttg 480
gtggaggtygyg tgaaggctge gcaggtgttg cgtgatctgg gectgaagaa gggtgatcegyg 540
attgctctga atatgccgaa tattatgecg cagatttatt atacggaagce ggcaaaacga 600
ctgggtatte tgtacacgcce ggtctteggt ggettcetegyg acaagactcet ttcecgaccgt 660
attcacaatg ccggtgcacg agtggtgatt acctctgatg gtgegtaccyg caacgcgcag 720
gtggtgcect acaaagaagce gtataccgat caggcgetcg ataagtatat tcecggttgag 780
acggcgcagg cgattgttge gcagaccctg gecaccttge cectgactga gtcegecagcege 840
cagacgatca tcaccgaagt ggaggccgca ctggecggtyg agattacggt tgagegetceg 900
gacgtgatge gtggggttgg ttctgeccte gcaaagetce gegatcttga tgcaagegty 960
caggcaaagg tgcgtacagt actggegcag gegetggteg agtegecgece gegggttgaa 1020
gctgtggtgg ttgtgcgtca taccggtcag gagattttgt ggaacgaggg gcgagatcgce 1080
tggagtcacg acttgctgga tgctgcgctg gcgaagattc tggccaatgce gegtgctgece 1140
ggctttgatg tgcacagtga gaatgatctg ctcaatctec ccgatgacca gcttatcegt 1200
gcgetcectacg ccagtattce ctgtgaaccg gttgatgctg aatatccgat gtttatcatt 1260
tacacatcgg gtagcaccgg taagcccaag ggtgtgatcce acgttcacgg cggttatgtce 1320
gceggtgtgg tgcacacctt gcgggtcagt tttgacgceg agcecgggtga tacgatatat 1380
gtgatcgeceg atcecgggctg gatcacceggt cagagctata tgctcacagce cacaatggece 1440
ggtcggctga ccggggtgat tgccgaggga tcaccgctet tceccctcage cgggcgttat 1500
gccagcatca tcgagcgcta tggggtgcag atctttaagg cgggtgtgac cttectcaag 1560
acagtgatgt ccaatccgca gaatgttgaa gatgtgcgac tctatgatat gcactcgetg 1620
cgggttgcaa ccttectgege cgagcecggtce agtecggegg tgcagcagtt tggtatgecag 1680
atcatgaccc cgcagtatat caattcgtac tgggcgaccg agcacggtgg aattgtcectgg 1740
acgcatttct acggtaatca ggacttcccg cttegteccg atgcccatac ctatccecttg 1800
ccetgggtga tgggtgatgt ctgggtggce gaaactgatg agagcgggac gacgcgctat 1860
cgggtegetg atttcgatga gaagggcgag attgtgatta ccgccccgta tecctacctg 1920
acccgcacac tctggggtga tgtgcceggt ttecgaggegt acctgegcegg tgagattecg 1980
ctgcgggect ggaagggtga tgccgagcegt ttegtcaaga cctactggeg acgtgggceca 2040
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aacggtgaat ggggctatat ccagggtgat tttgccatca agtaccccga tggtagctte 2100
acgctccacg gacgccctga cgatgtgate aatgtgtegg geccaccgtat gggcaccgag 2160
gagattgagg gtgccatttt gcgtgaccgce cagatcacgce ccgactcgcece cgteggtaat 2220
tgtattgtgg tcggtgcgcec gcaccgtgag aagggtcetga ccccecggttge cttcattcaa 2280
cctgegectg gecgtcatet gaccggegcee gaccggcegece gtctcgatga getggtgegt 2340
accgagaagg gggcggtcag tgtcccagag gattacatcg aggtcagtge cttteccgaa 2400
acccgcageg ggaagtatat geggcegettt ttgcgcaata tgatgctcga tgaaccactg 2460
ggtgatacga cgacgttgcg caatcctgaa gtgctcgaag agattgcagc caagatcgcet 2520
gagtggaaac gccgtcageg tatggecgaa gagcagcaga tcatcgaacg ctatcgctac 2580
ttccggatceg agtatcaccce accaacggcce agtgcgggta aactcgceggt agtgacggtg 2640
acaaatccgce cggtgaacgc actgaatgag cgtgcgctcecg atgagttgaa cacaattgtt 2700
gaccacctgg cccgtegtca ggatgttgece gecaattgtet tcaccggaca gggcgccagyg 2760
agttttgtcg ccggcgctga tattcgeccag ttgctcgaag agattcatac ggttgaagag 2820
gcaatggcece tgccgaataa cgcccatctt getttecgca agattgageg tatgaataag 2880
ccgtgtateg cggcgatcaa cggtgtggcg cteggtggtg gtctggaatt cgccatggcece 2940
tgccattacce gggttgccga tgtctatgce gaattcggtce agccagagat taatctgegce 3000
ttgctacctg gttatggtgg cacgcagcgce ttgccgcegece tgttgtacaa gcgcaacaac 3060
ggcaccggte tgctccgage gctggagatg attctgggtyg ggcegtagegt accggctgat 3120
gaggcgctga agctgggtct gatcgatgec attgctacceg gcegatcagga ctcactgteg 3180
ctggcatgcg cgttagccceg tgccgcaatce ggcegccgatg gtcagttgat cgagtcegget 3240
geggtgacee aggcetttceeg ccatcgecac gagcagettyg acgagtggeg caaaccagac 3300
ccgegetttg ccgatgacga actgcgetceg attatcgecce atccacgtat cgagcecggatt 3360
atccggcagg cccataccegt tgggcgcgat gcggcagtgce atcgggcact ggatgcaatce 3420
cgctatggca ttatccacgg cttcgaggce ggtectggage acgaggcgaa gctcetttgece 3480
gaggcagtgg ttgacccgaa cggtggcaag cgtggtattc gcgagttect cgaccgcecag 3540
agtgcgecgt tgccaacceg ccgaccattg attacacctg aacaggagca actcttgegce 3600
gatcagaaag aactgttgcc ggttggttca cccttecttec ceggtgttga ccggattecyg 3660
aagtggcagt acgcgcaggc ggttattcgt gatccggaca ccggtgcgge ggctcacggce 3720
gatcccateg tggctgaaaa gcagattatt gtgccggtgg aacgcccceccg cgccaatcag 3780
gcgetgatet atgttectgge cteggaggtg aacttcaacg atatctgggce gattaccggt 3840
attccggtgt cacggtttga tgagcacgac cgcgactggce acgttaccgg ttcaggtggce 3900
atcggectga tegttgcget gggtgaagag gcgcgacgceg aaggccggcet gaaggtgggt 3960
gatctggtgg cgatctactce cgggcagtcg gatctgctet caccgctgat gggecttgat 4020
ccgatggeeg ccgatttegt catccagggg aacgacacge cagatggatce gcatcagcaa 4080
tttatgetgg cccaggccece gcagtgtcectg cccatcccaa ccgatatgte tatcgaggca 4140
gccggcaget acatcctcaa tcteggtacg atctatcgeg cectcetttac gacgttgcaa 4200
atcaaggccg gacgcaccat ctttatcgag ggtgcggcega ccggtaccgg tetggacgca 4260
gcgegetegyg cggcccggaa tggtctgege gtaattggaa tggtcagttce gtegtcacgt 4320
gcgtectacge tgctggcectge gggtgcccac ggtgcgatta accgtaaaga cccggaggtt 4380

gccgattgtt tcacgcgegt gcccgaagat ccatcagcect gggcagcectg ggaagccgec 4440
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ggtcagcegt tgctggcgat gttecgggeg cagaacgacg ggcgactggce cgattatgtg 4500
gtctegcacyg cgggcgagac ggcectteceg cgcagtttec agettctegg cgagccacgce 4560
gatggtcaca ttccgacgct cacattctac ggtgccacca gtggctacca cttcacctte 4620
ctgggtaage cagggtcage ttcgccgacce gagatgetge ggegggcecaa tctecgegece 4680
ggtgaggcegg tgttgatcta ctacggggtt gggagcgatg acctggtaga taccggceggt 4740
ctggaggcta tcgaggcggce gcggcaaatg ggagcgcegga tcgtegtcegt taccgtcagce 4800
gatgcgcaac gcgagtttgt cctetegttg ggcttegggg ctgccctacg tggtgtegte 4860
agcctggegg aactcaaacg gegcttegge gatgagtttg agtggccgeg cacgatgecg 4920
cegttgecga acgeccgeca ggacccegeag ggtctgaaag aggctgtecg ccgettcaac 4980
gatctggtet tcaagccgct aggaagcegceg gtcggtgtet tettgcggag tgccgacaat 5040
ccgegtgget accccgatet gatcatcgag cgggctgecce acgatgcact ggcggtgagce 5100
gcgatgctga tcaagccectt caccggacgg attgtctact tcegaggacat tggtgggegg 5160
cgttactecct tecttegcacce gcaaatctgg gtgcgccage gecgcatcta catgecgacg 5220
gcacagatct ttggtacgca cctcectcaaat gcgtatgaaa ttcectgcegtct gaatgatgag 5280
atcagcgeccg gtctgctgac gattaccgag ccggcagtgg tgccgtggga tgaactaccce 5340
gaagcacatc aggcgatgtg ggaaaatcgc cacacggcgg ccacttatgt ggtgaatcat 5400
gecttaccac gtcteggect aaagaacagg gacgagetgt acgaggegtg gacggcecgge 5460
gagcggtag 5469
<210> SEQ ID NO 130

<211> LENGTH: 701

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 130

Met Gly Leu Pro Glu Glu Arg Val Arg Ser Gly Ser Gly Ser Arg Gly
1 5 10 15

Gln Glu Glu Ala Gly Ala Gly Gly Arg Ala Arg Ser Trp Ser Pro Pro
Pro Glu Val Ser Arg Ser Ala His Val Pro Ser Leu Gln Arg Tyr Arg
35 40 45

Glu Leu His Arg Arg Ser Val Glu Glu Pro Arg Glu Phe Trp Gly Asp
50 55 60

Ile Ala Lys Glu Phe Tyr Trp Lys Thr Pro Cys Pro Gly Pro Phe Leu

Arg Tyr Asn Phe Asp Val Thr Lys Gly Lys Ile Phe Ile Glu Trp Met
85 90 95

Lys Gly Ala Thr Thr Asn Ile Cys Tyr Asn Val Leu Asp Arg Asn Val
100 105 110

His Glu Lys Lys Leu Gly Asp Lys Val Ala Phe Tyr Trp Glu Gly Asn
115 120 125

Glu Pro Gly Glu Thr Thr Gln Ile Thr Tyr His Gln Leu Leu Val Gln
130 135 140

Val Cys Gln Phe Ser Asn Val Leu Arg Lys Gln Gly Ile Gln Lys Gly
145 150 155 160

Asp Arg Val Ala Ile Tyr Met Pro Met Ile Pro Glu Leu Val Val Ala
165 170 175

Met Leu Ala Cys Ala Arg Ile Gly Ala Leu His Ser Ile Val Phe Ala
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Gly

Ser

Asn

225

Gly

Glu

Ser

Trp

Cys

305

Gly

Val

Phe

Thr

Ile

385

Tyr

Met

Gln

Trp

Phe

465

Ala

Ala

Glu

Val

Pro
545

Tyr

Ala

Phe

Leu

210

Leu

Phe

Leu

Cys

His

290

Asp

Lys

Ala

Trp

Tyr

370

Pro

Lys

Lys

Val

Tyr

450

Trp

Thr

Pro

Gly

Tyr

530

Gly

Tyr

Leu

Val

Ser

195

Leu

Lys

Pro

Gly

Pro

275

Glu

Ala

Pro

Thr

Cys

355

Gly

Thr

Val

Phe

Leu

435

His

Gln

Pro

Ala

Tyr

515

Gly

Tyr

Trp

Leu

Ala
595

180

Ser

Ile

Glu

Val

Met

260

Asp

Leu

Glu

Lys

Thr

340

Thr

Pro

Tyr

Thr

Gly

420

Gly

Arg

Thr

Met

Ile

500

Leu

Asn

Tyr

Ile

Ser
580

Glu

Glu

Thr

Leu

Arg

245

Gly

Val

Met

Asp

Gly

325

Phe

Ala

Leu

Pro

Lys

405

Asp

Thr

Val

Glu

Lys

485

Leu

Val

His

Val

Thr
565

Thr

Ala

Ser

Thr

Ala

230

Cys

Asp

Gln

Gln

Pro

310

Val

Lys

Asp

Ala

Asp

390

Phe

Glu

Val

Val

Thr

470

Pro

Asn

Phe

Glu

Thr
550
Gly

Ala

Ala

Leu

Asp

215

Asp

Cys

Ser

Ile

Glu

295

Leu

Val

Tyr

Ile

Asn

375

Val

Tyr

Pro

Gly

Gly

455

Gly

Gly

Glu

Lys

Arg

535

Gly

Arg

Glu

Val

Cys

200

Ala

Glu

Ile

Thr

Ser

280

Ala

Phe

His

Val

Gly

360

Gly

Asn

Thr

Val

Glu

440

Ala

Gly

Ser

Ser

Gln

520

Phe

Asp

Ile

Val

Val
600

185

Glu

Phe

Ala

Val

Ser

265

Trp

Gly

Ile

Thr

Phe

345

Trp

Ala

Arg

Ala

Thr

425

Pro

Gln

His

Ala

Gly

505

Pro

Glu

Gly

Asp

Glu
585

Gly

Arg

Tyr

Leu

Val

250

Gln

Asn

Asp

Leu

Val

330

Asp

Ile

Thr

Leu

Pro

410

Lys

Ile

Arg

Met

Thr

490

Glu

Trp

Thr

Cys

Asp

570

Ser

His

Ile

Arg

Gln

235

Lys

Ser

Gln

Glu

Tyr

315

Gly

Phe

Thr

Ser

Trp

395

Thr

His

Asn

Cys

Leu

475

Phe

Glu

Pro

Thr

Gln
555
Met

Ala

Pro

Leu

Gly

220

Lys

His

Pro

Gly

Cys

300

Thr

Gly

His

Gly

Val

380

Ser

Ala

Ser

Pro

Pro

460

Thr

Pro

Leu

Gly

Tyr

540

Arg

Leu

Leu

His

Asp

205

Glu

Cys

Leu

Pro

Ile

285

Glu

Ser

Tyr

Ala

His

365

Leu

Ile

Ile

Arg

Glu

445

Ile

Pro

Phe

Glu

Ile

525

Phe

Asp

Asn

Val

Pro
605

190

Ser

Lys

Gln

Gly

Ile

270

Asp

Pro

Gly

Met

Glu

350

Ser

Phe

Val

Arg

Ala

430

Ala

Val

Leu

Phe

Gly

510

Met

Lys

Gln

Val

Glu
590

Val

Ser

Leu

Glu

Arg

255

Lys

Leu

Glu

Ser

Leu

335

Asp

Tyr

Glu

Asp

Leu

415

Ser

Trp

Asp

Pro

Gly

495

Glu

Arg

Lys

Asp

Ser
575

His

Lys

Cys

Val

Lys

240

Ala

Arg

Trp

Trp

Thr

320

Tyr

Val

Val

Gly

Lys

400

Leu

Leu

Leu

Thr

Gly

480

Val

Ala

Thr

Phe

Gly
560
Gly

Glu

Gly
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-continued

218

Glu

Pro

625

Pro

Thr

Asn

Ile

Cys

610

Lys

Ile

Arg

Asp

Ser
690

Leu

Leu

Ala

Ser

His

675

His

Tyr

Thr

Thr

Gly

660

Asp

Leu

Cys

Glu

Pro

645

Lys

Leu

Phe

<210> SEQ ID NO 131

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Ser Leu Glu

1

Gln

Tyr

Glu

Leu

65

Leu

Lys

Gly

Glu

Lys

145

Ile

Phe

Gln

Val

Gly
225
Pro

Ile

Pro

Ile

Phe

Ser

50

Asp

Asn

Asn

Tyr

Val

130

Gly

Thr

Ser

Ser

Val

210

Val

Met

Pro

Ser

Ile

Lys

35

Val

Ala

Leu

Lys

Pro

115

Asn

Asp

Met

Gly

Arg

195

Arg

Glu

Thr

Pro

Phe

Asn

20

Phe

Ala

Ser

Ser

Leu

100

Thr

Arg

Lys

Leu

Phe

180

Ile

Leu

Ser

Glu

Asn
260

Ile

670

Phe

Glu

630

Asp

Ile

Gly

Ser

Val

615

Leu

Tyr

Met

Asp

His
695

Pyrobaculum

131

Leu

5

Asp

His

Lys

Asn

Tyr

85

Ala

Asp

Val

Ile

Ala

165

Ser

Val

Lys

Val

Gly
245

Ala

Leu

Lys

Lys

Arg

Glu

Pro

70

Leu

Ile

Arg

Ala

Thr

150

Ala

Ala

Ile

Glu

Ile

230

Arg

Tyr

Tyr

Glu

Trp

Gln

Leu

55

Pro

Ala

Glu

Arg

Tyr

135

Leu

Trp

Asp

Thr

Val

215

Val

Asp

Ile

Thr

Thr

Lys

Ile

Arg

Met

680

Arg

Leu

Lys

Gln

Arg

665

Ser

Cys

Cys

Gln

Asn

650

Val

Thr

Leu

aerophilum

Lys

Arg

Thr

40

Glu

Phe

Val

Trp

Lys

120

Met

Tyr

Arg

Ala

Ala

200

Val

Leu

Tyr

Glu

Ser

Glu

Ser

25

Val

Trp

Tyr

Asp

Glu

105

Leu

Leu

Leu

Ile

Leu

185

Asp

Asp

Pro

Trp

Pro
265

Gly

Ser

10

Lys

Glu

Phe

Lys

Arg

90

Gly

Thr

Lys

Pro

Gly

170

Ala

Gly

Ala

Arg

Trp

250

Glu

Thr

Asp

Ile

635

Ala

Leu

Val

Thr

Glu

Tyr

Asn

Lys

Trp

75

His

Glu

Tyr

Gln

Met

155

Ala

Glu

Phe

Ala

Leu

235

Asn

Pro

Thr

Gly

620

Arg

Pro

Arg

Ala

Ile
700

Leu

Thr

Leu

Pro

60

Phe

Val

Pro

Tyr

Asn

140

Val

Ile

Arg

Trp

Leu

220

Gly

Lys

Val

Gly

His

Glu

Gly

Lys

Asp

685

Gln

Pro

Pro

Glu

45

Trp

Val

Lys

Val

Asp

125

Phe

Pro

Thr

Ile

Arg

205

Glu

Leu

Leu

Glu

Lys

Thr

Lys

Leu

Ile

670

Pro

Phe

Ile

30

Ser

Asp

Gly

Thr

Asp

110

Leu

Gly

Glu

Ser

Asn

190

Arg

Lys

Lys

Met

Ser
270

Pro

Phe

Ile

Pro

655

Ala

Ser

Asp

15

Asp

Phe

Lys

Gly

Trp

95

Glu

Tyr

Val

Leu

Val

175

Asp

Gly

Ala

Asp

Gln
255

Glu

Lys

Ser

Gly

640

Lys

Gln

Val

Glu

Ala

Trp

Val

Arg

80

Arg

Asn

Arg

Lys

Pro

160

Val

Ser

Arg

Thr

Val
240
Gly

His

Gly
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-continued

220

Ile

Lys

305

Asp

Leu

Gln

Phe

Glu

385

Val

Leu

Thr

Met

Val

465

Leu

Asp

Phe

Val

Gly

545

Glu

Ile

Arg

Glu

Gly

625

Leu

Lys

Val

290

Trp

Ile

Met

Pro

Tyr

370

Trp

Gly

Gly

Gly

Lys

450

Val

Val

Pro

Tyr

Leu

530

Thr

Ser

Ala

Lys

Pro

610

Lys

Gly

Arg

275
His

Val

Gly

Gly

Asp

355

Thr

Pro

Glu

Asn

Gly

435

Pro

Asp

Ile

Glu

Ala

515

Gly

Tyr

Ala

Phe

Glu

595

Ala

Ile

Asp

Ala

Asp

Phe

Trp

Ala

340

Arg

Ser

Arg

Pro

Glu

420

Ile

Gly

Glu

Lys

Arg

500

Gly

Arg

Glu

Val

Val

580

Leu

Gln

Met

Val

Tyr
660

Thr

Asp

Val

325

Thr

Trp

Pro

Lys

Ile

405

Lys

Val

Thr

Asn

Lys

485

Tyr

Asp

Ala

Leu

Val

565

Val

Arg

Ile

Arg

Thr
645

Glu

<210> SEQ ID NO 132

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Clostridium

PRT

261

Gly

Ile

310

Thr

Glu

Trp

Thr

His

390

Asn

Val

Ile

Asn

Gly

470

Pro

Ile

Tyr

Asp

Glu

550

Gly

Leu

Glu

Phe

Arg

630

Thr

Glu

Gly

295

Arg

Gly

Val

Ser

Ala

375

Asp

Pro

Ala

Ser

Gly

455

Asn

Trp

Lys

Ala

Glu

535

Ser

Val

Lys

His

Phe

615

Leu

Leu

Ile

280

Trp

Asp

His

Ile

Ile

360

Ile

Leu

Glu

Phe

His

440

Pro

Pro

Pro

Thr

Ile

520

Val

Ala

Pro

Gln

Val

600

Val

Leu

Glu

Lys

Ala

Asp

Ser

Tyr

345

Ile

Arg

Ser

Ala

Gly

425

Ala

Pro

Ala

Gly

Tyr

505

Lys

Ile

Leu

Asp

Gly

585

Arg

Thr

Lys

Asp

Ala
665

Val

Asp

Tyr

330

Glu

Glu

Met

Thr

Trp

410

Ser

Pro

Leu

Pro

Met

490

Trp

Asp

Lys

Ile

Ala

570

Val

Arg

Lys

Ala

Glu
650

Glu

His

Ile

315

Val

Gly

Arg

Phe

Leu

395

Arg

Thr

Gly

Pro

Pro

475

Leu

Ser

Lys

Val

Ser

555

Ile

Ala

Thr

Leu

Val
635

Thr

Met

acetobutylicum

Val

300

Phe

Val

Ala

Tyr

Met

380

Arg

Trp

Trp

Leu

Gly

460

Gly

His

Arg

Asp

Ala

540

His

Lys

Pro

Ile

Pro

620

Ala

Ser

Ala

285

Tyr

Trp

Leu

Pro

Gly

365

Arg

Ile

Ala

Trp

Tyr

445

Phe

Val

Gly

Phe

Gly

525

Gly

Pro

Gly

Ser

Gly

605

Lys

Thr

Val

Arg

Ala

Cys

Gly

Asp

350

Val

Tyr

Ile

Tyr

Met

430

Leu

Glu

Lys

Ile

Pro

510

Tyr

His

Ala

Glu

Asp

590

Pro

Thr

Gly

Glu

Thr
670

Thr

Thr

Pro

335

Tyr

Thr

Gly

His

Arg

415

Thr

Val

Val

Gly

Trp

495

Gly

Ile

Arg

Val

Val

575

Glu

Ile

Arg

Ala

Glu
655

Met

Ala

320

Leu

Pro

Ile

Glu

Ser

400

Val

Glu

Pro

Asp

Tyr

480

Gly

Met

Trp

Leu

Ala

560

Pro

Leu

Ala

Ser

Pro
640

Ala
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-continued

222

<400> SEQUENCE:

Met Glu Leu Asn

1

Val

Leu

Val

Gly

65

Lys

Glu

Cys

Arg

Gly

145

Leu

Gly

Lys

Leu

Ala

225

Asp

Gly

Thr

Lys

Leu

50

Ala

Phe

Lys

Glu

Phe

130

Thr

Ile

Leu

Glu

Ser

210

Leu

Gln

Phe

Ile

Glu

35

Ala

Asp

Gly

Pro

Ile

115

Gly

Gln

Phe

Val

Ile

195

Lys

Ala

Lys

Lys

Asn

20

Met

Val

Ile

Ile

Val

100

Ala

Gln

Arg

Thr

Asn

180

Ala

Gln

Phe

Asp

Asn
260

132

Asn

Arg

Asp

Ile

Ser

Leu

85

Ile

Met

Pro

Leu

Ala

165

Lys

Asn

Ala

Glu

Ala

245

Arg

<210> SEQ ID NO 133

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Asp Phe Asn

1

Ile

Leu

Ile

Gly

65

Lys

Ile

Lys

Lys

50

Ala

Phe

Ile

Glu

35

Val

Asp

Ser

Asn

20

Leu

Leu

Ile

Leu

259

Val

Pro

Tyr

Leu

Glu

70

Gly

Ala

Ser

Glu

Ser

150

Gln

Val

Lys

Ile

Ser

230

Met

Ile

Lys

Val

Thr

55

Met

Asn

Ala

Cys

Val

135

Arg

Asn

Val

Ile

Asn

215

Glu

Thr

Leu

Ala

Ile

40

Gly

Lys

Lys

Val

Asp

120

Gly

Leu

Ile

Glu

Val

200

Arg

Ala

Ala

Glu

Leu

25

Gly

Ala

Glu

Val

Asn

105

Ile

Leu

Val

Lys

Pro

185

Ser

Gly

Phe

Phe

Lys

10

Asn

Glu

Gly

Met

Phe

90

Gly

Arg

Gly

Gly

Ala

170

Ser

Asn

Met

Gly

Ile
250

Glu

Ala

Ile

Glu

Asn

75

Arg

Phe

Ile

Ile

Met

155

Asp

Glu

Ala

Gln

Glu

235

Glu

Gly

Leu

Glu

Lys

60

Thr

Arg

Ala

Ala

Thr

140

Gly

Glu

Leu

Pro

Cys

220

Cys

Lys

Lys

Asn

Asn

45

Ser

Ile

Leu

Leu

Ser

125

Pro

Met

Ala

Met

Val

205

Asp

Phe

Arg

Val

Ser

30

Asp

Phe

Glu

Glu

Gly

110

Ser

Gly

Ala

Leu

Asn

190

Ala

Ile

Ser

Lys

Ala

15

Asp

Ser

Val

Gly

Leu

95

Gly

Asn

Phe

Lys

Arg

175

Thr

Val

Asp

Thr

Ile
255

Thermoanaerobacterium thermosaccharolyticum

133

Asn

5

Arg

Asp

Ile

Ala

Tyr
85

Val

Pro

Ser

Ile

Glu

70

Gly

Leu

Lys

Val

Thr

55

Met

Gln

Leu

Ala

Leu

40

Gly

Ser

Lys

Asn

Leu

25

Asp

Ser

Asn

Val

Lys

10

Asn

Ile

Gly

Met

Phe
90

Asp

Ala

Val

Glu

Thr

75

Arg

Asp

Leu

Glu

Lys

60

Pro

Lys

Gly

Asn

Asn

45

Thr

Leu

Ile

Ile

Tyr

30

Asp

Phe

Glu

Glu

Ala

15

Glu

Lys

Val

Ala

Met
95

Val

Thr

Glu

Ala

Arg

80

Leu

Gly

Ala

Gly

Gln

160

Ile

Ala

Lys

Thr

Glu

240

Glu

Leu

Thr

Glu

Ala

Lys

80

Leu
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-continued

224

Ser

Cys

Lys

Gly

145

Leu

Gly

Lys

Leu

Gly

225

Asp

Phe

Lys

Glu

Phe

130

Thr

Ile

Leu

Lys

Ala

210

Asn

Gln

Gly

Pro

Leu

115

Gly

Gln

Phe

Ile

Leu

195

Lys

Thr

Lys

Lys

Val

100

Ser

Gln

Arg

Thr

Ser

180

Ala

Glu

Ile

Glu

Ile

Met

Pro

Leu

Gly

165

Lys

Lys

Ala

Glu

Gly
245

<210> SEQ ID NO 134

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Ala Ala Ser

1

Lys

Ala

Glu

Asp

65

Val

Gly

Val

Pro
145
Gly

Arg

Leu

Asp

Lys

Gln

50

Glu

Trp

Glu

Gly

Cys

130

Met

Ser

Pro

Ala

Leu

Met

35

Ser

Val

Ala

Tyr

Ala

115

Asn

Phe

Phe

Lys

Thr
195

Tyr

20

Tyr

His

Leu

Gly

His

100

Lys

Gln

Ser

Ala

His
180

Ala

432

Ala

Ala

Glu

Pro

150

Asp

Val

Lys

Ile

Ala

230

Met

Ala

Cys

Val

135

Arg

Met

Val

Met

Asn

215

Glu

Ile

Val

Asp

120

Gly

Leu

Ile

Glu

Met

200

Lys

Lys

Ala

Asn

105

Ile

Leu

Ile

Asn

Leu

185

Ser

Gly

Phe

Phe

Gly

Arg

Gly

Gly

Ser

170

Ser

Lys

Met

Ser

Ser
250

Phe

Ile

Ile

Thr

155

Asp

Asp

Ser

Glu

Leu

235

Glu

Methylobacterium extorquens

Glu

Ala

Gln

Val

Leu

85

Ile

Val

Asp

Pro

Gln

165

Leu

Tyr

Ala

Leu

Trp

Leu

Tyr

70

Gly

Ala

Lys

Asp

Thr

150

Phe

Thr

Arg

Pro

Gly

Ala

Glu

55

Val

Glu

Gly

Arg

Gly

135

Gln

Cys

Trp

Met

Ala

Glu

Ile

Val

Met

Pro

Ser

Trp

120

Asp

Arg

Arg

Glu

Leu
200

Trp

Ile

25

Arg

Leu

Ala

Ile

Asp

105

Lys

Asp

Ile

Val

Glu
185

Phe

Thr

10

Pro

Arg

Pro

Ala

Ser

90

Ala

Val

Glu

Trp

Gln
170

Ala

Gly

Gly

Pro

Glu

Val

Gly

75

Pro

Ser

Gly

Glu

Gly
155
Ser

Ala

His

Ala

Ala

Ile

140

Ser

Glu

Leu

Gln

Thr

220

Cys

Lys

Gln

Leu

Arg

Trp

60

Val

Phe

Gly

Asp

Cys

140

Tyr

Arg

Cys

Ala

Leu

Ser

125

Pro

Lys

Ala

Ile

Ile

205

Asp

Phe

Arg

Thr

Gly

His

Glu

Asn

Asp

Ile

Glu

125

Asn

Glu

Gln

Tyr

Pro
205

Gly

110

Lys

Gly

Ala

Tyr

Glu

190

Ala

Leu

Thr

Ala

Ala

His

30

Gly

Ile

Tyr

Val

Val

110

Val

Gly

Thr

Leu

Thr
190

His

Gly

Asn

Phe

Lys

Lys

175

Glu

Ile

Asp

Thr

Pro
255

Glu

15

Val

Pro

Gly

Asn

His

95

Trp

Ile

Gly

Gly

Met
175

Leu

Thr

Gly

Ala

Ser

Glu

160

Ile

Ala

Ser

Thr

Asp

240

Lys

Ala

Pro

Pro

Asp

Gly

80

Lys

Lys

Val

Asp

Asp

160

Ala

Thr

Val
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-continued

226

Arg

Val

225

Val

Lys

Thr

Phe

Ile

305

Val

Phe

Ile

Gln

Pro

385

Leu

Pro

210

Phe

Ile

Gly

Val

Gly

290

Val

Ala

Asn

Gln

Phe

370

Trp

Pro

Arg

Gly

Gly

Ser

Val

Asn

275

Lys

Phe

Lys

Ile

Gly

355

Val

Asp

Pro

Thr

Gln

Val

Asp

Ile

260

Ser

Ala

Glu

Arg

Thr

340

Ser

Met

Lys

Gly

Val
420

Asn

Gln

Glu

245

Asn

Pro

Ile

His

Gly

325

Phe

His

Asp

Ile

Asn

405

Glu

<210> SEQ ID NO 135

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Thr Ile Gln

1

Ile

Trp

Val

Leu

65

Gly

Ala

Lys

Asp

Ser

Gly

Ser

Glu

50

Val

Glu

Gly

Arg

Gly

130

Gln

Glu

Ile

Val

Met

Pro

Ser

Trp

115

Asp

Arg

Ile

20

Arg

Val

Ala

Ile

Asp

100

Lys

Asp

Ile

424

Val

Leu

230

Ser

Arg

Glu

Trp

Pro

310

Gly

Asp

Phe

Arg

Pro

390

Met

Asp

Leu

215

Cys

Lys

Lys

Tyr

Asp

295

Gly

Met

Ala

Ala

Arg

375

Ala

Ala

Val

Caulobacter

135

Thr

5

Pro

Lys

Pro

Ala

Ser

85

Ala

Leu

Glu

Trp

Leu

Pro

Glu

Thr

Gly

70

Pro

Ser

Gly

Glu

Gly

Glu

Ala

Arg

Trp

55

Val

Leu

Gly

Asp

Cys

135

Tyr

Ile

Ala

Arg

Asp

Asn

280

Ile

Glu

Ile

Arg

His

360

Val

Ala

Val

Ile

Trp

Ala

Asp

Phe

265

Thr

Thr

Ala

Val

Tyr

345

Leu

Asp

His

Leu

Glu
425

Gly

Ser

Tyr

250

Asp

Trp

Gly

Thr

Phe

330

Val

Lys

Pro

Thr

Val

410

Ala

crescentus

Thr

Phe

His

Glu

Asn

Asp

Ile

Glu

120

Asn

Glu

Thr

His

25

Gly

Ile

Tyr

Gly

Val

105

Val

Gly

Thr

Ala

10

Val

Lys

Gly

Asn

His

90

Trp

Val

Gly

Pro

Ala

Gly

235

Val

Cys

Leu

Lys

Phe

315

Cys

Trp

Gln

Cys

Lys

395

Asn

Gly

Leu

Pro

Pro

Glu

Gly

75

Lys

Lys

Ile

Asp

Asp

Ser

220

Ala

Met

Trp

Lys

Gly

300

Pro

Ala

Met

Ala

Met

380

Met

Ser

Pro

Lys

Lys

Thr

Asp

60

Val

Gln

Val

His

Pro
140

Gly

Gly Gly Leu

Asn

Ser

Gly

Glu

285

Asn

Val

Gly

Arg

Ser

365

Ser

Trp

Thr

Leu

Asp

Thr

Gln

45

Glu

Trp

Pro

Gly

Cys

125

Met

Ser

Ala

Leu

Gln

270

Ala

Asp

Ser

Thr

Gln

350

Ala

Glu

Lys

Arg

Lys
430

Leu

Met

30

Ala

Val

Ala

Phe

Ala

110

Asn

Phe

Phe

Ile

Gly

255

Leu

Arg

Val

Thr

Thr

335

Lys

Ala

Val

Asn

Ala

415

Ala

Tyr

15

Tyr

Met

Leu

Ala

His

95

Lys

Gln

Ser

Ala

Gly

Ala

240

Ala

Pro

Lys

Asp

Leu

320

Gly

Arg

Asn

Phe

Gln

400

Gly

Met

Glu

Ala

Gln

Val

Leu

80

Ile

Val

Asp

Ser

Gln
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228

145

Phe

Thr

Arg

Val

Leu

225

Asp

Arg

Glu

Trp

Gly

305

Met

Ala

Ala

Arg

Ala

385

Ala

Val

150

Cys Arg Val Gln Ser Arg Gln Leu
165

Trp Glu Glu Ser Ala Cys Tyr Thr
180 185

Met Leu Phe Gly His Lys Pro His
195 200

Leu Val Trp Gly Ala Ser Gly Gly
210 215

Ala Ala Val Ala Gly Ala Asn Ala

230

Lys Arg Glu Phe Val Leu Ser Met
245

Gly Glu Phe Asn Cys Trp Gly Gln
260 265

Phe Asn Asp Tyr Met Lys Glu Ser
275 280

Gln Ile Thr Gly Asn Lys Asp Val
290 295

Glu Gln Thr Phe Pro Val Ser Val
310

Val Val Ile Cys Ala Gly Thr Thr

325

Arg Phe Leu Trp Met Arg Gln Lys

340 345

Asn Leu Met Gln Ala Ser Ala Ala
355 360

Val Asp Pro Cys Leu Ser Glu Val
370 375

Ala His Glu Lys Met Leu Ala Asn
390

Val Leu Val Cys Ala Gln Arg Pro
405

Gln Glu Leu Ser Gly Ala Pro
420

<210> SEQ ID NO 136

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 136

gggaattcca tatgatcgac actgeg

<210> SEQ ID NO 137

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 137

cgaaggatcc aacgataatc ggctcagcac

<210> SEQ ID NO 138

Leu

170

Leu

Glu

Leu

Ile

Gly

250

Leu

Arg

Asp

Phe

Gly

330

Arg

Asn

Phe

Gln

Gly
410

155

Pro

Thr

Leu

Gly

Gly

235

Ala

Pro

Lys

Met

Leu

315

Phe

Val

Gln

Pro

His

395

Leu

Arg

Leu

Lys

Val

220

Val

Lys

Lys

Phe

Val

300

Val

Asn

Gln

Leu

Trp

380

Leu

Arg

Pro

Ala

Pro

205

Phe

Val

Ala

Val

Gly

285

Phe

Lys

Leu

Gly

Val

365

Asp

Pro

Thr

Lys

Thr

190

Gly

Ala

Ser

Val

Asn

270

Lys

Glu

Arg

Thr

Ser

350

Ile

Gln

Gly

Phe

His

175

Ala

Gln

Thr

Ser

Leu

255

Gly

Ala

His

Gly

Met

335

His

Asp

Ile

Asn

Glu
415

160

Leu

Tyr

Asn

Gln

Glu

240

Asn

Pro

Ile

Pro

Gly

320

Asp

Phe

Arg

Pro

Met

400

Glu

26

30
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230

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE:

ataggcggece gcaggaatge tgtatgageg aagaaagett atte

<210>
<211>
<212>
<213>
<220>
<223>

<400> SEQUENCE:

43

138

SEQ ID NO 139
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Primer

139

atgctegeat ctcgagtage taaattaaat tacatcaata gta

<210>
<211>
<212>
<213>
<220>
<221>
<222>

<400> SEQUENCE:

atg
Met
1

att
Ile

cgt
Arg

cgg
Arg

gtg
Val
65

gte
Val

ate
Ile

ctyg
Leu

gag
Glu

ctyg
Leu
145

aat

Asn

tat
Tyr

gecg
Ala

gecg
Ala

cge
Arg

gecg
Ala

ccg
Pro

gecg
Ala

gac
Asp

gece
Ala

acg
Thr
130

atg

Met

gte
Val

gte
Val

acg
Thr

tta
Leu

ttt
Phe
35

aag
Lys

gca
Ala

gta
Val

att
Ile

gag
Glu
115

ctt

Leu

cgt
Arg

tcg
Ser

ace
Thr

999
Gly

att
Ile
20

cte
Leu

ttg
Leu

aag
Lys

cgt
Arg

ctyg
Leu
100

att

Ile

cat
His

att
Ile

ace
Thr

cct
Pro

SEQ ID NO 140
LENGTH:
TYPE: DNA
ORGANISM: Chloroflexus aurantiacus
FEATURE:

NAME /KEY :
LOCATION:

3678

CDsS

(1) ..(3675)

140

gag
Glu
5

acce
Thr

gca
Ala

acce
Thr

cge
Arg

gece
Ala
85

gte
Val

cca
Pro

gece
Ala

gecg
Ala

ate
Ile
165

aaa
Lys

tecc
Ser

ggt
Gly

gag
Glu

gca
Ala

ate
Ile
70

ggt
Gly

aac
Asn

cte
Leu

agc
Ser

gca
Ala
150

ttt

Phe

get
Ala

atg
Met

gge
Gly

gga
Gly

ctyg
Leu
55

gat
Asp

ate
Ile

aat
Asn

act
Thr

ate
Ile
135

cct

Pro

tca
Ser

get
Ala

agc
Ser

gece
Ala

gecg
Ala
40

gece
Ala

cte
Leu

gaa
Glu

gca
Ala

gaa
Glu
120

gce

Ala

cat
His

cgg
Arg

ctt
Leu

gga
Gly

gge
Gly
25

acg
Thr

gaa
Glu

gaa
Glu

gecg
Ala

gga
Gly
105

get
Ala

aat
Asn

atg
Met

get
Ala

aat
Asn

aca
Thr

aat
Asn

gte
Val

cgg
Arg

gte
Val

att
Ile
90

agt
Ser

gaa
Glu

tta
Leu

ccg
Pro

gag
Glu
170

get
Ala

gga
Gly

ate
Ile

att
Ile

atg
Met

atg
Met
75

gtg
Val

gee
Ala

tta
Leu

ctt
Leu

gta
Val
155

tac

Tyr

cta
Leu

cga
Arg

gge
Gly

att
Ile

cag
Gln
60

gat
Asp

gece
Ala

ggt
Gly

gge
Gly

ggt
Gly
140

gga
Gly

tac
Tyr

tct
Ser

ctyg
Leu

agt
Ser

agt
Ser
45

gca
Ala

999
Gly

cgt
Arg

gece
Ala

cct
Pro
125

atg

Met

agt
Ser

999
Gly

caa
Gln

gca
Ala

gaa
Glu
30

gga
Gly

gag
Glu

agt
Ser

cac
His

cag
Gln
110

gge
Gly

gga
Gly

gecg
Ala

cgg
Arg

ctt
Leu

gga
Gly

ttg
Leu

cgg
Arg

gca
Ala

gat
Asp

gge
Gly
95

cgt
Arg

gece
Ala

tgg
Trp

gte
Val

att
Ile
175

get
Ala

aag
Lys

aca
Thr

aat
Asn

gga
Gly

ccg
Pro
80

cag
Gln

cgt
Arg

gaa
Glu

cat
His

ate
Ile
160

ceg

Pro

gecg
Ala

44

43

48

96

144

192

240

288

336

384

432

480

528

576
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232

-continued
180 185 190
cgt gag tta ggt gca cgt ggc atc cgc gtt aat acg atc ttt ccc ggc 624
Arg Glu Leu Gly Ala Arg Gly Ile Arg Val Asn Thr Ile Phe Pro Gly
195 200 205
ccg att gaa agt gat cgce atc cgt aca gtg ttc cag cgt atg gat cag 672
Pro Ile Glu Ser Asp Arg Ile Arg Thr Val Phe Gln Arg Met Asp Gln
210 215 220
cte aag ggyg cgg ccc gaa ggce gac aca gcg cac cat ttt ttg aac acc 720
Leu Lys Gly Arg Pro Glu Gly Asp Thr Ala His His Phe Leu Asn Thr
225 230 235 240
atg cga ttg tgt cgt gcc aac gac cag ggc gcg ctt gaa cgt cgg ttc 768
Met Arg Leu Cys Arg Ala Asn Asp Gln Gly Ala Leu Glu Arg Arg Phe
245 250 255
cce tee gte ggt gat gtg gca gac gcc gect gte ttt ctg gee agt gec 816
Pro Ser Val Gly Asp Val Ala Asp Ala Ala Val Phe Leu Ala Ser Ala
260 265 270
gaa tcc gee get cte tee ggt gag acg att gag gtt acg cac gga atg 864
Glu Ser Ala Ala Leu Ser Gly Glu Thr Ile Glu Val Thr His Gly Met
275 280 285
gag ttg ccg gee tge agt gag acc age ctg ctg gec cgt act gat ctg 912
Glu Leu Pro Ala Cys Ser Glu Thr Ser Leu Leu Ala Arg Thr Asp Leu
290 295 300
cge acg att gat gec agt ggce cge acg acg cte ate tge gec gge gac 960
Arg Thr Ile Asp Ala Ser Gly Arg Thr Thr Leu Ile Cys Ala Gly Asp
305 310 315 320
cag att gaa gag gtg atg gcg ctc acc ggt atg ttg cgt acc tgt ggg 1008
Gln Ile Glu Glu Val Met Ala Leu Thr Gly Met Leu Arg Thr Cys Gly
325 330 335
agt gaa gtg atc atc ggce ttc cgt tcg gect geg geg ctg gece cag tte 1056
Ser Glu Val Ile Ile Gly Phe Arg Ser Ala Ala Ala Leu Ala Gln Phe
340 345 350
gag cag gca gtc aat gag agt c¢gg cgg ctg gcc ggc gca gac ttt acg 1104
Glu Gln Ala Val Asn Glu Ser Arg Arg Leu Ala Gly Ala Asp Phe Thr
355 360 365
cct cce att gee ttg cca cte gat cca cgc gat ccg gca aca att gac 1152
Pro Pro Ile Ala Leu Pro Leu Asp Pro Arg Asp Pro Ala Thr Ile Asp
370 375 380
gct gte tte gat tgg gcc ggce gag aat acc ggc ggg att cat gca gcg 1200
Ala Val Phe Asp Trp Ala Gly Glu Asn Thr Gly Gly Ile His Ala Ala
385 390 395 400
gtg att ctg cct gect acc agt cac gaa ccg gca ccg tge gtg att gag 1248
Val Ile Leu Pro Ala Thr Ser His Glu Pro Ala Pro Cys Val Ile Glu
405 410 415
gtt gat gat gag cgg gtg ctg aat ttt ctg gcc gat gaa atc acc ggg 1296
Val Asp Asp Glu Arg Val Leu Asn Phe Leu Ala Asp Glu Ile Thr Gly
420 425 430
aca att gtg att gcc agt cgc ctg gcc cgt tac tgg cag tcg caa cgg 1344
Thr Ile Val Ile Ala Ser Arg Leu Ala Arg Tyr Trp Gln Ser Gln Arg
435 440 445
ctt acc ccc ggce gca cgt gecg c¢gt ggg ccg cgt gtc att ttt cte teg 1392
Leu Thr Pro Gly Ala Arg Ala Arg Gly Pro Arg Val Ile Phe Leu Ser
450 455 460
aac ggt gcc gat caa aat ggg aat gtt tac gga cgc att caa agt gcc 1440
Asn Gly Ala Asp Gln Asn Gly Asn Val Tyr Gly Arg Ile Gln Ser Ala
465 470 475 480
gct atc ggt cag ctc att cgt gtg tgg cgt cac gag gct gaa ctt gac 1488
Ala Ile Gly Gln Leu Ile Arg Val Trp Arg His Glu Ala Glu Leu Asp
485 490 495
tat cag cgt gcc age gce gce ggt gat cat gtg ctg ccg ccg gta tgg 1536
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234

Tyr

gece
Ala

ttt
Phe

aat
Asn
545

gca
Ala

ttg
Leu

cag
Gln

gece
Ala

gag
Glu
625

gca
Ala

gaa
Glu

gece
Ala

gga
Gly

atg
Met
705

ctt
Leu

tac
Tyr

atg
Met

gece
Ala

gaa
Glu
785

aag
Lys

Gln

aat
Asn

gece
Ala
530

gag
Glu

cge
Arg

999
Gly

ate
Ile

cgt
Arg
610

ctyg
Leu

ccg
Pro

cgt
Arg

999
Gly

tgg
Trp
690

cge
Arg

aac
Asn

cce
Pro

gece
Ala

att
Ile
770

cgt

Arg

cgg
Arg

Arg

cag
Gln
515

tgt
Cys

att
Ile

agt
Ser

aaa
Lys

999
Gly
595

gat
Asp

get
Ala

gge
Gly

ace
Thr

ate
Ile
675

cge
Arg

aaa
Lys

gte
Val

aac
Asn

gaa
Glu
755

gecg
Ala

cce
Pro

ctyg
Leu

Ala
500

att
Ile

gece
Ala

ace
Thr

gca
Ala

gtt
Val
580

cge
Arg

cgg
Arg

gag
Glu

tgce
Cys

ctyg
Leu
660

gece
Ala

cat
His

ctyg
Leu

tca
Ser

cgt
Arg
740

gte
Val

ccg
Pro

gge
Gly

aat
Asn

Ser

gtg
Val

tgg
Trp

cte
Leu

teg
Ser
565

gece
Ala

cte
Leu

cat
His

gtg
Val

gat
Asp
645

tca
Ser

ggt
Gly

acce
Thr

gecg
Ala

tca
Ser
725

gece
Ala

ttt
Phe

ggt
Gly

cte
Leu

gag
Glu
805

Ala

cge
Arg

aca
Thr

aac
Asn
550

gte
Val

ttg
Leu

ctyg
Leu

aag
Lys

999
Gly
630

gtg
Val

get
Ala

gte
Val

cte
Leu

ceg
Pro
710

tac
Tyr

gat
Asp

gecg
Ala

ceg
Pro

ttt
Phe
790

ctt
Leu

Ala

tte
Phe

get
Ala
535

ate
Ile

gga
Gly

att
Ile

get
Ala

cte
Leu
615

tat
Tyr

agt
Ser

ttt
Phe

gaa
Glu

tte
Phe
695

ttg
Leu

ttt
Phe

tac
Tyr

cge
Arg

gte
Val
775

gece
Ala

cac
His

Gly

get
Ala
520

caa
Gln

cct
Pro

tgg
Trp

ace
Thr

ttg
Leu
600

gaa
Glu

ace
Thr

agc
Ser

gge
Gly

gag
Glu
680

gece
Ala

atg
Met

gge
Gly

gece
Ala

ttc
Phe
760

gaa

Glu

cgt
Arg

get
Ala

Asp
505

aac
Asn

ttg
Leu

gece
Ala

gecg
Ala

ggt
Gly
585

agt
Ser

cag
Gln

gat
Asp

gaa
Glu

ace
Thr
665

atg
Met

aat
Asn

aaa
Lys

ggt
Gly

gte
Val
745

ctt
Leu

ggt
Gly

cgg
Arg

get
Ala

His

cge
Arg

cte
Leu

aac
Asn

gaa
Glu
570

gge
Gly

gge
Gly

atg
Met

gte
Val

gecg
Ala
650

gte
Val

gtt
Val

ctyg
Leu

aaa
Lys

gaa
Glu
730

tcg
Ser

gge
Gly

gat
Asp

gecg
Ala

ctt
Leu
810

Val

agc
Ser

cat
His

att
Ile
555

agc
Ser

agc
Ser

geg
Ala

cag
Gln

gaa
Glu
635

cag
Gln

gat
Asp

ate
Ile

ate
Ile

cag
Gln
715

aaa
Lys

aag
Lys

ccg
Pro

cge
Arg

€99
Arg
795

ate
Ile

Leu

ctt
Leu

agt
Ser
540

agc
Ser

ctyg
Leu

gece
Ala

cge
Arg

gecg
Ala
620

gat
Asp

ctt
Leu

tat
Tyr

gat
Asp

agc
Ser
700

ggt
Gly

gat
Asp

get
Ala

gag
Glu

ttg
Leu
780

ctyg

Leu

gecg
Ala

Pro

gaa
Glu
525

caa
Gln

gece
Ala

ate
Ile

ggt
Gly

gtg
Val
605

atg
Met

cge
Arg

gecg
Ala

ctyg
Leu

atg
Met
685

aac
Asn

agc
Ser

gecg
Ala

ggt
Gly

ata
Ile
765

cge

Arg

att
Ile

get
Ala

Pro
510

999
Gly

cge
Arg

ace
Thr

999
Gly

att
Ile
590

atg
Met

ate
Ile

gte
Val

gat
Asp

ate
Ile
670

cca
Pro

tac
Tyr

ggt
Gly

gece
Ala

cag
Gln
750

cag

Gln

ggt
Gly

ttg
Leu

gecg
Ala

Val

tta
Leu

cat
His

ace
Thr

ttg
Leu
575

ggt
Gly

ctyg
Leu

caa
Gln

cac
His

ctt
Leu
655

aac
Asn

gtt
Val

tcg
Ser

tac
Tyr

att
Ile
735

cgg
Arg

ate
Ile

ace
Thr

gag
Glu

cge
Arg
815

Trp

gaa
Glu

ate
Ile

gge
Gly
560

cat
His

999
Gly

gca
Ala

tct
Ser

att
Ile
640

gtt
Val

aac
Asn

gag
Glu

ttg
Leu

ate
Ile
720

cce
Pro

gca
Ala

aat
Asn

ggt
Gly

aac
Asn
800

ace
Thr

1584

1632

1680

1728

1776

1824

1872

1920

1968

2016

2064

2112

2160

2208

2256

2304

2352

2400

2448
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236

gat
Asp

gtg
Val

ctyg
Leu

agt
Ser
865

cat
His

aac
Asn

cge
Arg

ceg
Pro

cge
Arg
945

gaa

Glu

cgg
Arg

ctyg
Leu

999
Gly

gag
Glu

ctyg
Leu

cag
Gln

cece
Pro

agt
Ser

tgc
Cys

gece
Ala

gag
Glu

gece
Ala

gca
Ala
850

gecg
Ala

aat
Asn

ccg
Pro

aag
Lys

act
Thr
930

aat
Asn

cge
Arg

ctyg
Leu

act
Thr

gca
Ala
1010

aca
Thr
1025

atg
Met
1040

get
Ala
1055

ttc
Phe
1070

gac
Asp
1085

gaa
Glu
1100

ctyg
Leu
1115

cga
Arg

gca
Ala
835

cga
Arg

ctyg
Leu

ggt
Gly

cce
Pro

gtt
Val
915

gag
Glu

gte
Val

ace
Thr

gecg
Ala

gaa
Glu
995

cgt

Arg

atg
Met

act
Thr

ate
Ile

cgg
Arg

tgg
Trp

cac
His

agt
Ser

tct atg
Ser Met
820

cta gag
Leu Glu

cgt ttt
Arg Phe

ctg aac
Leu Asn

ggce tat
Gly Tyr
885

gat ccc
Asp Pro
900

cgt gac
Arg Asp

ttt gat
Phe Asp

agt ggt
Ser Gly

cct acc
Pro Thr
965

gag ctg
Glu Leu
980

cac ctt

His Leu

cag dgta
Gln Val

cgt cge
Arg Arg

att gtg
Ile Val

act cgce
Thr Arg

cca ctg

cac
His

cag
Gln

cge
Arg

cgt
Arg
870

gtg
Val

tte
Phe

gge
Gly

gte
Val

gag
Glu
950

ggt
Gly

gte
Val

aac
Asn

gaa
Glu

aat
Asn

agc
Ser
855

tca
Ser

ttg
Leu

tte
Phe

ate
Ile

gca
Ala
935

aca

Thr

gge
Gly

gga
Gly

ctyg
Leu

gtg atg
Val Met
101

ttg ctc
Leu Leu
103

gce ggt
Ala Gly
104

tac ggt
Tyr Gly
106

ccg acg

Pro Leu Pro Thr

agc aca
Ser Thr

cag ctc

107
gtg ttg
Val Leu

109

acc cac

Gln Leu Thr His

gat ggt

110

gce agt

Asp Gly Ala Ser

112

ctyg
Leu

cce
Pro
840

gaa
Glu

att
Ile

cct
Pro

ace
Thr

atg
Met
920

atg
Met

ttc
Phe

gaa
Glu

agc
Ser

ctt
1000

att

Ile
5

cac

His
0

gat

Asp
5

cge

Arg
0

gta

Val
5

0

5

0

gtt
Val
825

gca
Ala

gge
Gly

gece
Ala

gece
Ala

cga
Arg
905

999
Gly

gece
Ala

cac
His

cte
Leu

acg
Thr
985

gee cgt geg tac cte
Leu Ala Arg Ala Tyr Leu Glu Arg Tyr

gaa
Glu

gca
Ala

gat
Asp

get
Ala

gac
Asp
890

gece
Ala

atg
Met

ace
Thr

cca
Pro

ttc
Phe
970

gte
Val

ctg
Leu

cct
Pro

ccg
Pro

aaa
Lys
875

ate
Ile

cag
Gln

cte
Leu

gte
Val

tca
Ser
955

gge
Gly

tat
Tyr

cte
Leu

acce
Thr

gecg
Ala
860

ttg
Leu

ttt
Phe

att
Ile

tac
Tyr

tat
Tyr
940

ggt
Gly

ttg
Leu

ctyg
Leu

tta
Leu

gecg
Ala
845

gca
Ala

ctyg
Leu

gca
Ala

gat
Asp

ctyg
Leu
925

tac

Tyr

ggt
Gly

cece
Pro

ata
Ile

cce
Pro
830

ttg
Leu

tca
Ser

get
Ala

aac
Asn

cge
Arg
910

caa
Gln

ctt
Leu

ttg
Leu

tca
Ser

ggt
Gly
990

gaa cgt tac

1005

gtt
Val

gat
Asp

cag
Gln

cca
Pro

cca
Pro

gag
Glu

ttc
Phe

gecg
Ala

gag
Glu

cac
His

ate
Ile

999
Gly

ctg
Leu

get
Ala

€99
Arg

ctg
Leu

aca
Thr

gte
Val

gaa
Glu

ceg
Pro

gte
Val

gaa
Glu

gta
Val

gte
Val

gaa
Glu
1020

gag
Glu
1035

gece
Ala
1050

gte
Val
1065

999
Gly
1080

ttt
Phe
1095

gecg
Ala
1110

act
Thr
1125

ace
Thr

get
Ala

get
Ala

gte
Val

cgt
Arg

gee
Ala

cge
Arg

cce
Pro

aat
Asn

cgt
Arg

tca
Ser

cgt
Arg

ctyg
Leu
895

gag
Glu

cgg
Arg

gece
Ala

cgt
Arg

ccg
Pro
975

gaa
Glu

999
Gly

ggt
Gly

ate
Ile

tgt
Cys

aaa
Lys

gag
Glu

aag
Lys

gaa
Glu

gat
Asp

gaa
Glu

agc
Ser

ttg
Leu
880

cca
Pro

get
Ala

atg
Met

gac
Asp

tac
Tyr
960

gaa

Glu

cat
His

gca
Ala

cgg
Arg

gac
Asp

acce
Thr

gac
Asp

ttg
Leu

att
Ile

act
Thr

2496

2544

2592

2640

2688

2736

2784

2832

2880

2928

2976

3024

3069

3114

3159

3204

3249

3294

3339

3384
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238

-continued
acg gct acc tca act acc gag caa ttt gect ctg gect aac tte atce 3429
Thr Ala Thr Ser Thr Thr Glu Gln Phe Ala Leu Ala Asn Phe Ile
1130 1135 1140
aaa acg acc ctt cac gct ttt acg gct acg att ggt gtc gag agce 3474
Lys Thr Thr Leu His Ala Phe Thr Ala Thr Ile Gly Val Glu Ser
1145 1150 1155
gaa aga act gct cag cgc att ctg atc aat caa gtc gat ctg acc 3519
Glu Arg Thr Ala Gln Arg Ile Leu Ile Asn Gln Val Asp Leu Thr
1160 1165 1170
cgg cgt gcg cgt gcec gaa gag ccg cgt gat ccg cac gag cgt caa 3564
Arg Arg Ala Arg Ala Glu Glu Pro Arg Asp Pro His Glu Arg Gln
1175 1180 1185
caa gaa ctg gaa cgt ttt atc gag gca gtc ttg ctg gtc act gca 3609
Gln Glu Leu Glu Arg Phe Ile Glu Ala Val Leu Leu Val Thr Ala
1190 1195 1200
cca ctc ccg cct gaa gcoce gat acc cgt tac gec ggg cgg att cat 3654
Pro Leu Pro Pro Glu Ala Asp Thr Arg Tyr Ala Gly Arg Ile His
1205 1210 1215
cgc gga c¢gg gcg att acc gtg taa 3678
Arg Gly Arg Ala Ile Thr Val
1220 1225
<210> SEQ ID NO 141
<211> LENGTH: 1225
<212> TYPE: PRT
<213> ORGANISM: Chloroflexus aurantiacus
<400> SEQUENCE: 141
Met Ala Thr Gly Glu Ser Met Ser Gly Thr Gly Arg Leu Ala Gly Lys
1 5 10 15
Ile Ala Leu Ile Thr Gly Gly Ala Gly Asn Ile Gly Ser Glu Leu Thr
20 25 30
Arg Arg Phe Leu Ala Glu Gly Ala Thr Val Ile Ile Ser Gly Arg Asn
35 40 45
Arg Ala Lys Leu Thr Ala Leu Ala Glu Arg Met Gln Ala Glu Ala Gly
50 55 60
Val Pro Ala Lys Arg Ile Asp Leu Glu Val Met Asp Gly Ser Asp Pro
65 70 75 80
Val Ala Val Arg Ala Gly Ile Glu Ala Ile Val Ala Arg His Gly Gln
85 90 95
Ile Asp Ile Leu Val Asn Asn Ala Gly Ser Ala Gly Ala Gln Arg Arg
100 105 110
Leu Ala Glu Ile Pro Leu Thr Glu Ala Glu Leu Gly Pro Gly Ala Glu
115 120 125
Glu Thr Leu His Ala Ser Ile Ala Asn Leu Leu Gly Met Gly Trp His
130 135 140
Leu Met Arg Ile Ala Ala Pro His Met Pro Val Gly Ser Ala Val Ile
145 150 155 160
Asn Val Ser Thr Ile Phe Ser Arg Ala Glu Tyr Tyr Gly Arg Ile Pro
165 170 175
Tyr Val Thr Pro Lys Ala Ala Leu Asn Ala Leu Ser Gln Leu Ala Ala
180 185 190
Arg Glu Leu Gly Ala Arg Gly Ile Arg Val Asn Thr Ile Phe Pro Gly
195 200 205
Pro Ile Glu Ser Asp Arg Ile Arg Thr Val Phe Gln Arg Met Asp Gln
210 215 220
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-continued

240

Leu

225

Met

Pro

Glu

Glu

Arg

305

Gln

Ser

Glu

Pro

Ala

385

Val

Val

Thr

Leu

Asn

465

Ala

Tyr

Ala

Phe

Asn

545

Ala

Leu

Gln

Ala

Glu
625

Ala

Lys

Arg

Ser

Ser

Leu

290

Thr

Ile

Glu

Gln

Pro

370

Val

Ile

Asp

Ile

Thr

450

Gly

Ile

Gln

Asn

Ala

530

Glu

Arg

Gly

Ile

Arg
610

Leu

Pro

Gly

Leu

Val

Ala

275

Pro

Ile

Glu

Val

Ala

355

Ile

Phe

Leu

Asp

Val

435

Pro

Ala

Gly

Arg

Gln

515

Cys

Ile

Ser

Lys

Gly

595

Asp

Ala

Gly

Arg

Cys

Gly

260

Ala

Ala

Asp

Glu

Ile

340

Val

Ala

Asp

Pro

Glu

420

Ile

Gly

Asp

Gln

Ala

500

Ile

Ala

Thr

Ala

Val

580

Arg

Arg

Glu

Cys

Pro

Arg

245

Asp

Leu

Cys

Ala

Val

325

Ile

Asn

Leu

Trp

Ala

405

Arg

Ala

Ala

Gln

Leu

485

Ser

Val

Trp

Leu

Ser

565

Ala

Leu

His

Val

Asp

Glu

230

Ala

Val

Ser

Ser

Ser

310

Met

Gly

Glu

Pro

Ala

390

Thr

Val

Ser

Arg

Asn

470

Ile

Ala

Arg

Thr

Asn

550

Val

Leu

Leu

Lys

Gly

630

Val

Gly

Asn

Ala

Gly

Glu

295

Gly

Ala

Phe

Ser

Leu

375

Gly

Ser

Leu

Arg

Ala

455

Gly

Arg

Ala

Phe

Ala

535

Ile

Gly

Ile

Ala

Leu
615

Tyr

Ser

Asp

Asp

Asp

Glu

280

Thr

Arg

Leu

Arg

Arg

360

Asp

Glu

His

Asn

Leu

440

Arg

Asn

Val

Gly

Ala

520

Gln

Pro

Trp

Thr

Leu
600
Glu

Thr

Ser

Thr

Gln

Ala

265

Thr

Ser

Thr

Thr

Ser

345

Arg

Pro

Asn

Glu

Phe

425

Ala

Gly

Val

Trp

Asp

505

Asn

Leu

Ala

Ala

Gly

585

Ser

Gln

Asp

Glu

Ala

Gly

250

Ala

Ile

Leu

Thr

Gly

330

Ala

Leu

Arg

Thr

Pro

410

Leu

Arg

Pro

Tyr

Arg

490

His

Arg

Leu

Asn

Glu

570

Gly

Gly

Met

Val

Ala

His

235

Ala

Val

Glu

Leu

Leu

315

Met

Ala

Ala

Asp

Gly

395

Ala

Ala

Tyr

Arg

Gly

475

His

Val

Ser

His

Ile

555

Ser

Ser

Ala

Gln

Glu
635

Gln

His

Leu

Phe

Val

Ala

300

Ile

Leu

Ala

Gly

Pro

380

Gly

Pro

Asp

Trp

Val

460

Arg

Glu

Leu

Leu

Ser

540

Ser

Leu

Ala

Arg

Ala
620

Asp

Leu

Phe

Glu

Leu

Thr

285

Arg

Cys

Arg

Leu

Ala

365

Ala

Ile

Cys

Glu

Gln

445

Ile

Ile

Ala

Pro

Glu

525

Gln

Ala

Ile

Gly

Val
605
Met

Arg

Ala

Leu

Arg

Ala

270

His

Thr

Ala

Thr

Ala

350

Asp

Thr

His

Val

Ile

430

Ser

Phe

Gln

Glu

Pro

510

Gly

Arg

Thr

Gly

Ile

590

Met

Ile

Val

Asp

Asn

Arg

255

Ser

Gly

Asp

Gly

Cys

335

Gln

Phe

Ile

Ala

Ile

415

Thr

Gln

Leu

Ser

Leu

495

Val

Leu

His

Thr

Leu

575

Gly

Leu

Gln

His

Leu

Thr

240

Phe

Ala

Met

Leu

Asp

320

Gly

Phe

Thr

Asp

Ala

400

Glu

Gly

Arg

Ser

Ala

480

Asp

Trp

Glu

Ile

Gly

560

His

Gly

Ala

Ser

Ile
640

Val
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-continued

242

Glu

Ala

Gly

Met

705

Leu

Tyr

Met

Ala

Glu

785

Lys

Asp

Val

Leu

Ser

865

Asn

Arg

Pro

Arg

945

Glu

Arg

Leu

Gly

Glu

Leu

Gln

Arg

Gly

Trp

690

Arg

Asn

Pro

Ala

Ile

770

Arg

Arg

Glu

Ala

Ala

850

Ala

Asn

Pro

Lys

Thr

930

Asn

Arg

Leu

Thr

Thr

Ile

675

Arg

Lys

Val

Asn

Glu

755

Ala

Pro

Leu

Arg

Ala

835

Arg

Leu

Gly

Pro

Val

915

Glu

Val

Thr

Ala

Glu
995

Leu

660

Ala

His

Leu

Ser

Arg

740

Val

Pro

Gly

Asn

Ser

820

Leu

Arg

Leu

Gly

Asp

900

Arg

Phe

Ser

Pro

Glu

980

His

645

Ser

Gly

Thr

Ala

Ser

725

Ala

Phe

Gly

Leu

Glu

805

Met

Glu

Phe

Asn

Tyr

885

Pro

Asp

Asp

Gly

Thr

965

Leu

Leu

Ala

Val

Leu

Pro

710

Tyr

Asp

Ala

Pro

Phe

790

Leu

His

Gln

Arg

Arg

870

Val

Phe

Gly

Val

Glu

950

Gly

Val

Asn

Ala
1010

Arg Gln

Thr
1025

Met Arg

Met
1040

Thr Ile

Ala
1055

Ile Thr

Val Val Met

Arg Leu Leu His Asp His

Val Ala Gly &Asp Gln Ile

Arg Tyr Gly Arg Pro Gly

Phe

Glu

Phe

695

Leu

Phe

Tyr

Arg

Val

775

Ala

His

Glu

Asn

Ser

855

Ser

Leu

Phe

Ile

Ala

935

Thr

Gly

Gly

Leu

Gly

Glu

680

Ala

Met

Gly

Ala

Phe

760

Glu

Arg

Ala

Leu

Pro

840

Glu

Ile

Pro

Thr

Met

920

Met

Phe

Glu

Ser

Leu Ala Arg Ala Tyr Leu Glu Arg Tyr

1000

Ile Val Glu

1015

1030

1045

1060

Thr

665

Met

Asn

Lys

Gly

Val

745

Leu

Gly

Arg

Ala

Val

825

Ala

Gly

Ala

Ala

Arg

905

Gly

Ala

His

Leu

Thr
985

650

Val

Val

Leu

Lys

Glu

730

Ser

Gly

Asp

Ala

Leu

810

Glu

Ala

Asp

Ala

Asp

890

Ala

Met

Thr

Pro

Phe

970

Val

Asp

Ile

Ile

Gln

715

Lys

Lys

Pro

Arg

Arg

795

Ile

Leu

Pro

Pro

Lys

875

Ile

Gln

Leu

Val

Ser

955

Gly

Tyr

Thr

Val

Glu

Pro

Ile
670

Tyr Leu

Met
685

Asp Pro

Ser Asn

700

Tyr

Gly Ser Gly

Asp Ala Ala

Ala Gln

750

Gly

Glu Ile

765

Gln

Leu
780

Arg Gly

Leu Ile Leu

Ala Ala Ala

Pro
830

Leu Leu

Thr Ala

845

Leu

Ala
860

Ala Ser

Leu Leu Ala

Phe Ala Asn

Ile Asp Arg

910
Leu Gln
925

Tyr

Tyr Leu

940

Tyr

Gly Gly Leu

Leu Pro Ser

Leu Ile Gly

990

1005

Glu
1020

Thr

Glu Ala

1035

Ala
1050

Ala

Val
1065

Val

655

Asn Asn

Val Glu
Leu

Ser

Ile
720

Tyr

Ile
735

Pro

Arg Ala

Ile Asn

Thr Gly

Glu Asn

800
Arg Thr
815

Asn Asp

Arg Glu
Ser

Ser

Leu
880

Arg

Leu Pro

895

Glu Ala

Arg Met

Ala Asp

Arg Tyr

960

Pro Glu

975

Glu

His

Gly Ala

Gly Arg

Ile Asp

Cys Thr
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244

Pro Phe Arg Pro Leu
1070

Ser Asp Trp Ser Thr
1085

Cys Glu His Gln Leu
1100

Ala Leu Ser Asp Gly
1115

Thr Ala Thr Ser Thr
1130

Lys Thr Thr Leu His
1145

Glu Arg Thr Ala Gln
1160

Arg Arg Ala Arg Ala
1175

Gln Glu Leu Glu Arg
1190

Pro Leu Pro Pro Glu
1205

Arg Gly Arg Ala Ile
1220

<210> SEQ ID NO 142

<211> LENGTH: 336

<212> TYPE: DNA

<213>

<400> SEQUENCE: 142

tctttetgge cagtgecgaa

gaatggagtt gccggectge

ttgatgccag tggccgcacy

cgctcacegyg tatgttgegt

cggegetgge ccagttegag

ttacgectee cattgecttg

<210> SEQ ID NO 143
<211> LENGTH: 249
<212> TYPE: PRT

<213> ORGANISM:

<400> SEQUENCE: 143

Met Phe Ala Asn Lys V.

1

Gly

Phe

Gln

Asp

65

Lys

Ala

Val

Gln

50

Glu

Leu

Ala Thr Val G
20

Gly Arg Asn G
35

His Gly Ala A

Glu Ala Lys I
7

Asp Val Leu V
85

Pro Thr Va
1075

Val Leu Se
1090

Thr His Hi
1105

Ala Ser Le
1120

Thr Glu Gl
1135

1l Pro Leu Val

r Glu Ala Glu

s Phe Arg Val

u Ala Leu Val

n Phe Ala Leu

Ala Phe Thr Ala Thr Ile

1150

Arg Ile Le
1165

Glu Glu Pr
1180

Phe Ile G1
1195

u Ile Asn Gln

o Arg Asp Pro

u Ala Val Leu

Ala Asp Thr Arg Tyr Ala

1210

Thr Val
1225

tcegeegete
agtgagacca
acgctcatct
acctgtggga
caggcagtca

ccactegate

al Val Leu

lu Ala Phe

1n Ala Lys

40

sn Ile Leu
55

le Ile Val
o]

al Asn Asn

ORGANISM: Chloroflexus aurantiacus

Gly Arg Lys Asp

1080

Phe
1095

Ala
1110

Thr
1125

Ala
1140

Gly
1155

Val
1170
His
1185

Leu
1200

Gly
1215

Ala

Arg

Pro

Val

Asp

Glu

Val

Arg

tcteeggtga gacgattgag

gectgetgge ccegtactgat

gegecggega ccagattgaa

gtgaagtgat catcggette

atgagagtcyg gcggetggece

cacgeg

Spodoptera littoralis

Val Thr Gly Gly Ser

10

Val Lys Glu Gly Ala

25

Leu Lys Glu Val Glu

45

Ala Ile Lys Ala Asp

60

Gln Gln Thr Val Asp

75

Ala Gly Ile Leu Arg

90

Ser

Ser

30

Ser

Val

Lys

Phe

Glu Leu

Lys Ile

Glu Thr

Phe Ile

Glu Ser

Leu Thr

Arg Gln

Thr Ala

Ile His

gttacgcacg
ctgecgcacga
gaggtgatgg
cgtteggety

ggcgcagact

Gly Ile
15

Val Ala

Arg Cys

Ser Lys

Phe Gly

80

Ala Ser
95

60

120

180

240

300

336
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246

Val

Asn

Ile

Ile

145

Met

Val

Ala

Thr

Val

225

Ile

Leu

Leu

Ala

130

Val

Asp

Arg

Gly

Pro

210

Tyr

Met

Glu

Arg

115

Thr

Arg

His

Val

Ser

195

Leu

Leu

Asp

Pro

100

Pro

Lys

Ile

Phe

Asn

180

Gly

Gly

Ala

Asn

Thr

Val

Gly

Pro

Thr

165

Ser

Phe

Lys

Ser

Gly
245

<210> SEQ ID NO 144

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Arg Leu Glu

1

Ile

Ile

Ala

Asp

65

Gly

Leu

Asn

Ile

Ile

145

Val

Ile

Glu

Leu

Gly

Ala

Glu

50

Arg

Arg

Leu

Leu

Lys

130

Tyr

Ile

Arg

Lys

Gly

Lys

Gly

35

Gly

Asp

Ile

Val

Lys

115

Gln

Gly

Gly

Val

Leu
195

Arg

Ala

20

Asp

Leu

Gln

Asp

Arg

100

Gly

Arg

Asn

Met

Asn
180

Pro

Phe

246

Leu

Val

Ser

Gly

150

Lys

Val

Ser

Ala

Asp

230

Leu

Ile

Leu

Ile

135

Ile

Leu

Asn

Pro

Ala

215

Lys

Ala

Gln

Ile

120

Val

Met

Ala

Pro

Asp

200

Gln

Ala

Leu

Thr

105

Thr

Asn

Ser

Ala

Gly

185

Leu

Ser

Lys

Gln

Thermotoga maritima

144

Gly

5

Thr

Ile

Pro

Ile

Val

85

Met

Val

Asn

Pro

Thr
165
Ala

Glu

Gly

Lys

Thr

Ser

Gly

Lys

70

Leu

Lys

Phe

Gly

Gly

150

Lys

Val

Lys

Lys

Val

Leu

Lys

Lys

55

Glu

Val

Glu

Asn

Ser

135

Gln

Thr

Ala

Ala

Pro

Cys

Leu

Glu

40

Val

Val

Asn

Glu

Val

120

Ile

Thr

Trp

Pro

Arg
200

Glu

Leu

Phe

25

Asn

Asp

Val

Asn

Asp

105

Thr

Val

Asn

Ala

Gly
185

Glu

Glu

Phe

Ser

Val

Tyr

Leu

170

Pro

Leu

Glu

Ser

Ile

10

Ala

Leu

Pro

Glu

Ala

90

Trp

Gln

Asn

Tyr

Lys

170

Phe

Thr

Val

Asp

Leu

Ser

Ser

155

Glu

Val

Glu

Glu

Val
235

Thr

Gln

Asp

Tyr

Lys

75

Gly

Asp

Met

Val

Ala

155

Glu

Ile

Ala

Ala

Glu

Ala

Ser

140

Val

Leu

Leu

Asp

Ile

220

Thr

Gly

Glu

Ser

Val

60

Val

Ile

Ala

Val

Ser

140

Ala

Leu

Glu

Leu

Gln

Thr

Ile

125

Ile

Ser

Ala

Thr

Thr

205

Ala

Gly

Ala

Gly

Leu

45

Leu

Val

Thr

Val

Val

125

Ser

Ser

Ala

Thr

Ser
205

Val

Met

110

Pro

Leu

Lys

Pro

Asp

190

Gly

Asp

Ser

Ala

Ala

30

Val

Asn

Gln

Arg

Ile

110

Pro

Val

Lys

Gly

Pro
190

Arg

Ile

Asn

His

Ser

Ala

Ser

175

Ile

Ala

Met

Cys

Ser

15

Thr

Lys

Val

Lys

Asp

95

Asn

Tyr

Val

Ala

Arg

175

Met

Ile

Leu

Thr

Leu

Thr

Ala

160

Gly

Ala

His

Ile

Tyr
240

Gly

Val

Glu

Thr

Tyr

80

Ala

Val

Met

Gly

Gly

160

Asn

Thr

Pro

Phe
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247

-continued

248

210 215 220

Leu Ala Ser Asp Glu Ser Ser Tyr Val Thr Gly Gln Val Ile Gly Ile

225

Asp

230 235

Gly Gly Leu Val Ile
245

<210> SEQ ID NO 145

<211> LENGTH: 289

<212> TYPE: PRT

<213> ORGANISM: Bacillus subtilis

<400> SEQUENCE: 145

Met

1

Asp

Glu

Ile

Phe

65

Ser

Cys

Ala

Asn

Thr

145

Ile

Asp

Ala

Gly

225

Val

Val

Tyr

Thr

Asn Pro Met Asp Arg Gln Thr Glu Gly Gln Glu Pro Gln His
5 10 15

Arg Gln Pro Gly Ile Glu Ser Lys Met Asn Pro Leu Pro Leu
20 25 30

Asp Glu Asp Tyr Arg Gly Ser Gly Lys Leu Lys Gly Lys Val
35 40 45

Ile Thr Gly Gly Asp Ser Gly Ile Gly Arg Ala Ala Ala Ile
50 55 60

Ala Lys Glu Gly Ala Asp Ile Ser Ile Leu Tyr Leu Asp Glu
70 75

Asp Ala Glu Glu Thr Arg Lys Arg Ile Glu Lys Glu Asn Val
85 90 95

Leu Leu Ile Pro Gly Asp Val Gly Asp Glu Asn His Cys Glu
100 105 110

Val Gln Gln Thr Val Asp His Phe Gly Lys Leu Asp Ile Leu
115 120 125

Asn Ala Ala Glu Gln His Pro Gln Asp Ser Ile Leu Asn Ile
130 135 140

Glu Gln Leu Glu Lys Thr Phe Arg Thr Asn Ile Phe Ser Met
150 155

Met Thr Lys Lys Ala Leu Pro His Leu Gln Glu Gly Cys Ala
165 170 175

Asn Thr Thr Ser Ile Thr Ala Tyr Glu Gly Asp Thr Ala Leu
180 185 190

Tyr Ser Ser Thr Lys Gly Ala Ile Val Ser Phe Thr Arg Ser
195 200 205

Lys Ser Leu Ala Asp Lys Gly Ile Arg Val Asn Ala Val Ala
210 215 220

Pro Ile Trp Thr Pro Leu Ile Pro Ala Thr Phe Pro Glu Glu
230 235

Lys Gln His Gly Leu Asp Thr Pro Met Gly Arg Pro Gly Gln
245 250 255

Glu His Ala Gly Ala Tyr Val Leu Leu Ala Ser Asp Glu Ser
260 265 270

Met Thr Gly Gln Thr Ile His Val Asn Gly Gly Arg Phe Ile
275 280 285

<210> SEQ ID NO 146

<211> LENGTH: 285

<212> TYPE: PRT

<213> ORGANISM: Sinorhizobium meliloti

<400> SEQUENCE: 146

240

Gln

Ser

Ala

Ala

His

80

Arg

Gln

Val

Ser

Phe

160

Ile

Ile

Met

Pro

Lys

240

Pro

Ser

Ser
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Met

Pro

Ser

Gly

Glu

65

Met

Ala

Thr

Ala

Trp

145

Lys

Ala

Thr

Leu

Trp

225

Phe

Ala

Gly

Glu

Gly

Tyr

Gly

50

Gly

Ala

Ala

Ala

His

130

Glu

Ala

Ser

Thr

Ala

210

Thr

Gly

Ser

Ala

Lys

Thr

Gln

35

Asp

Ala

Thr

Gly

Val

115

Gln

Leu

Ala

Ile

Lys

195

Glu

Pro

Lys

Ala

Thr
275

Phe

Thr

20

Gly

Ser

Asp

Lys

Asp

100

Arg

Ala

Thr

Val

Asn

180

Gly

Arg

Leu

Gln

Tyr

260

Ile

Pro

Asp

Ser

Gly

Val

Ala

85

Ile

Glu

Thr

Phe

Pro

165

Ala

Ala

Gly

Ile

Val

245

Val

Ala

<210> SEQ ID NO 147

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Arg Leu Leu

1

Ile

Leu

Leu

Leu

65

Thr

Gly

Ile

Ala

50

Ala

Gly

Leu

Val

35

Ala

Thr

Arg

Ala

20

Gly

Leu

Ser

Pro

257

His

Arg

Gly

Ile

Leu

70

Leu

Gln

Leu

Phe

Arg

150

His

Asp

Ile

Ile

Pro

230

Pro

Met

Val

Pro

Met

Arg

Gly

55

Ile

Val

Ser

Gly

Lys

135

Val

Met

Val

His

Arg

215

Ser

Met

Leu

Thr

Pro

Gln

Leu

40

Arg

Ser

Glu

Ser

Gly

120

Asn

Asn

Lys

Pro

Asn

200

Val

Thr

Lys

Ala

Gly
280

Phe

Pro

25

Lys

Ala

Tyr

Glu

Asp

105

Ile

Ile

Met

Lys

Asn

185

Phe

Asn

Met

Arg

Asp

265

Gly

Mesorhizobium loti

147
His

5

Ile

Arg

Gly

Leu

Leu

Lys

Ala

Asp

Gln

Gly

70

Asp

Arg

Glu

Ala

Ala

55

Val

Ile

Thr

Ala

Ala

40

Gly

Ala

Pro

Leu

Phe

25

Lys

Ala

Thr

Ile

Pro

10

Leu

Asp

Val

Leu

Ala

90

His

Asp

Glu

His

Gly

170

Pro

Ser

Val

Pro

Pro

250

Pro

Lys

Val

10

Leu

Leu

Val

Val

Asn

Arg

Pro

Lys

Ala

Ser

75

Gly

Cys

Ile

Asp

Ala

155

Ser

Ile

Ala

Val

Glu

235

Gly

Met

Pro

Thr

Ser

Glu

Glu

Val

75

Asn

Gln

Asp

Arg

Ile

60

Glu

Arg

Arg

Leu

Ile

140

Met

Ala

Leu

Gly

Ala

220

Asp

Gln

Ser

Phe

Gly

Glu

Ala

Thr

60

Glu

Ala

Thr

His

Ala

45

Ala

His

Lys

Arg

Val

125

Ser

Phe

Ile

Leu

Leu

205

Pro

Thr

Pro

Ser

Leu
285

Gly

Gly

Ala

45

Ser

Gln

Gly

Gln

Gly

30

Ile

Tyr

Asp

Ala

Ile

110

Asn

Asp

Tyr

Ile

Ala

190

Ala

Gly

Val

Val

Tyr
270

Ser

Ala

30

Arg

Ser

Val

Val

Glu

15

Glu

Ile

Ala

Asp

Val

95

Val

Asn

Glu

Leu

Asn

175

Tyr

Gln

Pro

Ala

Glu

255

Val

Asp

15

Asp

Gln

Ala

Lys

Ala

Met

Asn

Thr

Arg

Ala

Leu

Glu

Ala

Glu

Thr

160

Thr

Ala

Met

Ile

Asp

240

Leu

Ser

Gly

Val

Lys

Asp

Glu

80

Asp
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85 90 95

Leu Val Pro Phe Glu Ser Val Ser Glu Ala Gln Phe Gln His Ser Phe
100 105 110
Ala Leu Asn Val Ala Ala Ala Phe Phe Leu Thr Gln Gly Leu Leu Pro
115 120 125
His Phe Gly Ala Gly Ala Ser Ile Ile Asn Ile Ser Ser Tyr Phe Ala
130 135 140

Arg Lys Met Ile Pro Lys Arg Pro Ser Ser Val Tyr Ser Leu Ser Lys
145 150 155 160
Gly Ala Leu Asn Ser Leu Thr Arg Ser Leu Ala Phe Glu Leu Gly Pro

165 170 175
Arg Gly Ile Arg Val Asn Ala Ile Ala Pro Gly Thr Val Asp Thr Ala

180 185 190
Met Arg Arg Lys Thr Val Asp Asn Leu Pro Ala Glu Ala Lys Ala Glu
195 200 205
Leu Lys Ala Tyr Val Glu Arg Ser Tyr Pro Leu Gly Arg Ile Gly Arg
210 215 220

Pro Asp Asp Leu Ala Gly Met Ala Val Tyr Leu Ala Ser Asp Glu Ala
225 230 235 240
Ala Trp Thr Ser Gly Gly Ile Phe Ala Val Asp Gly Gly Tyr Thr Ala

245 250 255
Gly
<210> SEQ ID NO 148
<211> LENGTH: 774
<212> TYPE: DNA
<213> ORGANISM: Mesorhizobium loti
<400> SEQUENCE: 148
atgagacttc tgcacaagcg cacgctggtyg accggcegget cggacggtat cggectggca 60
atcgecgagg cgttectgag cgagggegece gatgtcectga tegteggecyg tgacgecgece 120
aagctcgaag ccgcgegeca gaagetggeg getettggece aggecggege ggtggagacyg 180
tegtecgeeg atcttgecac cagcecteggt gtegcaaceyg tegtegagea ggtgaaagag 240
accggecgge cgctegacat tcctatcaac aatgeceggtyg tegecgacct cgtgecgtte 300
gagagcgtca gcgaggcgca gttcecagcac tecttegege tcaatgtgge ggeggegtte 360
ttectecacce aggggetgcet gecgcattte ggegecggtyg catcgatcat caacatctcet 420
tectattteg cccgcaagat gatcccgaag cggecatcca gegtcectacte cctgtcecaag 480
ggcgegttga actcgttgac cagatcgetg gecttegage teggeccgeg cggeatcege 540
gtcaacgcca tegegeccgg cacggtcgac accgcecatge ggcgcaagac cgtcgacaac 600
ctgceggeceg aggccaaggce cgaactgaag gectatgteg aacgcagceta tccgetggge 660
cgcateggee gtcecggacga cctcegecgge atggeggttt atctagecag cgacgaggceg 720
gectggacga geggtgggat ctttgeegtg gatggtgget acacggecgg atga 774
<210> SEQ ID NO 149
<211> LENGTH: 750
<212> TYPE: DNA
<213> ORGANISM: Spodoptera littoralis
<400> SEQUENCE: 149
atgttcgcaa ataaagtggt actagtaaca ggtggtaget ccggtatcegyg cgcagcetact 60
gtggaagcat tcgttaagga aggcgettcet gtagectteg tgggaagaaa ccaagccaag 120
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cttaaggaag tagagagccg ctgccagcag catggagcca acatcctgge tatcaaagca 180
gatgtctecca aagacgagga agcgaaaatc atcgtacaac aaactgtcga caagttcggg 240
aagcttgatg tgcttgttaa caacgctggg attctacggt tegegagtgt tcetggagecyg 300
actttaatac aaacttttga tgaaactatg aacacgaatt tacgtccagt tgtcctcate 360
actagectgg ctatcectca tttgattget acaaaaggga gcatagttaa cgtatccagt 420
atactgtcta caatagtaag aataccaggg attatgtcat acagtgtgtc aaaggctgcet 480
atggatcact tcacaaaatt ggcagegttg gagcetggete cttetggegt gcegagtgaac 540
tcagtcaacce ctggaccagt tcttactgat atcgcagetyg gttectggett ttctectgat 600
ctgcttgaag atacaggggc tcatacaccg ttggggaaag ctgcgcagtce tgaggagatt 660
gctgatatga ttgtgtatct ggctagtgat aaagctaaga gtgttacggg gtectgttat 720
atcatggaca atggactcgc gctgcagtaa 750
<210> SEQ ID NO 150
<211> LENGTH: 741
<212> TYPE: DNA
<213> ORGANISM: Thermotoga maritima
<400> SEQUENCE: 150
atgaggcttyg aagggaaagt gtgtctgatce acaggggctyg caagcgggat agggaaagcce 60
accacgctte ttttegcaca ggaaggaget acggtgateg ctggcgatat ctcgaaagaa 120
aatctcgact ctcttgtgaa agaggcagaa ggacttcegyg ggaaggttga tccctacgtt 180
ttgaacgtga ccgacaggga tcagataaag gaagttgtgg aaaaagtcgt tcaaaagtac 240
ggtcgaateg atgttctggt gaacaacgcg ggaataacaa gggatgceget tcettgtgagg 300
atgaaagaag aagactggga tgcggtaata aacgtgaatc tgaagggtgt tttcaacgtg 360
actcagatgg tggtgcccta catgatcaaa cagaggaacyg gttcgatcegt gaacgtctce 420
tctgtegttyg gaatatacgg gaatcctggt cagacgaatt acgeggcegtce gaaggcggga 480
gtcataggaa tgaccaagac gtgggcgaag gaactcgctg gaagaaacat cagggtgaac 540
getgtggecac ccggattcat agaaacccce atgaccgaaa aacttccaga aaaagcccegt 600
gaaacggccee tttccagaat accgetggga aggtttggga agccagaaga ggtggcgeag 660
gttatactct tecctegcate ggacgagtceg agttacgtca cecggacaggt gataggaata 720
gatgggggcce tcgtgatctg a 741
<210> SEQ ID NO 151
<211> LENGTH: 858
<212> TYPE: DNA
<213> ORGANISM: Sinorhizobium meliloti
<400> SEQUENCE: 151
atggaaaaat ttccgcacce tcectttece cgecaaacce aggaaatgec cggcactace 60
gatcggatge agccgetgee cgatcacggg gaaaactcect accagggttce cggacgectg 120
aaggacaaga gagccatcat caccggeggg gacagceggcea teggcaggge cgtggegate 180
gectatgege gegagggage ggacgtectt atcagetatce tgagcgagca tgacgacgeg 240
atggccacca aggctetggt ggaggaagca ggtcgcaagyg cegtgettge cgecggegac 300
atccagtcegt ccgaccattg ccgcaggatce gtcgaaacgg cegtteggga actceggegge 360

atcgacatte tcgtcaacaa tgcagcccat caggegacct tcaagaacat cgaagacatce 420
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agcgacgagyg agtgggagcet
aaggcagcgyg tgccgcacat
gecgacgtte ccaatccgat
ttcagegeeyg gtetegegea
cegggeccga tetggacgec
ttcggcaaac aggtgectat
gtcatgetgg cggatccgat
ggcaagcctt tcctttga

<210> SEQ ID NO 152

<211> LENGTH: 870
<212> TYPE: DNA

<213> ORGANISM: Bacillus subtilis

<400> SEQUENCE: 152

gtgaacccaa tggacagaca
ggcattgagt caaaaatgaa
ggaaaactga aaggaaaagt
gcagctattyg cctttgctaa
tcggacgcayg aggaaacacg
ccgggagatg ttggggacga
tttggtaaac tcgatatctt
ctcaatattt caacagaaca
catatgacga agaaagcttt
tcgattaceyg cttatgaagg
attgtttect ttacgegtte
geggtggege cceggtcecgat
gtgaaacagc acggcttgga
ggcgectatyg ttetgetgge
gtgaatggcg gccegttttat
<210> SEQ ID NO 153

<211> LENGTH: 23
<212> TYPE: DNA

gacattccge

gaagaagggc

cctactegec

gatgctggee

getgatcece

gaagcgaccyg

gtcgagcetac

aacagaagga

tcegetgecyg

tgcgatcatt

agagggggct

caaacggatc

gaaccattgt

agtgaacaac

getggaaaaa

gectcaccety

ggatacggcg

catggcgaag

ttggacaccyg

taccccaatg

gtctgacgaa

ttcaacgtaa

gtcaacatgce
agcgcgatca
tatgcgacca
gaacgcggga
tccaccatge
ggccageccyg

gtgtcaggeg

caagaaccgc
ctgtcagagyg
actggaggcg
gatatctcca
gaaaaggaga
gaacaagctyg
gecgetgaac
acctttegea
caagaggggt
ttaattgatt
tcgettgeag
cttattcegyg
ggaagaccgg

tcttcectata

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 153

atggcgacgyg gcgagtccat

<210> SEQ ID NO 154

<211> LENGTH: 23
<212> TYPE: DNA

gag

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 154

ggacacgaag aacagggcga

cac

acgccatgtt ctacctgace
tcaacaccgce ttccatcaat
ccaagggcege gatccacaat
taagagtgaa tgtcgtggee
ccgaggatac cgtegecgat
tggaactcge cteggectat

caacgattge cgtgaccgge

agcatcagga cagacagccg

acgaggatta tcgaggaagce

acagcggaat agggagagca

ttctatactt agacgagcat

atgtcecgetyg cctgettate

tgcagcaaac agtggaccat

agcatcccca ggacagcatt

caaatatttt ttccatgttt

gtgccattat taatacgaca

attccagcac aaagggtgcg

ataaaggcat cagagtgaat

cgacattcce tgaggaaaaa

gacagccggt tgagcatgca

tgacagggca gaccattcat

480

540

600

660

720

780

840

858

60

120

180

240

300

360

420

480

540

600

660

720

780

840

870

23

23
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<210> SEQ ID NO 155

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 155

gaactgtctyg gagtaaggcet gte

<210> SEQ ID NO 156

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 156

gattcegtat gtcaccecta

<210> SEQ ID NO 157

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 157

caggcgactyg gcaatcacaa

<210> SEQ ID NO 158

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 158

gagaccacaa cggtttccct cta

<210> SEQ ID NO 159

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 159

ggacacgaag aacagggcga cac

<210> SEQ ID NO 160

<211> LENGTH: 145

<212> TYPE: PRT

<213> ORGANISM: Clostridium propionicum

<400> SEQUENCE: 160

Met Val Gly Lys Lys Val Val His His Leu Met Met Ser Ala Lys Asp
1 5 10 15

Ala His Tyr Thr Gly Asn Leu Val Asn Gly Ala Arg Ile Val Asn Gln
20 25 30

Trp Gly Asp Val Gly Thr Glu Leu Met Val Tyr Val Asp Gly Asp Ile
35 40 45

Ser Leu Phe Leu Gly Tyr Lys Asp Ile Glu Phe Thr Ala Pro Val Tyr
50 55 60

23

20

20

23

23
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Val

65

Gln

Asp

Val

Gln

Glu
145

<210>
<211>
<212>
<213>

<400>

Gly

Ser

Ile

Leu

Arg
130

Asp

Tyr

Thr

Cys
115

Phe Met Glu Tyr His

70

Thr Cys Lys Phe Glu

85

Asn Pro Gln Asp Thr

100

Gly Arg Ala Thr Gly

120

Gly Pro Gln Glu Ser Ser

SEQ ID NO 161
LENGTH: 144

TYPE :
ORGANISM: Clostridium prop

PRT

SEQUENCE: 161

135

Met Val Gly Lys Lys Val Val His

1

Ala

Trp

Ser

Val

65

Gln

Asp

Val

Gln

His

Gly

Leu

50

Gly

Ser

Ile

Leu

Arg
130

Tyr

Asp

35

Phe

Asp

Tyr

Thr

Cys

115

Gly

Thr Gly Asn Leu Val

20

Val Gly Thr Glu Leu

40

Leu Gly Tyr Lys Asp

55

Phe Met Glu Tyr His

70

Thr Cys Lys Phe Glu

85

Asn Pro Gln Asp Thr

100

Gly Thr Ala Thr Gly

120

Pro Gln Glu Ser Ser

<210> SEQ ID NO 162
<211> LENGTH: 438
<212> TYPE: DNA
<213> ORGANISM: Clostridium prop

<400> SEQUENCE: 162

atggtaggta aaaaggttgt

ggaaacttag

atggtttatg

getectgtat

cagtcctata

cctecaggata

agtttgttca

taaacggcge

ttgatggtga

atgttggtga

catgtaaatt

cacgcgcaac

tcgcaaaaaa

aagcacccceg gtgaatga

<210> SEQ ID NO 163

135

acatcattta

tagaattgtg

cataagctta

ctttatggaa

tgaagcatgg

agcttgtgag

agatcagaga

Gly Trp Ile
Ala Trp Lys
90

Arg Ala Thr
105

Ser Leu Phe

Phe Lys Glu

ionicum

His Leu Met
10

Asn Gly Ala
25

Met Val Tyr

Ile Glu Phe

Gly Trp Ile
75

Ala Trp Lys
90

Arg Ala Thr
105

Ser Leu Phe

Phe Lys Asp

ionicum

atgatgagceg
aatcagtggyg

ttcttggget
taccacggcet
aaagttgcaa
cctecggtat

ggcectcagyg

Glu

Val

Ala

Ile

Arg
140

Met

Arg

Val

Thr

60

Glu

Val

Ala

Ile

Ala
140

Lys

Ala

Cys

Ala

125

Lys

Ser

Ile

Asp

45

Ala

Lys

Ala

Cys

Ala

125

Lys

Val Gly Asn
Thr Met Val
95

Glu Pro Pro
110

Lys Lys Asp

His Pro Gly

Ala Lys Asp
15

Val Asn Gln
30

Gly Asp Ile

Pro Val Tyr

Val Gly Asn

80

Lys Met Val
95

Glu Pro Pro
110

Lys Asp Asn

His Pro Gln

caaaagatgc tcactatact

gegacgttgg tacagaatta

acaaagatat cgaattcaca

ggattgaaaa agttggtaac

caatggttga tatcacaaat

tgtgcggaag agcaacgggt

aatcctettt taaagagaga

60

120

180

240

300

360

420

438
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<211> LENGTH: 435
<212> TYPE: DNA
<213> ORGANISM: Clostridium propionicum
<400> SEQUENCE: 163
atggtaggta aaaaggttgt acatcattta atgatgagcg caaaagatgc tcactatact 60
ggaaacttag taaacggcgce tagaattgtg aatcagtggg gcgacgtagg tacagaatta 120
atggtttatg ttgatggtga catcagctta ttecttggget acaaagatat cgaattcaca 180
gctectgtat atgttggtga ttttatggaa taccacggct ggattgaaaa agttggcaac 240
cagtcctata catgtaaatt tgaagcatgg aaagtagcaa agatggttga tatcacaaat 300
ccacaggata cacgtgcaac agcttgtgaa cctccggtac tttgtggtac tgcaacagge 360
agccttttea tcgcaaagga taatcagaga ggtcctcagg aatcttcctt caaggatgca 420
aagcaccctc aataa 435
<210> SEQ ID NO 164
<211> LENGTH: 44
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 164
atagggccca ggagatcaaa ccatgggtga agagtctctg gtte 44
<210> SEQ ID NO 165
<211> LENGTH: 40
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 165
cctetgetac agtcgacaca acgaccactyg aagttgggag 40
<210> SEQ ID NO 166
<211> LENGTH: 40
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 166
agtctgctat cggtacctca acgaccactyg aagttgggag 40
<210> SEQ ID NO 167
<211> LENGTH: 40
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 167
atagcggceceg cataatggat actctceggaa tcgacgttgg 40

<210> SEQ ID NO 168

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 168
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ccccatcgat acatatttet tgattttate ataageaatce

<210> SEQ ID NO 169

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 169

ccagggcecca taatgggtga agaaaaaaca gtagatattg

<210> SEQ ID NO 170

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 170

ggtagacttg tcgacgtagt ggtttcctee ttcattgg

<210> SEQ ID NO 171

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 171

atagcggeceyg cataatgggt cagatcgacg aacttatcag

<210> SEQ ID NO 172

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 172

aggttcaact agttcgtaga ggattteccga gaaagectg

<210> SEQ ID NO 173

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 173

ctagggccca taatggaact cgecgtttat agcac

<210> SEQ ID NO 174

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 174
acttctcgag ttaaaccagt tegtteggge aggt
<210> SEQ ID NO 175

<211> LENGTH: 37
<212> TYPE: DNA

40

40

38

40

39

35

34
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 175

gggactagta taatgggaaa agtagaaatc attacag

<210> SEQ ID NO 176

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 176

cggcttaatt aacagcagag atttattttt tcagtcce

<210> SEQ ID NO 177

<211> LENGTH: 35

<212> TYPE: PRT

<213> ORGANISM: Clostridium propionicum

<400> SEQUENCE: 177

Met Val Gly Lys Lys Val Val His His Leu Met Met Ser Ala Lys Asp
1 5 10 15

Ala His Tyr Thr Gly Asn Leu Val Asn Gly Ala Arg Ile Val Asn Gln
20 25 30

Trp Gly Asp
35

<210> SEQ ID NO 178

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 178

atggtwggya araargtwgt

<210> SEQ ID NO 179

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 179

tcrcecccayt grttwacrat

<210> SEQ ID NO 180

<211> LENGTH: 64

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer
<400> SEQUENCE: 180

acatcattta atgatgagcg caaaagatgce tcactatact ggaaacttag taaacggcegce
taga

<210> SEQ ID NO 181

<211> LENGTH: 31
<212> TYPE: DNA

37

37

20

20

60

64
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 181

gtacatcatt taatgatgag cgcaaaagat g

<210> SEQ ID NO 182

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 182

gatgctcact atactggaaa cttagtaaac

<210> SEQ ID NO 183

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 183

attctagege cgtttactaa gtttecag

<210> SEQ ID NO 184

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 184

ccagtatagt gagcatcttt tgegetcate

<210> SEQ ID NO 185

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 185

gagccatgga agaaataaat gctaaag

<210> SEQ ID NO 186

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 186

agaggatggce tttttaaatc gctatte

<210> SEQ ID NO 187

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 187

atacatatga ccgaccgaca tcgcatt

31

30

28

30

27

27

27
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<210> SEQ ID NO 188
<211> LENGTH: 27
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 188

atagtcgacyg ggtcagtcct
<210> SEQ ID NO 189

<211> LENGTH: 960
<212> TYPE: DNA

tgcecgeyg

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 189

atgagtctga atttccttga
tctetgactyg cggttageceg
catcgtctge gtgaaaaaag
tggcagattyg cgcaactgge
ctggcatttyg atgaatttga
atcgteggtyg gtatcgeceg
ggtcgtgaaa ccaaagaaaa
cgcaaagcac tgcgtetgat
atcgacacce cgggggcetta
attgcacgca acctgegtga
ggtgaaggtg gttctggegg
caatacagca cctattcegt
gecgacaaag cgecgetgge
ctgaaactga tcgactccat
gegatggegyg catcgttgaa
agcactgaag atttaaaaaa
<210> SEQ ID NO 190

<211> LENGTH: 471
<212> TYPE: DNA

ttttgaacag

tcaggatgag

cgtagaactg

acgccatcca

cgaactgget

tctegatggt

aattcgecegt

gcaaatggcet

tcectggegty

aatgtctege

tgcgetggeg

tatctegecyg

ggctgaagcg

catcceggaa

agcgcaactyg

tegtegttat

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 190

atggatattc gtaagattaa

ctggaaattt ctgaaggcga

ttcecctgtga tgcaacaage

gecagcegete cggegaccegt

cacatcgtac gttccccgat

gegttecateg aagtgggtca

atgaaaatga tgaaccagat

gaaagtggac aaccggtaga

<210> SEQ ID NO 191

aaaactgatc

agagtcagta

ttacgctgea

tccttecatyg

ggttggtact

gaaagtcaac

cgaagcggac

atttgacgag

ccgattgeag

aaactggata

acacgtaaaa

cagcgtectt

ggcgaccgcg

cgteceggtga

aactttggta

gaacgcttta

ggcgcagaag

ctceggegtac

attggcgtgg

gaaggttgtg

atgggtatca

ccactgggty

ctggcggatce

cagcgectga

gagctggttg

cgcattagec

ccaatgatge

gaagcgccag

ttctaccgea

gtgggcgata

aaatccggta

cegetggteg

agctggaage gaaaatcgat

ttaacatcga tgaagaagtg

tcttegecga tecteggtgea

ataccctgga ttacgttege

cgtatgcaga cgataaagct

tgatcattgg tcatcaaaaa

tgccagegee agaaggttac

agatgcctat catcaccttt

agcgtggtca gtctgaagec

cggtagtttyg tacggttatce

gcgataaagt gaatatgetg

cgteccattet gtggaagage

ttgctecegeyg tctgaaagaa

gtgctcacceyg taacccggaa

tggccgatet cgacgtgtta

tgagctacgg ttacgcgtaa

aagaatcagg catctccgaa

gtgcagctcee tgccgcaagt

agcagccagce tcaatctaac

cagcagcgga aatcagtggt

ccccaagece ggacgcaaaa

ccctgtgeat cgttgaagec

ccgtgaaage aattctggte

tcatcgagta a

27

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

60

120

180

240

300

360

420

471
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<211> LENGTH: 1350
<212> TYPE: DNA
<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 191
atgctggata aaattgttat tgccaaccge ggcgagattyg cattgegtat tettegtgece 60
tgtaaagaac tgggcatcaa gactgteget gtgcactcca gegeggateyg cgatctaaaa 120
cacgtattac tggcagatga aacggtectgt attggccctyg cteegtcagt aaaaagttat 180
ctgaacatce cggcaatcat cagegeegcet gaaatcaceg gegcagtage aatccatceg 240
ggttacgget tectectecga gaacgccaac tttgecgage aggttgaacg ctecggettt 300
atcttcattyg gccecgaaage agaaaccatt cgectgatgg gegacaaagt atcegcaate 360
geggcegatga aaaaageggg cgteecttge gtacegggtt ctgacggece getgggegac 420
gatatggata aaaaccgtge cattgctaaa cgcattggtt atccggtgat tatcaaagec 480

tceggeggeg geggeggteg cggtatgege gtagtgegeg gegacgctga actggcacaa 540

tccatcteca tgaccegtge ggaagcgaaa getgetttea gecaacgatat ggtttacatg 600
gagaaatacc tggaaaatcc tcgccacgtce gagattcagg tactggetga cggtcaggge 660
aacgctatct atctggegga acgtgactge tccatgecaac gecgccacca gaaagtggte 720
gaagaagcge cagcaccggg cattaccceg gaactgegte gectacategyg cgaacgttge 780
gctaaagegt gtgttgatat cggctatcege ggtgcaggta ctttegagtt cctgttegaa 840
aacggcgagt tctatttcat cgaaatgaac acccgtatte aggtagaaca cceggttaca 900
gaaatgatca ccggegttga cctgatcaaa gaacagctge gtatcgetge cggtcaaceg 960

ctgtcgatca agcaagaaga agttcacgtt cgcggccatg cggtggaatg tcgtatcaac 1020
gccgaagate cgaacacctt cctgccaagt ccgggcaaaa tcaccegttt ccacgcacct 1080
ggcggttttyg gegtacgttg ggagtctcat atctacgcgg gctacaccgt accgccgtac 1140
tatgactcaa tgatcggtaa gctgatttgce tacggtgaaa accgtgacgt ggcgattgcece 1200
cgcatgaaga atgcgctgca ggagctgatc atcgacggta tcaaaaccaa cgttgatctg 1260
cagatccgca tcatgaatga cgagaacttc cagcatggtg gcactaacat ccactatctg 1320
gagaaaaaac tcggtcttca ggaaaaataa 1350
<210> SEQ ID NO 192

<211> LENGTH: 915

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli

<400> SEQUENCE: 192

atgagctgga ttgaacgaat taaaagcaac attactccca cecgcaagge gagcattect 60
gaaggggtgt ggactaagtg tgatagctge ggtcaggttt tataccgege tgagetggaa 120
cgtaatcttyg aggtctgtee gaagtgtgac catcacatge gtatgacage gegtaatcge 180
ctgcatagece tgttagatga aggaagectt gtggagetgg gtagcagegt tgagecgaaa 240
gatgtgctga agtttcgtga ctccaagaag tataaagacc gtctggcatce tgegecagaaa 300
gaaaccggceyg aaaaagatgce getggtggtyg atgaaaggca ctetgtatgg aatgecggtt 360
gtcgetgegg cattegagtt cgectttatg ggeggttcaa tggggtetgt tgtgggtgea 420
cgtttegtge gtgcegttga geaggegetyg gaagataact gecegetgat ctgettetece 480
gectetggty gegcacgtat gcaggaagca ctgatgtege tgatgcagat ggegaaaacc 540

tctgeggcac tggcaaaaat gcaggagege ggettgecgt acatctcegt getgaccgac 600
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ccgacgatgg geggtgttte tgcaagttte gecatgetgg gegatctcaa catcgetgaa 660
ccgaaagegt taatcgettt gecggtecge gtgttatcga acagaaccgt tcgcgaaaaa 720
ctgcegectyg gatteccageg cagtgaattce ctgatcgaga aaggcgcgat cgacatgate 780
gteegtegte cggaaatgeg cctgaaactg gcgageatte tggcgaagtt gatgaatctg 840
ccagegecga atcctgaage gecgegtgaa ggegtagtgg taccccceggt accggatcag 900
gaacctgagg cctga 915
<210> SEQ ID NO 193
<211> LENGTH: 6714
<212> TYPE: DNA
<213> ORGANISM: Saccharomyces cerevisiae
<400> SEQUENCE: 193
atgagcgaag aaagcttatt cgagtcttct ccacagaaga tggagtacga aattacaaac 60
tactcagaaa gacatacaga acttccaggt catttcattg gcctcaatac agtagataaa 120
ctagaggagt ccccgttaag ggactttgtt aagagtcacyg gtggtcacac ggtcatatce 180
aagatcctga tagcaaataa tggtattgec gecgtgaaag aaattagatc cgtcagaaaa 240
tgggcatacg agacgttcgg cgatgacaga accgtccaat tegtegcecat ggccacccca 300
gaagatctgyg aggccaacgce agaatatatc cgtatggccg atcaatacat tgaagtgceca 360
ggtggtacta ataataacaa ctacgctaac gtagacttga tcgtagacat cgccgaaaga 420
gcagacgtag acgccgtatg ggctggetgg ggtcacgect ccgagaatcc actattgect 480
gaaaaattgt cccagtctaa gaggaaagtc atctttattg ggcctccagg taacgccatg 540
aggtctttag gtgataaaat ctcctctacce attgtcegete aaagtgctaa agtcccatgt 600
attccatggt ctggtaccgg tgttgacacc gttcacgtgg acgagaaaac cggtctggte 660
tctgtegacyg atgacatcta tcaaaagggt tgttgtacct ctectgaaga tggtttacaa 720
aaggccaagce gtattggttt tcctgtcatg attaaggcat ccgaaggtgyg tggtggtaaa 780
ggtatcagac aagttgaacg tgaagaagat ttcatcgcett tataccacca ggcagccaac 840
gaaattccag gctcccccat tttcatcatg aagttggceceg gtagagegeg tcacttggaa 900
gttcaactge tagcagatca gtacggtaca aatatttcct tgttcggtag agactgttec 960
gttcagagac gtcatcaaaa aattatcgaa gaagcaccag ttacaattgc caaggctgaa 1020
acatttcacg agatggaaaa ggctgccgtce agactgggga aactagtcgg ttatgtctcet 1080
gccggtaceg tggagtatct atattctcat gatgatggaa aattctactt tttagaattg 1140
aacccaagat tacaagtcga gcatccaaca acggaaatgg tctccggtgt taacttacct 1200
gcagctcaat tacaaatcgc tatgggtatc cctatgcata gaataagtga cattagaact 1260
ttatatggta tgaatcctca ttctgcctca gaaatcgatt tcgaattcaa aactcaagat 1320
gccaccaaga aacaaagaag acctattcca aagggtcatt gtaccgecttg tcgtatcaca 1380
tcagaagatc caaacgatgg attcaagcca tcgggtggta ctttgcatga actaaacttce 1440
cgttcttect ctaatgtttg gggttactte tcecgtgggta acaatggtaa tattcactcce 1500
ttttcggact ctcagttcgg ccatattttt gcttttggtg aaaatagaca agcttccagg 1560
aaacacatgg ttgttgccct gaaggaattg tccattaggg gtgatttcag aactactgtg 1620
gaatacttga tcaaactttt ggaaactgaa gatttcgagg ataacactat taccaccggt 1680
tggttggacg atttgattac tcataaaatg accgctgaaa agcctgatcce aactcttgece 1740
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gtcatttgceg gtgccgctac aaaggctttce ttagcatctg aagaagcccg ccacaagtat 1800
atcgaatcct tacaaaaggg acaagttcta tctaaagacc tactgcaaac tatgttccect 1860
gtagatttta tccatgaggg taaaagatac aagttcaccg tagctaaatc cggtaatgac 1920
cgttacacat tatttatcaa tggttctaaa tgtgatatca tactgcgtca actatctgat 1980
ggtggtcttt tgattgccat aggcggtaaa tcgcatacca tctattggaa agaagaagtt 2040
gctgctacaa gattatccgt tgactctatg actactttgt tggaagttga aaacgatcca 2100
acccagttge gtactccatc ccctggtaaa ttggttaaat tcecttggtgga aaatggtgaa 2160
cacattatca agggccaacc atatgcagaa attgaagtta tgaaaatgca aatgcctttg 2220
gtttctcaag aaaatggtat cgtccagtta ttaaagcaac ctggttctac cattgttgca 2280
ggtgatatca tggctattat gactcttgac gatccatcca aggtcaagca cgctctacca 2340
tttgaaggta tgctgccaga ttttggttct ccagttatcg aaggaaccaa acctgcctat 2400
aaattcaagt cattagtgtc tactttggaa aacattttga agggttatga caaccaagtt 2460
attatgaacg cttccttgca acaattgata gaggttttga gaaatccaaa actgccttac 2520
tcagaatgga aactacacat ctctgcttta cattcaagat tgcctgctaa gctagatgaa 2580
caaatggaag agttagttgc acgttctttg agacgtggtg ctgttttccce agctagacaa 2640
ttaagtaaat tgattgatat ggccgtgaag aatcctgaat acaaccccga caaattgcetg 2700
ggcgecgteg tggaaccatt ggcggatatt gectcataagt actctaacgg gttagaagcece 2760
catgaacatt ctatatttgt ccatttcttg gaagaatatt acgaagttga aaagttattc 2820
aatggtccaa atgttcgtga ggaaaatatc attctgaaat tgcgtgatga aaaccctaaa 2880
gatctagata aagttgcgct aactgttttg tctcattcga aagtttcagc gaagaataac 2940
ctgatcctag ctatcttgaa acattatcaa ccattgtgca agttatcttce taaagtttct 3000
gccattttet ctactecctcet acaacatatt gttgaactag aatctaaggc taccgctaag 3060
gtcgctctac aagcaagaga aattttgatt caaggcgctt taccttecggt caaggaaaga 3120
actgaacaaa ttgaacatat cttaaaatcc tctgttgtga aggttgccta tggctcatcce 3180
aatccaaagc gctctgaacc agatttgaat atcttgaagg acttgatcga ttctaattac 3240
gttgtgttceg atgttttact tcaattccta acccatcaag acccagttgt gactgctgca 3300
gctgctcaag tcectatattcg tcecgtgcttat cgtgcttaca ccataggaga tattagagtt 3360
cacgaaggtg tcacagttcc aattgttgaa tggaaattcc aactaccttce agectgcgttce 3420
tccaccttte caactgttaa atctaaaatg ggtatgaaca gggctgtttce tgtttcagat 3480
ttgtcatatg ttgcaaacag tcagtcatct ccgttaagag aaggtatttt gatggctgtg 3540
gatcatttag atgatgttga tgaaattttg tcacaaagtt tggaagttat tcctcecgtcac 3600
caatcttett ctaacggacc tgctcctgat cgttctggta gectccgcate gttgagtaat 3660
gttgctaatg tttgtgttgce ttctacagaa ggtttcgaat ctgaagagga aattttggta 3720
aggttgagag aaattttgga tttgaataag caggaattaa tcaatgcttc tatccgtegt 3780
atcacattta tgttcggttt taaagatggg tcttatccaa agtattatac ttttaacggt 3840
ccaaattata acgaaaatga aacaattcgt cacattgagc cggctttggce cttccaactg 3900
gaattaggaa gattgtccaa cttcaacatt aaaccaattt tcactgataa tagaaacatc 3960
catgtctacg aagctgttag taagacttct ccattggata agagattctt tacaagaggt 4020
attattagaa cgggtcatat ccgtgatgac atttctattc aagaatatct gacttctgaa 4080

gctaacagat tgatgagtga tatattggat aatttagaag tcaccgacac ttcaaattct 4140
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gatttgaatc atatcttcat caacttcatt gcggtgtttg atatctctcc agaagatgtce 4200
gaagccgect teggtggttt cttagaaaga tttggtaaga gattgttgag attgegtgtt 4260
tcttectgecg aaattagaat catcatcaaa gatcctcaaa caggtgcccce agtaccattg 4320
cgtgcecttga tcaataacgt ttctggttat gttatcaaaa cagaaatgta caccgaagtce 4380
aagaacgcaa aaggtgaatg ggtatttaag tctttgggta aacctggatc catgcattta 4440
agacctattg ctactcctta ccctgttaag gaatggttgce aaccaaaacg ttataaggca 4500
cacttgatgg gtaccacata tgtctatgac ttcccagaat tattccgcca agcatcgtca 4560
tcccaaggaa aaaatttcecte tgcagatgtt aagttaacag atgatttctt tatttccaac 4620
gagttgattg aagatgaaaa cggcgaatta actgaggtgg aaagagaacc tggtgccaac 4680
gctattggta tggttgecctt taagattact gtaaagactc ctgaatatcc aagaggccgt 4740
caatttgttg ttgttgctaa cgatatcaca ttcaagatcg gttcctttgg tccacaagaa 4800
gacgaattct tcaataaggt tactgaatat gctagaaagc gtggtatccc aagaatttac 4860
ttggctgcaa actcaggtgc cagaattggt atggctgaag agattgttcc actatttcaa 4920
gttgcatgga atgatgctgc caatccggac aagggcttcec aatacttata cttaacaagt 4980
gaaggtatgg aaactttaaa gaaatttgac aaagaaaatt ctgttctcac tgaacgtact 5040
gttataaacg gtgaagaaag atttgtcatc aagacaatta ttggttctga agatgggtta 5100
ggtgtcgaat gtctacgtgg atctggttta attgctggtyg caacgtcaag ggcttaccac 5160
gatatcttca ctatcacctt agtcacttgt agatccgteg gtatcggtgce ttatttggtt 5220
cgtttgggtc aaagagctat tcaggtcgaa ggccagccaa ttatttggta teggtgctta 5280
ttaactggtg ctcctgaatc aacaaatgct ggtagagaag tttatacttc taacttacaa 5340
ttgggtggta ctcaaatcat gtataacaac ggtgtttcac atttgactgc tgttgacgat 5400
ttagctggtg tagagaagat tgttgaatgg atgtcttatg ttccagccaa gcgtaatatg 5460
ccagttceccta tecttggaaac taaagacaca tgggatagac cagttgattt cactccaact 5520
aatgatgaaa cttacgatgt aagatggatg attgaaggtc gtgagactga aagtggattt 5580
gaatatggtt tgtttgataa agggtctttc tttgaaactt tgtcaggatg ggccaaaggt 5640
gttgtcgttyg gtagagcccecg tcecttggtggt attccactgg gtgttattgg tgttgaaaca 5700
agaactgtcg agaacttgat tcctgctgat ccagctaatc caaatagtgce tgaaacatta 5760
attcaagaac ctggtcaagt ttggcatcca aactccgect tcaagactgce tcaagctatce 5820
aatgacttta acaacggtga acaattgcca atgatgattt tggccaactg gagaggtttc 5880
tctggtggte aacgtgatat gttcaacgaa gtcttgaagt atggttcgtt tattgttgac 5940
gcattggtgg attacaaaca accaattatt atctatatcc cacctaccgg tgaactaaga 6000
ggtggttcat gggttgttgt cgatccaact atcaacgctyg accaaatgga aatgtatgcce 6060
gacgtcaacg ctagagctgg tgttttggaa ccacaaggta tggttggtat caagttccgt 6120
agagaaaaat tgctggacac catgaacaga ttggatgaca agtacagaga attgagatct 6180
caattatcca acaagagttt ggctccagaa gtacatcagc aaatatccaa gcaattagcet 6240
gatcgtgaga gagaactatt gccaatttac ggacaaatca gtcttcaatt tgctgatttg 6300
cacgataggt cttcacgtat ggtggccaag ggtgttattt ctaaggaact ggaatggacc 6360
gaggcacgtc gtttcttctt ctggagattg agaagaagat tgaacgaaga atatttgatt 6420

aaaaggttga gccatcaggt aggcgaagca tcaagattag aaaagatcgc aagaattaga 6480
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tcgtggtace ctgcttcagt ggaccatgaa gatgataggc aagtcgcaac atggattgaa 6540
gaaaactaca aaactttgga cgataaacta aagggtttga aattagagtc attcgctcaa 6600
gacttagcta aaaagatcag aagcgaccat gacaatgcta ttgatggatt atctgaagtt 6660
atcaagatgt tatctaccga tgataaagaa aaattgttga agactttgaa ataa 6714
<210> SEQ ID NO 194

<211> LENGTH: 1647

<212> TYPE: DNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: lipase

<400> SEQUENCE: 194

atggagcteg ctettgeget cagectecatt gecteggtgg ctgetgecce caccgecacg 60
ctecgecaacyg gcgacaccat caccggtete aacgecatca tcaacgagge gttectegge 120
attccetttyg ccgagecgee ggtgggcaac ctecgettea aggacccegt gecgtactece 180
ggctegeteg atggecagaa gttcacgage tacggcccga getgtatgeca geagaaccec 240
gagggcacct acgaggagaa cctccccaag gcagcegcteg acttggtgat geagtccaag 300
gtgtttgagyg cggtgagcce gagcagcegag gactgtctca ccatcaacgt ggtgeggecg 360
cegggeacca aggcegggtge caaccteeceg gtgatgetet ggatcetttgg cggegggttt 420
gaggtgggtyg gcaccagcac cttecctece geccagatga tcaccaagag cattgegatg 480
ggcaagccca tcatccacgt gagegtcaac taccgegtgt cgtegtgggyg gttettgget 540
ggcgacgaga tcaaggccga gggcagtgee aacgccggtt tgaaggacca gegettgggt 600
atgcagtggyg tggcggacaa cattgeggeg tttggeggeg accegaccaa ggtgacgatce 660
tttggcgaga gcgegggeag catgteggte atgtgecaca ttcetcetggaa cgacggcegac 720
aacacgtaca agggcaagcce gctctteege gegggeatca tgcagagegg ggcegatggtg 780
ccgagegacyg ccgtggacgg catctacgge aacgagattt ttgacctett ggegtcgaac 840

gegggetgeg gecagegecag cgacaagctce gegtgettge geggtgtgag cagegacacyg 900

ttggaggacg ccaccaacaa cacccctggg ttettggegt actectegtt geggttgage 960

taccteccce ggcccgacgg cgtgaacate accgacgaca tgtacgectt ggtgegegag 1020

ggcaagtatg ccaacatcce tgtgatcatc ggcgaccaga acgacgaggg caccttettt 1080

ggcaccagca gcttgaacgt gaccacggat gcccaggece gcegagtattt caagecagagce 1140

tttgtccacg ccagcgacgce ggagatcgac acgttgatga cggcgtacce cggcgacatce 1200

acccagggca gcccgttega cacgggtatt ctcaacgecce tcaccecgca gttcaagaga 1260

atcagcgegg tgctecggega ccttggettt acgettgcete gtcgctactt cctcaaccac 1320

tacaccggcg gcaccaagta cagcttecte agcaagcagce tcagcggctt gecggtgcetce 1380

ggaacgttecc actccaacga cattgtcttc caggactact tgttgggcag cggctcgcetce 1440

atctacaaca acgcgttcat tgcgtttgce acggacttgg accccaacac cgccgggttg 1500

ttggtgaagt ggcccgagta caccagcagc agccagagceg gcaacaactt gatgatgatce 1560

aacgccttgg gettgtacac cggcaaggac aacttccgca cecgccggcta cgacgegttg 1620

ttcteccaace cgccgagett ctttgtg 1647
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We claim:

1. A transformed yeast or bacterial cell for producing 3-hy-
droxypropionic acid (3-HP), wherein the transformed cell
comprises a metabolic pathway in which metabolites are
sequentially produced in a sequence of pyruvate, acetyl-CoA,
and malonyl-CoA, and wherein the transformed cell com-
prises

(1) a disruption of a gene encoding an alcohol dehydroge-

nase,

(ii) a disruption of a gene encoding a pyruvate decarboxy-

lase, or

(iii) a disruption of both the alcohol dehydrogenase gene

and the pyruvate decarboxylase gene.

2. The transformed cell of claim 1, wherein the disruption
comprises a deletion or knock out of the gene.

3. The transformed cell of claim 1, wherein the transformed
cellis a yeast cell comprising a disruption of a gene encoding
the pyruvate decarboxylase.

4. The transformed cell of claim 1, wherein the transformed
cellis a bacterial cell or a yeast cell comprising a disruption of
a gene encoding the alcohol dehydrogenase.

5. The transformed cell of claim 1, wherein disruption of
the gene encoding the alcohol dehydrogenase, pyruvate
decarboxylase, or both, increases production of 3-HP by the
cell.

6. The transformed cell of claim 1, wherein the cell is a
yeast, Lactobacillus, Lactococcus, Bacillus, or Escherichia
cell.

7. The transformed cell of claim 1, wherein the cell pro-
duces at least 1 g/I. 3-HP.

8. The transformed cell of claim 1, wherein the cell com-
prises at least one exogenous nucleic acid molecule that
encodes at least one polypeptide that is capable of producing
3-HP from pyruvate.

9. The transformed cell of claim 8, wherein the at least one
exogenous nucleic acid molecule encodes acetyl-CoA car-
boxylase, a protein that reduces malonyl-CoA, or combina-
tions thereof.

10. The transformed cell of claim 8, wherein the trans-
formed cell produces:

acetyl-CoA from pyruvate,

malonyl CoA from the acetyl-CoA,

and wherein the 3-HP is produced from the malonyl CoA.

11. The transformed cell of claim 10, wherein production
of the 3-HP from the malonyl CoA comprises:

reduction of the malonyl-CoA into MSA; and

reduction of the MSA into 3-HP.

12. The transformed cell of claim 8, wherein one of the at
least one exogenous nucleic acid molecules encodes an oxi-
doreductase polypeptide, and wherein the cell can convert the
3-HP into propanediol.

13. The transformed cell of claim 8, wherein one of the at
least one exogenous nucleic acid molecules encodes a lipase,
wherein the cell can convert the 3-HP into an ester of 3-HP.

14. A method of making 3-hydroxypropionic acid (3-HP),
comprising:

culturing the transformed cell of claim 1 under conditions

such that the 3-HP is produced by the cell.

15. A method of making 3-hydroxypropionic acid (3-HP),
comprising:

culturing the transformed cell of claim 8 under conditions

such that the 3-HP is produced by the cell.

16. The method of claim 15, further comprising:

isolating the 3-HP from the transformed cell; or

hydrogenating the 3-HP produced from the transformed

cell to form 1,3 propanediol; or
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dehydrating the 3-HP produced from the transformed cell

to form acrylic acid; or

combinations thereof.

17. A transformed yeast or bacterial cell for producing
3-hydroxypropionic acid (3-HP), wherein the transformed
cell comprises a metabolic pathway in which metabolites are
sequentially produced in a sequence of pyruvate and/or PEP,
oxaloacetate, asparate, beta-alanine, and malonate semialde-
hyde, and wherein the transformed cell comprises a disrup-
tion of a gene encoding an alcohol dehydrogenase, a pyruvate
decarboxylase, or a deletion or knockout of both the gene
encoding the alcohol dehydrogenase and the gene encoding
the pyruvate decarboxylase.

18. The transformed cell of claim 17, wherein the trans-
formed cell is a yeast cell comprising a disruption of a gene
encoding the pyruvate decarboxylase.

19. The transformed cell of claim 17, wherein the trans-
formed cell is a bacterial cell or a yeast cell comprising a
disruption of a gene encoding the alcohol dehydrogenase.

20. The transformed cell of claim 17, wherein disruption of
the gene encoding the alcohol dehydrogenase, pyruvate
decarboxylase, or both, increases production of 3-HP by the
cell.

21. The transformed cell of claim 17, wherein the cell is a
yeast, Lactobacillus, Lactococcus, Bacillus, or Escherichia
cell.

22. The transformed cell of claim 17, wherein the cell
produces at least 1 g/ 3-HP.

23. The transformed cell of claim 17, wherein the cell
comprises at least one exogenous nucleic acid molecule that
encodes at least one polypeptide that is capable of producing
3-HP from PEP and/or pyruvate.

24. The transformed cell of claim 23, wherein the at least
one exogenous nucleic acid molecule encodes aspartate
decarboxylase.

25. The transformed cell of claim 23, wherein the at least
one exogenous nucleic acid molecule encodes one or more of
PEP carboxylase, pyruvate carboxylase, aspartate ami-
notransferase, aspartate decarboxylase, 4-aminobutyrate
aminotransferase, 3-HP dehydrogenase, 3-hydroxyisobu-
tyrate dehydrogenase.

26. The transformed cell of claim 23, wherein the at least
one exogenous nucleic acid molecule encodes at least one
polypeptide that is capable of producing 3-HP from PEP, and
wherein the at least one exogenous nucleic acid molecule
encodes PEP carboxylase, aspartate aminotransferase, aspar-
tate decarboxylase, 4-aminobutyrate aminotransferase, 3-HP
dehydrogenase, 3-hydroxyisobutyrate dehydrogenase, or
combinations thereof.

27. The transformed cell of claim 26, wherein at least one
exogenous nucleic acid molecule encodes PEP carboxylase,
aspartate aminotransferase, aspartate decarboxylase, 4-ami-
nobutyrate aminotransferase, and 3-HP dehydrogenase.

28. The transformed cell of claim 26, and wherein at least
one exogenous nucleic acid molecule encodes PEP carboxy-
lase, aspartate aminotransferase, aspartate decarboxylase,
4-aminobutyrate aminotransferase, and 3-hydroxyisobu-
tyrate dehydrogenase.

29. The transformed cell of claim 23, wherein at least one
exogenous nucleic acid molecule encodes at least one
polypeptide that is capable of producing 3-HP from pyruvate,
and wherein the at least one exogenous nucleic acid molecule
encodes pyruvate carboxylase, aspartate aminotransferase,
aspartate decarboxylase, 4-aminobutyrate aminotransferase,
3-HP dehydrogenase, 3-hydroxyisobutyrate dehydrogenase,
or combinations thereof.
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30. The transformed cell of claim 29, wherein at least one
exogenous nucleic acid molecule encodes pyruvate carboxy-
lase, aspartate aminotransferase, aspartate decarboxylase,
4-aminobutyrate aminotransferase, and 3-HP dehydroge-
nase.

31. The transformed cell of claim 29, wherein at least one
exogenous nucleic acid molecule encodes pyruvate carboxy-
lase, aspartate aminotransferase, aspartate decarboxylase,
4-aminobutyrate aminotransferase, and 3-hydroxyisobu-
tyrate dehydrogenase.

32. The transformed cell of claim 23, wherein the trans-
formed cell further produces:

oxaloacetate from PEP and/or pyruvate,

aspartate from the oxaloacetate,

[-alanine from the aspartate,

malonate semialdehyde from the f-alanine,

and wherein the 3-HP is produced from the malonate semi-

aldehyde.

33. The transformed cell of claim 23, wherein one of the at
least one exogenous nucleic acid molecules encodes an oxi-
doreductase polypeptide, and wherein the cell can convert the
3-HP into propanediol.
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34. The transformed cell of claim 23, wherein one of the at
least one exogenous nucleic acid molecules encodes a lipase,
wherein the cell can convert the 3-HP into an ester of 3-HP.

35. A method of making 3-hydroxypropionic acid (3-HP),
comprising:
culturing the transformed cell of claim 19 under conditions
such that the 3-HP is produced by the cell.
36. A method of making 3-hydroxypropionic acid (3-HP),
comprising:
culturing the transformed cell of claim 23 under conditions
such that the 3-HP is produced by the cell.
37. The method of claim 23, further comprising:
isolating the 3-HP from the transformed cell; or

hydrogenating the 3-HP produced from the transformed
cell to form 1,3 propanediol; or

dehydrating the 3-HP produced from the transformed cell
to form acrylic acid; or

combinations thereof.

#* #* #* #* #*



