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<120>
<130>

<150>
<151>

<160>
<170>
<210> 1

<211> 1032

<212> DNA
<213>

13

<220>
<223>

<400> 1
atgaaaggag

gaattaaaaa
ggagaactta
attggtaagc
aaaaagataa
atgcctggca
atgaaacaga
gattattata
gatacctttt
agaactatgg
tcagattcag
gacaaaggta
ttcggaaatg
gcagaaatgg
gaagggtgga
ggaatagatc
atgttaaaat
aatcaatttt
<210> 2

<211> 343

<212> PRT
<213>

LTO99w01

us 61/932,737
2014-01-28

Synthetic

agtttaaaat
ataaaaagtt
caaaaatact
ttgccaatga
aatcaagtgc
taaagcaaac
tatttatttc
actttgaagc
atataaatga
aaaaacaaaa
tggatgctac
taacttttgc
acatacgtac
atgccagttg
tagaactttt
ctgaagttta
acggaataga

aa

PatentIn version 3.5

Artificial sequence

gaaagaagaa
agatatagag
caggggcatg
agtgaggagt
tatacaagca
tgtaggaaag
tatgggattt
acttaacata
caatgtagtg
acccccaata
tcattcacct
aaatttaaaa
aaaattcaga
ctttgtatgc
aggatgcgga
tagtggattt

tgatataaga

Artificial sequence

ttaaaacaga
gatataagag
aaggatcttt
acactggaaa
aagctgcaga
cgccatccgc
actatagaag
cctaaaaatc
cttagaactc
aagatgatat
atattttatc
ggcactcttg
cctcatcatt
catggaaaag
atggttcatc
ggttttggaa

aacatgtatg

Page 1

METHOD OF PRODUCING A RECOMBINANT MICROORGANISM

taaaggaaaa
ttaaatattt
ccaaagaaga
atgctataga
atgaaacaat
tagaacaaac
aaggtcctga
atccagcaag
aaacttctcc
ctccaggtaa
aaatggaagg
aactatttgc
tcccttttac
gctgcagagt
ctcaggtact
tgggtgtaga

aaagtgacat

tgcctttaac
aggtaaaaag
aagacctgca
agaggcatca
tgatattact
actagaagag
agtagagaag
gggtgaacag
aatacaggta
agtttatcgt
cctagtagtt
taaaaagtta
agaaccttct
atgtaaggga
tagaaattgt
taggatggtc

gagattttta

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1032



<220>
<223>

<400>

Met Lys Gly
1

Asn

Arg

Ala

65

Lys

Ile

Pro

Gly

Phe

145

Asp

Pro

Ile

Ser

Thr

225

Phe

Ala

val

Met

50

Asn

Lys

Asp

Leu

Phe

130

Glu

Thr

Ile

Ser

Pro

210

Phe

Gly

Phe

Lys

Lys

Glu

Ile

Ile

Glu

115

Thr

Ala

Phe

Gln

Pro

195

Ile

Ala

Asn

Synthetic

Glu

Asn

20

Tyr

Asp

val

Lys

Thr

100

Gln

Ile

Leu

Tyr

val

180

Gly

Phe

Asn

Asp

Phe

5

Glu

Leu

Leu

Arg

Ser

85

Met

Thr

Glu

Asn

Ile

165

Arg

Lys

Tyr

Leu

Ile
245

Lys

Leu

Gly

Ser

ser

70

Ser

Pro

Leu

Glu

Ile

150

Asn

Thr

val

Gln

Met

Lys

Lys

Ala

Gly

Glu

Gly

Pro

Asp

Met

Tyr

Met

215

Gly

Thr

Lys

Asn

Leu

Ile

Ile

Glu

120

Pro

Lys

Asn

Glu

Arg

Glu

Thr

Lys

LTO99WO01_ST25

Glu

Gly

Glu

Glu

Gln

Glu

Asn

val

Gly

Leu

Phe

Glu Leu
10

Lys Leu

Glu Leu

Arg Pro

Asn Ala
75

Ala Lys
90

Gln Thr

Lys Gln

val Glu

His Pro
155

val Leu
170

GIn Lys

Asp Ser

Leu val

Glu Leu

235

Arg Pro

Page 2

Lys

Asp

Thr

Ala

60

Ile

Leu

val

Ile

Lys

140

Ala

Arg

Pro

val

val

220

Phe

His

Gln

Ile

Lys

Ile

Glu

Gln

Gly

Phe

125

Asp

Arg

Thr

Pro

Asp

205

Asp

Ala

Ile

Glu

30

Ile

Gly

Glu

Asn

Lys

110

Ile

Tyr

Gly

Gln

Ile

190

Ala

Lys

Lys

Phe

Asp

Leu

Lys

Ala

Glu

95

Arg

Ser

Tyr

Glu

Thr

175

Lys

Thr

Gly

Lys

Pro
255

Glu

Ile

Arg

Leu

ser

80

Thr

His

Met

Asn

Gln

160

Ser

Met

His

Ile

Leu

240

Phe



Thr

Lys

cys

Glu

305

Met

Met

Glu

Gly

Gly

val

Leu

Arg

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

<220>
<223>

<400>

Pro

cys

275

Met

Tyr

Lys

Phe

3
343
PRT

Ser

260

Arg

val

Ser

Tyr

Leu
340

val

His

Gly

Gly

Asn

Glu

Cys

Pro

Phe

310

Gln

Met

Lys

Gln

295

Gly

Asp

Phe

Artificial sequence

Synthetic

3

Met Lys Gly
1

Asn

Arg

Ala

65

Lys

Ile

Pro

Gly

Ala

val

Met

50

Asn

Lys

Asp

Leu

Phe

Phe

Glu
115

Thr

Glu

Asn

20

Tyr

Asp

val

Lys

Thr

100

Gln

Ile

Phe

5

Glu

Leu

Leu

Arg

Ser

85

Met

Thr

Glu

Lys

Leu

Gly

Ser

sSer

70

Ser

Pro

Leu

Glu

Met

Lys

Lys

Ala

Gly

Glu

Gly

Asp

Gly

val

Phe

Asp

Lys

Asn

Leu

Ile

Ile

Glu

120

Pro

LTO99WO01_ST25

Ala Ser Cys Phe

265

Glu Gly

Leu Arg

Gly Met

Glu Glu

10

Lys Lys

Gly Glu

Glu Arg

Glu Asn

Gln Ala

90

Lys Gln

Met Lys

Glu val

Trp

Asn

Leu

Leu

Leu

Pro

Ala

75

Lys

Thr

Gln

Glu

Page 3

Ile

Cys

300

val

Met

Lys

Asp

Thr

Ala

60

Ile

Leu

val

Ile

Lys

val

Glu

285

Gly

Asp

Tyr

Gln

Ile

Lys

Ile

Glu

Gln

Gly

Phe

125

Asp

Cys

270

Leu

Ile

Arg

Glu

Ile

Glu

30

Ile

Gly

Glu

Asn

Lys

110

Ile

Tyr

Leu

Asp

Met

ser
335

Asp

Leu

Lys

Ala

Glu

95

Arg

Ser

Tyr

Gly

Gly

Pro

val

320

Asp

Glu

Ile

Arg

Leu

ser

80

Thr

His

Met

Asn



LTO99W01_ST25
130 135 140

Phe Glu Ala Leu Asn Ile Pro Lys Asn His Pro Ala Arg Gly Glu Gln
145 150 155 160

Asp Thr Phe Tyr Ile Asn Asp Asn val val Leu Arg Thr Gln Thr Ser
165 170 175

Pro Ile GIn val Arg Thr Met Glu Lys Gln Lys Pro Pro Ile Lys Met
180 185 190

Ile Ser Pro Gly Lys val Tyr Arg Ser Asp Ser val Asp Ala Thr His
195 200 205

Ser Pro Ile Phe Tyr Gln Met Glu Gly Leu val val Asp Lys Gly Ile
210 215 220

Thr Phe Ala Asn Leu Lys Gly Thr Leu Glu Leu Phe Ala Lys Lys Leu
225 230 235 240

Phe Gly Asn Asp Ile Arg Thr Lys Phe Arg Pro His His Phe Pro Phe
245 250 255

Thr Glu Pro Ser Ala Glu Met Asp Ala Ser Cys Phe val Cys His Gly
260 265 270

Lys Gly Cys Arg val Cys Lys Gly Glu Gly Trp Ile Glu Leu Leu Gly
275 280 285

Cys Gly Met val His Pro Gln val Leu Arg Asn Cys Gly ITe Asp Pro
290 295 300

Glu val Tyr Ser Gly Phe Gly Phe Gly Met Gly val Asp Arg Met val
305 310 315 320

Met Leu Lys Tyr Gly Ile Asp Asp Ile Arg Asn Met Tyr Glu Ser Asp
325 330 335

Met Arg Phe Leu Asn GIn Phe
340

<210> 4

<211> 1131

<212> DNA

<213> Artificial sequence

<220>

<223> Synthetic

<400> 4

atggcttcgt acccctgcca tcaacacgcg tctgcgttcg accaggctgc gcgttctcgce 60
ggccatagca accgacgtac ggcgttgcgc cctcgccggc agcaagaagc cacggaagtc 120
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cgccecggagce
gggaaaacca
gtacccgagc
tacaccacac
atgacaagcg
cctcatatcg
ttcgaccgcec
agcatgaccc
acaaacatcg
cagcgccccg
ctacttgcca
cagctttcgg
cgaccccata
aacggcgacc
cccatgcacg
ctgcaactta
atctgcgacc
<210> 5

<211> 376
<212> PRT
<213>

<220>
<223> Synt

<400> 5
Met Ala Ser
1

Ala Arg Ser

Gln
35

Arg Gln

Leu Leu

50

Arg

Thr Thr GlIn

65

val Pro Glu

agaaaatgcc
ccaccacgca
cgatgactta
aacaccgcct
cccagataac
ggggggaggc
atcccatcgce
cccaggecgt
tgttgggggc
gtgagcggct
atacggtgcg
gagcggcctt
tcggggaaac
tgtacaacgt
tctttatcct
cctccgggat

tggcgcgcac

hetic

Tyr Pro Cy

Arg Hi

20

Gly

Glu Ala Th

val Tyr I1

va
70

Leu Leu

Pro Met Th

85

cacgctactg
actgctggtg
ctggcgggtg
cgaccagggt
aatgggcatg
tgggagctca
cgccctectg
gctggcgttc
ccttccggag
tgacctggct
gtatctgcag
gacgccccag
gttatttacc
gtttgcctgg
ggattacgac
ggtccagacc

gtttgcccgg

Artificial sequence

S His Gln

S Ser

Asn

val
40

r Glu

e Asp Gly

55

1 Ala Leu

r Tyr Trp

LTO99WO01_ST25

cgggtttata
gccctgggtt
ctgggggctt
gagatatcgg
ccttatgccg
catgccccgce
tgctacccgg
gtggccctca
gacagacaca
atgctggccg
tgcggcggat
ggtgccgagc
ctgtttcggg
gccttggacg
caatcgcccg

catgtcacca

gagatggggg

Ala
10

His Ser

Arg Thr

25

Arg

Arg Pro Glu

Pro His Gly

Gly Ser Arg

75

val
90

Arg Leu

Page 5

tagacggtcc
cgcgcgacga
ccgagacaat
ccggggacgc
tgaccgacgc
ccccggecct
ccgcgeggta
tcccgecgac
tcgaccgect
cgattcgecg
cgtggcggga
cccagagcaa
cccccgagtt
tcttggccaa
ccggctgecg
ccccaggctc

aggctcactg

Ala Phe Asp

Ala Leu Arg

30

GIn Lys Met

Met
60

Gly Lys

Asp Asp Ile

Gly Ala ser

ccacgggatg
tatcgtctac
cgcgaacatc
ggcggtggta
cgttctggct
caccctcatc
ccttatgggc
cttgcccggce
ggccaaacgc
cgtttacggg
ggattgggga
cgcgggcecca
gctggccccc
acgcctccgt
ggacgccctg
cataccgacg

a

Gln Ala

15

Pro Arg

Pro Thr

Thr Thr

val Tyr

80

Glu Thr

95

180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1131



Ile

Ser

Gly

Tyr

Leu

Pro

Glu

225

Leu

Glu

Glu

Phe

Tyr

305

Pro

Arg

Thr

Ala

Ala

Met

130

Glu

Asp

Leu

Ile

Glu

210

Arg

Leu

Asp

Pro

Thr

290

Asn

Met

Asp

Thr

Asn

Ala

Arg

Met

Pro

195

Asp

Leu

Ala

Trp

Gln

275

Leu

val

His

Ala

Pro
355

Ile

100

Asp

Tyr

Gly

His

Gly

Pro

Arg

Asp

Asn

Gly

Ser

Phe

Phe

val

Leu

340

Gly

Tyr

Ala

Ala

Ser

Pro

165

Ser

Thr

Leu

Thr

245

Gln

Asn

Arg

Ala

Phe

325

Leu

Ser

Thr

Ala

val

Ser

150

Met

Leu

Ala

230

val

Leu

Ala

Ala

Gln

Thr

val

Thr

135

His

Ala

Thr

Pro

215

Met

Arg

Ser

Gly

Pro

295

Ala

Leu

Leu

Pro

Gln

val

120

Asp

Ala

Ala

Pro

Gly

Arg

Leu

Tyr

Gly

Pro

280

Glu

Leu

Asp

Thr

Thr
360

LTO99WO01_ST25

His Arg Leu Asp

105

Met Thr

Ala val

Pro Pro

Leu Leu
170

Gln Ala
185

Thr Asn

Leu Ala

Ala Ala

Leu Gln
250

Ala Ala
265

Arg Pro

Leu Leu

Asp val

Tyr Asp
330

Ser Gly
345

Ile Cys

sSer

Leu

Pro

155

Cys

val

Ile

Lys

Ile

235

cys

Leu

His

Ala

Leu

315

Gln

Met

Asp

Page 6

Ala

Ala

140

Ala

Tyr

Leu

val

Arg

Arg

Gly

Thr

Ile

Pro

300

Ala

Ser

val

Leu

Gln

125

Pro

Leu

Pro

Ala

Leu

205

Gln

Arg

Gly

Pro

Gly

Asn

Lys

Pro

Gln

Ala
365

Gly

110

Ile

His

Thr

Ala

Phe

190

Gly

Arg

val

Ser

Gln

270

Glu

Gly

Arg

Ala

Thr

350

Arg

Glu

Thr

Ile

Leu

Ala

175

val

Ala

Pro

Tyr

Trp

Gly

Thr

Asp

Leu

Thr

Ile

Met

Gly

Ile

160

Arg

Leu

Gly

Leu

Leu

Arg

cys

val

Phe



Ala Arg Glu Met Gly Glu Ala His
0

37

<210> 6
<211>
<212>
<213>

DNA
<220>
<223>

<400> 6
ggccgcggceg

ttaagaaaag
ataaataaga
tgagacgacc
tagctaccag
aaaagaaatg
ggaggcattg
tcctccaata
tctaaactaa
ttttcagttg
caacgaaaag
caaaagtgag
ttattcttca
cttgtagtta
ttacttttat
tgatcggatc
ttatcaatat
aagtaaggaa
gataatagaa
atcattgata
acagacgtcc
atatgttcca
acaagcagga
aatgtgttta
atcaggacaa
agcaagagga

aaaaataaat

1599

Synthetic

ccaagcttag
caaaggtgtt
taaaaaagaa
cctttttatt
attcacattt
ctggttctgc
aatctgttgt
cgcaacctaa
aaccctgttg
gtctagttcc
atttagcgtt
tgtgatgtct
catgccaata
gtccttctat
caagtctaga
caatttatac
agagctccca
aaaaaagaag
tccatagaaa
gggtaaaata
gcgagagacc
gatatgggag
catagaccag
tgtgttccat
gaaagagatg
gcaacaaaaa

gttttaatag

375

Artificial sequence

aaaaatataa
taaaaaataa
tcctgaataa
ctatatgtcg
aagttgtttc
gccttgatga
tggtgtttct
agtaaaatgt
acataagaat
taaatgtact
attcctaaga
atctaacatt
caacgtaggt
tccaacttca
catcatttaa
gttttctcta
tggcggccgg
taagtgttat
atataggtta
taaatcgtat
ttaaatatat
atttaatatg
cagttgtttt
gtacaacaca
gagttgcatt
aaggaacagt

gataatgtta

LTO99WO01_ST25

ataagaagta
atttttaaac
aataaaaagg
atgctatagc
tctaaaccac
tcaaataact
ctttcctctt
cctacagcac
gctaattgat
ttagccccat
aaatcttgcc
tcaatagcta
tgttctactc
tttagtaatt
tatcctcctc
acaacttaat
tcgatatcga
atatgatgat
tacagttata
aaagttgtgt
tgaagaggag
ggttgatttt
atcaccattt
atcaaaagga
agcagatcaa
tgcaccagaa

ttaagctag

Page 7

gctttaagag
acctttgctt
ggtgtctcaa
tgagatcgtg
agattatcaa
ctattgcttg
ttgcaacttg
ttagtgcgta
tttctaatgt
ctctatgtga
atgattcacc
aggcgtcaag
caagtttctg
ccaatgcact
ttcaatatat
tatacccact
tgtgtagtag
tattttgtag
taaaaattac
aatttttaag
gaaatacata
gatccaacaa
atgtataata
tatccatttg
gttaaatcaa

gaattacaat

aattaaatta
ttcttaaatt
aattttattt
gaattcttgt
ttcaagtcca
tcttaacaat
atgttcttga
taaggcattt
ttcatattgt
taatagagca
ttctaaagga
taaagctctc
agctaacttt
attgataact
ttaagtcgac
attattattt
cctgtgaaat
atgtagatag
tttaaaatct
gaggtgtgtt
tggtttcaag
aaggatcaga
ataaaacagg
aagttgtttt
tagcatggag

taataaaagc

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1599



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

7
1327
DNA

<400> 7
aatggcaggg

atcaaatgcc
ataactttta
gcttcctata
tttgctaaaa
ggaaaagaac
gtagctataa
gaaaaaggag
gatggaggaa
cttttaaggg
Cctaaatgtaa
aatttcagaa
agggaaagaa
aaaagtttgt
gattggcctg
gaggataaga
tctgatccag
aatgcactta
agatctacca
gaaaagagta
tttaaatgtc
tgaatatatt
gataatt

<210> 8

<211> 211
<212> DNA
<213>

<400> 8
aaagtactca

tttttgttgt
tttcagttat

gggaactaat

cagataattg
ttataagtgt
gagaatgcaa
attttgacca
aagcagcaag
tcttagctca
attgtagttc
cttttacggg
ctattttttt
ttcttgataa
ggataatagg
gtgaccttta
aagaagatat
gtaagaagaa
gaaatgttag
tggccecttt
taaatattag
aaaagtgtaa
tgtatagaaa
agattctcaa
tttttaacag

aacaggtata

taatgatata
attggcaatg
atattatcac
tatagttact
aagtgaatgc
atctattcac
tatacctaga
agctttaaag
ggatgaagta
taataaaatt
agctacaaac
ttatagattg
agagctttta
agtagtggaa
agaacttaga
ggattattta
tgtgcttcca
gggaaatata
aatgaaaaag
aataggacac
gtttcttgtt

tgtaaatttt

LTO99WO01_ST25

Clostridium autoethanogenum

gaatgtgatt
aaagtgaaaa
aaacttgtta
gctaattcta
aatattttaa
aattatagtg
gaacttgtag
caaggaaagc
ggagagcttc
acaagagttg
agggtgctca
agtgtgatga
attaaatatt
aaagcataca
aatgtaatag
gaaaaagaag
atggatgttt
ttaaaagctg
tatggaataa
taagtatgtg
tttggtatgg

aatattgcca

Clostridium autoethanogenum

tagaattgat taaaaaatga attcagcaaa

aaattaacat ttatataaaa ataatggtat

attgaggagg ccaaaaatga gctttaagaa

atctgtgcca agcatatctg g

Page 8

tttatgtgga
ataaaataat
aaaaagttat
aaatgaaaga
tagaagggga
aaagatgtga
aaagtgagct
ctggaaagtt
ctcttgatat
gaggaactta
aggatgaaat
atataaaaac
ttatggaaga
tagaaaagat
agagggatta
tttatgaaaa
tagaaaaaga
Caaaatcttt
aaagtgtgtc
tcataatggc
cttttgctta

tactattata

ttatgtggtt
acttagatgt

aaatgtatac

aggcagtaga
gggaatagtt
gggatatact
aataataaaa
aagtggcact
aggccctttt
ttttggttat
tgaattagca
acagtcaaag
tgaaaaacag
taaaaagaaa
tgtcccactt
attgaattct
taaagcttat
ctatttaagt
aaatgtctcc
aaacattgaa
aaatatcagt
aaaatgacca
acatagtgat
taaaatatag

aaaaaggaga

gaattcattt
aattgaaagt

gatacaatga

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1327

60
120
180
211



<210> 9

<211> 1074
<212> DNA
<213>

<400> 9

atgaaagctg tattgtggta tgataaaaaa

aaggtaaaag
ttgcatgagt
aagagtactg
agcaaggtta
ggaaagtgtc
ggactttgtg
cataagatac
gcccttcatt
gcaggaccta
attgtatttc
gttttagatc
ggcgtggata
gctttaaaat
aatccaaatg
gaatttcctt
acaaagagaa
gaaaagaaaa
<210>
<211>
<212>
<213>

<400> 10
aatggcaggg

atcaaatgcc

10
3364
DNA

ataactttta
gcttcctata
tttgctaaaa
ggaaaagaac
gtagctataa

gaaaaaggag

gatggaggaa

aaaatgctgt
atttaggagg
caccagtagt
caaaatttaa
ctgcttgtct
gaagcggcgg
cagatactat
ctctaagagt
taggacttgc
agagaaaatc
caaatgaggt
catcttttga
atgaaggtac
atcttgtatt
ctacaatagc
tagcacttga

aacatgtaaa

cagataattg
ttataagtgt
gagaatgcaa
attttgacca
aagcagcaag
tcttagctca
attgtagttc
cttttacggg

ctattttttt

aaaaattaaa
acctatattt
tttaggacat
agcaggagat
tgaaggaaaa
cggatttgct
ggactatgag
tggaaacttt
aactattcag
tgtaagacag
agatgtaatt
aacaacaggt
tgcggtaata
tacagaaaag
acttatgaat
ggacattgta

aataattgta

taatgatata
attggcaatg
atattatcac
tatagttact
aagtgaatgc
atctattcac
tatacctaga
agctttaaag

ggatgaagta

LTO99WO01_ST25

Clostridium autoethanogenum

gatgtaagag
gtgaaatggt
attccagtag
gagttttcag
agagttattg
tataatttat
gaatacacag
caggctgcac
actacaggaa
tgtttaaagg
gaatatgcta
gaagaaatta
gcaaatgtag
accagcgtat
aaggtagttg
gatggaagaa
aaagaaggat

actcctgaca

Clostridium autoethanogenum

gaatgtgatt
aaagtgaaaa
aaacttgtta
gctaattcta
aatattttaa
aattatagtg
gaacttgtag
caaggaaagc
ggagagcttc
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tagaggaaat
gtggtatatg
gtacgccaca
gagaagtagt
tagaacctat
gtgaagcttt
tatttcctga
ttgttgagcc
atactgcttt
catcaggggc
agaaatttgg
aaaaacttac
ggattaatac
gggagaaaaa
gtactcttgc
taaagacaga
ttgaaacact

aatccttatt

tttatgtgga
ataaaataat
aaaaagttat
aaatgaaaga
tagaagggga
aaagatgtga
aaagtgagct
ctggaaagtt

ctcttgatat

tgaggaacct
tggttctgac
tcctttaage
agaaatagga
agttgcctgt
gggatttcat
agattttgtc
tatggcagtt
ggttttaggt
aagaattgta
agcagatgta
aggcggegta
ggcaattcaa
tgcagaaatc
ctacagacat
cggatatatt
tacaggacct

gtaa

aggcagtaga
gggaatagtt
gggatatact
aataataaaa
aagtggcact
aggccctttt
ttttggttat
tgaattagca

acagtcaaag

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1074

60
120
180
240
300
360
420
480
540



cttttaaggg
ctaaatgtaa
aatttcagaa
agggaaagaa
aaaagtttgt
gattggcctg
gaggataaga
tctgatccag
aatgcactta
agatctacca
gaaaagagta
tttaaatgtc
tgaatatatt
gataattatg
ggaacctaag
ttctgacttg
tttaagcaag
aataggaagc
tgcctgtgga
atttcatgga
ttttgtccat
ggcagttgcc
tttaggtgca
aattgtaatt
agatgtagtt
cggcgtaggc
aattcaagct
agaaatcaat
cagacatgaa
atatattaca
aggacctgaa
aaaagtactc
ttttttgttg

ttttcagtta

ttcttgataa
ggataatagg
gtgaccttta
aagaagatat
gtaagaagaa
gaaatgttag
tggccccttt
taaatattag
aaaagtgtaa
tgtatagaaa
agattctcaa
tttttaacag
aacaggtata
aaagctgtat
gtaaaagaaa
catgagtatt
agtactgcac
aaggttacaa
aagtgtcctg
ctttgtggaa
aagataccag
cttcattctc
ggacctatag
gtatttcaga
ttagatccaa
gtggatacat
ttaaaatatg
ccaaatgatc
tttccttcta
aagagaatag
aagaaaaaac
atagaattga
taaattaaca

tattgaggag

taataaaatt
agctacaaac
ttatagattg
agagctttta
agtagtggaa
agaacttaga
ggattattta
tgtgcttcca
gggaaatata
aatgaaaaag
aataggacac
gtttcttgtt
tgtaaatttt
tgtggtatga
atgctgtaaa
taggaggacc
cagtagtttt
aatttaaagc
cttgtcttga
gcggcggcgg
atactatgga
taagagttgg
gacttgcaac
gaaaatctgt
atgaggtaga
cttttgaaac
aaggtactgc
ttgtatttac
caatagcact
cacttgagga
atgtaaaaat
ttaaaaaatg
tttatataaa

gccaaaaatg

LTO99WO01_ST25

acaagagttg
agggtgctca
agtgtgatga
attaaatatt
aaagcataca
aatgtaatag
gaaaaagaag
atggatgttt
ttaaaagctg
tatggaataa
taagtatgtg
tttggtatgg
aatattgcca
taaaaaagat
aattaaagtg
tatatttatt
aggacatgag
aggagataga
aggaaaatat
atttgctgaa
ctatgagcag
aaactttact
tattcagtgt
aagacaggaa
tgtaattgaa
aacaggtgca
ggtaataacc
agaaaagaag
tatgaatgat
cattgtaaaa
aattgtaact
aattcagcaa
aataatggta

agctttaaga
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gaggaactta
aggatgaaat
atataaaaac
ttatggaaga
tagaaaagat
agagggatta
tttatgaaaa
tagaaaaaga
caaaatcttt
aaagtgtgtc
tcataatggc
cttttgctta
tactattata
gtaagagtag
aaatggtgtg
ccagtaggta
ttttcaggag
gttattgtag
aatttatgtg
tacacagtat
gctgcacttg
acaggaaata
ttaaaggcat
tatgctaaga
gaaattaaaa
aatgtaggga
agcgtatggg
gtagttggta
ggaagaataa
gaaggatttg
cctgacaaat
attatgtggt
tacttagatg

aaaatgtata

tgaaaaacag
taaaaagaaa
tgtcccactt
attgaattct
taaagcttat
ctatttaagt
aaatgtctcc
aaacattgaa
aaatatcagt
aaaatgacca
acatagtgat
taaaatatag
aaaaaggaga
aggaaattga
gtatatgtgg
cgccacatcc
aagtagtaga
aacctatagt
aagctttggg
ttcctgaaga
ttgagcctat
ctgctttggt
caggggcaag
aatttggagc
aacttacagg
ttaatacggc
agaaaaatgc
ctcttgccta
agacagacgg
aaacacttac
ccttattgta
tgaattcatt
taattgaaag

cgatacaatg

600

660

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580



agggaactaa
aaaatatatg
atagagcaaa
aatgaaaatt
gaatttggac
gaattgaatt
aggggaactg
agtaaagaga
aattccgaag
tacaattact
ggcaagagat
aaagaaactc
ataaacaaat
ccac

<210>
<211>

<212>
<213>

11

DNA

<400> 11
aatggcaggg

atcaaatgcc
ataactttta
gcttcctata
tttgctaaaa
ggaaaagaac
gtagctataa
gaaaaaggag
gatggaggaa
cttttaaggg
ctaaatgtaa
aatttcagaa
agggaaagaa
aaaagtttgt
gattggcctg
gaggataaga

tctgatccag

5563

tatctgtgcc
aaaaaatttt
ttgaagatga
caccaaattc
atttaaaatc
tagatgaaga
cagacatgaa
gaaactttaa
gaatgattgc
gtggtatgat
tatatatagg

atgtagggga
taatggaatg

cagataattg
ttataagtgt
gagaatgcaa
attttgacca
aagcagcaag
tcttagctca
attgtagttc
cttttacggg
ctattttttt
ttcttgataa
ggataatagg
gtgaccttta
aagaagatat
gtaagaagaa
gaaatgttag
tggccccttt

taaatattag

aagcatatct
ggaaatacct
tcctttagga
gtttatactt
tatggctttt
tgctatggag
gtttggagtg
gggaaactta
tgcagctcca
aatatcagag
tagtgtaggt
atctttaaga

taatccagat

taatgatata
attggcaatg
atattatcac
tatagttact
aagtgaatgc
atctattcac
tatacctaga
agctttaaag
ggatgaagta
taataaaatt
agctacaaac
ttatagattg
agagctttta
agtagtggaa
agaacttaga
ggattattta

tgtgcttcca

LTO99WO01_ST25

ggtacaaaag
tattttaagg
agaagctttg
tcaggtcatt
gatgtagatg
gattttaaat
gccctcaata
ttacttttag
tttcttctta
ccaagtatac
aaaattatgc
ggattgaatc

ctctcagata

Clostridium autoethanogenum

gaatgtgatt
aaagtgaaaa
aaacttgtta
gctaattcta
aatattttaa
aattatagtg
gaacttgtag
caaggaaagc
ggagagcttc
acaagagttg
agggtgctca
agtgtgatga
attaaatatt
aaagcataca
aatgtaatag
gaaaaagaag

atggatgttt
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aagagtgtgc
acaatcctga
tatgggcagt
tggatgtagt
aatgtactaa
caggagattg
tggaactttt
tagttcctgg
aattaaagga
ctgaaagagg
ctttattttt
caaatttgct

gcgtttatga

tttatgtgga
ataaaataat
aaaaagttat
aaatgaaaga
tagaagggga
aaagatgtga
aaagtgagct
ctggaaagtt
ctcttgatat
gaggaactta
aggatgaaat
atataaaaac
ttatggaaga
tagaaaagat
agagggatta
tttatgaaaa

tagaaaaaga

ggcagcagaa
aaatctagga
agtaaatgga
tggagtagaa
aagaatctca
gatatttgga
aagagaattc
tgaagagagt
agagaggaag
agaaaaagaa
ttgtgtggga
agtttcagag

tactgtgact

aggcagtaga
gggaatagtt
gggatatact
aataataaaa
aagtggcact
aggccctttt
ttttggttat
tgaattagca
acagtcaaag
tgaaaaacag
taaaaagaaa
tgtcccactt
attgaattct
taaagcttat
ctatttaagt
aaatgtctcc

aaacattgaa

2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3364

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020



aatgcactta
agatctacca
gaaaagagta
tttaaatgtc
tgaatatatt
gataattatg
ggaacctaag
ttctgacttg
tttaagcaag
aataggaagc
tgcctgtgga
atttcatgga
ttttgtccat
ggcagttgcc
tttaggtgca
aattgtaatt
agatgtagtt
cggcgtaggc
aattcaagct
agaaatcaat
cagacatgaa
atatattaca
aggacctgaa
aggatcctag
ttagagcgat
aatagttgga
agcatgaccg
gcaatgcttt
aatcaagatg
aatgatactg
ttagcagatt
ccaaatgctc
tttaatctga

tattataaag

aaaagtgtaa
tgtatagaaa
agattctcaa
tttttaacag
aacaggtata
aaagctgtat
gtaaaagaaa
catgagtatt
agtactgcac
aaggttacaa
aagtgtcctg
ctttgtggaa
aagataccag
cttcattctc
ggacctatag
gtatttcaga
ttagatccaa
gtggatacat
ttaaaatatg
ccaaatgatc
tttccttcta
aagagaatag
aagaaaaaac
tcagggcaag
aaacttgaat
acagaaaaga
ttaaagtgga
attatattgc
gtgaattggg
aaacattttc
atgaaagtga
cggaaaacat
atttgcagaa

aagataacaa

gggaaatata
aatgaaaaag
aataggacac
gtttcttgtt
tgtaaatttt
tgtggtatga
atgctgtaaa
taggaggacc
cagtagtttt
aatttaaagc
cttgtcttga
gcggcggegyg
atactatgga
taagagttgg
gacttgcaac
gaaaatctgt
atgaggtaga
cttttgaaac
aaggtactgc
ttgtatttac
caatagcact
cacttgagga
atgtaaaaat
ttgaaaaatt
ttgagaggga
gtattttgac
tatcacacaa
aatgattgta
gatatatgat
cagcctttgg
tacgcaacgg
ttttaatgta
aggatatgat

aattatactt

LTO99WO01_ST25

ttaaaagctg
tatggaataa
taagtatgtg
tttggtatgg
aatattgcca
taaaaaagat
aattaaagtg
tatatttatt
aggacatgag
aggagataga
aggaaaatat
atttgctgaa
ctatgagcag
aaactttact
tattcagtgt
aagacaggaa
tgtaattgaa
aacaggtgca
ggtaataacc
agaaaagaag
tatgaatgat
cattgtaaaa
aattgtaact
cacaaaaatg
acttagatgg
cactactttg
ataaaggaaa
aaccgccatt
gagatgatac
actgagtgta
tatggaaaca
tctatgatac
tatttgattc

cctttggcaa
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Caaaatcttt
aaagtgtgtc
tcataatggc
cttttgctta
tactattata
gtaagagtag
aaatggtgtg
ccagtaggta
ttttcaggag
gttattgtag
aatttatgtg
tacacagtat
gctgcacttg
acaggaaata
ttaaaggcat
tatgctaaga
gaaattaaaa
aatgtaggga
agcgtatggg
gtagttggta
ggaagaataa
gaaggatttg
cctgacaaat
tggtataata
tatttgaaaa
caagtgtacc
agggaatgaa
cagagtttag
caagctatac
agtctgactt
atcatagaat
cgtggtcaac
ctatttttac

ttcaagttca

aaatatcagt
aaaatgacca
acatagtgat
taaaatatag
aaaaaggaga
aggaaattga
gtatatgtgg
cgccacatcc
aagtagtaga
aacctatagt
aagctttggg
ttcctgaaga
ttgagcctat
ctgctttggt
caggggcaag
aatttggagc
aacttacagg
ttaatacggc
agaaaaatgc
ctcttgccta
agacagacgg
aaacacttac
ccttattgta
tctttgttca
aattgataaa
ttgtacctac
actatatcct
gacggcaatc
aatatttcac
taaatcattt
ggaaggaaag
cttcgatggc
tatggggaaa

tcacgcagta

1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060



tgtgacggat
gagctcagga
ccaggctgcg
gcaagaagcc
agacggtccc
gcgcgacgat
cgagacaatc
c€ggggacgceg
gaccgacgcc
cccggecectce
cgcgcggtac
cccgecgacc
cgaccgcctg
gattcgccgce
gtggcgggag
ccagagcaac
ccccgagttg
cttggccaaa
cggctgeegg
cccaggctcc
ggctcactga
ttaaatatca
tcaaaatgac
gcacatagtg
tataaaatat
taaaaaagga
taaaaaatga
ttatataaaa
ccaaaaatga
agcatatctg
gaaatacctt
cctttaggaa
tttatacttt

atggcttttg

ttcacatttg
ggatagtata
cgttctcgceg
acggaagtcc
cacgggatgg
atcgtctacg
gcgaacatct
gcggtggtaa
gttctggctc
accctcatct
cttatgggca
ttgcccggca
gccaaacgcc
gtttacgggc
gattggggac
gcgggcccac
ctggccccca
cgcctecgtce
gacgccctgce
ataccgacga
taaatcgatt
gtagatctac
cagaaaagag
attttaaatg
agtgaatata
gagataattg
attcagcaaa
ataatggtat
gctttaagaa
gtacaaaaga
attttaagga
gaagctttgt
caggtcattt

atgtagatga

ccgttttgta
tggcttcgta
gccatagcaa
gcccggagea
ggaaaaccac
tacccgagcc
acaccacaca
tgacaagcgc
ctcatatcgg
tcgaccgceca
gcatgacccc
caaacatcgt
agcgccccgg
tacttgccaa
agctttcggg
gaccccatat
acggcgacct
ccatgcacgt
tgcaacttac
tctgcgacct
taaaaagtgt
catgtataga
taagattctc
tctttttaac
ttaacaggta
cggccgctag
ttatgtggtt
acttagatgt
aaatgtatac
agagtgtgcg
caatcctgaa
atgggcagta
ggatgtagtt

atgtactaaa

LTO99WO01_ST25

aacgaattgc
cccctgecat
ccgacgtacg
gaaaatgccc
caccacgcaa
gatgacttac
acaccgcctc
ccagataaca
gggggaggct
tcccatcgec
ccaggccgtg
gttgggggcc
tgagcggctt
tacggtgcgg
agcggcecttg
cggggaaacg
gtacaacgtg
ctttatcctg
ctccgggatg
ggcgcgceacg
aagggaaata
aaaatgaaaa
aaaataggac
aggtttcttg
tatgtaaatt
tagcgctagce
gaattcattt
aattgaaagt
gatacaatga
gcagcagaaa
aatctaggaa
gtaaatggaa
ggagtagaag

agaatctcag
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aggaattgat
caacacgcgt
gcgttgcgcec
acgctactgc
ctgctggtgg
tggcgggtgce
gaccagggtg
atgggcatgc
gggagttcac
gccctectgt
ctggcgttcg
cttccggagg
gacctggcta
tatctgcagt
acgccccagg
ttatttaccc
tttgcctggg
gattacgacc
gtccagaccc
tttgcccggg
tattaaaagc
agtatggaat
actaagtatg
tttttggtat
ttaatattgc
aaagtactca
tttttgttgt
tttcagttat
gggaactaat
aaatatatga
tagagcaaat
atgaaaattc
aatttggaca

aattgaattt

aaatagttaa
ctgcgttcga
ctcgccggea
gggtttatat
ccctgggttce
tgggggcttc
agatatcggc
cttatgccgt
atgccccgcec
gctacccggce
tggccctcat
acagacacat
tgctggccgce
gcggcgggtc
gtgccgagcc
tgtttcgggc
ccttggacgt
aatcgcccgce
atgtcaccac
agatggggga
tgcaaaatct
aaaaagtgtg
tgtcataatg
ggcttttgct
catactatta
tagaattgat
aaattaacat
attgaggagg
atctgtgcca
aaaaattttg
tgaagatgat
accaaattcg
tttaaaatct

agatgaagat

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
5100



gctatggagg
tttggagtgg
ggaaacttat
gcagctccat
atatcagagc
agtgtaggta
tctttaagag
aatccagatc
<210> 12

<211>
<212>
<213>

<400> 12
aatggcaggg

atcaaatgcc

DNA

ataactttta
gcttcctata
tttgctaaaa
ggaaaagaac
gtagctataa
gaaaaaggag
gatggaggaa
cttttaaggg
ctaaatgtaa
aatttcagaa
agggaaagaa
aaaagtttgt
gattggcctg
gaggataaga
tctgatccag
aatgcactta
agatctacca
aaaagagtaa
ttaaatgtct

gaatatatta

2310

attttaaatc
ccctcaatat
tacttttagt
ttcttcttaa
caagtatacc
aaattatgcc
gattgaatcc

tctcagatag

cagataattg
ttataagtgt
gagaatgcaa
attttgacca
aagcagcaag
tcttagctca
attgtagttc
cttttacggg
ctattttttt
ttcttgataa
ggataatagg
gtgaccttta
aagaagatat
gtaagaagaa
gaaatgttag
tggccccttt
taaatattag
aaaagtgtaa
tgtatagaaa
gattctcaaa
ttttaacagg

acaggtatat

aggagattgg
ggaactttta
agttcctggt
attaaaggaa
tgaaagagga
tttatttttt
aaatttgcta

cgtttatgat

taatgatata
attggcaatg
atattatcac
tatagttact
aagtgaatgc
atctattcac
tatacctaga
agctttaaag
ggatgaagta
taataaaatt
agctacaaac
ttatagattg
agagctttta
agtagtggaa
agaacttaga
ggattattta
tgtgcttcca
gggaaatata
atgaaaaagt
ataggacact
tttcttgttt

gtaaatttta

LTO99WO01_ST25

atatttggaa
agagaattca
gaagagagta
gagaggaagt
gaaaaagaag
tgtgtgggaa
gtttcagaga

actgtgactc

Clostridium autoethanogenum

gaatgtgatt
aaagtgaaaa
aaacttgtta
gctaattcta
aatattttaa
aattatagtg
gaacttgtag
caaggaaagc
ggagagcttc
acaagagttg
agggtgctca
agtgtgatga
attaaatatt
aaagcataca
aatgtaatag
gaaaaagaag
atggatgttt
ttaaaagctg
atggaataaa
aagtatgtgt
ttggtatggc

atattgccat

Page 14

ggggaactgc
gtaaagagag
attccgaagg
acaattactg
gcaagagatt
aagaaactca
taaacaaatt

cac

tttatgtgga
ataaaataat
aaaaagttat
aaatgaaaga
tagaagggga
aaagatgtga
aaagtgagct
ctggaaagtt
ctcttgatat
gaggaactta
aggatgaaat
atataaaaac
ttatggaaga
tagaaaagat
agagggatta
tttatgaaaa
tagaaaaaga
caaaatcttt
aagtgtgtca
cataatggca
ttttgcttat

actattataa

agacatgaag
aaactttaag
aatgattgct
tggtatgata
atatataggt

tgtaggggaa
aatggaatgt

aggcagtaga
gggaatagtt
gggatatact
aataataaaa
aagtggcact
aggccctttt
ttttggttat
tgaattagca
acagtcaaag
tgaaaaacag
taaaaagaaa
tgtcccactt
attgaattct
taaagcttat
ctatttaagt
aaatgtctcc
aaacattgaa
aaatatcagt
aaatgaccag
catagtgatt
aaaatatagt

aaaaggagag

5160
5220
5280
5340
5400
5460
5520
5563

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320



ataattgcgg
cagcaaatta
atggtatact
ttaagaaaaa
caaaagaaga
ttaaggacaa
gctttgtatg
gtcatttgga
tagatgaatg
ttaaatcagg
tcaatatgga
ttttagtagt
ttcttaaatt
gtatacctga
ttatgccttt
tgaatccaaa
cagatagcgt
<210>
<211>

<212>
<213>

13
1056
DNA

<400> 13

atgaaaggtt
gtgccaggtc
atacatacgg
gctgtaggtg
gttatcgtac
cagcattcaa
gcagattact
cctttagaaa
cttgcagaca
atgggaatag
cctgtttgtg
ggtgatatag
atggcaggcg
gtaatttcta

ccgctagtag
tgtggttgaa
tagatgtaat
tgtatacgat
gtgtgcggca
tcctgaaaat
ggcagtagta
tgtagttgga
tactaaaaga
agattggata
acttttaaga
tcctggtgaa
aaaggaagag
aagaggagaa
atttttttgt
tttgctagtt

ttatgatact

ttgcaatgtt
cttatgatgc
tttttgaagg
aaatagccga
catgcacaac
acggtatgct
ttcatgtaaa
gtgcagttat
taaaaatggg
ccggttccaa
ttgaaacagc
ttgaacaaat
gtggtgctga

acatcaacta

cgctagcaaa
ttcatttttt
tgaaagtttt
acaatgaggg
gcagaaaaaa
ctaggaatag
aatggaaatg
gtagaagaat
atctcagaat
tttggaaggg
gaattcagta
gagagtaatt
aggaagtaca
aaagaaggca
gtgggaaaag
tcagagataa

gtgactccac

aggtattaac
gattgtacat
agcacttggt
agttggcagc
acctgactgg
tgcaggatgg
cgatgcagat
gatgacagac
ctccagcgtt
acttcgagga
taaattttat
catggactta
aacactagca

ccatggaagc

LTO99WO01_ST25

gtactcatag
ttgttgtaaa
cagttatatt
aactaatatc
tatatgaaaa
agcaaattga
aaaattcacc
ttggacattt
tgaatttaga
gaactgcaga
aagagagaaa
ccgaaggaat
attactgtgg
agagattata
aaactcatgt

acaaattaat

Clostridium autoethanogenum

aaattaggat
cctctagctg
aatagggaaa
gaagttaaag
agatctttag
aagttttcca
atgaatcttg
atgatgacta
gtagtaattg
gcaggcagaa
ggagcaactg
actcatggta
caagcagtaa

ggtgatactt
Page 15

aattgattaa
ttaacattta
gaggaggcca
tgtgccaagc
aattttggaa
agatgatcct
aaattcgttt
aaaatctatg
tgaagatgct
catgaagttt
ctttaaggga
gattgctgca
tatgataata
tataggtagt
aggggaatct

ggaatgtaat

ggattgaaaa
tatccccatg
atatgatttt
attttaaagt
aagtccaagc
attttaaaga
ccatactccc
ctggttttca
gtataggagc
ttatcggtgt
atattgtaaa
aaggtgtaga
ctatggttaa

taccaatacc

aaaatgaatt
tataaaaata
aaaatgagct
atatctggta
ataccttatt
ttaggaagaa
atactttcag
gcttttgatg
atggaggatt
ggagtggccc
aacttattac
gctccatttc
tcagagccaa
gtaggtaaaa
ttaagaggat

ccagatctct

gaaaaaccca
tacatcagat
aggccatgaa
tggcgataga
tggttttcag
tggtgtattt
agatgaaata
tggagcagaa
tgttggatta
tggaagcaga
ttataaaaat
ccgtgtaatc
acctggcggce

tcgtgttcaa

1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2310

60
120
180
240
300
360
420
480
540
600
660
720
780
840
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tggggctgcg gcatggctca caaaactata agaggaggat tatgccccgg cggacgtctt
agaatggaaa tgctaagaga tcttgttcta tataaacgtg ttgatttgag taaacttgtt
actcatgtat ttgatggtgc agaaaatatt gaaaaggccc ttttgcttat gaaaaataag

CCaaaagatt taattaaatc agtagttaca ttctaa
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900
960
1020
1056



