<110>

<120>
<130>
<140>
<141>
<160>
<170>
<210> 1
<211>
<212>
<213>
<400> 1

atggatagtc
gacatacttt
ctgggggctg
tttttccttg
aagatcaacg
ggcgaaaccg
gatcaggaac
atcacggaca
gcecggtttgce
accaaggggc
ctgctgctca
ggcggcgcag
cagaagtatg
ctcctgacac
ggctgccgca
gagcgacagc
gcgggctttg
gaatcggcgc
ttcceggtgce
gccgecgtgt
gactcggccg
gaggtggaat
cgggccgtec
cgcaagctcg
cgcgacctgce
atttgtgtgc
gcgggcaagg
aggaccagtc
aaattccccg
ttcgatctcg
acaagatga

194

DNA

<210> 2

<211l> 602
<212> PRT
<213>
<400> 2

1809

gtatcacgac
gggatgttca
ggttgaagct
acaagccgtc
gctatcaggc
acccgaatgg
cggcgatgct
tcatcgcgca
ccagtcagga
cggtgttctt
agcccgaaca
ggttctcgac
taatctgcaa
gcgctcccaa
agggtatcgt
ttcaggaact
atttcgatat
tcatcgagtc
agcaagggta
cgcggatcat
gcacccggct
ggggggtcac
agatcagcgg
cgtacgaaga
tggaaatcgt
catgtcgcgce
cctgccagaa
gatgtggcct
agatctatca
ataccgcctt

SEQUENC
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Ralstonia eutropha H16

aatactcgag
gcatgagtat
gtccccgetg
gggcaagtat
ggtgcgtgag
gatgtttggc
gatcgataag
gttgaaacaa
catcgcctat
ccgtggeegg
agtgattgag
cgggctgaag
cgccgacgaa
gaaggttttc
ctatctgcgg
tcgggaggac
ccgtattcag
ctgcgagggg
tctgggcaag
ggaggaaggc
gctgagcgtg
cctcaacgaa
tcctteceggt
tctttegtge
gcgtgaccac
cggcaacgtt
ggatctggac
tggggccaca
gaacaagctg

gggcgggtat

Ralstonia eutropha H16

Met Asp Ser Arg Ile Thr Thr Ile

1

Thr Arg Leu Ile Asp Ile

Ile Pro Asp Ala Val Leu

35

Pro Leu Asp Ile Arg Glu

50

5

20

Leu Trp
Pro Gln
40

Thr Ala
55

E LISTING

cgctaccgcet
gggcacattc
gacattcgcg
cggatttact
gcgctcgaac
ctgttcgaca
gtggtattca
ggacgatcgc
gtcgatgcca
acggatttga
accatcgtcg
tggcggctgt
ggtgagcccg
gtcggaatgg
ggggaatact
gggttgctgg
atgggggccg
aaacggggca
cccaccagcg
gcggactggt
gctggcgatt
gtgctggcga
gaatgegtgt
aatggcgcect
atgcagttct
gatctgcacc
gatatggtca
tcgcccaagce
gtgaggcacg
gagaaggcgc

Leu Glu Arg

10
Asp Val Gln
25

Leu Gly Ala

Ser Phe Tyr

cagaccgtac
ccgatgcggt
aaacggcgtc
tgtgcaattc
gcgagactgg
cccectgtat
ccecgectgeg
cggccgagat
tggtcgagtc
gatctttgct
actccaggct
gtcgggatgce
gcacgttcaa
ttatcgccgce
tctacctcaa
ggcgcgctat
gcgcttatat
cgccacgggt
tcaacaacgt
tccgggecgat
gcagcaagcc
tggtcggagc
cggtggcaaa
tcaccatttt
tcgtcgaaga
ggaaggtcga
gttggggagc
ccatcctgac
agggcccgcet
tgaaggatct

Tyr Arg Ser

His Glu Tyr

30
Gly Leu
45

Lys

His Phe Phe

60
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acggctgatc
actgccgcaa
gttctaccac
cgtgattgcc
gattcgcttc
cggactcagc
acccggaaag
cgcgaacccg
caatgtccgc
cgaccaatgc
gcgcggacgt
cgaaagcgag
ggatagggtc
gtatgcgatc
ggattatctg
cggtggccgg
ctgcggcgac
gaaacctccg
tgagaccttt
gggaacgcca
tggcatctac
gcgggacgcg
ggacggtgag
caactgcaag
gtcctgcggce
atgggtcatc
gctggtgcgg
gacgctggag
gctgccatcg
ggaagaggtg

Asp Arg
15
Gly His

Leu Ser

Leu Asp

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

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1809



Lys

65

Lys

Gly

Asp

Asp

Ile

145

Ala

Serxr

Leu

Ile

Phe

225

Gln

Lys

Met

Leu

Gln

305

Ala

Ile

Gly

Gly

Arg
385

Pro

Ile

Ile

Thr

Lys

130

Ala

Gly

Asn

Arg

Glu

210

Ser

Lys

Asp

Val

Arg

290

Glu

Gly

Cys

Thr

Lys

370

Ile

Ser

Asn

Arg

Pro

115

Val

Gln

Leu

Val

Ser

195

Thr

Thr

Tyr

Arg

Ile

275

Gly

Leu

Phe

Gly

Pro

355

Pro

Met

Gly

Gly

Phe

100

Cys

Val

Leu

Pro

Arg

180

Leu

Ile

Gly

val

Val

260

Ala

Glu

Arg

Asp

Asp

340

Arg

Thr

Glu

Lys

Tyr

85

Gly

Ile

Phe

Lys

Ser

165

Thr

Leu

vVal

Leu

Ile

245

Leu

Ala

Tyr

Glu

Phe

325

Glu

Val

Ser

Glu

Tyr

70

Gln

Glu

Gly

Thr

Gln

150

Gln

Lys

Asp

Asp

Lys

230

Cys

Leu

Tyr

Phe

Asp

310

Asp

Sexr

Lys

Val

Gly
390

Arg

Ala

Thr

Leu

Arg

135

Gly

Asp

Gly

Gln

Ser

215

Trp

Asn

Thr

Ala

Tyr

295

Gly

Tle

Ala

Pro

Asn

375

Ala

Ile

val

Asp

Ser

120

Leu

Arg

Ile

Pro

Cys

200

Arg

Arg

Ala

Arg

Ile

280

Leu

Leu

Arg

Leu

Pro

360

Asn

Asp

Tyr

Arg

Pro

105

Asp

Arg

Ser

Ala

Val

185

Leu

Leu

Leu

Asp

Ala

265

Gly

Lys

Leu

Ile

Ile

345

Phe

vVal

Trp

Leu

Glu

90

Asn

Gln

Pro

Pro

Tyr

170

Phe

Leu

Arg

Cys

Glu

250

Pro

Cys

Asp

Gly

Gln

330

Glu

Pro

Glu

Phe

Cys

75

Ala

Gly

Glu

Gly

Ala

155

Val

Phe

Leu

Gly

Arg

235

Gly

Lys

Arg

Tyr

Arg

315

Met

Ser

Val

Thr

Arg
395

Asn

Leu

Met

Pro

Lys

140

Glu

Asp

Arg

Lys

Arg

220

Asp

Glu

Lys

Lys

Leu

300

Ala

Gly

Cys

Gln

Phe

380

Ala

Ser

Glu

Phe

Ala

125

Ile

Ile

Ala

Gly

Pro

205

Gly

Ala

Pro

val

Gly

285

Glu

Ile

Ala

Glu

Gln

365

Ala

Met

Val

Arg

Gly

110

Met

Thr

Ala

Met

Arg

190

Glu

Gly

Glu

Gly

Phe

270

Ile

Arg

Gly

Gly

Gly

350

Gly

Ala

Gly

Ile

Glu

95

Leu

Leu

Asp

Asn

Val

175

Thr

Gln

Ala

Ser

Thr

255

Val

vVal

Gln

Gly

Ala

335

Lys

Tyr

vVal

Thr

Ala

80

Thr

Phe

Ile

Ile

Pro

160

Glu

Asp

Val

Gly

Glu

240

Phe

Gly

Tyr

Leu

Arg

320

Tyr

Arg

Leu

Ser

Pro
400



[8)

Asp Ser Ala Gly Thr Arg Leu Leu Ser Val Ala
405 410
Pro Gly Ile Tyr Glu Val Glu Trp Gly Val Thr
420 425
Ala Met Val Gly Ala Arg Asp Ala Arg Ala Val
435 440
Ser Gly Glu Cys Val Ser Val Ala Lys Asp Gly
450 455
Tyr Glu Asp Leu Ser Cys Asn Gly Ala Phe Thr
465 470 475
Arg Asp Leu Leu Glu Ile Val Arg Asp His Met
485 490
Glu Ser Cys Gly Ile Cys Val Pro Cys Arg Ala
500 505
His Arg Lys Val Glu Trp Val Ile Ala Gly Lys
515 520
Leu Asp Asp Met Val Ser Trp Gly Ala Leu Val
530 535
Cys Gly Leu Gly Ala Thr Ser Pro Lys Pro Ile
545 550 555
Lys Phe Pro Glu Ile Tyr Gln Asn Lys Leu Val
565 570
Leu Leu Pro Ser Phe Asp Leu Asp Thr Ala Leu
580 585
Ala Leu Lys Asp Leu Glu Glu Val Thr Arg
595 600
<210> 3
<211> 705
<212> DNA
<213> Ralstonia eutropha H16
<400> 3
atgagcattc aaattacgat cgacggcaag acgctcacga
gtggatgttg ccgcagagaa cggcgtttac atcccgacgce
ccctgcctecg gcacctgeceg ggtgtgttceg gtcaaggtga
tgtacggtgc gggtctcgaa gggcctgaat gtcgaggtca
atgcgcaagg cgctggtcga attcctgttc gcggaaggca
gagaagagcg gccgttgcca gttgcaggcg gtcggctacg
cgctttccgt accggttcec ggtccgegtg gtggaccacg
gagcgggatc ggtgcatctt ctgtcagcgc tgtgtcgagt
ggccggaaga tcttcagcat cagccatcgg ggtcccgagt
gaactggcga acgccatgcc gccggagcaa gtcaaagagg
ggcaccattc tcgagaaacg ggtcggttat gacgatccca
atccagtcgg tgcgcgcacg cgcgctggaa ggagaagaca
<210> 4
<211> 234
<212> PRT
<213> Ralstonia eutropha H1le6
<400> 4

Met Ser Ile Gln Ile Thr Ile Asp Gly Lys Thr

Gly Asp Cys

Glu
430

Leu Asn

Gln Ile

445

Ser

Glu
460

Arg Lys

Ile Phe Asn

Gln Phe Phe

Val
510

Gly Asn

Ala Cys Gln

525
Arg Thr
540

Arg

Leu Thr Thr

Arg His Glu

Gly Gly Tyr

590

ccgaggaagg
tgtgctacct
atggcaatgt
acgaccccga
accacaactg
aggtggacat
cgtccgaaaa
tcatccgcga
cgcgcatcga
cggttgcgat
tcggacgacg
aatga

Leu Thr Thr

Ser
415

Lys

Val Leu

Gly Pro

Leu Ala

Cys Lys

480

Val
495

Glu
Asp Leu
Lys Asp
Ser

Arg

Glu
560

Leu

Gly Pro

575

Glu Lys

acgaacgctg
caaggacaag
cgccgcggcea
attggtcgac
cccgagttgce
gatggtctcg
gatctggctc
caaggcaagc
gatcgatgcc
ctgcccggtg
caagtacgaa

Glu Glu

60
120
180
240
300
360
420
480
540
600
660
705



Gly Arg Thr

Thr Leu Cys

35
Ser Vval
50

Cys

val
65

Ser Lys

Met Arg Lys

Cys Pro Ser

Glu Vval

115

Tyr

Vval
130

Arg val

Cys Ile Phe

145
Gly

Arg Lys

Glu Ile Asp

Glu Ala Val

195
Gly Tyr Asp
210
Arg Ala
225

<210> 5

<211> 630
<212> DNA
<213>
<400> 5

atgagagccc
ccggegcetgg
tgctgggggt
aaagtcaccc
atcggcttcg
cgcgagaact
gcgatgcgcea
actgccgtcc
accaaggtct
ccggatggag
ttgccgagcet

<210> &6
<211l> 209

Leu Val

20

Tyr Leu

Lys Val

Gly Leu

Ala Leu

85
Cys Glu
100

Asp Met

His

Asp

Cys Gln

Asp

Lys

Asn

Asn

70

val

Lys

Met

Ala

Arg

val Ala

Asp Lys

40
Gly Asn
55

Val Glu

Glu Phe

Ser Gly

Val Ser

120
Ser Glu
135

Cys Val

150

Ile Phe

165

Ala
180

Glu
Ala Ile
Pro

Asp

Ala Leu

Ser

Leu

Cys

Ile

Glu

Ile Serxr

Ala Asn

Val
200

Pro

Gly
215

Arg

Gly Glu

230

cccacaaaga
ccgcgaaccg
gtaccttgtc
tcctceccgcetce
tggaaggtgg
gcgacatcct
acgtcttcga
cgggcgccaa
acccttgtca
atgccatctt
cgatcaatcg

Ralstonia eutropha H1l6

cgagattgcg
tgaaggcaag
ctttctecgac
gtcgctgacc
cgtctcgagce
gatttcggtc
gctgaaagat
ggccgtcecgtt
tgaggtggtc
caaggtgctg
ctacgattga

10

Ala
25

Glu Asn

Pro Cys Leu

vVal Ala Ala

Val Asn Asp

75

Phe
S0

Leu Ala

Arg Cys Gln

105
Phe

Arg Pro

Lys Ile Trp

Phe TIle

155

Glu

His Arg

170

Gly

Ala
185

Met Pro

Gly Thr Ile

Arg Lys Tyr

Asp Lys

tcgcacgaat
atcaaggtgg
atggacgagc
gatatcaaac
gaggagaaca
ggggcgtgceg
tgtctggcag
ccattccatc
aagatggatt
gacgatctgg

Gly Vval Tyr

30

Thr
45

Gly Cys

Ala Thr

60

Cys

Pro Glu Leu

Glu Gly Asn

Gln Ala

110

Leu

Tyr Arg Phe

125
Leu Glu
140

Arg

Arg Asp Lys

Pro Glu Ser

Glu Gln

190

Pro

Glu
205

Leu Lys

Glu
220

Ile Gln

tgcctgcgac
ccacgatcgg
ggctcctgcec
gaattccgga
tcgaaacgct
cggtgtgggg
aggcttatgt
ccgatatccc
atttcattcc
tgaatggacg

15

Ile Pro

Arg Val

Val Arg

Val Asp

80
His Asn
95

vVal Gly

Pro Vval

Asp Arg

Ala Ser

160
Arg Ile
175

Val Lys

Arg Val

Ser Val

gccgatggat
tctgtgcgge
gctgttggag
gcgctgtgcg
ggagcacttt
cggtgtgccg
caactcggcg
gaggatcacc
gggttgtccc
gccattcgat

60
120
180
240
300
360
420
480
540
600
630



<212> PRT
<213> Ralstonia eutropha H1lé
<400> 6
Met Arg Ala Pro His Lys Asp Glu Ile Ala Ser
1 S 10
Thr Pro Met Asp Pro Ala Leu Ala Ala Asn Arg
20 25
Val Ala Thr Ile Gly Leu Cys Gly Cys Trp Gly
35 40
Leu Asp Met Asp Glu Arg Leu Leu Pro Leu Leu
50 55
Leu Arg Ser Ser Leu Thr Asp Ile Lys Arg Ile
65 70 75
Ile Gly Phe Val Glu Gly Gly Val Ser Ser Glu
85 90
Leu Glu His Phe Arg Glu Asn Cys Asp Ile Leu
100 105
Cys Ala Val Trp Gly Gly Val Pro Ala Met Arg
115 120
Lys Asp Cys Leu Ala Glu Ala Tyr Val Asn Ser
130 135
Gly Ala Lys Ala Val Val Pro Phe His Pro Asp
145 150 155
Thr Lys Val Tyr Pro Cys His Glu Val Val Lys
165 170
Pro Gly Cys Pro Pro Asp Gly Asp Ala Ile Phe
180 185
Leu Val Asn Gly Arg Pro Phe Asp Leu Pro Ser
195 200
Asp
<210> 7
<211> 1467
<212> DNA
<213> Ralstonia eutropha H16
<400> 7
atgagcagaa aactggttat cgacccggtg acccgcatcg
gtgcacctgg atgacgacaa caaggtcgtc gacgcaaagc
ggctttgaaa agttcgttca gggccatccc ttctgggagg
atctgcggceca tctgtttcegt cagtcaccat ctgtgcgggg
gtcggcgteg gcecttgaagtc cggcatccat gtcaccccga
ctcggccact acgcgcagat gctccagtcce catacgaccg
ccggagatgc tgtttggcat ggacgcgccg cccgcacagce
gaggccaatc ccgacttggt gaagcgcgtc gtgatgttgc
atcaaggcgg tgttcggcaa gaagatgcac ggcatcaatt
aacaacctga gcatcgccga gcgcgaccgt ttcctgaacg
gtggatcagg tcatcgatta cgcgcaggat ggcctgcgcce
aaacaccggg cgcaggtcga tagtttcgcg gacgtgcccg
ggcgacgacg acaacgtgga ctactaccac ggcaggctga

His Glu Leu

Glu Gly Lys

30

Thr
45

Cys Leu

Glu
60

Lys Val

Pro Glu Arg

Glu Asn Ile

Ile val

110

Ser

val
125

Asn Phe

Ala Thr Ala

140
Ile

Pro Arg

Met Asp Tyr

Val Leu

190

Lys

Ile
205

Ser Asn

agggtcacgg
tgcacgtcgt
cgccgatgtt
ccaaggcgct
cggcggagaa
cctatttcta
gcaacgtgct
gcaaatgggg
cggtgccggg
gggaggaggg
tgttctacga
cgctcagcat
ggatcatcga

Pro Ala

15

Ile Lys

Ser Phe
Thr

Leu

Ala
80

Cys

Glu Thr

95

Gly Ala

Glu Leu

Val Pro

Ile Thr

160
Phe Ile
175

Asp Asp

Arg Tyr

caaggtggtg
ggagttccgg
cctgcagcecgce
ggatgacatg
aatgcgccgg
cctgatcgtg
cggcctgatc
acaggaagtc
aggcgtcaac
ccttcectgteg
cttccatcag
gtgcctggte
cgacgacaag

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



cacatcgtcc
gaatggagct
cgcgtggggc
gaggcgctgg
actaactggg
catgacccgg
ggtgaaggcg
gatgagcgcg
gtcatgaatc
accgagggca
tgcgcgacac
cgcctgatcg

gtgaattcga
acatgaagtt
cgcttggcceg
aacggttcca
cacgggccat
acctgcagaa
tcggcgtggt
gcaatatcac
gcacggtgcg
tgatgaatgc
acgccctggg
atgaacgcgc

ctatcacgac
cccctacctce
catgaacgtyg
cgcctacacg
cgagatcctc
ggatcagctg
cgaagcgcca
gttcgccaac
cagcgtcgcc
catcgaggtg
gcagatgccg
ccgctga

tatctggatc
aaggagcttg
acgaagtcgc
aaggggcgga
cacgccgcegg
gtgttgacac
cgcggtacct
ctggtcgtcg
gaggactacc
ggtattcgcg
ctggtggtct

atttctccga
ggagagagca
tccecgacacc
cgaacaacat
aggtggtcaa
cgccccccaa
tgcttcacca
ccaccaccca
tgggcggaca
cctacgatcc
cggtctttga

agcggtggag
gggatcggtg
gctcgcgcag
gacgctgcat
agaactgctg
tgcgtggaca
ttatcgtgcc
gaacaaccag
tggcgaaatc
atgcctgagc
¢gcggcgggyg

<210>
<211>
<212>
<213>
<400>
Met Ser Arg Lys Leu Val Ile Asp

1

Gly

Lys

His

Cys

65

Val

Lys

Thr

Ala

Asp

145

Ile

Gly

Asn

Gln

Gln
225

Lys

Leu

Pro

50

Phe

Gly

Met

Ala

Pro

130

Leu

Lys

Gly

Gly

Asp

210

Val

8
4

88

PRT
Ralstonia eutropha H16

8

Val

His

35

Phe

vVal

Val

Arg

Tyr

115

Pro

Val

Ala

Val

Glu

195

Gly

Asp

5
Val val
20

Val val

Trp Glu

Ser His

Gly Leu

85
Arg Leu
100

Phe Tyr

Ala Gln

Lys Arg

Val Phe

165
Asn Asn
180

Glu Gly

Leu

Arg

Ser Phe

His

Glu

Ala

His

70

Lys

Gly

Leu

Arg

val

150

Gly

Asn

Leu

Leu

Ala
230

Leu

Phe

Pro

55

Leu

Ser

His

Ile

Asn

135

Val

Lys

Leu

Leu

Phe

215

Asp

Asp

Arg

40

Met

Cys

Gly

Tyr

val

120

Val

Met

Lys

Ser

Ser

200

Tyr

Val

Pro

Asp

25

Gly

Phe

Gly

Ile

Ala

105

Pro

Leu

Leu

Met

Ile

185

Val

Asp

Pro

Val

10

Asp

Phe

Leu

Ala

His

90

Gln

Glu

Gly

Arg

His

170

Ala

Asp

Phe

Ala

Thr

Asn

Glu

Gln

Lys

75

Val

Met

Met

Leu

Lys

155

Gly

Glu

Gln

His

Leu
235

Arg

Lys

Lys

Arg

60

Ala

Thr

Leu

Leu

Ile

140

Trp

Ile

Arg

Val

Gln

220

Sexr

Ile

Val

Phe

45

Ile

Leu

Pro

Gln

Phe

125

Glu

Gly

Asn

Asp

Ile

205

Lys

Met

Glu

Val

30

val

Cys

Asp

Thr

Ser

110

Gly

Ala

Gln

Ser

Arg

190

Asp

His

Cys

Gly

15

Asp

Gln

Gly

Asp

Ala

95

His

Met

Asn

Glu

val

175

Phe

Tyr

Arg

Leu

His

Ala

Gly

Ile

Met

80

Glu

Thxr

Asp

Pro

Val

160

Pro

Leu

Ala

Ala

Val
240

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1467



Gly Asp Asp

Asp Asp Asp

Phe
275

Asp His

Leu
290

Tyr Lys

Leu
305

Gly Arg

Glu Ala Leu

Met Thr Leu

Val
355

Ala Glu

Gln Leu Val

370

Gly val Vval

385
Glu

Asp Arg

Gln Asn Asn

Tyr Leu Gly

435
Glu val
450

Gly

Ala
465

Leu Gly

Arg Leu Ile

<210> 9

<211> 273
<212> DNA
<213>
<400> 9

atgtgcctag
gacctgagcg
gactacgtca
cgcacgctgce
catgggatga

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

10
90
PRT

Asn
245

Asp

Lys His

260

Ser Glu

Glu

Leu

Met Asn

val

Ile

Ala

Gly

Val

Asp Tyr

Val Arg

Glu
280

val

Arg Glu

295

Thr Lys

310

Glu Arg

325
His Thr
340

Val Lys

Thr

Leu

Glu Ala

Phe

Asn

Glu

Pro

Pro

His Ala

Ala

Trp

Leu
360

Leu

Pro Pro

375

Arg Gly

390

Asn
405

Gly

Gln
420

val
Gly His
Ile Arg

Gln Met

Ile

Met

Gly

Ala

Pro

Thr Phe

Asn Arg

Glu Ile

440

Tyr
455

Asp

Leu Val

470

Glu
485

Asp

cgattcccge
gtgtacgtaa
tcgtgcatgt
gtctgttcge
acattcatca

Arg

Ala Arg

Ralstonia eutropha H1é

acgtttggtg
gaccatatct
cggctacgcg
ggaattggag
ggagccggca

Ralstonia eutropha H16

His
250

Tyr Gly

Glu
265

Phe Asp

Glu Trp Ser

Gln Gly Ser

Ser Leu Pro

315

Thr
330

Tyr Lys

Arg Ala Ile

345

His Asp Pro

Asn Ala Trp

Thr Leu

395

Leu

Ala Asn Leu

410

Thr
425

Val Arg

Thr Glu Gly

Pro Cys Leu

val Val

475

Ser

gaactgcaag
ctcgcgctga
attggcaaga
cgagtgcagc
tga

Arg Leu Arg

Tyr His Asp

270

Met
285

Tyr Lys

Val Val

300

Arg

Thr Pro Leu

Gly Arg Thr

Glu Ile Leu

350
Leu Gln
365

Asp

Thr Glu

380

Gly

His His Tyr

Val Val Ala

Val Ala

430

Ser

Met
445

Met Asn

Ser Ala

460

Cys

Phe Asp Ala

cggaccagca
tggccgatgce
tcgatccaga
cgcctgegtce

Ile
255

Ile
Tyr Leu
Phe Pro
Pro

Gly

Gln
320

Ala

Asn Asn

335

His Ala

Lys Asp
Gly val

Ala
400

Arg

Thr
415

Thr

Glu Asp

Ala Ile

Thr His

Ala Gly

480

gggcgtagtc
cgtagtcggt
ggaagcagaa
cgagccgatg

60
120
180
240
273



<400> 10
Met Cys Leu Ala Ile Pro Ala Arg Leu Val Glu
1 5 10
Gln Gly Val Val Asp Leu Ser Gly Val Arg Lys
20 25
Leu Met Ala Asp Ala Val val Gly Asp Tyr Val
35 40
Tyr Ala Ile Gly Lys Ile Asp Pro Glu Glu Ala
50 55
Leu Phe Ala Glu Leu Glu Arg Val Gln Pro Pro
65 70 75
His Gly Met Asn Ile His Gln Glu Pro Ala
85 90
<210> 11
<211l> 1140
<212> DNA
<213> Ralstonia eutropha H16
<400> 11
atgaaataca tcgaagaatt tcgcgacggc gagctggcgce
cgcgctgagg cgcggccggg gcaacgctac aacttcatgg
catgccattt cgcgttacgg cgtgaccgaa ctgctgcccg
gggccgggct gcccagtgtg cgtgctgccg atcggccgcea
gcgctggagc gcgacgccat cgtctgcact tacggcgaca
gggggcatgt cgttgattcg ggccaaggcg cacggggccg
gccgctgatg cgctgaaaat tgcgcagcgg catccacagce
attggcttcg agactacaac gcctccaact gcgctgatta
caggtggata acttcagtgt gttgtgttgc cacgtgctta
atcctggagt cgcccgaggt gcgcgactat ggcactgtgce
ccggctcatg tgagtatcgt gatcggtacc cggccctatg
ggtaagccgg tggtgatcgc aggcttcgag ccgctcgatg
ttggtacgac aagtcaacag cggacgcgca gaggtggaaa
acccgcgatg gcaacgagag cgcgcaggcc atggtgtcgg
tctttcgagt ggcgaggact cggcgaggtg ccatatagcg
tttgcgcgtt tcgacgctga gcaacgcttce gatctgcgcet
aaggcttgcg aatgcggcgc gatcttgecgt ggcgtcaaga
ttcgctaccg tctgcacccc ggagaatccg atggggtcgt
gcctgcgecg cgcactattc gtatgggcgg ttcaaggata
<210> 12
<211> 379
<212> PRT
<213> Ralstonia eutropha H16
<400> 12
Met Lys Tyr Ile Glu Glu Phe Arg Asp Gly Glu
1 5 10
Ala Ala His Val Arg Ala Glu Ala Arg Pro Gly
20 25
Met Glu Phe Cys Gly Gly His Thr His Ala Ile
35 40
Thr Glu Leu Leu Pro Glu Asn Val Arg Met Ile
50 55
Pro Val Cys Val Leu Pro Ile Gly Arg Ile Asp
65 70 75

Leu Gln Ala

Thr Ile Ser

30
Ile val
45

His

Glu Thr

60

Arg

Ala Ser Glu

aacgcattgc
agttctgegg
agaacgtgcg
ttgacctagc
cgatgcgggt
acatccgcat
gcgaggtggt
ttcgcgaggce
cgccgtecggce
ccatcgacgg
agcatttttc
tgatgcaagc
atgagttcgt
aagtgttcga
ccttgcgcat
accggccggt
agccaaccga
gcatggtatc
tccecettggt

Leu Ala Gln

Gln Arg Tyr
30

Ser Arg

45

Tyxr

His
60

Gly Pro

Leu Ala Leu

Asp Gln

15

Leu Ala

Val Gly

Leu

Arg

Met
80

Pro

ggcgcacgtt
cggacacacg
gatgattcac
gctgcatctg
gccggecctcg
ggtctactcg
gttccttgec
gaaggcgcgce
cattacccac
attcgttggg
acgcgagtac
cattctgatg
gcgcgcectgtce
gctgcggccg
ccgcgecgcag
gcctgacaat
ctgcaagctg
cagcgaaggt
ggcagcatga

Arg Ile

15

Asn Phe

Gly Val
Gly Cys

Leu
80

His

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

1020
1080
1140



Ala

val

Ala

Gln

Thr

145

Gln

Ala

Val

Gly

Val

225

Leu

Val

Ser

Glu

Asp

305

Lys

Asp

Ser

Gly

Leu

Pro

Asp

Arg

130

Thr

vVal

Ile

Pro

Thr

210

Ile

Vval

Arg

Glu

Val

290

Ala

Ala

Cys

Cys

Arg
370

<210>
<21l1>
<212>
<213>
<400>

Glu

Ala

Ile

115

His

Thr

Asp

Thr

Ile

195

Arg

Ala

Arg

Ala

val

275

Pro

Glu

Cys

Lys

Met

355

Phe

13
1056
DNA

Arg

Ser

100

Arg

Pro

Pro

Asn

His

180

Asp

Pro

Gly

Gln

Val

260

Phe

Tyr

Gln

Glu

Leu

340

Val

Lys

Asp

85

Gly

Met

Gln

Pro

Phe

165

Ile

Gly

Tyr

Phe

val

245

Thr

Glu

Ser

Arg

Cys

325

Phe

Ser

Asp

Ala

Gly

val

Arg

Thr

150

Ser

Leu

Phe

Glu

Glu

230

Asn

Arg

Leu

Ala

Phe

310

Gly

Ala

Ser

Ile

Ile

Met

Tyr

Glu

135

Ala

val

Glu

Val

His

215

Pro

Ser

Asp

Arg

Leu

295

Asp

Ala

Thr

Glu

Pro
375

Val

Ser

Ser

120

Val

Leu

Leu

Ser

Gly

200

Phe

Leu

Gly

Gly

Pro

280

Arg

Leu

Ile

val

Gly

360

Leu

Ralstonia eutropha H16

13

Cys

Leu

105

Ala

Val

Ile

Cys

Pro

185

Pro

Ser

Asp

Arg

Asn

265

Ser

Ile

Arg

Leu

Cys

345

Ala

Val

Thr

90

Ile

Ala

Phe

Ile

Cys

170

Glu

Ala

Arg

val

Ala

250

Glu

Phe

Arg

Tyr

Arg

330

Thr

Cys

Ala

Tyr

Arg

Asp

Leu

Arg

155

His

Val

His

Glu

Met

235

Glu

Ser

Glu

Ala

Arg

315

Gly

Pro

Ala

Ala

Gly

Ala

Ala

Ala

140

Glu

val

Arg

Val

Tyr

220

Gln

val

Ala

Trp

Gln

300

Pro

val

Glu

Ala

Asp

Lys

Leu

125

Ile

Ala

Leu

Asp

Ser

205

Gly

Ala

Glu

Gln

Arg

285

Phe

Val

Lys

Asn

His
365

Thr

Ala

110

Lys

Gly

Lys

Thr

Tyr

190

Ile

Lys

Ile

Asn

Ala

270

Gly

Ala

Pro

Lys

Pro

350

Tyr

Met

95

His

Ile

Phe

Ala

Pro

175

Gly

Val

Pro

Leu

Glu

255

Met

Leu

Arg

Asp

Pro

335

Met

Ser

Arg

Gly

Ala

Glu

Arg

160

Ser

Thr

Ile

val

Met

240

Phe

Val

Gly

Phe

Asn

320

Thr

Gly

Tyr



atgagcggca
gacatgggcc
gctgcgtttg
gccggggecea
gggggtgaca
gccaaaccgc
cttaagcgca
acgggtgaca
ggcgtcggeg
gctattctgce
tcgcttgaat
cagatgctgg
gcgaccacgc
gcgatccceg
tacgtggcga
cttgccgcca
gaggacgggc
tggctgtccg

14
351
PRT

<210>
<211>
<212>
<213>
<400> 14
Met Ser Gly
1

Ser Gly Arg

Ile
35

Gln Leu

Gln
50

Arg Gly

Met Val Met

65

Gly Gly Asp

Ala Met Ala

Glu Glu Gly

115

Ala Gly Ala

130

Lys Val val

145

Gly val Gly

Arg Pro Gly

Val Ala Ile

1985

ccgttaaact
acggcgcggg
acaatgagtg
gaatggtgat
tcggtagcect
tgtatctggc
ttgtcgaatc
cgaaagtggt
tggtgccagc
tctctggcac
ttgacactga
ccgtggtgcec
tcaacgaaat
tcctgccaca
acgaaggtaa
tgcgggggcea
gccactttgt
gcgagcagct

Thr
5

Ile
20

Asp

Gln Glu

Asn Asp

Ala Thr

Ile Gly

85
Gly Ala
100

Phe Pro

Ala Arg

Glu Gln

Val Lys

Met

Leu

Gln

Asp

70

Ser

Lys

Leu

Glu

Gly

gggctatcaa
ggggcgcgcea
gctgcgccag
ggccaccgac
gtcggtgcac
cgcgagtttc
gatggccggg
cgagcaaggc
gggcattcta

tatgggggag
gatccgctcg

gggggtacga
ttccagtcaa
ggtggacgcg
attggttgcc
tccgecteggt
gcagatgcgc
tccgcgcecatt

Ralstonia eutropha H16

Leu Gly

Gly His

Phe Val

40

Ala
55

Ala

Ala His

Leu Ser

Pro Leu

Ala Asp

120

Ala
135

Gly

Lys Gly

150

val
165

Val

Asp Ala

180

Leu Ser

Pro

Ile

Lys

Ala Gly

Leu

Leu

Glu
200

Arg

cggcccctga
gccgcacaac
ggcaacgacc
gcgcacgtgg
ggcaccatta
atcctcgagg
gctgcgcgtg
aagggtgatg
atcgacggcg
catggcgtag
gacagcgccg
gtgctgcggg
tcgggagtgg
gcatgcgagc
atttgcgcag
cgcgaggcac
acaaaattcg
tgttga

Gln
10

Tyr Arg

Gly Ala

25

Gly

Ala Ala Phe

Phe Ala Met

Val val Ser

75
Val His
90

Gly

Tyr Leu Ala

105

Leu Lys Arxrg

Val Pro Ile

Val
155

Asp Gly

Ile Leu Ile

170
Ser Thr
185

Gly

Ser Leu Glu

acatcaagag
ttatccagga
aggcggcttt
tgtcgeccgcet
acgatgtggc
aagggtttcc
aggctggcgt
gcgtattcat
ccggggccag
cgatcctgtc
cgctgcacga
atcctacgcg
gcatggtgtt
tgctcgggct
ctgcggacgc
ggcgcatcgg
gcgggatgcg

Pro Leu Asn

Ala
30

Gly Arg

Asn Glu

45

Asp

Pro Ala

60

Gly

Pro Leu Phe

Thr Ile Asn

Ala Phe

110

Ser

Ile Val

125

Glu

Val
140

Thr Gly

Phe Ile Thr

Asp Gly Ala

Met Glu

190

Gly

Phe Asp Thr

205

cggcagaatc
actgttcgtt
cgccatgcecct
attcttcccc
gatggccggt
gctagcggat
gcctatcgtg
taccactacc
gcccggcgac
caaacgcgag
cttggtggca
cggcggactyg
ggacgaagcg
tgatccgcectg
ggatgccctg
agaggtcatc

cgtggtggac

Ile
15

Lys

Ala Ala

Trp Leu

Ala Arg

Phe Pro

80
Asp Val
95

Ile Leu

Ser Met

Asp Thr

Thxr Thr

160
Gly Ala
175

His Gly

Glu Tle

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

1020
1056



Ser
210

Axrg Asp

Val
225

Val Pro

Ala Thr Thr

Leu Asp Glu

Glu Leu

275

Leu

val Ala

290

Ile

Arg His

305

Gly

Glu Asp Gly

Arg Val Vval

<210>
<211>
<212>
<213>
<400> 15

atgcatgagc
gaacgatttg
gtacgcgcgc
tgtatcgaga
gctttggegg
gcggggaccg

15
360
DNA

<210>
<211>
<212>
<213>
<400> 16
Met His Glu
1

16
118
PRT

Ala Ala Arg

Ala Gly Lys

35
Glu Ala
50

Ile

Glu
65

Glu Pro

Ala Leu Ala

Leu Gln Pro

Ser Ala Al

vVal Ar

23

Gly

Asn Gl

245

Leu

Ala
260

Ala TI1

Gly Leu As

Cys Ala Al

Gl
31

Pro Leu

His
325

Arg

Asp Le

340

Trp

tcagcctggce
ctcgggtcac
tgcgtttcgce
tcgaggaacc
agcgtggcegce
agttgcgtgt

Leu Ser
5

Arg Glu Ar

20
Gl

Leu Cys

Ala Ser Gl

Glu Gl

70

Gly

Glu Arg Gl

85

Thr Ala

Phe

Leu

Gly

a Leu His

215
g Val Leu
0

u Ile Ser

val

e Pro

Leu
280

p Pro

a Ala
295

Asp

y Arg Glu

0

Val Gln

u Ser Gly

Ralstonia eutropha H16

gggtggcatc
gctcttgcgce
gctcgaggcec
tgagggacag
accatgcagc
tatggacatg

Ralstonia eutropha H16

Ala Gly
g Phe Ala

Glu
40

y Val

y Thr
55

Cys
n Ala Trp
Pro

y Ala

Thr Glu

Asp

Arg

Ser

Leu

265

Tyr

Ala

Ala

Met

Glu
345

Gly

Arg

25

val

Leu

Cys

Cys

Leu

Leu Val

Pro
235

Asp

Gln
250

Ser

Pro Gln

Val Ala

Asp Ala

Arg Arg

315
Arg Thr
330

Gln Leu

ttgcagttgce
ctcgaggcag
attgcttcgg
gcctggtgcec
ggatgcggcg
ctggtcgaag

Ile
10

Leu
Val Thr
Arg Ala
Glu Gly

Gln
75

Leu

Ser
90

Gly

Arg Val

Ala Met

220

Gln

Thr Arg Gly

Gly val Gly

Ala
270

Val Asp

Glu
285

Asn Gly

Leu Leu Ala

300
Ile

Gly Glu

Lys Phe Gly

Ile
350

Pro Arg

tcgaagacgc
gcaagttgtg
gaacctgcct
tgcagtgcaa
gctaccggct
atcactggtg

Gln Leu Leu

Leu Leu Arg

30
Phe

Leu Arg

45

Ala
60

Cys Ile

Cys Asn Ala

Cys Gly Gly

Met Asp Met

Leu Ala

Leu
240

Gly

Met Val

255

Ala Cys

Lys Leu

Ala Met

vVal Ile

320
Gly Met
335

Cys

tgcgcggecgce
tggcgtggag
ggagggcgcet
tgcagcggtt
ccagcccact
tcctgaatga

Glu
15

Asp

Leu Glu

Ala Leu

Glu Ile

Ala Val

80

Tyr
95

Arg

Leu Val

60
120
180
240
300
360



100

Glu Asp His Trp Cys Pro Glu

115

<210>
<211>
<212>
<213>
<400> 17
atgtgcgtca
ggcgaacatg
catgtacgga
tctgtgccgg
aacaatcgcc
aatctcgttt
ttgcggcggt
catgacgcag
ggctgtcatc
gcggcacatg
gaccacgagc
ttgttcatag
gcgaaggtgg
atgttcgccg
ttcgatgtag
cagctgtecgg
ggcgcggcgg
gaggccggaa
atgtga

17
1086
DNA

<210>
<211>
<212>
<213>
<400> 18
Met Cys Val
1

18
361
PRT

Asp Glu

Thr Glu

35

Gly

Gly Asp Leu

50

Leu Ser Gln

65

Asn Asn Arg

Val Leu Ala

Leu Leu Cys

115

Gln Leu Ala

130
Arg

Ile Arg

tatgtggatg
ctceccggecg
tcgatgcgtce
gtctcagtca
ttgctgcaca
ccagtccggg
gccgtgcgga
agcgcatccg
tcgatgcgcect
cgcacaccca
atgctcgcca
aaaacgtcgg
cgatcctgtc
ccgccagcct
cacgctgcat
ccgcgacagyg
caggggctgc
tcgctgccct

Ile

5
Lys Gly
20

Pro Pro

His Tyr
Ala Arg

Ala
85

Leu

Leu Asn

100

Thr Thr

Val Ile

Ala Thr

Cys Gly

Glu

Gly

Gly

Ala

70

Ala

Leu

Ile

Glu

Gly

Ralstonia eutropha H16

caataccaat
tggcctcgtce
caccggtgat
agcgcgtgcg
caaccgtcag
gtcgggcaag
cctgcagctg
ggccacgggt
aatggttgcc
tgagcaccgt
cgatcaccac
caatctggtg
ggtgaccgag
gatgatcctg
cgaatatgcg
agagggcgtg
tgccgcaacg
cggaacgcag

Ralstonia eutropha H16

Cys Asn

His Ala

Ala Ala

40

Ala
55

Gly

Ile Lys

His Asn

Val Ser

Glu Ala

120

Gly
135

Asp

Val Pro

105

cacgagactg
gataccggca
ctgcactacg
atcaaactgg
catttcgteg
acgaccttgc
gccgtgatcg
gtacctgcga
aatgcgtacg
caagaggacg
gatcaccgat
tgccectgcaa
ggcgaggaca
aacaagatcg
cggcaagtca
gacgagtggc
gatggcgcgce
ttggctcceccg

Thr Asn His

10

Pro
25

Gly Arg

His Vval Arg

Pro Ala His

Glu Gln

75

Leu

Gln
90

Arg His

Ser Pro

105

Gly

Leu Arg Arg

Gln Gln Thr

Ala Ile Gln

110

cccggcaaga
ccgagccgcec
gecgcggggcec
aacaggacgt
cacatggtgt
tctgcactac
agggcgacca
tccagatcaa
agcgcctccec
gacagcattc
ccagcggcat
tgtgggatct
agccgctcaa
acctgctgcecce
atccgcacct
tagactggat
gcatgcgtat
gtccggcggt

Glu Thr Ala

Val
30

Gly Leu

Ile Asp Ala

45
vVal val
60

Sex

Asp Val Leu

Phe Vval Ala

Ser Gly Lys

110

Cys Arg Ala

125
Sexr His
140

Asp

Ile Asn Thr

cgagaataag
gggcgcggeg
ggcgecacgtg
gctgggtcac
gcttgcactg
catcgaagcc
gcagaccagt
taccggcaag
cttgcacgcecce
ccaccatcat
cggcagcgtc
gggcgaatcc
gtatcccgac
acatctgcgce
tcaggtgctg
gctggccggce
cgccgecgceccg
gtcgaaggag

Arg Gln

15

Asp Thr

Ser Thr
Pro

Gly

His
80

Gly

His
95

Gly
Thr Thr
Asp Leu
Ala Glu

Gly Lys

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

1020
1080
1086



145

Gly Cys His

Pro Leu His

Gln
195

Asp Gly

His
210

His Asp

Asn Val

225

Gly

Ala Lys Val

Lys Tyr Pro

Ile Leu

275

Asp

Ala
290

Tyr Arg

Ala
305

Thr Gly

Gly Ala Ala

Ile Ala Ala

Pro
355

Pro Gly

<210>
<211>
<212>
<213>
<400> 19

atgcgagcgce
tggctgaaga
ggcgatcttg
gacagcgctc
acgcaactcg
catcacgcgc
ttggcgctgg
tgggtttctc
ggcgacgtgg
cgtacgggcg
gtggcagcga
ttcgacgccg
gcgatcgccc
gtcggtacgt
ctgtttgcege
catgtggcgce
ctgaagaccg

19
1185
DNA

150

Leu Asp

165

Ala
180

Ala
His Ser
His

Arg

Asn Leu

Ala

Ala

His

Ser

val

Leu Met

Ala

His

His
200

His

Ser
215

Gly

Cys Pro

230

Ala Ile

245
Asp Met
260

Leu Pro

Gln Vval

Glu Gly

Leu

Phe

His

Asn

Val

Ser Val

Ala Ala

Leu Arg

280
Pro His
295

Asp Glu

310

Ala Gly

325
Pro Glu
340

Ala Val

agaccttgcc
atgccgcecatg
gagatccggce
acggccaggt
cgcaacgcct
acatcgccgce
acggcgtcgg
cgtcagagtg
cagcgcgcga
agatcgggcg
tgctggaacg
cggcgggtgce
tggaggcgct
acgtcgtgga
tggccgatga
tcgccgaggce
tggccctggg

Ala

Ala

Ser

Ala Ala

Gly Ile

Glu
360

Lys

Ralstonia eutropha H16

agccggcagce
cctgttgegg
caactgcgat
gcaggcggtg
ggcggctcgg
gctgatggcg
tcttggcacg
gtgtcgcettg
accctggcegce
gcgctacggce
gcaactcaac
gctgggtgtc
tgcggccgac
tcaggacgga
gggtcaggcg
tctggtgggg
cggtggatgt

155

Ala
170

Val Asn

His Thr His

185
Glu

Asp His

Ile Gly Ser

Ala Met Trp

235

Glu
250

Thr Gly

Ala Ser

265

Leu

Phe Asp Val

Leu Gln Vval

Trp Leu Asp

315

Thx
330

Ala Asp

Ala Ala

345

Leu

Met

gaccatgcgc
ggcgccgagyg
gcgcttgacc
gcgcatgatc
ctttgcgtgce
gaatacgatc
gatggtacgg
gggcatctcc
atggcagccg
gccgttgtag
tgtccacgat
agtgtgcggce
tatctgtccg
gttctggatc
gggcaagcgg
tgggccgcetg
ttcatgaatg

Ala Glu

Tyr

Glu His Arg

190

Ala
205

His Arg

Val
220

Leu Phe

Asp Leu Gly

Glu Asp Lys

Met Ile Leu

270
Ala Arg
285

Cys

Leu Gln Leu

300
Met

Trp Leu

Gly Ala Arg

Thr Gln

350

Gly

cggtgctggce
tcctctggte
agtcggtcga
tgcacccgga
cggcagtggc
tgagagaacc
cttggggtgg
agtcgctgcecce
cagcgctaca
gtgagcaggc
ccagtagcgce
agcaggccga
cgctgtcgcec
tgcgtgggct
¢gcggggcgce
acgcagcgca
gcattttgag

160
Arg Leu
175

Gln Glu

His Asp

Ile Glu

Glu Ser

240
Pro Leu
255

Asn Lys

Ile Glu

Ser Ala

Ala Gly

320

Met
335

Arg

Leu Ala

ttgcggtgca
cccgatacat
acagttactt
tttctatage
cgtccagcac
cgtgatcggce
ggagttgcta
gctgecctggce
tgtgctggac
ggcccgtacc
cgggcgctgg
ggcgcaggct
gcctgaatgc
gctggagcag
ggcgctgttce
gggccacgga
cgccagcgtg

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

1020



14

caagccggat tggcagcgcg aggtttgcaa gcgttgctge cgcgecgeggt atcgtgegge 1080
gatgcagggc tcgcgctggg gcaagcctgg gtcgeggcecce gccagecctac ggctgccctg 1140

gcgccgcaaa cgcatctaca ggaggagggc gcgccatgtg cctag 1185
<210> 20
<211> 394

<212> PRT
<213> Ralstonia eutropha H16

<400> 20
Met Arg Ala Gln Thr Leu Pro Ala Gly Ser Asp His Ala Pro Val Leu
1 5 10 15

Ala Cys Gly Ala Trp Leu Lys Asn Ala Ala Cys Leu Leu Arg Gly Ala
20 25 30

Glu val Leu Trp Ser Pro Ile His Gly Asp Leu Gly Asp Pro Ala Asn
35 40 45

Cys Asp Ala Leu Asp Gln Ser Val Glu Gln Leu Leu Asp Ser Ala His
50 55 60

Gly Gln Val Gln Ala Val Ala His Asp Leu His Pro Asp Phe Tyr Ser
65 70 75 80

Thr Gln Leu Ala Gln Arg Leu Ala Ala Arg Leu Cys Val Pro Ala Val
85 90 95

Ala Val Gln His His His Ala His Ile Ala Ala Leu Met Ala Glu Tyr
100 105 110

Asp Leu Arg Glu Pro Val Ile Gly Leu Ala Leu Asp Gly Val Gly Leu
115 120 125

Gly Thr Asp Gly Thr Ala Trp Gly Gly Glu Leu Leu Trp Val Ser Pro
130 135 140

Ser Glu Trp Cys Arg Leu Gly His Leu Gln Ser Leu Pro Leu Pro Gly
145 150 155 160

Gly Asp Val Ala Ala Arg Glu Pro Trp Arg Met Ala Ala Ala Ala Leu
165 170 175

His Val Leu Asp Arg Thr Gly Glu Ile Gly Arg Arg Tyr Gly Ala Val
180 185 190

Val Gly Glu Gln Ala Ala Arg Thr Val Ala Ala Met Leu Glu Arg Gln
195 200 205

Leu Asn Cys Pro Arg Ser Ser Ser Ala Gly Arg Trp Phe Asp Ala Ala
210 215 220

Ala Gly Ala Leu Gly Val Ser Val Arg Gln Gln Ala Glu Ala Gln Ala
225 230 235 240

Ala Ile Ala Leu Glu Ala Leu Ala Ala Asp Tyr Leu Ser Ala Leu Ser
245 250 255

Pro Pro Glu Cys Val Gly Thr Tyr Val Val Asp Gln Asp Gly Val Leu
260 265 270

Asp Leu Arg Gly Leu Leu Glu Gln Leu Phe Ala Leu Ala Asp Glu Gly
275 280 285



Ala
290

Gln Gly

Ala Glu Ala

305
Thr

Leu Lys

Ser Ala Ser

Leu Pro Arg

355
Val

Ala Trp

370
Gln

His Leu

385
21

342
DNA

<210>
<211>
<212>
<213>
<400> 21
atgcatgaga
gacggttttt
ccggaagcgc
cggctggaga
gcgatcggag
ggcggcacgg

<210>
<211l>
<212>
<213>
<400> 22
Met His Glu
1

22
113
PRT

Val Ala Gln

Ile Gly Arg

35

Glu
50

Glu val

Val
65

Asp Thr

Ala Ile Gly

Val Gln Pro

Ala

<210> 23

Gln Ala

Leu Val

Ala

Gly

Arg
295

Gly

Trp Ala

310

Val Ala

325

Val
340

Gln
Ala Vval
Ala Ala

Glu Glu

Leu

Ala

Ser

Arg

Gly

Gly Gly

Gly Leu

Cys Gly

360

Gln
375

Pro

Ala Pro

390

tgtcgcetgge
ccecgegtaac
tgcgcttctg
tcgtggacac
cgctgtacga
aaatgcgcgt

Met
5

Arg
20

Asp

Leu Ser

Val Arg

Pro Gly

Ala Leu

85

Thr
100

Gly

Gly

Ser

Gly

Ala

70

Tyr

Gly

Ralstonia eutropha H1lé6

cgtgggtgtg
ggcagtacgg
cttcgaggag
cccecggtgcc
tcecctgceceg
catggatctg

Ralstonia eutropha H16

Ser Leu Ala Val

Phe Ser

Ile Glu

40
Ser Vval
55

Gly Trp

Pro

Asp

Thr Glu

15

Ala Ala Leu

Ala Ala

315

Asp

Gly Cys Phe

330

Ala
345

Ala Arg

Asp Ala Gly

Thxr Ala Ala

Cys Ala

ctgcagatcg
ctggagatcg
gtagtgcgcg
ggctggtgcec
cagtgcggcg
gaagtggcgt

Val
10

Gly Leu

Arg Val Thr

25
Glu

Pro Ala

Ala Asp Gly

His
75

Cys Leu

Pro Gln

90

Cys

Met Val

105

Arg

Phe
300

His Val

Ala Gln Gly

Met Asn Gly

Gln
350

Gly Leu

Ala
365

Leu Leu

Leu Ala Pro

380

tcgaggacgt
gccggcetgte
gcagtgtggc
tgcactgcag
gctaccaggt
ga

Gln Ile Vval

Ala Val Arg

30
Phe

Leu Arg

45

Ala
60

Arg Leu

Cys Ser Glu

Cys Gly Gly

Met Leu

110

Asp

Ala Leu

His Gly

320

Ile
335

Leu

Ala Leu

Gly Gln

Gln Thr

ggcgcagegce
cagtatcgag
tgacggcgcg
cgagacggtg
gcagcccact

Glu
15

Asp

Leu Glu

Cys Phe

Glu Ile

Thr Vval

80
Tyr Gln
95

Glu val

60
120
180
240
300
342



<211> 963

<212> DNA

<213> Ralstonia eutropha Hleé

<400> 23

atgtgcacca actgtggctg cgccgccggce

catgtcgacg agcatgcgca tgccgacggc

ggcgagcacg atcacgacca cggccctgcc

cattacggtc acggacccgc tggtgcccat

aagatcgagc aggacatcct gggcaagaac

ttcgacgagc acggcgtgtt cgcgctgaac

accctgectgg tgcgcaccat cgaggcgctg

ggcgaccagce agacttcctt cgatgccgag

cagatcaaca ccggcaaggg ctgccacctg

aaactgcggc cggaggacga gagcgtgctg

ccttecggcct tcgacctggg cgaagcccac

gaggacaagc ccctgaaata tcctgacatg

aagtgcgacc tgctgccgca cctgtccttc

cgggtgaatc cggacctgca cgtgatccgg

gcatggctga cgtggattgc cgatggcctg

atggagctac tgcgcagccg catcgccggg

tag

<210> 24

<211> 320

<212> PRT

<213> Ralstonia eutropha H16

<400> 24

Met Cys Thr Asn Cys Gly Cys Ala

1 5

Gln Glu Leu Glu His Val Asp Glu
20

His Gly His Ala Pro His His His

35 40
Pro Ala Tyr Arg Ala Val Arg Gly
50 55

Gly Pro Ala Gly Ala His Ala Pro

65 70

Lys Ile Glu Gln Asp Ile Leu Gly

85

Asn Arg Arg Trp Phe Asp Glu His
100

Ser Ser Pro Gly Ser Gly Lys Thr

115 120
Ala Leu Lys Ser Thr Ser Arg Leu
130 135

Thr Ser Phe Asp Ala Glu Arg Ile

145 150

Gln Ile Asn Thr Gly Lys Gly Cys

165

His Ala Leu Glu Lys Leu Arg Pro

180

gaaacccgca
accgtccatg
taccgtgccg
gccccaggca
aacgcctacg
ttcgtctcga
aagtccacct
cgcatccgceg
gatgcccaca
ctgatcgaga
aaggtggtga
ttccgecgecg
gacgtggaga
acctcgtccg
gccggecagg
ctggaagcgc

Ala Gly Glu

10
His

His Ala

25
His

Gly Glu

Thr Asp His

Gly Met Ser

75
Asn Asn
90

Lys

Gly Vval Phe

105
Thr

Leu Leu

Ala Val Ile

Thr
155

Arg Ala

Leu
170

His Asp

Glu
185

Asp Glu

tcgaaggcca
gccacgcccce
tgcgecggtac
tgagccaggc
cggcgcagaa
gcceccggcetce
ccaggctggce
ccaccggegt
tggtgggcca
acgtgggcaa
tcctttcggt
ccagcctgat
gggccatcga
ccaccggtga
ccgeccaggcg
aactggcggc

Thr Arg Ile

Ala Asp Gly

30
His
45

Asp Asp

Leu His

60

Tyr

Gln Ala Arg

Ala Tyr Ala

Ala Asn

110

Leu

Val Arg Thr

125

Giu
140

Gly Asp

Gly Val Gln

Ala His Met

Val Leu

190

Ser

ggagctggag
ccatcatcac
tgaccatctg
gcgcatggtg
ccgceecgetgg
cgggaagacc
cgtcatcgaa
gcaggcgctyg
cgcgctggag
cctggtctgc
caccgaaggg
gctgctcaac
gtatgcgaag
aggcttcgac
cagccagagc
gctcaaggtg

Glu
15

Gly
Thr val
His Gly
His

Gly

val
80

Met

Ala Gln

95

Phe Vval

ITle Glu

Gln Gln

Ala Leu

1le0

Val
175

Gly

Leu Ile

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
963



Glu Val

195

Asn

Ala His

210

Lys

Leu
225

Lys Tyr

Lys Cys Asp

Glu Tyr Ala

Thr
275

Ser Ala

Gly Leu Ala

290

Arg Ser Arg
305

<210>
<211>
<212>
<213>
<400> 25

atgctgatgce
ggcgtcgtge
ctcgcecgget
gcggcccteg
gatgagatcg
gagagcagcc
cccgactgece
aactgcaccc
accaccagca
gagcatcgcecc
ctgctcaatg
cgcctgcagce
gacgcgcaca
ccecttegeeg
ggtgaagcgg
ggcgtcgatg
ccgtacacgce
ggctggctcg
gagcccttgg
ttcectgcetec
ggcgaaccag
atcaagctgg
gtgtgcctga
gctgccacct
cggccgcagce
gagctggcegg
gcggcggtge
gtcggectgg
gcctgtaagce
cgggagccct
gaggggcgct
cttaacgcgce
ggcacacggg
gagagctggg

25
2424
DNA

Gly Asn

Val val

Pro Asp

Leu

Ile

Met

Val Cys

200
Leu Ser
215

Phe Arg

230

Leu
245

Leu

Lys
260

Arg
Gly Glu
Gly Gln

Ile Ala

Pro

Val

Gly

Ala

Gly

His Leu

Asn Pro

Phe Asp

280

Ala
295

Arg

Leu Glu

310

cgcgccgtcece
agggcgtggg
gggtgcgcaa
tcgagctgeg
gtgaggaacg
gttccgatge
tggcggagcet
agtgcggccc
tggcgcecgtt
gcttccacgce
cccagggcat
ggggcgagat
atgccgacgc
tcatggtcgce
ccctgctcac
ggcggttcge
cgctccagta
cccagccgcea
tcaccggcaa
acgatcgcga
cgcctcacgt
cgcgcagcgg
cgcgcggcga
gcgaggccct
tcgtcgecceca
cgcaatgggg
tggccgagca
gcgacgacgg
gcctcggtca
ggcgcatggc
tccecgecggea
ccctcectectce
aaaccatggc
gcgagcaacc

Ralstonia eutropha H16

tcgcaatccg
cttccggecec
cgacggcgcc
cgagcgcctg
ctgtgcggcea
cgccgtgcac
gttcgacccce
gcgctacacc
ccccecagtge
cgagcccaac
gccggtcgag
cgtcgccatc
ggtggcgcgg
gaacctggcg
ggcgtcggag
gggcgtggcg
tctgctgttc
gtcgctggtg
cgacgaggcg
gatcctggtg
ccagttcatt
cccctecggtg
cgaggccttc
gatcgaggcg
cgatctgcat
ggtgcctgcece
cggctcggac
gcaggcgtgg
cttgcgcgag
cgctgcggceg
gcecgggggcyg
cagcatgggc
ctacgagggg
gtcgccggge

Pro Ser Ala

Val Thr Glu

Ala Ala Ser

235

Phe
250

Ser Asp

Asp Leu His

265
Ala

Trp Leu

Arg Ser Gln

Ala Gln Leu

315

cgcaccgtcce
ttcgtctatce
ggcgtggaca
cgccgcgacg
caggttgacg
accgccatcg
gcgaaccggc
ctgacgtggg
cggccctgtc
gcctgteccgg
gacgttgatc
aagggccttg
ctgcgcagece
acggcggege
cggcccatcg
ccgggactgg
cacgaggccg
ctggtgatga
gcgcagcggc
cgttgtgacg
cgccgcgcge
ctggcgcetgg
gtctctecage
gtggcccatc
ccggacttcet
gtcgeccgtge
gaacccgcca
ggtggcgaac
ctgcegctac
ctgcatgcga
ccgatggtga
cgctggttcg
caggcggcga
cgccccaaga

Phe Asp Leu

205
Gly Glu
220

Asp

Leu Met Leu

vVal Glu Arg

Val Ile Arg

270
Thr

Trp Ile

285
Glu

Ser Met

300
Ala

Ala Leu

gcatccgcat
gcctggcgceg
tcgaggccca
cgccgccecect
ccgacggcett
gccacgacac
gctaccgcta
cgctgcccta
tcgacgagta
actgtggccc
cgatcgccga
ggggcttcca
gcaagcagcyg
agtggggcga
ttctgctgcg
tctggctggg
ctggccgccece
ccagcgccaa
tcactggcat
attcggtggt
ggggttacac
gcggctectt
atgtgggcga
tgcagcgggt
tcagcacacg
agcaccatca
tcggcctgge
tgctgctggt
ctggcggcega
tgggcecgegyg
accgcatgct
acgccgccgce
tgctgctgga
cggttgctca

Gly Glu

Pro

Lys

Asn
240

Leu

Ala
255

Ile
Thr Ser
Ala Asp
Leu

Leu

Val
320

Lys

ccgcgtgege
ggagctgggce
agggagcgcc
ggcgcegggtyg
tgccatcctce
ggccgtatgc
cgccttcatc
cgaccgcgcc
taacgcaccc
cagcctggcg
gacggtggcg
tctegecectgt
cgaggagaag
catcggcagc
caagcgcagc
cgtcatgctg
cgagggcctc
ccececggcggce
cgccgacgcet
gaggggcgac
gccgcgggceg
caagaacacg
tctcggcaac
gctggagatc
ccacgcagcg
tgcccatatt
gctggacggce
ggacggcggc
tcgcgecegeg
cgaggagatc
ggcccagcgg
cggcctgctce
agggttggcc
ctceccteggg

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

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040



ggggtgcege
atcgatgcgg
aatgccgcgce
accgtcgcga
ctcaaccaca
ctgacagcgc
gcgctgcagc

26
807
PRT

<210>
<211>
<212>
<213>
<400> 26
Met Leu Met
1

vVal

Ile Arg

Leu
35

Tyr Arg

Ala
50

Gly Gly

Glu
65

Leu Arg

Asp Glu Ile

Phe Ala Ile

His
115

Ile Gly

Pro Ala

130

Asp

Cys Pro

145

Gly

Thr Thr Ser

Tyr Asn Ala

Pro Asp Cys

195
Val Glu
210

Asp

Gly
225

Glu Ile

Asp Ala His

Arg Glu Glu

gcagcggcgg
gcaacaccct
gcggcgegge
ccgtccaggt
tcctcgeccg
gccagctgcc
gggcgcccaa

Pro
5

Arg
20

Gly
Ala Arg
Val Asp
Glu Arg

Glu
85

Gly

Leu Glu

100

Asp Thr

Asn

Arg

Arg Tyr

val

Glu

Ile

Leu

70

Glu

Sexr

Ala

Arg

Thr

gggtacatac
ggatctgctg
acagttccac
caccggcgtg
caacctgtgc
gcccaatgac
ctga

Ralstonia eutropha H16

Arg Arg Pro Arg

Val Gln

Leu Gly

40
Glu Ala
55

Arg Arg

Arg Cys

Ser Arg

Val Cys

120

Tyx
135

Arg

Leu Thr

150

Ala
165

Met

Pro Glu

180

Gly Pro

Val Asp

Val Ala

Pro

His

Ser

Pro

Ile

Phe Pro

Arg

Arg

Ala
200

Leu

Ile
215

Ala

Lys Gly

230

Ala
245

Asn

Lys Pro

260

Asp

Phe

Ala Vval

Ala val

18

aaggcgctgg
ccgctgcteg
gccaccctgg
cgcacggtcg
cggcgcetgg
ggaggcattg

Pro
10

Asn Arg

Gly Vval

25

Gly

Leu Ala Gly

Gln Gly Ser

Ala Pro

75

Asp

Ala Ala

90

Gln

Ser Ala

105

Asp

Pro Asp Cys

Tyr Ala Phe

Ala Leu

155

Trp

Gln Cys

170

Arg

Phe
185

His Ala

Leu Leu Asn

Glu Thr Vval

Leu Gly Gly

235
Ala

Arg Leu

250

Met
265

Val Ala

cgctgcccga
aggcgctgtc
tggcggcgcet
tcttcggecgyg
c€ggcgegggg
ccctcggtca

Thr Vval Arg

Phe Pro

30

Arg

val
45

Trp Arg

Ala Ala

60

Ala

Pro Leu Ala

Val Asp Ala

Val His

110

Ala

Ala
125

Leu Glu

Ile
140

Asn Cys

Pro Tyr Asp

Pro Cys.Leu

Glu Asn

190

Pro

Gln
205

Ala Gly

Ala
220

Arg Leu

Phe His Leu

Arg Ser Arg

Ala
270

Asn Leu

tgcctggcege
cgccgaaacg
ggaagcctgg
cggctgcttce
actgaccgtg
ggtctgggtg

Ile
15

Arg
Phe val
Asn Asp
Val

Leu

vVal
80

Arg

Asp
95

Gly
Thr Ala
Leu Phe
Thr Gln

Ala
160

Arg

Asp Glu

175

Ala Cys

Met Pro

Gln Arg

Ala Cys

240
Lys Gln
255

Thr Ala

2100
2160
2220
2280
2340
2400
2424



Ala

Ser

Arg

305

Pro

Pro

Met

Glu

Asp

385

Gly

Thr

Leu

Ala

Glu

465

Arg

Arg

Val

Ser

Asp

545

Ala

Asp

Ala

Gln

Glu

290

Phe

Tyr

Glu

Thr

Ala

370

Arg

Glu

Pro

Gly

Phe

450

Ala

Pro

His

Gln

Asp

530

Asp

Cys

Arg

Met

Trp

275

Arg

Ala

Thr

Gly

Ser

355

Ala

Glu

Pro

Arg

Gly

435

Val

Leu

Gln

Ala

His

515

Glu

Gly

Lys

Ala

Gly
595

Gly

Pro

Gly

Pro

Leu

340

Ala

Gln

Ile

Ala

Ala

420

Ser

Ser

Ile

Leu

Ala

500

His

Pro

Gln

Arg

Ala

580

Arg

Asp

Ile

Val

Leu

325

Gly

Asn

Arg

Leu

Pro

405

Ile

Phe

Gln

Glu

vVal

485

Glu

His

Ala

Ala

Leu

565

Arg

Gly

Ile

val

Ala

310

Gln

Trp

Pro

Leu

vVal

390

His

Lys

Lys

His

Ala

470

Ala

Leu

Ala

Ile

Trp

550

Gly

Glu

Glu

Gly

Leu

295

Pro

Tyx

Leu

Gly

Thr

375

Arg

val

Leu

Asn

Val

455

vVal

His

Ala

His

Gly

535

Gly

His

Pro

Glu

Ser

280

Leu

Gly

Leu

Ala

Gly

360

Gly

Cys

Gln

Ala

Thr

440

Gly

Ala

Asp

Ala

Ile

520

Leu

Gly

Leu

Trp

Tle
600

Gly

Arg

Leu

Leu

Gln

345

Glu

Ile

Asp

Phe

Arg

425

Val

Asp

His

Leu

Gln

505

Ala

Ala

Glu

Arg

Arg

585

Glu

Glu

Lys

Val

Phe

330

Pro

Pro

Ala

Asp

Ile

410

Ser

Cys

Leu

Leu

His

490

Trp

Ala

Leu

Leu

Glu

570

Met

Gly

Ala

Arg

Trp

315

His

Gln

Leu

Asp

Ser

395

Arg

Gly

Leu

Gly

Gln

475

Pro

Gly

Val

Asp

Leu

555

Leu

Ala

Arg

Ala

Ser

300

Leu

Glu

Ser

val

Ala

380

Val

Arg

Pro

Thr

Asn

460

Arg

Asp

Val

Leu

Gly

540

Leu

Pro

Ala

Phe

Leu

285

Gly

Gly

Ala

Leu

Thr

365

Phe

val

Ala

Sexr

Arg

445

Ala

Val

Phe

Pro

Ala

525

val

val

Leu

Ala

Pro
605

Leu

vVal

Val

Ala

val

350

Gly

Leu

Arg

Arg

Val

430

Gly

Ala

Leu

Phe

Ala

510

Glu

Gly

Asp

Pro

Ala

590

Arg

Thr

Asp

Met

Gly

335

Leu

Asn

Leu

Gly

Gly

415

Leu

Asp

Thr

Glu

Ser

495

val

His

Leu

Gly

Gly

575

Leu

Gln

Ala

Gly

Leu

320

Arg

val

Asp

His

Asp

400

Tyr

Ala

Glu

Cys

Ile

480

Thr

Ala

Gly

Gly

Gly

560

Gly

His

Pro



Ala
610

Gly Pro

Leu Ser Ser

625
Thr

Gly Arg

Glu Gly Leu

val
675

Lys Thr

Thr Tyr

690

Lys

Asn Thr Leu

705
Ala

Asn Ala

Leu Glu Ala

Phe
755

Val Vval

Leu Cys

770

Arg

Gln
785

Leu Pro

Ala Leu Gln

<210>
<211>
<212>
<213>
<400> 27

atgtctgaca
ctccggegcea
cgcgccttgt
ctcacggggg
gtcatctcag
tatcagtaca
gtcgaggcac
acgccggtcet
ttcgagcgcea
cgcgtggege
ttgctggcge
aactgcgcectg
gccttcaccg
atttttctgg
ctgcaggagg
gtcatcgegg
gatctttatt
ggggatttge

27
1449
DNA

Met Val

Ser Met

Asn

Gly

Arg Met

615

Arg Trp

630

Glu Thr

645

Ala
660

Glu
Ala His
Ala

Leu

Asp Leu

Met

Ser

Ser

Ala

Leu

Ala Tyr

Trp Gly

Leu Gly

680
Leu Pro
695

Pro Leu

710

Arg Gly

725
Trp Thr
740

Gly Gly

Leu

Arg

Pro Asn

Ala

val

Gly

Ala

Asp

Ala Gln

Ala Thr

Phe
760

Cys

Ala
775

Arg

Gly Gly

790

Ala
805

Arg

agcaggccac
ctcttgacga
tgctgcgcecca
tggaatttct
gctataccga
tcctcaagcce
aggggctgca
tgcgccagcg
ttgtgcgcgce
gttatgattt
gcgccattca
ccgtgccgga
gggcgtacga
atgagattgg
gggaggtgcg
ccacccactg
accggatcgc
agcccatcgce

Pro

Asn

Ralstonia eutropha H16

tgttcttgtc
ggaattccgt
gccggtctcg
caaagaggtg
ttcggaagac
ctgggtaccg
gggcgatatg
aagcagccag
accgggcagc
gccggttatg
ttacgccagce
caacctgctce
agatcatgcc
cgatacttcg
gccagttggce
taacctggaa
tggcgtcacc
ggccaagctg

20

Leu Ala Gln

Phe Ala

635

Asp

Glu Gly Gln

650

Glu
665

Gln Pro

Gly Val Pro

Asp Ala Trp

Glu Ala

715

Leu

His Ala

730

Phe

vVal
745

Gln Vval

Leu Asn His

Gly Leu Thr

Ile Ala Leu

795

gtcgacgacg
gtactgacgg
gtgatcctgt
cgcgagcegcet
atcattgcag
gaccatttga
catcgccecttg
aaactggcaa
ccattggatg
gtgctcggcg
ccacgcgcgg
gaatccgagt
ggtctgttcc
ccggegttte
tcgccacgtt
agcgacgtcc
atttcgatgce
ctggagcagg

Arg Leu Asn

620
Ala

Ala Gly

Ala Ala Met

Ser Pro Gly

670

Ser
685

Arg Gly

Arg Ile

700

Asp

Leu Ser Ala

Thr Leu Val

Thr Val

750

Gly

Ile Leu Ala

765

Val
780

Leu Thr

Gly Gln Vval

aaacccgttce
tcagctcegce
gcgatcaacg
ggccggaaat
gggttaacga
tcgacaccgt
atctcgagtt
gtgcgcagag
ccgtttgcga
agtccggcac
cgcgcgcectt
tgttcgggca
agcgcgcgaa
aggtcaagct
ggataccggt
atgccggacg
cgccgttacg
tggcgcagga

Ala Pro

Leu
640

Leu

Leu Leu

655

Arg Pro

Gly Gly

Ala Gly

Glu Thr

720

Ala
735

Ala
Arg Thr
Arg Asn
Ala Arg

Val
800

Trp

acaggatgct
cgacgaggca
catgccaggc
cgtgcgtatc
ggcgggtatc
gcgccaggca
gcgcaccagc
cgcattcaat
ggtcgccgcec
cggcaaggag
tgtcagcgag
caagcgcggce
cggcggtacc
tctgcgcegtg
cgatgtcegt
gttcecgcgag
ggagcgtagt
gctggccecgce

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

1020
1080



cccggtetgt
aacatccgceg
attcgcgegce
gggccgcatg
gaggcggtgg
aaggagttgg
gagaaatga

28
482
PRT

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

<400> 28

atttcggtgg
aactgcgcaa
aacttttctc
tgcagacttt
tgctgaagga
gtctatcgcg

ggacgcactt
tgagatttat
gcgcaaggtg
cccgcagtcg
ggcgctcctg
cgtcggatta

21

gcagcgatga
cgggcggtag
ctgcacggtc
ggtacgctgce
cgccatcgtt
cgtcagaagc

tggcgtatcc
cgctctcecctce
agcccggceac
aggagcgact
ggaacaagac
tgttgcgcectt

ctggccgggce
gggcgaagag
cgtcaagcgt
tgacgcgatc
ccatgcggcc
tggcttggag

Met Ser Asp Lys Gln

1

Ser Gln Asp

Thr Val Ser

35
Val

Val Ser

50

Glu
65

Phe Leu

Val Ile Ser

Glu Ala Gly

Leu Ile Asp

115
Met His
130
Arg Gln
145

Arg

Phe Glu Arg

Glu val Ala

Gly Glu Ser

195
Ala

Ser Pro

210

Vval
225

Pro Asp

Ala Phe Thr

Asn Gly Gly

Ala

20

Ser

Ile

Lys

Gly

Ile

100

Thr

Arg

Ser

Ile

Ala

180

Gly

Arg

Asn

Gly

Thr
260

5

Leu

Ala

Leu

Glu

Tyr

85

Tyr

val

Leu

Ser

vVal

165

Axg

Thr

Ala

Leu

Ala

245

Ile

Ralstonia eutropha H16

Ala Thr Val

Arg Arg Thr

Glu Ala

40

Asp

Cys Asp Gln

55

vVal
70

Arg Glu

Thr Asp Ser

Gln Tyr Ile

Gln Ala

120

Arg

Leu Glu

135

Asp

Gln
150

Lys Leu

Arg Ala Pro

Val Ala Arg

Glu
200

Gly Lys

Ala Arg Ala

215

Leu Glu Ser

230

Tyr Glu Asp

Phe Leu Asp

Leu

Leu

25

Arg

Arg

Arg

Glu

Leu

105

vVal

Leu

Ala

Gly

Tyr

185

Leu

Phe

Glu

His

Glu
265

vVal

10

Asp

Ala

Met

Trp

Asp

90

Lys

Glu

Arg

Ser

Ser

170

Asp

Leu

Val

Leu

Ala

250

Ile

Val

Glu

Leu

Pro

Pro

75

Ile

Pro

Ala

Thr

Ala

155

Pro

Leu

Ala

Serxr

Phe

235

Gly

Gly

Asp

Glu

Leu

Gly

60

Glu

Ile

Trp

Gln

Ser

140

Gln

Leu

Pro

Arg

Glu

220

Gly

Leu

Asp

Asp

Phe

Leu

45

Leu

Ile

Ala

val

Gly

125

Thr

Ser

Asp

val

Ala

205

Asn

His

Phe

Thr

Glu

Arg

30

Arg

Thr

vVal

Gly

Pro

110

Leu

Pro

Ala

Ala

Met

190

Ile

Cys

Lys

Gln

Ser
270

Thr

15

Val

Gln

Gly

Arg

val

95

Asp

Gln

vVal

Phe

vVal

175

Val

His

Ala

Arg

Arg

255

Pro

Arg

Leu

Pro

val

Ile

80

Asn

His

Gly

Leu

Asn

160

Cys

Leu

Tyxr

Ala

Gly

240

Ala

Ala

1140
1200
1260
1320
1380
1440
1449



Gln val

275

Phe

val Gly

290

Ser

Thr His

305

Cys

"Asp Leu Tyr

Arg Glu Arg

Val Ala

355

Gln

Ala Leu Ala

370
Leu Asn
385

Arg

Ile Arg Ala

Thr val Lys

Gln Glu

435

Leu

Leu Arj

450

Leu

Leu Ser

465

Arg

Glu Lys

<210>
<211>
<212>
<213>
<400> 29

atgaacgcgce
tggatacagt
gatttcactg
ctggaaagcg
ctgcatgcct
catctcctcg
gccgactaca
gggaacccga
ggcctcaact
catccgggtt
gacctggata
acgcgcaacg
atgatggaaa
tggaacggag
ggcttcgaag

29
1044
DNA

Lys Leu

Pro

Arg

Asn Leu

Leu

Trp

Glu

val
280

Arg

Ile
295

Pro

Ser Asp

310

Tyr Arg

325

Ser
340

Gly
Gln Glu
Ala Met

Glu Ile

Ile

Asp

Leu

Met

Tyxr

Ala Gly

Leu Gln

Ala Arg

360

Ala
375

Tyr

Arg Ala

390

Gln Leu

405

Axg
420

Gly
Arg Leu
His

Arg

Val Gly

Phe

Pro

Asp

Trp

Leu

Ser Arg

His Vval

Ala Ile

440

Asn
455

Lys

Arg Gln

470

ctgtatgtac
ccggeggcetg
gcatgctcaa
gcgtggaaca
tgtgtgtcga
ccggcactgg
cgctggecggt
cggacgcctg
accgctcacg
gggtgacgga
ccctgggecg
agtactatga
acatgggatg
agggttcctg
agcccggceca

Ralstonia eutropha H16

cggtcttgcece
cggtggctgce
gagtgcggga
gctgcaaata
gggggcgatg
tgtgccgatg
cggcacctgt
tggcctgcaa
cgceggectg
tgcactggca
gcctcgattce
attcaaggct
caagggtacc
tacccgecggg
ccccttceccecac

22

Leu Gln Glu

Val Asp Val

Ala
315

Val His

Thr
330

vVal Ile

Pro Ile Ala

345
Leu

Pro Gly

Pro Trp Pro

Val Ala Leu

395

Val
410

Lys Leu

Gln Thr

425

Phe

Glu Ala Vval

Thr His Ala

Leu
475

Lys Leu

tcagcaaaac
agcatgtccc
atccacatgc
ttggaagact
ctgcgcggtce
atcgaatggg
gccgcttatg
tacgaggggg
ccggtgatca
ttgctgtcgg
tatgctgatc
agtgcggaaa
caggctcacg
gggtatgcct
caaacaccca

Glu Vval

285

Gly

Arg Val Ile

300

Gly Arg Phe

Ser Met Pro

Ala Leu

350

Lys

Phe
365

Tyx Gly

Gly Asn Ile

380

Ser Ser Gly

His Gly Gln

Gln Ser

430

Pro

Val Leu

445

Lys

Ala
460

Lys Glu

Arg Phe Gly

ccggecgtatt
tgctttgegce
tttggcatcc
gcttgcaagg
cgcatggtac
tcagccgcect
gcggcatcac
accagcccgg
atgtcgccgg
ctcgectgcet
agttggtgca
agccttcgga
ccgattgcaa
gcatcagttg

aggttgccgg

Arg Pro

Ala Ala

Glu
320

Arg

Pro Leu

335

Leu Glu

Gly Asp

Arg Glu

Glu Glu

400

Pro
415

Gly
Gly Thr
Glu Ala
Leu

Gly

Glu
480

Leu

gaatgtgctc
ggacactacc
ctcgctatcg
ccgcgtcecgceca
cgggcgcettt
ggcagcggtc
cgcaggtggc
aggactgctce
ttgccecgacg
aaccgcgage
tcacggttgc
cctgggttge
tacccgcecta
cactgaaccc
catcccgatc

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



ggtttgccca ccgatatgcc caaagcctgg tttgtcgcege ttgcttecgtt gtccaagtca 960
gccacgccca agcgagtgaa acttaatgcc acggcagatc atccgctgat cgcgccagcec 1020

attcgcaaga cgcggctgaa atag 1044
<210> 30
<211> 347

<212> PRT
<213> Ralstonia eutropha H1l6

<400> 30
Met Asn Ala Pro Val Cys Thr Gly Leu Ala Ser Ala Lys Pro Gly Val
1 5 10 15

Leu Asn Val Leu Trp Ile Gln Ser Gly Gly Cys Gly Gly Cys Ser Met
20 25 30

Ser Leu Leu Cys Ala Asp Thr Thr Asp Phe Thr Gly Met Leu Lys Ser
35 40 45

Ala Gly Ile His Met Leu Trp His Pro Ser Leu Ser Leu Glu Ser Gly
50 55 60

Val Glu Gln Leu Gln Ile Leu Glu Asp Cys Leu Gln Gly Arg Val Ala
65 70 75 80

Leu His Ala Leu Cys Val Glu Gly Ala Met Leu Arg Gly Pro His Gly
85 90 95

Thr Gly Arg Phe His Leu Leu Ala Gly Thr Gly Val Pro Met Ile Glu
100 105 110

Trp Val Ser Arg Leu Ala Ala Val Ala Asp Tyr Thr Leu Ala Val Gly
115 120 125

Thr Cys Ala Ala Tyr Gly Gly Ile Thr Ala Gly Gly Gly Asn Pro Thr
130 135 140

Asp Ala Cys Gly Leu Gln Tyr Glu Gly Asp Gln Pro Gly Gly Leu Leu
145 150 155 160

Gly Leu Asn Tyr Arg Ser Arg Ala Gly Leu Pro Val Ile Asn Val Ala
165 170 175

Gly Cys Pro Thr His Pro Gly Trp Val Thr Asp Ala Leu Ala Leu Leu
180 185 190

Ser Ala Arg Leu Leu Thr Ala Ser Asp Leu Asp Thr Leu Gly Arg Pro
195 200 205

Arg Phe Tyr Ala Asp Gln Leu Val His His Gly Cys Thr Arg Asn Glu
210 215 220

Tyr Tyr Glu Phe Lys Ala Sexr Ala Glu Lys Pro Ser Asp Leu Gly Cys
225 230 235 240

Met Met Glu Asn Met Gly Cys Lys Gly Thr Gln Ala His Ala Asp Cys
245 250 255

Asn Thr Arg Leu Trp Asn Gly Glu Gly Ser Cys Thr Arg Gly Gly Tyr
260 265 270

Ala Cys Ile Ser Cys Thr Glu Pro Gly Phe Glu Glu Pro Gly His Pro
275 280 285



His Gln

290

Phe

Asp Met Pro

305
Pro

Ala Thr

Ile Ala Pro

<210>
<211>
<212>
<213>
<400> 31

atggaacgtt
gaggtcgcca
gaacagatcc
ggtatctgcet
gtgacggtac
gccgaccatce
gctggccgcc
cacaggctgg
aaatggccgc
gagcgcgttce
tatgccgcac
catgcgcagg
gcgctggacc
cccgaaggcyg
gcgcttgatc
ggggcgcegte
acctggaaca
cagttggccg
tatacgcgcg
tggttacagt
ggcgctggceg
cgcgatgggce
cgcgatatag
caaggcgaaa
gtgtgcaccg

31
1458
DNA

<210>
<211>
<212>
<213>
<400> 32
Met Glu Arg
1

32
485
PRT

Glu Val Asn

Asn Ala Thr

35
Pro Leu
50

Asp

vVal
65

Ser Gln

Thr Pro

Lys Ala

31
Lys Arg
325

Ala
340

Ile Ar

tggtggtggg
gcggtcegggt
tgctacaccg
cggtgtccca
ccgctaacgg
tgacgcactt
cctggcacac
cgattgccgce
acacagaatc
gcctgctggyg
cgctcgagga
cgcecgcaggce
agatggggcc
gtttttgctt
ttgccgcgat
atcctgccaa
aggccccteg
gcgcacagcc
tattggcgcg
ccctagaaat
ttggccttac
gaatcgacaa
ccggecagcece
caacgccggt
tgcattga

Leu

5
Leu Glu
20

Met Tyr

Ala

Leu

Al
70

Ser Val

Lys

Trp

val

val

Arg

val

val Ala

295
Phe Val
0

Lys Leu

g Lys Thr

Ralstonia eutropha H16

gccgttcaac
atgctcagca
gcatccgctt
gtecggtcgceg
tatgctggcg
ctatctgttc
cgacgcgacg
aaggcagcga
ggtgcagccc
ccgggtgcgce
cgtcgtcgeg
cggagacctg
cggecccgggt
cgcacaaggt
cagcgaagat
tggcctgacc
attggccggc
cttggtgcgt
actggttgaa
cggggcccca
ggaggcggcg
ttaccagatc
cggggccgtyg
cgccgttcag

Ralstonia eutropha H16

val vVal Gly Pro

Ala Ser

Leu
40

Gly

Tyr Ala

55
Ala

a Ser

24

Gly Ile Pro

Ala Ala

315

Leu

Ala
330

Asn Thr

Arg Leu

345

Lys

cgcgttgagg
cgtgtgaatg
gacgcgctgg
gccagccgceg
atgaacttga
ttcatgccgg
gcacgttttt
tggtttacct
ggtggttcgt
gaattccggt
ctcgacagcg
cgatgtttcce
acgtatctgt
gtgtggcgta
gccacctceg
gcgccagcac
gccgtgetgg
gacgcggtgg
ctggcgcgag
tattgggcgt
cgcggcagcc
gtcgcaccca
gagaaagcac
cacattgtcc

Phe Asn

10

Arg

Gly val

25

Arg

Glu Gln Ile

Pro Arg Val

Arg Ala Leu

75

Ile
300

Ser

Ala

gcgacctcga
ccacgatgta
tctatgcgcece
cattggcgga
tgctggcgac
atttcacgcg
cgcccacgca
tgatgggcac
cgcgcegcecat
gctttctcga
aagtcgcgtt
tcacgatcgc
catatggcgc
gcgcgcaagg
cctggttagt
ctgacaaggt
agaccggtgce
cgcgcectgcgg
tggtgccgtt
cggcccacct
tggggcactg
cgtcctggaa
tcgagggtgce
gctccttcga

val Glu

Cys Ser

30

Leu
45

Leu

Cys
60

Gly

Ala Asp

Gly Leu Pro

Leu Ser Lys

Asp His Pro

Gly

Ala

His

Ile

Leu

Thr

Ser
320

Leu
335

ggtgaacctc
ccgcggattg
gcgtgtgtgce
tcttgccggc
cgagaatctg
cgagatatat
tggtaagcac
cctgggcggc
cgacgcecgct
gcagacactg
gtggcgctgg
gcaggatgcg
ctacccccag
gcggctcgac
cgaccaaggg
gggcgcctat
gatcgcccgg
cgccaccgtce
gatggaagac
gccggatcag
ggtgtcggtg
cttctcgcecg
gcctgtgctg
tccctgcatg

Asp Leu

15

Arg Val

Arg His

Cys Ser

Ala Gly

80

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

1020
1080
1140
1200
1260
1320
1380
1440
1458



val

Thr

Pro

Ala

Ile

145

Lys

Ile

Arg

val

Pro

225

Ala

Ala

Arg

Glu

Pro

305

Thr

Ala

Val

val

Leu

385

Gly

Thr

Glu

Asp

Thr

130

Ala

Trp

Asp

Cys

Ala

210

Gln

Leu

Tyr

Ser

Asp

290

Ala

Trp

Ile

Ala

Glu

370

Glu

Ala

val

Asn

Phe

115

Ala

Ala

Pro

Ala

Phe

195

Leu

Ala

Asp

Pro

Ala

275

Ala

Asn

Asn

Ala

Arg

355

Leu

Ile

Gly

Pro

Leu

100

Thr

Arg

Arg

His

Ala

180

Leu

Asp

Gly

Gln

Gln

260

Gln

Thr

Gly

Lys

Arg

340

Cys

Ala

Gly

val

Ala

85

Ala

Arg

Phe

Gln

Thr

165

Glu

Glu

Sexr

Asp

Met

245

Pro

Gly

Ser

Leu

Ala

325

Gln

Gly

Arg

Ala

Gly
405

Asn

Asp

Glu

Ser

Arg

150

Glu

Arg

Gln

Glu

Leu

230

Gly

Glu

Arg

Ala

Thr

310

Pxo

Leu

Ala

val

Pro

390

Leu

Gly

His

Ile

Pro

135

Trp

Ser

val

Thr

val

215

Arg

Pro

Gly

Leu

Trp

295

Ala

Axrg

Ala

Thr

val

375

Tyr

Thr

Met

Leu

Tyxr

120

Thr

Phe

val

Arg

Leu

200

Ala

Cys

Gly

Gly

Asp

280

Leu

Pro

Leu

Gly

val

360

Pro

Trp

Glu

Leu

Thr

105

Ala

His

Thr

Gln

Leu

185

Tyr

Leu

Phe

Pro

Phe

265

Ala

val

Ala

Ala

Ala

345

Tyr

Leu

Ala

Ala

Ala

90

His

Gly

Gly

Leu

Pro

170

Leu

Ala

Txp

Leu

Gly

250

Cys

Leu

Asp

Pro

Gly

330

Gln

Thx

Met

Ser

Ala
410

25

Met

Phe

Axg

Lys

Met

155

Gly

Gly

Ala

Arg

Thr

235

Thr

Phe

Asp

Gln

Asp

315

Ala

Pro

Arg

Glu

Ala

395

Arg

Asn

TYyY

Pro

His

140

Gly

Gly

Arg

Pro

Trp

220

Ile

Tyr

Ala

Leu

Gly

300

Lys

val

Leu

val

Asp

380

His

Gly

Leu

Leu

Trp

125

His

Thr

Ser

val

Leu

205

His

Ala

Leu

Gln

Ala

285

Gly

val

Leu

val

Leu

365

Trp

Leu

Ser

Met

Phe

110

His

Arg

Leu

Ser

Arg

190

Glu

Ala

Gln

Ser

Gly

270

Ala

Ala

Gly

Glu

Arg

350

Ala

Leu

Pro

Leu

Leu

95

Phe

Thr

Leu

Gly

Arg

175

Glu

Asp

Gln

Asp

Tyr

255

val

Ile

Arg

Ala

Thr

335

Asp

Arg

Gln

Asp

Gly
415

Ala

Met

Asp

Ala

Gly

160

Ala

Phe

val

Ala

Ala

240

Gly

Trp

Ser

His

Tyr

320

Gly

Ala

Leu

Ser

Gln

400

His



Trp Val Ser

Thr Ser

435

Pro

Ala Vval

450

Glu

Thr
465

Pro Val

Val Cys Thr

<210>
<211>
<212>
<213>
<400> 33

atgtccagta
acaccatcgc
gacgaggtct
ctggagcagt
gcttgcaatg
atgcaggaga
gccgcgacgt
gagctaaatc
cgtatcggtc
atcaaacgtg
caactgctgc
gagttgaaca
gaacgcctcg
cgccagcgga
gggacgctcg
gctgtggatc
cactgggtga
tgcectggtga
gcctacgatg
cgactcgacg
cacctggccc
cttagtcttt
aaccacccgg
tcgtceccgceag

33
1401
DNA

<210>
<211>
<212>
<213>
<400> 34
Met Ser Ser
1

34
466
PRT

Leu Asp Ala

Trp Leu Asp

35

Glu Asp Glu

50
Gln

Gln Phe

Val
420

Arg
Trp Asn
Lys Ala

Ala Vval

Asp

Phe

Leu

Gln

Gly Arg

Pro
440

Ser

Glu
455

Gly

His Ile

470

His
485

val

agaggaccac
aactcgaggg
acctgcaatt
cccagcaatt
cgcgtggcga
gcgctctgca
tgcgcacggt
tgttcgatgc
cgaatggcag
cctatcatca
atgcggaaaa
atccaatcag
cagcctacgt
ttcgcttgcg
agggcgcgca
gtgaagagcc
agaaaggaac
tgggcagcgc
¢ggcggggag
accgggtcgt
gcgtgttecga
cgatcagcta
agggcggegce
accggcgttg

Lys

5
Met Thr
20

Val Ile

Val Ala

Ile Phe

Pro

Arg

Leu

Ser

Ralstonia eutropha H16

tacatcaagc
tatcgacgaa
gatagaggac
catcttcagc
aatagaggag
cggcatgtcg
gatcgacaat
cgaacgcagc
gcgtgaaggc
attgcgcgag
gatggcatca
cttcgtgcetg
ggcattgctg
catcgatcat
gcgcactgcecc
aagcgtgttc
tgcgccgact
cgggcacgtg
ccgtgacgat
gctgcgettt
tccattcttce
tggcattgtc
ggagttcacg
a

Ralstonia eutropha H1lé

Arg Thr Thr Thr

Ser Gln

Met
40

Lys

Glu
55

Glu

Leu Leu

26

Ile Asp Asn

425

Arg Asp Ile

Ala Pro Val

Ser
475

Val Arg

gggagtcacg
gcgacctggc
gaagtagcgce
ctgctttcgg
accaatgtgg
atttatcagt
gtggggcctg
atcgtgccecgg
tatgttttcg
gcgcacgagg
ctcgggcgcece
gggaatgtgc
catagcggag
attctgcagg
gacatcgtgce
gatttgagcg
ttcgaagtcc
cagcaggtaa
gccgtteccgg
cgagacaacg
agcaccaagc
gagagacatg
gtcgaactgc

Ser
10

Ser Gly

Leu Glu

25

Gly

Asp Glu Vval

Lys Asn Ala

Ser Ala Met

Ile
430

Tyr Gln

Ala Gly Gln

445
Leu Gln
460

Gly

Phe Asp Pro

gcgtcgatct
tggacgtgat
tggaggaaaa
cgatgtcgga
cgctgcgcga
tgctggccga
gccggagttt
tggacgtcag
tgggtcgceccce
cactcaagcg
ttgtcgctgg
acgcgcttaa
aggatggcgc
atatgccgtc
gtggcctgac
aagtggtgaa
attggtcacc
tgatgaatct
cattgtggat
gtccecggcecat
ctgttggcaa
gcgggcgett
cagctgctca

Ser His Gly

Ile Glu

30

Asp

Leu Gln

45

Tyr

Gln
60

Leu Glu

Ser Asp Val

val Ala

Pro Gly
Glu Thr

Met
480

Cys

ggacgccatg
ccgcaaaatg
gaacgctcaa
cgtactggtt
actggtaggc
cgacgacagc
caacgttgtc
ttgcacgccc
aatggccgag
tacgcagcag
ggtggcgcac
gcgctacagc
tgaagccgag
gttgatagaa
gcgcttttcece
aagggccatt
gctaccggga
gattcagaat
cgccttggac
tgcggctgaa
ggggactggg
gctcgtcege
cgacaagggyg

vVal
15

Asp

Ala Thr

Leu Ile
Gln

Ser

Leu Val

60
120
180
240
300
360
420
480
540
600
660
720
780
840
S00
960

1020
1080
1140
1200
1260
1320
1380
1401



65

Ala

Glu

Gln

Asp

Phe

145

Arg

Pro

Glu

Ala

Pro

225

Glu

Ala

Gln

Thr

Glu

305

His

Pro

Val

Asp

Arg

385

His

Cys

Leu

Leu

Asn

130

Asp

Ile

Met

Ala

Ser

210

Ile

Arg

Glu

Ala

290

Glu

Trp

Leu

Met

Asp

370

Val

Leu

Asn

Val

Leu

115

val

Ala

Gly

Ala

Leu

195

Leu

Ser

Leu

Ala

Met

275

Asp

Pro

Val

Pro

Met

355

Ala

val

Ala

Ala

Gly

100

Ala

Gly

Glu

Pro

Glu

180

Lys

Gly

Phe

Ala

Glu

260

Pro

Ile

Ser

Lys

Gly

340

val

Leu

Arg

Arg

85

Met

Asp

Pro

Arg

Asn

165

Ile

Arg

Arg

Val

Ala

245

Arg

Ser

vVal

vVal

Lys

325

Cys

Leu

Pro

Arg

Val

70

Gly

Gln

Asp

Gly

Ser

150

Gly

Lys

Thr

Leu

Leu

230

Tyr

Gln

Leu

Arg

Phe

310

Gly

Leu

Ile

Ala

Phe

390

Phe

Glu

Glu

Asp

Arg

135

Ile

Arg

Arg

Gln

Val

215

Gly

Val

Arg

Ile

Gly

295

Asp

Thr

val

Gln

Leu

375

Arg

Asp

Ile

Ser

Ser

120

Sexr

val

Arg

Ala

Gln

200

Ala

Asn

Ala

Ile

Glu

280

Leu

Leu

Ala

Met

Asn

360

Trp

Asp

Pro

Glu

Ala

105

Ala

Phe

Pro

Glu

Tyr

185

Gln

Gly

Val

Leu

Arg

265

Gly

Thr

Ser

Pro

Gly

345

Ala

Ile

Asn

Phe

Glu

90

Leu

Ala

Asn

val

Gly

170

His

Leu

val

His

Leu

250

Leu

Thr

Arg

Glu

Thr

330

Ser

Tyr

Ala

Gly

Phe

27

75

Thr

His

Thr

Val

Asp

155

Tyr

Gln

Leu

Ala

Ala

235

His

Arg

Leu

Phe

val

315

Phe

Ala

Asp

Leu

Pro

395

Ser

Asn

Gly

Leu

Val

140

Val

Val

Leu

His

His

220

Leu

Ser

Ile

Glu

Ser

300

vVal

Glu

Gly

Ala

Asp

380

Gly

Thr

val

Met

Arg

125

Glu

Ser

Phe

Arg

Ala

205

Glu

Lys

Gly

Asp

Gly

285

Ala

Lys

val

His

Ala

365

Arg

Ile

Lys

Ala

Ser

110

Thr

Leu

Cys

vVal

Glu

190

Glu

Leu

Arg

Glu

His

270

Ala

Val

Arg

His

val

350

Gly

Leu

Ala

Pro

Leu

95

Ile

Val

Asn

Thr

Gly

175

Ala

Lys

Asn

Tyr

Asp

255

Ile

Gln

Asp

Ala

Trp

335

Gln

Ser

Asp

Ala

vVal

80

Arg

Tyr

Ile

Leu

Pro

160

Arg

His

Met

Asn

Ser

240

Gly

Leu

Arg

Arg

Ile

320

Ser

Gln

Arg

Asp

Glu

400

Gly



28

405 410
Lys Gly Thr Gly Leu Ser Leu Ser Ile Ser Tyr
420 425
His Gly Gly Arg Leu Leu Val Arg Asn His Pro
435 440
Phe Thr Val Glu Leu Pro Ala Ala His Asp Lys
450 455
Arg Arg
465
<210> 35
<211> 879
<212> DNA
<213> Ralstonia eutropha H1lé6
<400> 35
atgtcagaac gttatcccat tatcgctatc accgggtcct
gtgacccgta ccttcgagaa catcttctgc cgtgaaggcg
ggcgacagct tccaccgcta cgaccgtgecc gagatgaagg
cgcaccggca atatgaactt cagccacttc ggcgcggaga
gagagcctgt tccgctceccta cgcggaatcc ggcacgggca
agcacggagg aggccgcgcc gttcgggcag cagcccggca
ttgccggeccg ataccgacct gctgttctac gaaggcecctgce
gaggtcaatg tcgcccagta tcccaacctg ctgatcggeg
gagtggattc agaagctctg gcgcgacaag aaacagcgcg
accgacacca tcctgcecgceceg catgccggac tacgtgaact
cgcacgcatg tgaacttcca gcgggtgccg tgcgtggaca
cgcgaaatcc ccgcgcecccga tgaaagcatg gtggtgatcc
atcgacttcc agtacctgct gagcatgatc cacgactcct
atcgtggtgc cgggcggcaa gatggaactg gccatgcagce
ctgcgcatga tggagcgceccg caagcgcgcc gcgctgtaa
<210> 36
<211l> 292
<212> PRT
<213> Ralstonia eutropha H16
<400> 36
Met Ser Glu Arg Tyr Pro Ile Ile Ala Ile Thr
1 5 10
Gly Thr Thr Ser Val Thr Arg Thr Phe Glu Asn
20 25
Gly Val Lys Ser Val Val Ile Glu Gly Asp Ser
35 40
Arg Ala Glu Met Lys Val Lys Met Ala Glu Ala
50 55
Met Asn Phe Ser His Phe Gly Ala Glu Asn Asn
65 70 75
Glu Ser Leu Phe Arg Ser Tyr Ala Glu Ser Gly
85 90
Arg Tyr Leu His Ser Thr Glu Glu Ala Ala Pro
100 105
Gly Thr Phe Thr Ala Trp Glu Pro Leu Pro Ala
115 120

Gly Ile Val
430

Glu Gly Gly
445

Gly Ser Ser
460

€gggcgcecgg
tgaagtcggt
tcaagatggc
acaacctgtt
tgcgccggceg
ccttcaccgce
acggcggcegt
tggtgcccgt
gctactcgac
acatctgccc
cgtccaaccc
gctttgccaa
tcatgtcgcg
tgatcttcac

Gly Ser Ser

Ile Phe Cys

30
Phe His
45

Arg

Glu
60

Arg Thr

Leu Phe Gly

Thr Gly Met

Phe Gln

110

Gly

Thr
125

Asp Asp

415

Glu Arg

Ala Glu

Ala Asp

taccacgtcg
cgtgatcgaa
cgaggccgaa
cggcgacctg
ctatctgcac
gtgggagcca
ggtcaccgac
catcaacctg
cgaggccgtg
gcagttctcg
ctttatctcg
cccgaagggg
cgccaacacc
gccettegtg

Gly Ala

15

Arg Glu

Tyr Asp
Asn

Gly

Leu
80

Asp

Arg
95

Arg
Gln

Pro

Leu Leu

60
120
180
240
300
360
420
480
540
600
660
720
780
840
879



Phe Glu

Tyx
130
Ala Gln
145

Tyr

Glu Trp Ile

Thr Glu Ala

Ile
195

Asn Tyr

Val Pro

210

Cys

Ala
225

Pro Asp

Ile Asp Phe

Arg Ala Asn

Gln Ile

275

Leu

Ala Ala

290

Arg

<210>
<211>
<212>
<213>
<400> 37

atgaacgcac
aagtacaagg
gcgctgttcce
gccggcgaat
gacatgtacc
ttctgctacg
gcgtcgatca
atgcgcttcc
gagcgcgagce
ctgggactgt
gatttcatga
ttcctgtteg
agctacctca
aagtcgctgg
tccatgagca
ggcacctaca
cgcctggceceg
ccgctgaccg
acgcgcgggce
tccggeggcea
gtgctgcagt
gccaaccgcyg
aatgaagggc
ctcgatacct

37
l461
DNA

Gly Leu

Pro Asn

His

Leu

Gly
135

Gly

Leu Ile

150

Gln Lys

165
Val Thr
180

Cys Pro

Val Asp

Glu Ser

Leu

Asp

Gln

Thr

Met

Trp Arg

Thr Ile

Phe Ser

200
Ser Asn
215

Val val

230

Gln Tyx

245
Thr Ile
260

Phe Thr

Leu

ctgaatcggt
aaatggggta
gcatcacgcce
cctccaccgce
gcgccaaggc
tggcctatga
tcggcaacgt
cggtggccta
gcctcgacaa
cgggccgcaa
aggacgacga
tgatggacgc
acgtgaccgce
gctcggtecgt
actggtgccg
cccggcagaa
gcgtcgacca
tgcagggcta
tgttcttcecga
tccatgececgg
tcggcggegg
tggcgctgga
cggagatcct
ggggcgatat

Leu

Val

Pro

Leu Ser

Vval Pro

Phe Vval

280

Ralstonia eutropha H16

ccaagccaag
ctgggacggc
gcaagacggc
cacctggacg
ctaccgggtc
cctgtcgcetg
cttcagcttc
tgtgaagacc
gttcggccgce
ctacggccgce
gaacatcaac
cgtcaacaag
cggcaccatg
catcatgatc
ccagaacgac
gaaccacggc
catgcacacc
ctacaacgtc
ccaggactgg
ccagatgcac
caccatcggce
agcgatggtg
gcgcgatgcece
cagcttcaac

29

Val val Thr

val val

155

Gly

Asp Lys

170

Lys

Leu
185

Arg Arg

Arg Thr His

Pro Phe Ile

Ile Phe

235

Arg

Ile
250

Met His

Gly
265

Gly Lys

Leu Arg Met

ccgcgcaagc
gactacgagc
gtggatccgg
gtggtgtgga
gatccggtgce
ttcgaggaag
aagccgatca
ttcgccggece
ccgctgetgg
gtggtgtatg
tcgcagccect
gcttcecggceeg
gaagagatgt
gacctgatcg
atgatcctgc
gtgtccttcce
ggcaccgcegg
tgccgcgatg
gcttcgctge
cagctgatcc
cacccgcaag
ctggcgecgceca
gcgcgetggt
tacacgccga

Asp Glu Vval

140

Pro vVal Ile

Gln Arg Gly

Met Pro Asp

190
Val

Asn Phe

205
Ser Glu
220

Arg

Ala Asn Pro

Asp Ser Phe

Met Glu Leu

270

Glu
285

Met Arg

gctatgacgc
ccaaggatac
tcgaggcege
ccgaccgcect
ccaacaaccc
gctcgatcgce
aggccgegeg
cctccacggg
gcgcgaccac
agggcctgaa
tcatgcactg
ccaccggcga
accggcgcgce
tgggctggac
acctgcaccg
gcgtgatcgce
tgggcaagct
cgtacaccca
gcaaggtgat
acctctttgg
ggatccaggc
acgaaggccg
gcggaccgct
ccgacacctc

Asn Val

Leu
160

Asn

Ser

Tyr
175

Tyr Val

Gln Arg

Ile Pro

Lys Gly

240

Met
255

Ser

Ala Met

Arg Lys

cggcgtcatg
cgacctgctg
tgccgeggtg
gaccgcctgce
cgagcagttc
caacctgacc
cctggaagac
catcatcgtc
caagcccaag
gggcgggctg
gcgcgaccgce
ggtcaagggc
cgagttcgcc
ctgtatccag
cgcgggccat
caaatggctg
ggaaggcgat
taccgacctg
gccggtggcec
cgacgacgtg
gggtgctacg
cgacatcctc
gcgggctgeg
ggacttcgcg

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

1020
1080
1140
1200
1260
1320
1380
1440



cccaccgcecgt cggtggcectg a 1461

<210> 38

<211> 486

<212> PRT

<213> Ralstonia eutropha H16

<400> 38
Met Asn Ala Pro Glu Ser Val Gln Ala Lys Pro Arg Lys Arg Tyr Asp
1 5 10 15

Ala Gly Val Met Lys Tyr Lys Glu Met Gly Tyr Trp Asp Gly Asp Tyr
20 25 30

Glu Pro Lys Asp Thr Asp Leu Leu Ala Leu Phe Arg Ile Thr Pro Gln
35 40 45

Asp Gly Val Asp Pro Val Glu Ala Ala Ala Ala Val Ala Gly Glu Ser
50 55 60

Ser Thr Ala Thr Trp Thr Val Val Trp Thr Asp Arg Leu Thr Ala Cys
65 70 75 80

Asp Met Tyr Arg Ala Lys Ala Tyr Arg Val Asp Pro Val Pro Asn Asn
85 90 95

Pro Glu Gln Phe Phe Cys Tyr Val Ala Tyr Asp Leu Ser Leu Phe Glu
100 105 110

Glu Gly Ser Ile Ala Asn Leu Thr Ala Ser Ile Ile Gly Asn Val Phe
115 120 125

Ser Phe Lys Pro Ile Lys Ala Ala Arg Leu Glu Asp Met Arg Phe Pro
130 135 140

val Ala Tyr Val Lys Thr Phe Ala Gly Pro Ser Thr Gly Ile Ile Val
145 150 155 160

Glu Arg Glu Arg Leu Asp Lys Phe Gly Arg Pro Leu Leu Gly Ala Thr
165 170 175

Thr Lys Pro Lys Leu Gly Leu Ser Gly Arg Asn Tyr Gly Arg Val Val
180 185 190

Tyr Glu Gly Leu Lys Gly Gly Leu Asp Phe Met Lys Asp Asp Glu Asn
195 200 205

Ile Asn Ser Gln Pro Phe Met His Trp Arg Asp Arg Phe Leu Phe Val
210 215 220

Met Asp Ala Val Asn Lys Ala Ser Ala Ala Thr Gly Glu Val Lys Gly
225 230 235 240

Ser Tyr Leu Asn Val Thr Ala Gly Thr Met Glu Glu Met Tyr Arg Arg
245 250 255

Ala Glu Phe Ala Lys Ser Leu Gly Ser Val Val Ile Met Ile Asp Leu
260 265 270

Ile val Gly Trp Thr Cys Ile Gln Ser Met Ser Asn Trp Cys Arg Gln
275 280 285

Asn Asp Met Ile Leu His Leu His Arxrg Ala Gly His Gly Thr Tyr Thr
290 295 300



Ile

Thr

Tyr

Leu

Ala

380

Phe

Pro

Ala

Pro

Ala

460

Thr

Ala

Ala

Asn

Phe

365

Ser

Gly

Gln

Met

Glu

445

Leu

Ser

Lys

Val

val

350

Phe

Gly

Asp

Gly

Val

430

Ile

Asp

Asp

Trp

Gly

335

Cys

Asp

Gly

Asp

Ile

415

Leu

Leu

Thx

Phe

Leu

320

Lys

Arg

Gln

Ile

Val

400

Gln

Ala

Arg

Trp

Ala
480

Arg Gln Lys Asn His Gly Val Ser Phe Arg Val
305 310 315
Arg Leu Ala Gly Val Asp His Met His Thr Gly
325 330
Leu Glu Gly Asp Pro Leu Thr Val Gln Gly Tyr
340 345
Asp Ala Tyr Thr His Thr Asp Leu Thr Arg Gly
355 360
Asp Trp Ala Ser Leu Arg Lys Val Met Pro Val
370 375
His Ala Gly Gln Met His Gln Leu Ile His Leu
385 390 395
Val Leu Gln Phe Gly Gly Gly Thr Ile Gly His
405 410
Ala Gly Ala Thr Ala Asn Arg Val Ala Leu Glu
420 425
Arg Asn Glu Gly Arg Asp Ile Leu Asn Glu Gly
435 440
Asp Ala Ala Arg Trp Cys Gly Pro Leu Arg Ala
450 455
Gly Asp Ile Ser Phe Asn Tyr Thr Pro Thr Asp
465 470 475
Pro Thr Ala Ser Val Ala
485
<210> 39
<211l> 420
<212> DNA
<213> Ralstonia eutropha H16
<400> 39
atgcgtatta ctcaaggcac tttctctttc ctgcccgacc
agccagcttg aatactgcct gaaccagggc tgggcggtcg
ccgcatccge gcaataccta ctgggagatg ttcggcctgce
gccgeccggceca tcctgectgga gatcaacaac gcgcecgecagea
cgcgtcacgg ccttcgattc gacgcatacg gtggagtcgg
aatcgtccgg ccgacgagcc cggcttccge ctggtgcgec
atccgctatt cgatcgagag ctacgccgtg caggcgcgcce
<210> 40
<211> 139
<212> PRT
<213> Ralstonia eutropha H1l6
<400> 40

Met Arg Ile Thr Gln Gly Thr Phe Ser Phe Leu

1

5

10

Ala Gln Ile Thr Ser Gln Leu Glu Tyr Cys Leu

20

25

Val Gly Ile Glu Tyr Thr Asp Asp Pro His Pro

35

40

tcaccgacgce
gcatcgagta
cgatgttcga
ccttcecccaa
tggtgatgtc
aggaagagcc
ccgagggcag

Pro Asp Leu

gcagatcacc
caccgacgac
cctgcgcgat
ccactacatc
gttcatcgtg
cggccgcacg
ccgctactga

Thr Asp
15

Asn Gln Gly Trp Ala

30

Arg Asn Thr
45

Tyr Trp

60
120
180
240
300
360
420



Glu Met Phe

50
Glu

Leu Leu

65
Val

Arg Thr

Ser Phe Ile

Gln Glu

115

Arg

Val Gln

130

Ala

<210>
<211>
<212>
<213>
<400> 41

gtgtcccgta
cttggcgtga
gctcagccgc
tcttccacca
agcaatcaga
gacgctgaag
tctectgaact
ggcactgaca
ggtgccaaaa
gaacagggtc
gtaaacaatg
gtgccgtgga
gcgaccatca
gcacgcagca
gcagaccgtc
ggtgccctgce
cgtgctttcg
ctgagcctgce
gttcaggaat
tctgagcgcea
cgcaaagcgg
gccgctatct
atcaaccgtg
ccagaagtgg
atgaccgaaa
ctggaacagg
atccgtccege
ttcttcatge
ccgaccgcetg
ggtatcgaac
gacgtagaaa
atcgacggtce
ccgaactctc
aacaccacct
cagggtatgc
tacaccatcg

41
2145
DNA

<210>
<211>

42
714

Gly Leu

Ile

Asn

Phe
85

Ala

val
100

Asn

Glu Pro

Ala Arg

Escherichia coli

ttattatgct
tccgtgcaat
gtaccggtgg
cgacggccgce
aagatgtgct
tcgttctggt
acgaaatcgc
ccccggaaca
acaccaacat
gtactcgccc
ttgatccggce
gctttgacct
tcaacgaagg
ttcecgcacat
ctgacgtgct
tgctgactgg
ctaccggcecct
agagcttcaa
acgttgctaa
gccgtcgtcet
gcaaacgtat
gtgctgaacg
ttgcagcgtce
ttcgcgaaag
ccgttgececg
atgaagttga
cgctgcagct
tgctgccgga
aacagctggc
cgcgcgttgce
aagttcgcga
cgctgcagta
cggttgcagg
acaaagcggt
gcaagccggt
cgctgactgce

Pro

Asn

70

Asp

Arg

Gly

Pro

Met
55

Phe
Ala Arg
Ser Thr
Ala

Pro

Thr
120

Arg

Glu
135

Gly

K12

gatccctacc
ggaacgcaaa
cgatgcgccc
tgaaccgctg
gatggaagag
tgaaggtctg
taaaacgctg
gctgaaagag
caccggcgtt
ggatctgtcc
gaagctgcaa
gatcgcgact
cgacatcaat
gctggagcac
ggtggccgct
cggttacgaa
gccggtattt
cctggaagtt
ctacatcaac
gtctccgecet
cgtactgccg
tggtatcgca
tcagggtgta
ctatgttggt
cgaacagctg
tggtctggtt
gatcaaaact
acaggtttac
agaaatcgcg
tatgctctcce
agcaactcgt
cgacgctgcg
tcgcgcectacc
acagcgttct
taacgacctg
gattcagtct

32

Asp Leu Arg

Phe
75

Sex Thr

Thr Vval

S0

His

Asp Glu Pro

105
Ile

Arg Tyr

Ser Arg Tyr

ggaaccagcg
ggcgttcgtc
gatcagacta
aaaatgagct
atcgtcgcaa
gtcccgacac
aatgcggaaa
cgtatcgaac
atcgttaaca
gagattttceg
gaatccagcc
cgtgcgatcg
actcgeccgcecg
ttccgtgeeg
tgcctggcag
atggacgcgc
atggtgaaca
ccggttgacg
gctgactgga
gcgttcegtt
gaaggtgacg
acttgcgtac
gaactgggtg
cgtctggtcg
gaagacaacg
tccggtgetg
gcaccgggca
gtttacggtg
attcagtccg
tactccaccg
ctggcgcagg
gtaatggctg
gtgttcatct
gccgacctga
tcececgtggeg
gcacagcagc

Asp Ala Ala

60
His

Pro Asn

Glu Ser Vval

Gly Phe Arg

110

Ile
125

Ser Glu

tcggtctgac
tgagcgtttt
cgactatcgt
acgttgaagg
actaccacgc
gtaagcacca
tcgtcttcgt
tgacccgcaa
aactgaacgc
acgactcttc
cgctgccggt
atatggctcg
ttaaatccgt
gttctctgcet
ccatgaacgg
gcatttctaa
ccaacacctg
atcacgaacg
tcgaatctct
atcagctgac
aaccgcgtac
tgctgggtaa
cagggattga
aactgcgtaa
tggtgctcgg
ttcacactac
gctccectggt
actgtgcgat
ctgattccgce
gtacttctgg
aaaaacgtcc
acgttgcgaa
tcccggatcet
tctccatcgg
cactggttga
agtaa

Gly Ile

Ile
80

Tyr

Val
95

Met

Leu Val

Ser

Tyx

cagcgtcagc
caaacctatc
gcgtgcgaac
tctgctttce
taacaccaaa
gtttgcccag
tatgtctcag
cagcttcggce
accggttgat
caaagctaaa
tctcggcgcet
ccacctgaat
cactttctgce
ggtgacttcc
cgtagaaatc
actgtgcgaa
gcagacctct
tatcgagaaa
gactgccact
tgaacttgcg
cgttaaagca
tccggcagag
aatcgttgat
gaacaaaggc
tacgctgatg
cgcaaacacc
atcttccgtg
caacccggat
tgcggccttce
tgcaggtagc
tgacctgatg
atccaaagcg
gaacaccggt
gccgatgcetg
cgatatcgtc

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

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2145



<212>
<213>
<400>
Met Ser Arg

1

Thr

Arg

Ala

Thr

65

Ser

Ala

Thr

Thr

Pro

145

Gly

Ala

Phe

Leu

Phe

225

Ala

Val

Ala

Ala

Leu
305

Ser

Leu

Pro

50

Ala

Asn

Asn

Arg

Leu

130

Glu

Ala

Pro

Asp

Gln

210

Asp

Thr

Thr

Gly

Ala

290

Thr

PRT
Escherichia coli
42

Val

Ser

35

Asp

Ala

Gln

Thr

Lys

115

Asn

Gln

Lys

vVal

Asp

195

Glu

Leu

Ile

Phe

Ser

275

Cys

Gly

Ile

Ser

20

val

Gln

Glu

Lys

Lys

100

His

Ala

Leu

Asn

Asp

180

Ser

Ser

Ile

Ile

Cys

260

Leu

Leu

Gly

Ile

5

Leu

Phe

Thr

Pro

Asp

85

Asp

Gln

Glu

Lys

Thr

165

Glu

Ser

Ser

Ala

Asn

245

Ala

Leu

Ala

Tyr

Met

Gly

Lys

Thr

Leu

70

Val

Ala

Phe

Ile

Glu

150

Asn

Gln

Lys

Pro

Thr

230

Glu

Arg

val

Ala

Glu
310

K12

Leu

Val

Pro

Thr

55

Lys

Leu

Glu

Ala

Val

135

Arg

Ile

Gly

Ala

Leu

215

Arg

Gly

Ser

Thr

Met

295

Met

Ile

Ile

Ile

40

Ile

Met

Met

val

Gln

120

Phe

Ile

Thr

Arg

Lys

200

Pro

Ala

Asp

Ile

Ser

280

Asn

Asp

Pro

Arg

25

Ala

Val

Ser

Glu

Val

105

Ser

vVal

Glu

Gly

Thx

185

Val

Val

Ile

Ile

Pro

265

Ala

Gly

Ala

Thr

10

Ala

Gln

Arg

Tyr

Glu

90

Leu

Leu

Met

Leu

Val

170

Arg

Asn

Leu

Asp

Asn

250

His

Asp

val

Arg

Gly

Met

Pro

Ala

val

75

Ile

Val

Asn

Ser

Thr

155

Ile

Pro

Asn

Gly

Met

235

Thr

Met

Arg

Glu

Ile
315

Thr

Glu

Arg

Asn

60

Glu

Val

Glu

Tyxr

Gln

140

Arg

Val

Asp

val

Ala

220

Ala

Arg

Leu

Pro

Ile

300

Ser

Ser

Arg

Thr

45

Ser

Gly

Ala

Gly

Glu

125

Gly

Asn

Asn

Leu

Asp

205

Val

Arg

Arg

Glu

Asp

285

Gly

Lys

val

Lys

Gly

Ser

Leu

Asn

Leu

110

Ile

Thr

Ser

Lys

Ser

190

Pro

Pro

His

Val

His

270

val

Ala

Leu

Gly

15

Gly

Gly

Thr

Leu

Tyr

95

val

Ala

Asp

Phe

Leu

175

Glu

Ala

Trp

Leu

Lys

255

Phe

Leu

Leu

Cys

Leu

Val

Asp

Thr

Ser

80

His

Pro

Lys

Thr

Gly

160

Asn

Tle

Lys

Ser

Asn

240

Sexr

Arg

Val

Leu

Glu
320



Arg

Trp

Asp

Ile

Arg

385

Arg

Thr

Val

Gly

Arg

465

Met

Gly

Ala

Lys

Leu

545

Pro

Ala

Thr

Thr

Leu

625

Pro

Ala

Gln

Asp

Asn

370

Arg

Lys

Val

Leu

val

450

Glu

Thr

Thr

Val

Thxr

530

Pro

Thr

Ala

Gly

Arg

610

Gln

Asn

Phe

Thr

His

355

Ala

Leu

Ala

Lys

Leu

435

Glu

Ser

Glu

Leu

His

515

Ala

Glu

Ala

Ala

Thr

595

Leu

Tyr

Ser

Ala

Ser

340

Glu

Asp

Ser

Gly

Ala

420

Gly

Leu

Tyxr

Thr

Met

500

Thr

Pro

Gln

Glu

Phe

580

Ser

Ala

Asp

Pro

Thr

325

Leu

Arg

Trp

Pro

Lys

405

Ala

Asn

Gly

Val

vVal

485

Leu

Thr

Gly

vVal

Gln

565

Gly

Gly

Gln

Ala

val
645

Gly

Ser

Ile

Ile

Pro

390

Axg

Ala

Pro

Ala

Gly

470

Ala

Glu

Ala

Ser

Tyr
550
Leu
Ile
Ala
Glu
Ala

630

Ala

Leu

Leu

Glu

Glu

375

Ala

Ile

Ile

Ala

Gly

455

Arg

Arg

Gln

Asn

Ser

535

Val

Ala

Glu

Gly

Lys

615

Val

Gly

Pro

Gln

Lys

360

Ser

Phe

Val

Cys

Glu

440

Ile

Leu

Glu

Asp

Thr

520

Leu

Tyr

Glu

Pro

Ser

600

Arg

Met

Arg

Val

Ser

345

Val

Leu

Arg

Leu

Ala

425

Ile

Glu

Val

Gln

Glu

505

Ile

Val

Gly

Ile

Arg

585

Asp

Pro

Ala

Ala

Phe

330

Phe

Gln

Thr

Tyr

Pro

410

Glu

Asn

Ile

Glu

Leu

490

val

Arg

Ser

Asp

Ala

570

Val

Val

Asp

Asp

Thr
650

34

Met

Asn

Glu

Ala

Gln

395

Glu

Arg

Arg

vVal

Leu

475

Glu

Pro

Ser

Cys

555

Ile

Ala

Glu

Leu

Val

635

Val

val

Leu

Tyr

Thr

380

Leu

Gly

Gly

val

Asp

460

Arg

Asp

Gly

Pro

Val

540

Ala

Gln

Met

Lys

Met

620

Ala

Phe

Asn

Glu

val

365

Ser

Thr

Asp

Ile

Ala

445

Pro

Lys

Asn

Leu

Leu

525

Phe

Ile

Ser

Leu

Val

605

Ile

Lys

Ile

Thr

Val

350

Ala

Glu

Glu

Glu

Ala

430

Ala

Glu

Asn

val

Val

510

Gln

Phe

Asn

Ala

Ser

590

Arg

Asp

Ser

Phe

Asn

335

Pro

Asn

Arg

Leu

Pro

415

Thr

Ser

val

Lys

Val

495

Ser

Leu

Met

Pro

Asp

575

Tyr

Glu

Gly

Lys

Pro
655

Thr

vVal

Tyxr

Ser

Ala

400

Arg

Cys

Gln

Val

Gly

480

Leu

Gly

Ile

Leu

Asp

560

Ser

Ser

Ala

Pro

Ala

640

Asp



Leu Asn Thr

Ile Ser

675

Leu

Leu Ser

690

Asp

Leu Thr Ala

705

<210>
<211>
<212>
<213>
<400> 43

atgaacgaac
gaaaccatca
ttgtcgaaat
caaaatttgt
ctggccaaca
ccggaagtga
accatcaaaa
gaaattaccc
ctcgataaca
ttgatcgccc
gaagccaaat
ctgcgcgaac
gttccggtcc
gccgatatca
aaagatattc
gcgctggttg
tctcgecctga
aaaccagaag
cagtcacttc
cgccgcecgtga
cgtcataccg
tggtcagagg
ctgccgegcea
attgccgaag
tccgacgtac
gttgctccgce
ctgctcaata
tattccgact
caggatgcat
cgcggceggtt
ccaggaagcc
tatggtctgce
gccaacctgc
tcagtcatct
tacttccget
gcgaaacgtc
tggacgcaaa
gtggtcgaag
tcgacgegtce
tactatgacc
ctgcaagaag
gatctgccgt
gtattgcagg
gatcctcgeg
aataccggcect

43
2652
DNA

Gly Asn
660
Ile Gly

Arg Gly

Ile Gln

Thr

Pro

Ala

Ser

Thr Tyr
Met
680

Leu
695

Ala

710

Escherichia coli

aatattccgc
aggatgcgtt
cttcacgcgce
cgaacgacga
ccgccgagca
tecgceccgcecac
aagcagtgga
gtcgtacact
aagatatcgc
agtcatggca
ggggctttgce
tgaacgaaca
gttttacttc
cccgeccacgt
aggtgctggt
gcgaagaagg
tggcgacaca
gcctgctgac
aggcgtgtgg
aatgtttcgg
aagcgctggg
ccgacaaaca
actggcaacc
caccgcaagg
tggctgtcca
tgtttgaaac
ttgactggta
cagcaaaaga
taatcaaaac
ccattggtcg
tgaaaggcgg
cagaaatcac
tgccaccgcc
cctgcgatgt
ccgctacgce
gcccaaccgg
accgtctgat
acggcaaaca
tcggcatgct
aacgcctggt
aagacatcaa
ggattgcaga
ccgagttgct
tcgaacaagc
aa

K12

attgcgtagt
gggagaacac
tggcaatgat
gctgctgccce
ataccacagc
cctgcgtaaa
atcgctgtcecg
gatccacaaa
tgactacgaa
taccgatgaa
cgtagtggaa
actggaagag
gtggatgggc
cctgctactce
ttctgaactg
tgccgcagaa
ggcatggctg
acaaaacgaa
catgggtatt
cgtaccgctg
cgagctgacc
ggcgttcctg
aagcgccgaa
ctccattgcce
cctgctgctg
cctcgatgat
tcgtggectg
tgcgggagtg
ctgcgaaaaa
cggcggcgcea
cctgcgcgta
cgtcagcagc
ggagccgaaa
ctaccgcggc
ggaacaagaa
cggcgtcgag
gctcccecgec
gagcgagctg
ggagatggtc
agacaaagca
agtggtgctg
gtctattcag
gcaccgctcc
gttaatggtc

Val Asp

Gln Gln

Lys
665

Asp Ile

Gln

aatgtcagta
attcttgaac
gctaaccgcc
gttgcgegtg
atttcgccga
ctgaaaaacc
ctggaactgg
atggtggaag
cacaaccagc
atccgtaagc
aacagcctgt
aacctcggcet
ggcgaccgceg
agccgctgga
tcgatggttg
ccgtatcgcet
gaagcgcgcce
gaactgtggg
atcgccaacg
gtccgtattg
cgctacctcg
atccgcgaac
acgcgcgaag
gcctacgtga
aaagaagcgg
ctgaacaacg
attcagggca
atggcagctt
gcgggtattg
cctgctcecatg
accgaacagg
ctgtcgcecttt
gagagctggc
tacgtacgtg
ctgggcaaac
tcactacgcg
tggctgggtg
gaggctatgt
ttcgccaaag
ctgtggcecgt
gcgattgcca
ctacggaata
cgccaggcag
actattgccg

670

Leu Gln Gly Met Arg Lys Pro

685

Val Tyr Thr
700

tgctcggcaa
gcgtagaaac
aggagttgct
cgtttagtca
aaggcgaagc
agccggaact
tcctcacggce
tgaacgcctg
tgatgcgtcg
tgcgtccaag
ggcaaggcgt
acaaactgcc
acggcaaccc
aagccaccga
aagcgacccc
atctgatgaa
tgaaaggcga
aaccgctcta
gcgatctgcet
atatccgtca
gtatcggcga
tgaactccaa
tgctcgatac
tctcgatggce
gtatcgggtt
ccaacgatgt
aacagatggt
cctgggcgca
agctgacgtt
cggecgcetgcet
gcgagatgat
ataccggggc
gtcgcattat
aaaacaaaga
tgccgttggg
ccattccgtg
caggtacggc
gccgcgattg
cagacctgtg
taggtaaaga
acgattccca
tttacaccga
aaaaagaagg

ggattgcgge

Ala Val Gln Arg Ser Ala Asp

val Asn

Ile Ala

agtgctggga
tatccgtaag
caccacctta
gttcctgaac
tgccagcaac
gagcgaagac
tcacccaacc
tttaaaacag
cctgcgccag
cccggtagat
accaaattac
cgtcgaattt
gaacgtcact
tttgttcctg
tgaactgctg
aaacctgcgt
agaactgcca
cgcttgctac
cgacaccctg
ggagagcacg
ctacgaaagc
acgtccgcett
ctgccaggtg
gaaaacgccg
tgcgatgececg
catgacccag
gatgattggc
atatcaggca
gttccacggt
gtcacaaccg
ccgctttaaa
gattctggaa
ggatgaactg
ttttgtgcecct
ttcacgtccg
gatcttcgec
gctgcaaaaa
gccattcttce
gctggcggaa
gttacgcaac
tctgatggcc
cccgctgaac
ccaggaaccg
aggtatgcgt

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

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2652



<210>
<211l>
<212>
<213>
<400>
Met Asn Glu Gln Tyr

1

Lys

Glu

Asn

Asn

65

Leu

Ala

Asn

Leu

Arg

145

Leu

Arg

Lys

val

Asn

225

Val

Pro

Trp

Glu

Glu

val

Arg

Asp

50

Asp

Ala

Ala

Gln

Ser

130

Thr

Asp

Leu

Leu

Glu

210

Glu

Pro

Asn

Lys

Leu

290

Glu

44
883
PRT

Escherichia coli

44

Leu

Val

35

Ala

Glu

Asn

Ser

Pro

115

Leu

Leu

Asn

Arg

Arg

195

Asn

Gln

vVal

Val

Ala

275

Ser

Gly

Gly

20

Glu

Asn

Leu

Thr

Asn

100

Glu

Glu

Ile

Lys

Gln

180

Pro

Ser

Leu

Arg

Thr

260

Thr

Met

Ala

5

Glu

Thr

Arg

Leu

Ala

85

Pro

Leu

Leu

His

Asp

165

Leu

Ser

Leu

Glu

Phe

245

Ala

Asp

vVal

Ala

Serx

Thr

Ile

Gln

Pro

70

Glu

Glu

Ser

val

Lys

150

Ile

Ile

Pro

Trp

Glu

230

Thr

Asp

Leu

Glu

Glu

K12

Ala

Ile

Arg

Glu

55

vVal

Gln

val

Glu

Leu

135

Met

Ala

Ala

val

Gln

215

Asn

Ser

Ile

Phe

Ala

295

Pro

Leu

Lys

Lys

40

Leu

Ala

Tyr

Ile

Asp

120

Thx

val

Asp

Gln

Asp

200

Gly

Leu

Trp

Thr

Leu

280

Thr

Tyr

Arg

Asp

25

Leu

Leu

Arg

His

Ala

105

Thr

Ala

Glu

Tyrx

Ser

185

Glu

val

Gly

Met

Arg

265

Lys

Pro

Arg

Ser

10

Ala

Ser

Thr

Ala

Ser

90

Arg

Ile

His

Val

Glu

170

Trp

Ala

Pro

Tyr

Gly

250

His

Asp

Glu

Tyr

Asn

Leu

Lys

Thr

Phe

75

Ile

Thr

Lys

Pro

Asn

155

His

His

Lys

Asn

Lys

235

Gly

val

Ile

Leu

Leu

val

Gly

Ser

Leu

60

Ser

Ser

Leu

Lys

Thr

140

Ala

Asn

Thr

Trp

Tyx

220

Leu

Asp

Leu

Gln

Leu

300

Met

Ser

Glu

Ser

45

Gln

Gln

Pro

Arg

Ala

125

Glu

Cys

Gln

Asp

Gly

205

Leu

Pro

Arg

Leu

Val

285

Ala

Lys

Met

His

30

Arg

Asn

Phe

Lys

Lys

110

vVal

Ile

Leu

Leu

Glu

190

Phe

Arg

Val

Asp

Leu

270

Leu

Leu

Asn

Leu

15

Ile

Ala

Leu

Leu

Gly

95

Leu

Glu

Thr

Lys

Met

175

Ile

Ala

Glu

Glu

Gly

255

Ser

val

Val

Leu

Gly

Leu

Gly

Ser

Asn

80

Glu

Lys

Ser

Arg

Gln

160

Arg

Axrg

val

Leu

Phe

240

Asn

Arg

Ser

Gly

Arg



305

Ser

Glu

Trp

Gly

Cys

385

Arg

Asp

Glu

Ala

Pro

465

Serxr

Phe

Asn

Gly

Ala

545

Gln

Leu

His

Arg

Glu

625

Ala

Arg

Glu

Glu

Ile

370

Phe

His

Tyr

Leu

Glu

450

Gln

Asp

Ala

Ala

Leu

530

Lys

Asp

Phe

Ala

Val

610

Ile

Asn

Leu

Leu

Pro

355

Ile

Gly

Thr

Glu

Asn

435

Thr

Gly

Val

Met

Asn

515

Ile

Asp

Ala

His

Ala

595

Thr

Thr

Leu

Met

Pro

340

Leu

Ala

Val

Glu

Ser

420

Ser

Arg

Ser

Leu

Pro

500

Asp

Gln

Ala

Leu

Gly

580

Leu

Glu

val

Leu

Ala

325

Lys

Tyr

Asn

Pro

Ala

405

Trp

Lys

Glu

Ile

Ala

485

val

Val

Gly

Gly

Ile

565

Arg

Leu

Gln

Ser

Pro

310

Thr

Pro

Ala

Gly

Leu

390

Leu

Ser

Arg

Val

Ala

470

val

Ala

Met

Lys

Val

550

Lys

Gly

Ser

Gly

Ser

630

Pro

Gln

Glu

Cys

Asp

375

val

Gly

Glu

Pro

Leu

455

Ala

His

Pro

Thr

Gln

535

Met

Thr

Gly

Gln

Glu

615

Leu

Pro

Ala

Gly

Tyr

360

Leu

Arg

Glu

Ala

Leu

440

Asp

Tyr

Leu

Leu

Gln

520

Met

Ala

Cys

Ser

Pro

600

Met

Ser

Glu

Trp

Leu

345

Gln

Leu

Ile

Leu

Asp

425

Leu

Thr

Val

Leu

Phe

505

Leu

Val

Ala

Glu

Ile

585

Pro

Ile

Leu

Pro

Leu

330

Leu

Ser

Asp

Asp

Thr

410

Lys

Pro

Cys

Ile

Leu

490

Glu

Leu

Met

Ser

Lys

570

Gly

Gly

Arg

Tyr

Lys

315

Glu

Thr

Leu

Thr

Ile

395

Arg

Gln

Arg

Gln

Ser

475

Lys

Thr

Asn

Ile

Trp

555

Ala

Arg

Ser

Phe

Thr

635

Glu

Ala

Gln

Gln

Leu

380

Arg

Tyr

Ala

Asn

Val

460

Met

Glu

Leu

Ile

Gly

540

Ala

Gly

Gly

Leu

Lys

620

Gly

Ser

Arg

Asn

Ala

365

Arg

Gln

Leu

Phe

Trp

445

Ile

Ala

Ala

Asp

Asp

525

Tyr

Gln

Ile

Gly

Lys

605

Tyr

Ala

Trp

Leu

Glu

350

Cys

Arg

Glu

Gly

Leu

430

Gln

Ala

Lys

Gly

Asp

510

Trp

Ser

Tyx

Glu

Ala

590

Gly

Gly

Ile

Arg

Lys

335

Glu

Gly

Val

Ser

Ile

415

Ile

Pro

Glu

Thr

Ile

495

Leu

Tyr

Asp

Gln

Leu

575

Pro

Gly

Leu

Leu

Arg

320

Gly

Leu

Met

Lys

Thr

400

Gly

Arg

Ser

Ala

Pro

480

Gly

Asn

Arg

Ser

Ala

560

Thr

Ala

Leu

Pro

Glu

640

Ile



Met Asp Glu

Glu Asn

675

Arg

Glu
690

Gln Leu

Pro Thr Gly

705

Trp Thr Gln

Ala Leu Gln

Met Cys Arg

755
Val Phe
770

Met

Arg Leu Val

785

Leu Gln Glu

His Leu Met

Asn Ile Tyr

835

Ser
850

Arg Arg

Glu
865

Gln Ala

Asn Thr Gly

<210>
<211>
<212>
<213>
<400> 45
atgtccgage
cagaatgaag
gagtccttcc
ggcgttaaac
accatcacct
cagactgaag
ggttcctgca
taccgtaaaa
cgtaaatctg
gactaccgtc
ttcacttctc

45
2283
DNA

645

Leu Ser
660

Lys Asp

Gly Lys

Gly Vval

Val

Phe

Leu

Glu

Ile Ser

Val Pro

680
Pro Leu
695

Ser Leu

710

Asn Arg

725
Lys Val
740

Asp Trp

Ala Lys

Asp Lys

Leu

val

Pro

Ala

Ala

Met Leu

Glu Asp

Phe
760

Phe

Asp Leu

775

Leu Trp

790

Glu Asp

805

Ala
820

Asp
Thr Asp
Gln

Ala

Leu Met

Ile

Leu

Pro

Glu

Val

Lys Val

Pro

Trp

Asn
840

Leu

Lys Glu

855

Thr Ile

870

ttaatgaaaa
taaacgtccg
tggctggcgce
tggaaaaccg
ctcacgacgc
ctccgctgaa
aagcgtacaa
ctcacaacca
gtgttctgac
gcgttgcgcet
tgcaggctga

Escherichia coli K12

gttagccaca
tgacttcatt
tactgaagcg
cactcacgcg
tggctacatc
acgtgctctt
ccgcgaactg
gggcgtgtte
cggtctgcca
gtacggtatc
tctggaaaac

38

650

Cys val

665

Asp

Tyr Phe Arg

Gly Ser Arg

Ala Ile

715

Arg

Ala
730

Pro Trp

Gly Gln

745

Lys

Ser Thr Arg

Trp Leu Ala

Gly
795

Pro Leu

Val Leu Ala

810

Ile
825

Ala Glu

Val Leu Gln

Gly Gln Glu

Ala Ile

875

Gly

gcctgggaag
cagaaaaact

accaccaccc
ccagttgact
aacaagcagc
atccecgtteg
gatccgatga
gacgtttaca
gatgcatatg
gactacctga
ggcgtaaacc

Gly
670

Tyr Arg

Ala Thr

685

Ser

Pro Ala

700

Lys

Pro Trp Ile

Leu Gly Ala

Glu Leu

750

Ser

Leu Gly Met

765

Glu
780

Tyr Tyr

Lys Glu Leu

Ile Ala Asn

Gln
830

Ser Ile

Ala Glu

845

Leu

Pro Pro

860

Asp

Ala Ala Gly

gttttaccaa
acactccgta
tgtgggacaa
ttgacaccgc
ttgagaaaat
gtggtatcaa
tcaaaaaaat
ctccggacat
gccgtggeceg
tgaaagacaa
tggaacagac

655

Tyr Val

Pro Glu
Arg Arg

Ala
720

Phe

Gly Thr

735

Glu Ala

Leu Glu
Asp Gln

Asn
800

Arg

Asp Ser

815

Leu Arg

Leu His

Arg Val

Met Arg

880

aggtgactgg
cgagggtgac
agtaatggaa
tgttgcttcc
cgttggtctg
aatgatcgaa
cttcactgaa
cctgcgttgc
tatcatcggt
actggcacag
tatccgtctg

60
120
180
240
300
360
420
480
540
600
660



cgcgaagaaa
tacggctacg
ttcggctacc
tccaccttcc
gaagcgcagg
actccggaat
ggtatgggcc
ctgtacacca
ccgctgaact
gagaacgatg
gtaagcccga
aaaaccatgc
ccgaagtctg
gatcacttca
atgcacgaca
cgcaccatgg
aaatatgcga
gaaggcgaat
ctggtagaac
actcagtctg
ccagacggtc
gaccagaaag
aaagatggta
gttcgtaaga
gaaggtggtc
gaaaacccgg
aactcgctga
taa

<210>
<211>
<212>
<213>
<400>

46
760
PRT

46

Met Ser Glu Leu Asn Glu

1

Gly

Thr
35

Tyr

Glu Ala

50

Thr

Glu
65

Asn Arg

Thr Ile Thr

Ile Val Gly

Phe Gly Gly

115
Glu Leu
130

Asp

His
145

Asn Gln

tcgctgaaca
acatctctgg
tggctgctgt
tggatgtgta
aaatggttga
acgatgaact
tcgacggtcg
tgggtccgtc
tcaagaaatt
acctgatgcg
tgatcgttgg
tgtacgcaat
aaccgatcaa
tggactggct
agtacagcta
cgtgtggtat
aagttaaacc
acccgcagtt
gtttcatgaa
ttctgaccat
gtcgtgctgg
gtgcagtagc
tctcctacac
ccaacctggc
agcacctgaa
aaaaatatcc
ctaaagaaca

Escherichia coli

5

Trp Gln
20

Pro Tyr

Thr Thr
His

Thr

His
85

Ser

Leu Gln

100

Ile Lys

Met

Pro

Gly val

Asn

Glu

Leu

Ala

70

Asp

Thr

Met

Ile

Phe

gcaccgcgct
tccggctacce
taagtctcag
catcgaacgt
ccacctggtc
gttctctggce
taccctggtt
tccggaaccg
cgccgctaaa
tccggacttce
taaacaaatg
caacggcggc
aggcgatgtc
ggctaaacag
cgaagcctct
cgctggtctg
gattcgtgac
tggtaacaat
gaaaattcag
cacttctaac
cgcgccecgttce
ctctctgact
cttctctatc
tggtctgatg
cgttaacgtg
gcagctgacc
gcagcaggac

K12

Lys Leu

Glu val

Gly Asp

40

Trp
55

Asp
Pro Vval
Ala Gly
Glu Ala

Glu
120

Ile

Lys
135

Lys

Asp Vval

150

ctgggtcaga
aacgctcagg
aacggtgctg
gacctgaaag
atgaaactgc
gacccgatct
accaaaaaca
aacatgacca
gtgtccatcg
aacaacgatg
cagttcttecg
gttgacgaaa
ctgaactatg
tacatcactg
ctgatggcgce
tcecgttgetg
gaagacggtc
gatccgcgtg
aaactgcaca
gttgtgtatg
ggaccgggtg
tccgttgcta
gttccgaacg
gatggttact
atgaaccgtg
atccgtgtat
gttattactc

Ala Thr

10

Ala

Asn Val

25

Arg

Glu Ser Phe

Lys Val Met

Asp Phe Asp

75

Ile
90

Tyr Asn

Pro Leu

105

Lys

Gly Ser Cys

Ile Phe Thr

Thr Pro

155

Tyr

tgaaagaaat
aagctatcca
caatgtcctt
ctggcaagat
gtatggttcg
gggcaaccga
gcttcegttt
ttctgtggtc
acacctcttc
actacgctat
gtgcgcgtgce
aactgaaaat
atgaagtgat
cactgaacat
tgcacgaccg
ctgactcccect
tggctatcga
tagatgacct
cctaccgtga
gtaagaaaac
ctaacccgat
aactgccgtt
cactgggtaa
tccaccacga
aaatgctgct
ctggctacgc
gtaccttcac

Trp Glu Gly

Phe Ile

30

Asp

Ala
45

Leu Gly

Glu
60

Gly Vval

Thr Ala Val

Lys Gln Leu

Ala Leu

110

Arg

Ala
125

Lys Tyr

Glu
140

Tyr Arg

Asp Ile Leu

ggctgcgaaa
gtggacttac
cggtcgtacc
caccgaacaa
cttcectgegt
atctatcggt
cctgaacacc
tgaaaaactg
tctgcagtat
tgcttgctge
aaacctggcg
gcaggttggt
ggagcgcatg
catccactac
tgacgttatc
gtctgcaatc
cttcgaaatc
ggctgttgac
cgctatcccg
gggtaacacc
gcacggtcgt
tgcttacgcect
agacgacgaa
agcatccatc
cgacgcgatg
agtacgtttc
tcaatctatg

Phe
15

Thr

Gln Lys

Ala Thr

Lys Leu

Ala Ser

80

Glu
95

Lys

Ile Pro

Asn Arg

Lys Thr

Arg Cys

160

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
2283



Arg

Arg

Leu

Glu

Ala

225

Tyx

Gln

Ala

Glu

Met

305

Thr

Glu

Asn

Glu

Lys

385

Glu

Ile

Phe

Gly

Pro

465

Asp

Lys

Ile

Met

Asn

210

Glu

Gly

Trp

Ala

Axrg

290

val

Pro

Ser

Ser

Pro

370

Lys

Asn

Ala

Gly

Gly

450

Ile

His

Ser

Ile

Lys

195

Gly

Gln

Tyr

Thr

Met

275

Asp

Asp

Glu

Ile

Phe

355

Asn

Phe

Asp

Cys

Ala

435

Val

Lys

Phe

Gly

Gly

180

Asp

vVal

His

Asp

Tyr

260

Ser

Leu

His

Tyr

Gly

340

Arg

Met

Ala

Asp

Cys

420

Arg

Gly

Met

val

165

Asp

Lys

Asn

Arg

Ile

245

Phe

Phe

Lys

Leu

Asp

325

Gly

Phe

Thr

Ala

Leu

405

Val

Ala

Glu

Asp

Asp
485

Leu

Tyr

Leu

Leu

Ala

230

Ser

Gly

Gly

Ala

val

310

Glu

Met

Leu

Ile

Lys

390

Met

Ser

Asn

Lys

Val

470

Trp

Thr

Arg

Ala

Glu

215

Leu

Gly

Tyr

Arg

Gly

295

Met

Leu

Gly

Asn

Leu

375

vVal

Arg

Pro

Leu

Leu

455

Leu

Leu

Gly

Arg

Gln

200

Gln

Gly

Pro

Leu

Thx

280

Lys

Lys

Phe

Leu

Thr

360

Trp

Ser

Pro

Met

Ala

440

Lys

Asn

Ala

Leu

Val

185

Phe

Thr

Gln

Ala

Ala

265

Ser

Ile

Leu

Ser

Asp

345

Leu

Ser

Ile

Asp

Ile

425

Lys

Met

Tyr

Lys

Pro

170

Ala

Thr

Ile

Met

Thr

250

Ala

Thr

Thr

Arg

Gly

330

Gly

Tyr

Glu

Asp

Phe

410

vVal

Thr

Gln

Asp

Gln
490

40

Asp

Leu

Ser

Arg

Lys

235

Asn

Val

Phe

Glu

Met

315

Asp

Arg

Thr

Lys

Thr

395

Asn

Gly

Met

val

Glu

475

Tyr

Ala

Tyr

Leu

Leu

220

Glu

Ala

Lys

Leu

Gln

300

val

Pro

Thr

Met

Leu

380

Ser

Asn

Lys

Leu

Gly

460

Val

Ile

Tyr

Gly

Gln

205

Arg

Met

Gln

Ser

Asp

285

Glu

Arg

Ile

Leu

Gly

365

Pro

Ser

Asp

Gln

Tyr

445

Pro

Met

Thr

Gly

Ile

190

Ala

Glu

Ala

Glu

Gln

270

vVal

Ala

Phe

Trp

Val

350

Pro

Leu

Leu

Asp

Met

430

Ala

Lys

Glu

Ala

Arg

175

Asp

Asp

Glu

Ala

Ala

255

Asn

TyY

Gln

Leu

Ala

335

Thr

Ser

Asn

Gln

Tyr

415

Gln

Ile

Ser

Arg

Leu
495

Gly

Tyr

Leu

Tle

Lys

240

Ile

Gly

Ile

Glu

Arg

320

Thr

Lys

Pro

Phe

Tyr

400

Ala

Phe

Asn

Glu

Met

480

Asn



Ile Ile His

His
515

Ala Leu

Leu Ser

530

Gly

vVal Pro

545

Lys

Glu Gly Gilu

Leu Ala Val

His Thr Tyr

595
Asn Val
610

Ser

Arg Ala

625

Gly

Asp Gln

Phe Ala Tyr

Ala Leu

675

Asn

Met
690

Leu Asp

His Leu Asn

705
Glu

Asn Pro

Ala VvVal Arg

Thr Thr

755

Arg

<210>
<211>
<212>
<213>
<400> 47

atgtcgagta
atcgatgcag
gaagcacgta
gccgctceaca
ctgtctgcege
agctccgtag

47
1203
DNA

Tyr Met

500

Asp Arg

Val Ala

Ile Arg

His

Asp

Ala

Asp

Asp Lys

Ile
520

vVal

Asp Ser

535

Glu Asp

550

Pro
565

Tyx

Asp Leu

580

Arg Asp

vVal Tyr

Ala Pro

Gln

val

Ala

Gly

Phe

Phe Gly

Glu Axg

Ile Pro

600

Lys
615

Lys

Gly Pro

630

Ala
645

Gly

Ala
660

Lys
Gly Lys
Gly Tyr

val Asn

Val

Asp

Asp

Phe

val

Ala Ser

Gly Ile

Glu
680

Asp
His His
695

Met Asn

710

Glu Lys

725

Phe
740

Asn

Phe Thr

Escherichia coli

agttagtact
taaatggtga
tcaaatggaa
gcgaagcgct
agctgactgc
tgatcgatga

Tyr

Ser

Gln

Pro Gln

Thr

Leu

Met
760

Ser

K12

ggttctgaac
agagtacctt
aatggacggc
caactttatc
tatcggtcac
gtctgttatt

41

Ser

Tyr
505

Tyx

Arg Thr Met

Leu Ser Ala

Ala
555

Gly Leu

Asn
570

Asn Asp

Phe
585

Met Lys

Thr Gln Ser

Thr Gly Asn

Ala Asn

635

Gly

Thr
650

Leu Ser

Ser Thr

665

Tyr

Val Arg Lys

Glu Ala Ser

Glu Met

715

Arg

Thr
730

Leu Ile

Lys Glu Gln

745

tgcggtagtt
tctggtttag
aataaacagg
gttaatacta
cgtatcgtac
cagggtatca

Glu Ala Ser

510
Ala

Cys Gly

525

Ile
540

Lys Tyr

Ile Asp Phe

Pro Arg Val

Ile Gln

590

Lys

Val Leu Thr

605

Thr
620

Pro Asp

Pro Met His

Val Ala Lys

Ile
670

Phe Ser

Thr Asn Leu

685

Ile
700

Glu Gly

Leu Leu Asp

Arg Val Ser

Gln Gln Asp

750

cttcactgaa
ccgaatgttt
aagcggcecttt
ttctggcaca
acggcggcga
aagatgcagc

Leu Met

Ile Ala

Ala Lys

Glu Ile

560

Asp
575

Asp

Lys Leu

Ile Thr

Gly Arg

Gly Arg

640
Leu Pro
655

Val Pro

Ala Gly

Gly Gln

Ala Met

720

Gly
735

Tyx

vVal Ile

atttgccatc
ccacctgccc
aggtgcaggc
aaaaccagaa
aaagtatacc
ttcttttgca

60
120
180
240
300
360



ccgctgcaca
ctgaaagaca
tcttacctct
gcgcacggca
gtagaagaac
cgcaacggta
ggtacccgtt
atgagcgttg
gaagtgacca
cgcgcaatgg
atggatggtc
gttcgtgaac
aacctggctg
gtggttatcc
tga

<210>
<211>
<212>
<213>
<400> 48
Met Ser Ser
1

48
400
PRT

Lys Phe Ala

Ala Glu

35

Leu

Asp Gly Asn

50

Glu
65

Ala Leu

Leu Ser Ala

Glu Lys Tyr

Ile Lys Asp

115

Ile Gly Ile

130

Asn Val Ala

145

Ser Tyr Leu

Arg Arg Tyr

Ala Ala Lys

195
His Leu
210

Cys

acccggctca
aaaacgttgc
acgccctgcece
ccagccactt
tgaacatcat
aatgcgttga
ctggtgatat
acgcaatcaa
gcgactgccg
acgtttactg
gtctggacgc
tgtctctggg
cacgtttcgg
caaccaacga

Escherichia coli

Lys
5

Ile
20

Ile As

Cys Phe Hi

Lys Gln Gl

Tl
70

Asn Phe

Gln Leu

85

Thr
100

Ser

Ala Ala Se

Glu Glu Al

Val Phe As

15

Ala
165

Tyxr Le

Gly Ala Hi

180

Met Leu As

Gly Asn Gl

Leu Val

Thr

Ser

cctgatcggt
tgtatttgac
ttacaacctg
ctatgtaacc
cacctgccac
cacctctatg
cgatccggceg
caaactgctg
ctatgttgaa
ccaccgcctg
tgttgtattc
caaactgggc
caaatctggt
agaactggtt

K12

Leu Val

p Ala Vval

Pro
40

s Leu

Ala
55

u Ala

e Val Asn

Ala Ile

Val val

Phe Ala

120

r

Leu
135

a Lys

Thr Ala

p
0

u Pro Tyr

s Gly Thr

n Pro

200

Lys

Gly Ser

215

Y

42

atcgaagaag
accgecgttcec
tacaaagagc
caggaagcgg
ctgggcaacg
ggcctgaccc
atcatcttcc
accaaagagt
gacaactacg
gcgaaataca
actggtggta
gtgctgggct
ttcatcaaca
atcgcgcaag

Asn
10

Leu Cys

Asn Glu

25

Gly

Glu Ala Arg

Leu Gly Ala

Thr Ile Leu

75
His
90

Gly Arg

Ile
105

Asp Glu

Pro Leu His

Ser Phe Pro

Phe Gln

155

His

Leu
170

Asn Tyr

Ser His Phe

185

Val Glu Glu

Val Ser Ala

ctctgaaatc
accagactat
acggcatccg
caaaaatgct
gtggttcecgt
cgctggaagg
acctgcacga
ctggcctgcet
cgacgaaaga
tcggtgccta
tcggtgaaaa
ttgaagttga
aagaaggtac
acgcgageccg

Gly Ser Ser

Glu Leu

30

Tyr

Ile Lys

45

Trp

Gly Ala Ala

60
Ala

Gln Lys

Ile Val His

vVal Ile

110

Ser

Pro Ala

125

Asn

Gln
140

Leu Lys

Thr Met Pro

Lys Glu His

Thr
190

Tyr Val

Asn Ile

205

Leu

Ile
220

Arg Asn

tttcccacag
gccggaagag
tcgttacggc
gaacaaaccyg
ttctgctatc
tctggtcatg
caccctgggc
gggtctgacc
agacgcgaag
cactgcgctg
tgccgcaatg
tcatgaacgc
ccgtecctgeg
cctgactgcecce

Ser Leu

15

Ser Gly

Lys Met
Ser

His

Glu
80

Pro

Gly
95

Gly

Gln Gly

His Leu

Asp Lys

Glu Glu

160
Gly Ile
175

Gln Glu

Ile Thr

Gly Lys

420
480
540
600
660
720
780
840
S00
960
1020
1080
1140
1200
1203



Cys Val

225

Asp

Gly Thr Arg

Asp Thr Leu

Glu Ser Gly

275
val Glu
290

Asp

Val
305

Tyr Cys

Met Asp Gly

Asn Ala Ala

Phe Glu

355

Gly

Ser Gly Phe

370
Thr Glu
385

Asn

<210>
<211>
<212>
<213>
<400> 49

atggctgtta
cgtgaatatg
gctgctgcag
atcgtcgaag
aaagatgaaa
gctgaaccaa
atcttcaaat
cgtgcaaaag
ggtgctccga
ctgatgcacc
gccgcataca
atcgatgaaa
gacaacggcg
gctgtacgtg
gctgttcagg
gcctataaaa
ggtgaagtga
ctggcaatgt
gctatgggceg
cgcgtttcett
tctcagggtg
tgtggttctt
aagaaaaccg
tacttccgece
cgtgcgctca

49
2676
DNA

Thr Ser

Met

Gly Leu

230

Ser Gly

245
Gly Met
260

Leu Leu

Asn

Tyr

His Arg

Asp

Ser

Gly

Ala

Leu

Ile Asp

Val Asp

Thr
280

Leu

Thr
295

Lys

Ala Lys

310

Leu
325

Arg

Met Val

340

Val Asp

Ile

Asn

Glu Leu

Asp

Arg

His

Lys

val

Ala Val

Glu Leu

Glu Arg

360

Glu
375

Gly

Ile Ala

390

ctaatgtcgc
ccagtttcac
atgctcgaat
ataaagtgat
aaacctgtgg
tcggtattat
cgctgatcag
atgccaccaa
aagatctgat
acccagacat
gctccggtaa
ctgctgatat
taatctgtgce
aacgttttgce
atgttatcct
ttgctgaact
ccgttgttga
accgcgctaa
gtatcggtca
acttcggtca
gtatcggtga
ggggtggtaa
ttgctaagcg
gtggctccct
tcgtgactga

Escherichia coli K12

tgaacttaac
tcaagagcaa
cccactcgeg
caaaaaccac
tgttctgtct
ttgcggtatc
tctgaagacc
caaagcggct
cggctggatc
caacctgatc
accagctatc
caaacgtgca
ttctgaacag
aacccacggc
gaaaaacggt
ggcaggcttc
tgaaagcgaa
agatttcgaa
tacctcttgc
gaaaatgaaa
cctgtataac
ctccatctct
agctgaaaac
gccaatcgcg
ccgctteccectg

43

Thr Leu

235

Pro

Ala
250

Pro Ile

Ala
265

Ile Asn

Glu val Thr

Glu Asp Ala

Tyr Ile Gly

315
Val Phe
330

Thr

Ser Leu

345

Gly

Asn Leu Ala

Thr Arg Pro

Gln Ala

395

Asp

gcactcgtag
gtagacaaaa
aaaatggccg
tttgcttctg
gaagacgaca
gttccgacca
cgtaacgcca
gatatcgttc
gatcaacctt
ctcgcgactyg
ggtgtaggcg
gttgcatctg
tctgttgttg
ggctatctgt
gcgctgaacg
tctgtaccag
ccgttcgcac
gacgcggtag
ctgtacactg
acggcgcgta
ttcaaactcg
gaaaacgttg
atgttgtggce
ctggatgaag
ttcaacaatg

Glu Gly Leu

Ile Phe His

Leu
270

Lys Leu

Ser Asp

285

Cys

Lys Ala

300

Axrg

Ala Thr

Tyr

Gly Gly Ile

Lys Leu Gly

350
Ala

Arg Phe

365

Ala
380

val val

Ser Arg Leu

agcgtgtaaa
tcttececgegce
ttgccgaatc
aatatatcta
cttttggtac
ctaacccgac
ttatcttctc
tgcaggctgc
ctgttgaact
gtggtccggg
cgggcaacac
tactgatgtc
ttgttgactc
tgcagggtaa
cggctatcgt
aaaacaccaa
atgaaaaact
aaaaagcaga
accaggataa
tcctgattaa
caccttccct
gtccgaaaca
acaaacttcc
tgattactga
gttatgctga

Val Met

240
Leu His
255

Thr Lys

Arg Tyr

Met Asp

Ala Leu

320
Gly Glu
335

Val Leu

Gly Lys

Ile Pro

Thr Ala

400

aaaagcccag
cgcecgcectcetg
cggcatgggt
caacgcctat
catcactatc
ttcaactgcect
cccgcacceg
tatcgctgcec
gtctaacgca
catggttaaa
tccagttgtt
caaaaccttc
tgtttatgac
agagctgaaa
tggtcagcca
gattctgatc
gtccccgact
gaaactggtt
ccaaccggct
caccccagcyg
gactctgggt
cctgatcaac
gaaatctatc
tggccacaaa
tcagatcact

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



tccgtactga
accctgagca
atcgcgctgg
catccggaaa
tacaagttcc
acaggttctg
ccgctggcag
gacatgccga
gcttatgttt
ctgctgaaag
gaacgtgttc
gtatgtcact
aacgccctgce
actgcattca
cacttgggtc
tggctggaaa
caggaagcag
tgcaccggcecg
acctactacg
gctaaagctg

<210>
<211l>
<212>
<213>
<400> 50
Met Ala Val
1

50
891
PRT

Lys Lys Ala

Phe
35

Lys Ile

Ala
50

Leu

Lys Val Tle

65
Glu

Lys Asp

Thr Ile Thr

Thr Thr Asn

115

Thr
130

Lys Arg

Ala
145

Thr Asn

Gly Ala Pro

Leu Ser Asn

Thr Gly Gly

aagcagcagg
tcgttcgtaa
gtggtggttc
ctcacttcga
cgaaaatggg
aagtcactcc
actatgcgct
agtccctgtg
ctgtactggc
aatatctgcc
acagtgcagc
caatggcgca
tgatttgtaa
gccagtatga
tgagcgcacc
cgctgaaagc
acttcctggce
ctaacccgcg
gtcgtgatta
agaaaaaagc

Escherichia coli

Thr
5

Gln
20

Arg G1

Arg Ala Al

Ala

Met

Hi
70

Lys Asn

Thr
85

Lys

Ile
100

Ala

Pro Thr

Asn Ala

Al
15

Lys Ala

Lys Asp

165

Ala
180

Leu Me

Pro Gly

Asn Val

val

Cys

Glu

Ser

Ile

Leu

Met

cgttgaaact
aggtgcagaa
cccgatggac
agagctggcg
cgtgaaagcg
gtttgcggtt
gactccggat
tgctttcggt
atctgagttc
agcgtcctac
gactatcgcg
caaactgggt
cgttattcgce
ccgtccgcecag
gggcgaccgt
tgaactgggt
gaacgtggat
ttacccgetg
tgtagaaggt
gaaaaaatcc

K12

Ala Glu

u Tyr Ala

a Ala Leu

40
Ala Glu
55

s Phe Ala

Gly Vval

Pro Ile

Thr Ala

120

Ile
135

Phe

a Asp Ile

0

Ile Gly

His

t His

Val Lys

44

gaagtcttct
ctggcaaact
gccgcgaaga
ctgcgcttta
aaaatgatcg
gtaactgacg
atggcgattg
ggtctggacg
tctgatggtc
cacgaagggt
ggtatcgcgt
tceccagttcc
tacaatgcga
gctcgecgtce
actgctgcta
attccgaaat
aaactgtctg
atctccgage
gaaactgcag
gcttaa

Asn Ala

10

Leu

Ser Phe Thr

25

Ala Ala Ala

Ser Gly Met

Ser Glu Tyr

75
Ser Glu
90

Leu

Gly Ile Ile

105
Ile

Phe Lys

Ser Pro His

Val Gln

155

Leu

Ile
170

Trp Asp

Pro Ile

185

Asp

Ala Ala

Tyx

tcgaagtaga
ccttcaaacc
tcatgtgggt
tggatatccg
ctgtcaccac
acgctactgg
tcgacgccaa
cagtaactca
aggctctgca
ctaaaaatcc
ttgcgaacgc
atattccgca
acgacaaccc
gttatgctga
agatcgagaa
ctatccgtga
aagatgcatt
tgaaacagat
cgaagaaaga

Leu Val

Gln Glu

30

Ala
45

Asp

Gly Ile

60

Ile Tyr

Asp Asp
Cys Gly

Leu
125

Ser

Pro
140

Arg
Ala Ala
Gln Pro
Leu

Asn

Ser Ser

Glu

Gln

Arg

Val

Asn

Thr

Ile

110

Ile

Ala

Ile

Ser

Ile

190

Gly

agcggacccg
agacgtgatt
tatgtacgaa
taaacgtatc
cacttctggt
tcagaaatat
cctggttatg
cgccatggaa
ggcactgaaa
ggtagcgcgt
cttcctgggt
cggtctggca
gaccaagcag
aattgccgac
actgctggca
agctggcgtt
cgatgaccag
tctgctggat
agctgcteccg

Arg Val

15

Val Asp

Ile Pro

Glu Asp

Ala Tyx

80

Phe
95

Gly

Val Pro

Ser Leu

Lys Asp

Ala Ala

160

vVal
175

Glu
Ala

Leu

Lys Pro

1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2676



Ala

Ala

225

Asp

Ser

Leu

Asn

Ala

305

Gly

Leu

val

Ser

Phe

385

Ser

Leu

vVal

Glu

Gly

465

Arg

Asp

Phe

Ala

Ile

210

Asp

Asn

val

Leu

Gly

290

Glu

Glu

Ser

Glu

Cys

370

Gly

Gln

Thr

Gly

Asn

450

Ser

Ala

Gln

Phe

Glu

195

Gly

Ile

Gly

Tyr

Gln

275

Ala

Leu

Val

Pro

Lys

355

Leu

Gln

Gly

Leu

Pro

435

Met

Leu

Leu

Ile

Glu

515

Leu

Val

Lys

Val

Asp

260

Gly

Leu

Ala

Thr

Thr

340

Ala

Tyr

Lys

Gly

Gly

420

Lys

Leu

Pro

Ile

Thr

500

val

Ala

Gly

Arg

Ile

245

Ala

Lys

Asn

Gly

Val

325

Leu

Glu

Thr

Met

Ile

405

Cys

His

Trp

Ile

vVal

485

Ser

Glu

Asn

Ala

Ala

230

Cys

Val

Glu

Ala

Phe

310

val

Ala

Lys

Asp

Lys

390

Gly

Gly

Leu

His

Ala

470

Thr

val

Ala

Ser

Gly

215

Val

Ala

Arg

Leu

Ala

295

Ser

Asp

Met

Leu

Gln

375

Thr

Asp

Ser

Ile

Lys

455

Leu

Asp

Leu

Asp

Phe

200

Asn

Ala

Ser

Glu

Lys

280

Ile

val

Glu

Tyr

val

360

Asp

Ala

Leu

Trp

Asn

440

Leu

Asp

Arg

Lys

Pro

520

Lys

Thr

Ser

Glu

Arg

265

Ala

Val

Pro

Ser

Arg

345

Ala

Asn

Arg

Tyr

Gly

425

Lys

Pro

Glu

Phe

Ala

505

Thr

Pro

Pro

Val

Gln

250

Phe

val

Gly

Glu

Glu

330

Ala

Met

Gln

Ile

Asn

410

Gly

Lys

Lys

Val

Leu

490

Ala

Leu

Asp

45

val

Leu

235

Ser

Ala

Gln

Gln

Asn

315

Pro

Lys

Gly

Pro

Leu

395

Phe

Asn

Thr

Ser

Ile

475

Phe

Gly

Ser

Val

val

220

Met

val

Thr

Asp

Pro

300

Thr

Phe

Asp

Gly

Ala

380

Ile

Lys

Ser

val

Ile

460

Thr

Asn

vVal

Ile

Ile

205

Ile

Ser

val

His

vVal

285

Ala

Lys

Ala

Phe

Ile

365

Arg

Asn

Leu

Ile

Ala

445

Tyr

Asp

Asn

Glu

vVal

525

Ile

Asp

Lys

Val

Gly

270

Ile

Tyr

Ile

His

Glu

350

Gly

Val

Thr

Ala

Ser

430

Lys

Phe

Gly

Gly

Thr

510

Arg

Ala

Glu

Thr

Val

255

Gly

Leu

Lys

Leu

Glu

335

Asp

His

Ser

Pro

Pro

415

Glu

Arg

Arg

His

Tyx

495

Glu

Lys

Leu

Thr

Phe

240

Asp

Tyxr

Lys

Ile

Ile

320

Lys

Ala

Thr

Tyr

Ala

400

Ser

Asn

Ala

Arg

Lys

480

Ala

val

Gly

Gly



Gly

545

His

Arg

Ile

Ala

Tyr

625

Asp

His

Gly

Ser

Sex

705

Val

His

Ala

Pro

Ser

785

Trp

Glu

Ser

Pro

Arg

530

Gly

Pro

Lys

Ala

val

610

Ala

Met

Ala

Gln

Tyr

690

Ala

Cys

Gly

Asn

Gln

770

Ala

Leu

Ala

Glu

Leu

850

Asp

Ser

Glu

Arg

Val

595

Val

Leu

Pro

Met

Ala

675

His

Ala

His

Leu

Asp

755

Ala

Pro

Glu

Gly

Asp

835

Ile

Tyr

Pro

Thr

Ile

580

Thr

Thr

Thr

Lys

Glu

660

Leu

Glu

Thr

Ser

Ala

740

Asn

Arg

Gly

Thr

val

820

Ala

Ser

Val

Met

His

565

Tyr

Thr

Asp

Pro

Ser

645

Ala

Gln

Gly

Ile

Met

725

Asn

Pro

Arg

Asp

Leu

805

Gln

Phe

Glu

Glu

Asp

550

Phe

Lys

Thr

Asp

Asp

630

Leu

Tyr

Ala

Ser

Ala

710

Ala

Ala

Thr

Arg

Arg

790

Lys

Glu

Asp

Leu

Gly

535

Ala

Glu

Phe

Ser

Ala

615

Met

Cys

val

Leu

Lys

695

Gly

Leu

Lys

Tyr

775

Thr

Ala

Ala

Asp

Lys

855

Glu

Ala

Glu

Pro

Gly

600

Thr

Ala

Ala

Ser

Lys

680

Asn

Ile

Lys

Leu

Gln

760

Ala

Ala

Glu

Asp

Gln

840

Gln

Thr

Lys

Leu

Lys

585

Thr

Gly

Ile

Phe

Val

665

Leu

Pro

Ala

Leu

Ile

745

Thr

Glu

Ala

Leu

Phe

825

Cys

Ile

Ala

Ile

Ala

570

Met

Gly

Gln

val

Gly

650

Leu

Leu

Val

Phe

Gly

730

Cys

Ala

Ile

Lys

Gly

810

Leu

Thr

Leu

Ala

46

Met

555

Leu

Gly

Ser

Lys

Asp

635

Gly

Ala

Lys

Ala

Ala

715

Ser

Asn

Phe

Ala

Ile

795

Ile

Ala

Gly

Leu

Lys

540

Trp

Arg

val

Glu

TyY

620

Ala

Leu

Ser

Glu

Arg

700

Asn

Gln

Val

Ser

Asp

780

Glu

Pro

Asn

Ala

Asp

860

Lys

vVal

Phe

Lys

vVal

605

Pro

Asn

Asp

Glu

Tyr

685

Glu

Ala

Phe

Ile

Gln

765

His

Lys

Lys

val

Asn

845

Thr

Glu

Met

Met

Ala

590

Thr

Leu

Leu

Ala

Phe

670

Leu

Arg

Phe

His

Arg

750

Tyr

Leu

Leu

Ser

Asp

830

Pro

Tyr

Ala

Tyr

Asp

575

Lys

Pro

Ala

Val

val

655

Ser

Pro

Val

Leu

Ile

735

Tyr

Asp

Gly

Leu

Tle

815

Lys

Arg

Tyr

Ala

Glu

560

Ile

Met

Phe

Asp

Met

640

Thr

Asp

Ala

His

Gly

720

Pro

Asn

Arg

Leu

Ala

800

Arg

Leu

Tyr

Gly

Pro



865

87

0

47

875

Ala Lys Ala Glu Lys Lys Ala Lys Lys Ser Ala

<210>
<211>
<212>
<213>
<400> 51
gtgcaaacct
gcaattgctg
ccgatgcgta
gacagcttcg
gatgtcgtgg
ggatgcccat
aaaatcgagc
ttccagacct
attctggttg
ctggtgcaga
cgttacaaca
ggcgttccgce
ggtatcctga
taccgttatc
aaatatatgg
aaaggcaaca
ggcgagaaaa
ggcgtcgatc
ggtatcgaaa
tgttecctcetg
gtggtcttcg
ggcaacgaag
gttaaccagg
gaagaaggct
gcagagctgce
accgacctgc
cactccgcaa
accgagcgtg
acgactcgcc
tacggtggcg
aatggctga

51
1809
DNA

<210>
<211>
<212>
<213>
<400>

52
602
PRT

52

Met Gln Thr Phe Gln Ala

1

Gly Leu Arg

Ile Ala Leu

35
Ala Glu
50

Gly

Tyr His Phe

Asp Val val

885

ttcaagccga
ccgecgcaggce
gccataccgt
aatatcactt
attatttecgt
ggagccgtcg
gcacctggtt
ctctgcaatt
atgatggtca
tccgtgctaa
ccaacggcgg
tgcgtgacat
tgaccgaagg
tgcaagatta
aactgggtcc
ccatctccac
aactgcatga
cggttaaaga
ccgatcagaa
ttggtctgca
gccgtetgge
cggcaattga
atggcggcga
gcggtatcta
aggaacgctt
tctacaccat
tggcacgtaa
acgacgtcaa
tggagtacag
aagcggatgc

Escherichia coli

5
Ala Ala
20

Ile Ser

Gly Ser

His Asp

70

Asp Tyr

Ile

Lys

Ala

Thr

Phe

Escherichia coli K12

tcttgccatt
aaatccgaat
tgctgcagaa
tcacgataca
ccaccactgc
cccggatggt
cgccgceccgat
cccgcagatc
tgttcgcggce
cgcggtegtt
catcgttacc
ggaattcgtt
ttgccgecggt
cggcatgggc
acgcgacaaa
gccgegtggce
acgtctgccg
accgattccg
ctgtgaaacc
cggtgcaaac
cggtgaacaa
agcgcaggca
aaactgggcg
ccgtacgceccg
caagcgcgtg
tgaactgggc
agagtcccgc
cttcctcaaa
cgacgtgaag
agccgataag

K12

Asp Leu

Ala Ala

Val Tyr

40
Ala Vval
55

val Ala

Val His

890

gtaggcgccg
gcaaaaatcg
gggggctccg
gtagcgggtg
ccaaccgaaa
agcgtcaacg
aagaccggct
cagcgttttg
ctggtagcaa
atggctactg
ggtgacggta
cagtatcacc
gaaggcggta
ccggaaactc
gtctctcagg
gatgtggttt
ttcatctgeg
gtacgtccga
cgcattaaag
cgtctgggtt
gcgacagagc
gctggcgttg
aagatccgcg
gaactgatgc
cgcatcaccg
cacggtctga
ggcgcgcacce
cacaccctcg
attactacgc
gcggaagcag

Ala Ile

10

vVal

Ala Gln

25

Ala

Pro Met Arg

Ala Gln Asp

Gly Gly Asp

75
Pro

His Cys

gtggcgcggg
cactaatctc
ccgctgtegce
gcgactggtt
tgacccaact
tacgtcgcett
tccatatgct
acgaacattt
tgaacatgat
gcggtgcggg
tgggtatggc
caaccggtct
ttctggtcaa
cgctgggcga
ccttctggca
atctcgactt
aactggcgaa
ccgcacacta
gtctgttcgce
ctaactccct
gtgcagcaac
aacaacgtct
acgaaatggg
agaaaaccat
acacttccag
acgttgctga
agcgtctgga
ccttcecgega
tgcecgceccagce
ccaataagaa

Gly Ala Gly

Asn
30

Asn Pro

His Thr

45

Ser

His Ser

60

Asp

Trp Leu Cys

Thr Glu Met

880

attacgtgct
aaaagtatac
gcaggatcat
gtgtgagcag
ggaactgtgg
cggcggcatg
gcacacgctg
cgtgctggat
ggaaggcacg
tcgecgtttat
gctaagccac
gccaggttcc
caaaaatggc
gccgaaaaac
cgaatggcgt
gcgtcacctc
agcgtacgtt
caccatgggc
cgtgggtgaa
ggcggaactg
tgccggtaat
gaaagatctg
cctggctatg
cgacaagctg
cgtgttcaac
atgtatggcg
cgaaggttgc
tgctgatggc
taaacgcgtt
ggagaaggcg

Gly Ala

15

Ala Lys

vVal Ala
Phe Glu

Gln
80

Glu

Thr Gln

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

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1809



Leu

Asn

Ala

Leu

145

Ile

Met

Thr

val

Arg

225

Gly

Asn

Thr

Asp

Ile

305

Gly

Lys

Pro

Glu

Gly

385

Val

Thr

Glu

val

Asp

130

Gln

Leu

Glu

Gly

Thr

210

Asp

Ile

Lys

Pro

Lys

290

Ser

Glu

Ala

Thr

Thr

370

Leu

Val

Ala

Leu

Arg

115

Lys

Phe

vVal

Gly

Gly

195

Gly

Met

Leu

Asn

Leu

275

Val

Thr

Lys

Tyr

Ala

355

Arg

Phe

Gly

Trp

100

Arg

Thr

Pro

Asp

Thr

180

Ala

Asp

Glu

Met

Gly

260

Gly

Ser

Pro

Lys

Val

340

His

Ile

Gly

Gly

Asn

85

Gly

Phe

Gly

Gln

Asp

165

Leu

Gly

Gly

Phe

Thr

245

Tyr

Glu

Gln

Arg

Leu

325

Gly

Tyr

Lys

Ala

Arg

405

Gly

Cys

Gly

Phe

Ile

150

Gly

Val

Arg

Met

Val

230

Glu

Axg

Pro

Ala

Gly

310

His

val

Thr

Gly

Asn

390

Leu

Asn

Pro

Gly

His

135

Gln

His

Gln

val

Gly

215

Gln

Gly

Tyr

Lys

Phe

295

Asp

Glu

Asp

Met

Leu

375

Arg

Ala

Glu

Trp

Met

120

Met

Arg

val

Ile

Tyr

200

Met

Tyx

Cys

Leu

Asn

280

Trp

vVal

Arg

Pro

Gly

360

Phe

Leu

Gly

Ala

Ser

105

Lys

Leu

Phe

Arg

Arg

185

Arg

Ala

His

Arg

Gln

265

Lys

His

val

Leu

Val

345

Gly

Ala

Gly

Glu

Ala

90

Arg

Ile

His

Asp

Gly

170

Ala

Tyr

Leu

Pro

Gly

250

Asp

Tyr

Glu

Tyr

Pro

330

Lys

Ile

Val

Ser

Gln

410

Ile

48

Arg

Glu

Thr

Glu

155

Leu

Asn

Asn

Ser

Thr

235

Glu

Tyr

Met

Trp

Leu

315

Phe

Glu

Glu

Gly

Asn

395

Ala

Glu

Pro

Arg

Leu

140

His

vVal

Ala

Thr

His

220

Gly

Gly

Gly

Glu

Arg

300

Asp

Ile

Pro

Thr

Glu

380

Ser

Thr

Ala

Asp

Thr

125

Phe

Phe

Ala

Val

Asn

205

Gly

Leu

Gly

Met

Leu

285

Lys

Leu

Cys

Ile

Asp

365

Cys

Leu

Glu

Gln

Gly

110

Trp

Gln

val

Met

Val

190

Gly

vVal

Pro

Ile

Gly

270

Gly

Gly

Arg

Glu

Pro

350

Gln

Ser

Ala

Arg

Ala

95

Ser

Phe

Thr

Leu

Asn

175

Met

Gly

Pro

Gly

Leu

255

Pro

Pro

Asn

His

Leu

335

Val

Asn

Ser

Glu

Ala

415

Ala

val

Ala

Ser

Asp

160

Met

Ala

Ile

Leu

Ser

240

Val

Glu

Arg

Thr

Leu

320

Ala

Arg

Cys

Val

Leu

400

Ala

Gly



49

420 425
vVal Glu Gln Arg Leu Lys Asp Leu Val Asn Gln
435 440
Trp Ala Lys Ile Arg Asp Glu Met Gly Leu Ala
450 455
Gly Ile Tyr Arg Thr Pro Glu Leu Met Gln Lys
465 470 475
Ala Glu Leu Gln Glu Arg Phe Lys Arg Val Arg
485 490
Ser Val Phe Asn Thr Asp Leu Leu Tyr Thr Ile
500 505
Leu Asn Val Ala Glu Cys Met Ala His Ser Ala
515 520
Ser Arg Gly Ala His Gln Arg Leu Asp Glu Gly
530 535
Asp Val Asn Phe Leu Lys His Thr Leu Ala Phe
545 550 555
Thr Thr Arg Leu Glu Tyr Ser Asp Val Lys Ile
565 570
Ala Lys Arg Val Tyr Gly Gly Glu Ala Asp Ala
580 585
Ala Ala Asn Lys Lys Glu Lys Ala Asn Gly
595 600
<210> 53
<211> 735
<212> DNA
<213> Escherichia coli K12
<400> 53
atggctgaga tgaaaaacct gaaaattgag gtggtgcgct
gcaccgcata gcgcattcta tgaagtgcct tatgacgcaa
ctgggctaca tcaaagacaa cctggcaccg gacctgagct
gcgatttgtg gttcctgegg catgatggtt aacaacgtgce
ttcctgegtg attacaccga cggtatgaag gttgaagcgt
cgcgatctgg tggtcgatat gacccacttc atcgaaagtc
atcatcggca actcccgcac cgcggatcag ggtactaaca
gcgaagtatc accagttctc cggttgcatc aactgtggtt
cagtttggcc tgaacccaga gttcatcggt ccggctgcca
aacgaagata gccgcgacca cggtaagaag gagcgtatgg
ggcgtatgga gctgtacttt cgtgggctac tgctccgaag
ccggctgegg ccattcagca gggcaaagta gaaagttcga
ctgaaaccac gctaa
<210> 54
<211> 244
<212> PRT
<213> Escherichia coli K12
<400> 54

Met Ala Glu Met Lys Asn Leu Lys Ile Glu Vval

1

5

10

Glu Val Asp Thr Ala Pro His Ser Ala Phe Tyr

430

Gly
445

Asp Gly

Met Glu Glu

460
Thr

Ile Asp

Ile Thr Asp

Glu Leu Gly

510

Ala
525

Met Arg

Cys Thr Glu

540
Ala

Arg Asp

Thr Thr Leu

Ala Asp Lys

590

ataacccgga
ctacctcatt
accgctggtc
caaaactggc
tagctaactt
tggaagcgat
tccagacccc
tgtgctacgc
ttacgctggc
cgcagttgaa
tctgcccgaa
aagactttct

vVal Arg Tyr

Glu Val Pro

Glu Asn

Gly Cys

Leu
480

Lys

Thx
495

Ser

His Gly

Lys Glu

Arg Asp

Asp Gly

560
Pro Pro
575

Ala Glu

agtcgatacc
actggatgcg
ctgccgtatg
atgtaaaacc
cccgattgaa
caaaccgtac
ggcgcagatg
cgcgtgceccg
gcatcgttat
cagccagaac
acacgtcgat
tatcgcgacc

Asn Pro
15

Tyr Asp

60
120
180
240
300
360
420
480
540
600
660
720
735



Ala Thr

Ala Pro

50

Ser
65

Cys

Phe Leu

Phe Pro

Sexr Leu

Gln
130
Gln Phe
145

Gln Phe

Ala His

Met Ala

Gly Tyr

210

Ile
225

Gln

Leu Lys

<210>
<211>
<212>
<213>
<400>

Thr

35

Asp

Gly

Arg

Ile

Glu

115

Gly

Ser

Gly

Arg

Gln

195

Cys

Gln

Pro

55
396
DNA

20

Ser

Leu

Met

Asp

Glu

100

Ala

Thr

Gly

Leu

Tyr

180

Leu

Ser

Gly

Arg

Leu

Ser

Met

Tyr

85

Arg

Ile

Asn

Cys

Asn

165

Asn

Asn

Glu

Lys

Leu

Tyr

val

70

Thr

Asp

Lys

Ile

Ile

150

Pro

Glu

Ser

val

Val
230

Asp

Arg

55

Asn

Asp

Leu

Pro

Gln

135

Asn

Glu

Asp

Gln

Cys

215

Glu

Escherichia coli K12

55

Ala

40

Trp

Asn

Gly

val

Tyxr

120

Thr

Cys

Phe

Ser

Asn

200

Pro

Ser

25

Leu

Ser

val

Met

val

105

Ile

Pro

Gly

Ile

Arg

185

Gly

Lys

Ser

Gly

Cys

Pro

Lys

90

Asp

Ile

Ala

Leu

Gly

170

Asp

Val

His

Lys

50

Arg

Lys

75

Val

Met

Gly

Gln

Cys

155

Pro

His

Trp

Val

Asp
235

Ile

Met

60

Leu

Glu

Thr

Asn

Met

140

Tyr

Ala

Gly

Ser

Asp

220

Phe

Lys

45

Ala

Ala

Ala

His

Ser

125

Ala

Ala

Ala

Lys

Cys

205

Pro

Leu

30

Asp

Ile

Cys

Leu

Phe

110

Arg

Lys

Ala

Ile

Lys

190

Thr

Ala

Ile

Asn

Cys

Lys

Ala

95

Ile

Thr

Tyr

Cys

Thr

175

Glu

Phe

Ala

Ala

Leu

Gly

Thr

80

Asn

Glu

Ala

His

Pro

160

Leu

Arg

val

Ala

Thr
240

atgacgacta
ccgttttatc
attgaactga
gtcgactttt
ctgctgcaca
gacgaaaaaa
accatcgtaa

<210>
<211>
<212>
<213>
<400>

56
131
PRT

56

aacgtaaacc
gcttttacat
ttttcgggcet
tacaaaaccc
ccaaaacctg
tgggaccaga
tcctgtttgt

gtatgtacgg
gctgcgcgaa
gtttgccecctg
ggttatcgtg
gtttgaactg
gccaattatc
tgccctgtac

Escherichia coli K12

ccaatgacgt
ggcacggcgg
aaaaatggcc
atcattaacc
gcaccgaaag
aaaagtctct
tggtaa

Met Thr Thr Lys Arg Lys Pro Tyr Val Arg Pro

ccacctggtg
ttccggctgt
cggaagcctg
tgatcactct
cggccaatat

gggcggtaac

Met Thr Ser

gaaaaaattg
gtggttcagc
ggcgggattc
ggcggcagcet
cattgtaaaa
tgtggttgcc

Thr Trp

60
120
180
240
300
360
396



Trp Lys Lys

Ala VvVal Pro

35
Ala Leu
50

Lys

Gln
65

Asn Pro

Leu Leu His

Ile Ile Val

Ala
115

Leu Trp

Leu Tyr

130

Trp

<210>
<211>
<212>
<213>
<400> 57

atgattaatc
ggtggtatgt
ccactggggt
agcttcattg
caccgtatgc
ttctacggtc

57
360
DNA

<210>
<211>
<212>
<213>
<400>

58
119
PRT

58

Met Ile Asn Pro Asn Pro

1

Leu Phe Gly

Ile Leu

35

Leu

Ala Leu Ser

50

Arg
65

Val Phe

His Arg Met

Gly Lys Trp

Leu Pro

20

Ala Val

Asn Gly

val Ile

70
Thr Lys
85
Lys Gl
100

Asp

Val Thr Va

caaatccaaa
ggagcgccat
tgtttccggg
gtcgcgtatt
accacgcgat
tggctgctat

Escherichia coli

5

Ala Gl

20

Gly

val Gly Il

Tyr Glu

Phe Le

70

Leu

His Al

85

His

Val
100

Phe

Phe

Trp

Pro

val

Thr

Arg

Tyr

Tyr Arg

Phe Ser

40

Glu
55

Ala

Ile Ile

Trp Phe

u Lys Met

1 val Ala

120

Escherichia coli K12

gcgttctgac
cattgcgccg
tgatgcgctg
cctgttcctg
gcacgatctg
cctgacagtt

K12

Lys Arxg

y Met Trp

Leu
40

e Leu

val
55

Leu

u Met Ile

His

a Met

Gly Leu

51

10

Phe
25

Tyr Met

Ile Glu Leu

Trp Ala Gly

Ile
75

Asn Leu

Glu Leu Ala

90
Glu

Gly Pro

105
Thr

Ile Val

gaaccggtat
gtgatgatcc
agctacgagc
atgatcgttc
aaaatccacg
gtcacgctga

Ser Asp Glu

10

Ser Ala Ile

25

Pro Leu Gly

Ala Phe Ala

Val Pro

75

Leu

Leu
90

Asp Lys

Ala
105

Ala Ile

Glu
30

Leu Arg

Ile Phe

45

Gly

Phe
60

vVal Asp

Thr Leu Ala

Pro Lys Ala

Ile Ile

110

Pro

Ile Leu Phe

125

tctggggcct
tgctggtggg
gcgttectggce
tgccgectgtg
tacctgcggg
ttggtgtcgt

Pro Val Phe

Ile Ala Pro

30

Phe
45

Leu Pro

Gln
60

Ser Phe

Leu Trp Cys

Ile His Val

Thr Vval

110

Leu

15

Gly Thr

Leu Phe

Phe Leu

Ala Ala

80

Ala
95

Asn

Lys Ser

Val Ala

cttcggggcc
tattctgctg
gttcgcgcag
gtgtggttta
caaatgggtt
tacaatctaa

Trp
15

Gly
Val Met
Gly Asp
Ile Gly

Leu
80

Gly

Pro Ala

95

Val Thr

60
120
180
240
300
360



Leu Ile Gly Val val Thr Ile

115

<210>
<211>
<212>
<213>
<400> 59
atgtcagaac
atcgaatcgg
cttgctgaag
atcaacacca
cgtattcgtt
gacctcgaac
tgctttaacc
cagggccaca
gagcagctgg
ccgaaactga
ggtgctattt
tctaaacaaa
ggtgcgatca
aacctgcagc
ggcatcttcg
gaactgctgc
ggcgactacc
aaatatcctg
aaccgtggtg
aaaggcaaag
gctgaaggta
atccgecgacc
accttccegg
ggttatctgc
gacttcggcg
cgtgctctga
gccgacgaag
ccgaacggtc
gagaaaggtc
gcagcggcga
tcgatgttcg
cgtggcttcc
cacgaagatg
ccggcttacg
gaaaaacaag
gcaatgccgg
gaaggtagca
gaagcagctg
tccttcaccg
ctggaaactc
tctaccgact
taccgegtac
cacttcgaag
ggcgaaatcg
aaagttaacc

59
2664
DNA

<210>
<21l1l>
<212>
<213>
<400>

60
887
PRT

60

gtttcccaaa
tcatccgtga
cccgcaaagg
tccececgttga
cagctatccg
tgggcggceca
acttcttccg
tctcccecggg
ataacttccg
tgccggaatt
accaggctaa
ccgtttacgce
ccatcgctac
gtcttgacgg
aaggtgctgg
gtaaggatac
agaccttcaa
aaaccgcagc
gtcacgatcc
cgacagtaat
aaaacatcgc
gtttcaatgt
aaggttctga
caagccgtca
cgctgttgga
acgtgatgct
cgcgtacttt
agcagtacac
agattctgca
cctcttacag
gcttccagcg
tgatcggcgg
gtcacagcca
cttacgaagt
agaacgttta
aaggtgctga
aaggtaaagt
agatcctggc
agctggcgcg
cgcgegttcecce
atatgaaact
tgggtactga
ttgatgcttc
ataagaaagt
cgcgtctggce

Escherichia coli K12

tgacgtggat
agaaggtgtt
cggtgtaaac
agaacaaccg
ctggaacgcc
tatggcgtcc
tgcacgcaac
cgtgtacgct
tcaggaagtt
ctggcagttc
attcctgaaa
gttcctcggt
ccgtgaaaaa
cccggtcecacc
ctggaacgtg
cagcggtaaa
atcgaaagat
actggttgca
gaagaaaatc
ccttgctcat
gcaccaggtt
gccggtgtcet
agagcatacc
gccgaacttce
agagcagagc
gaagaacaag
cggtatggaa
cccgcaggac
ggaagggatc
caccaacaat
tattggcgat
tacttcecggt
cattcagtcg
tgctgtcatc
ctactacatc
ggaaggtatc
tcagctgctc
gaaagattac
tgatggtcag
gtatatcgct
gttcgctgag
tggcttcggt
ttatgtcgtg
ggttgctgac
gtaa

Escherichia coli K12

52

ccgatcgaaa
gagcgtgctc
gtagccgcag
gagtatccgg
atcatgacgg
ttccagtctt
gagcaggatg
cgtgctttcce
cacggcaatg
ccgaccgtat
tatctggaac
gacggtgaaa
ctggataacc
ggtaacggca
atcaaagtga
ctgatccagc
ggtgcgtacg
gactggactg
tacgctgcecat
accattaaag
aagaaaatga
gatgcagata
tatctgcacg
accgagaagc
aaagagatct
tcgatcaaag
ggtctgttcc
cgcgagcagyg
aacgagctgg
ctgccgatga
ctgtgctggg
cgtaccaccc
ctgactatcc
atgcatgacg
actacgctga
cgtaaaggta
ggctccggtt
ggcgtaggtt
gattgtgaac
caggtgatga
caggtccgta
cgtteccgaca
gttgcggege
gcaatcgcca

Met Ser Glu Arg Phe Pro Asn Asp Val Asp Pro

1

5

10

ctcgcgactyg
agtatctgat
gcacaggtat
gtaatctgga
tgctgcgtgce
ccgcaaccat
gcggcgacct
tggaaggtcg
gcctctctte
ctatgggtct
accgtggcecct
tggacgaacc
tggtcttcgt
agatcatcaa
tgtggggtag
tgatgaacga
ttcgtgaaca
acgagcagat
tcaagaaagc
gttacggcat
acatggacgg
tcgaaaaact
ctcagcgtca
ttgagctgcc
ctaccactat
atcgtctggt
gtcagattgg
ttgcttacta
gcgcaggttg
tccegttceta
cggctggcga
tgaacggcga
cgaactgtat
gtctggagcg
acgaaaacta
tctacaaact
ctatcctgcg
ctgacgttta
gctggaacat
acgacgctcc
cttacgtacc
gccgtgagaa
tgggcgaact
aattcaacat

gctccaggcg
cgaccaactg
cagcaactac
actggaacgc
gtcgaaaaaa
ttatgatgtg
ggtttacttc
tctgactcag
ctatccgcac
gggtccgatt
gaaagatacc
ggaatccaaa
tatcaactgt
cgaactggaa
ccgttgggat
aaccgttgac
cttcttcggt
ctgggcactg
gcaggaaacc
gggcgacgcg
tgtgcgtcat
gccgtacatc
gaaactgcac
gagcctgcaa
cgctttcecgtt
accgatcatc
tatttacagc
taaagaagac
ttcctggetg
catctattac
ccagcaagcg
aggtctgcag
ctcttacgac
tatgtacggt
ccacatgccg
cgaaactatt
tcacgtccgt
tagcgtgacc
gctgcacccg
ggcagtggca
ggctgacgac
cctgecgtcac
ggctaaacgt
cgatgcagat

Ile Glu Thr Arg Asp

15

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

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1520
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2664



Trp

Ala

val

Pro

65

Arg

Ala

Ser

Arg

Ser

145

Glu

Ser

Val

Leu

vVal

225

Gly

Val

Gly

Asn

Lys

305

Gly

His

Leu

Gln

Asn

50

val

Ile

Ser

Ser

Asn

130

Pro

Gln

Tyr

Ser

Lys

210

Tyx

Ala

Ile

Lys

Val

290

Asp

Asp

Phe

Gln

Tyxr

35

vVal

Glu

Arg

Lys

Ala

115

Glu

Gly

Leu

Pro

Met

195

Tyr

Ala

Ile

Asn

Ile

275

Ile

Thr

Tyr

Phe

Ala

20

Leu

Ala

Glu

Ser

Lys

100

Thr

Gln

vVal

Asp

His

180

Gly

Leu

Phe

Thr

Cys

260

Ile

Lys

Ser

Gln

Gly
340

Ile

Ile

Ala

Gln

Ala

85

Asp

Ile

Asp

Tyr

Asn

165

Pro

Leu

Glu

Leu

Ile

245

Asn

Asn

Val

Gly

Thr

325

Lys

Glu

Asp

Gly

Pro

70

Ile

Leu

Tyr

Gly

Ala

150

Phe

Lys

Gly

His

Gly

230

Ala

Leu

Glu

Met

Lys

310

Phe

Tyr

Ser

Gln

Thr

55

Glu

Arg

Glu

Asp

Gly

135

Arg

Arg

Leu

Pro

Arg

215

Asp

Thr

Gln

Leu

Trp

295

Leu

Lys

Pro

val

Leu

40

Gly

Tyr

Trp

Leu

Val

120

Asp

Ala

Gln

Met

Ile

200

Gly

Gly

Arg

Arg

Glu

280

Gly

Ile

Ser

Glu

Ile

25

Leu

Ile

Pro

Asn

Gly

105

Cys

Leu

Phe

Glu

Pro

185

Gly

Leu

Glu

Glu

Leu

265

Gly

Ser

Gln

Lys

Thr
345

Arg

Ala

Ser

Gly

Ala

90

Gly

Phe

Val

Leu

val

170

Glu

Ala

Lys

Met

Lys

250

Asp

Ile

Arg

Leu

Asp

330

Ala

53

Glu

Glu

Asn

Asn

75

Ile

His

Asn

Tyr

Glu

155

His

Phe

Ile

Asp

Asp

235

Leu

Gly

Phe

Trp

Met

315

Gly

Ala

Glu

Ala

Tyr

60

Leu

Met

Met

His

Phe

140

Gly

Gly

Trp

Tyr

Thr

220

Glu

Asp

Pro

Glu

Asp

300

Asn

Ala

Leu

Gly

Arg

45

Ile

Glu

Thr

Ala

Phe

125

Gln

Arg

Asn

Gln

Gln

205

Ser

Pro

Asn

vVal

Gly

285

Glu

Glu

Tyr

val

val

30

Lys

Asn

Leu

Val

Ser

110

Phe

Gly

Leu

Gly

Phe

190

Ala

Lys

Glu

Leu

Thr

270

Ala

Leu

Thr

val

Ala
350

Glu

Gly

Thr

Glu

Leu

95

Phe

Arg

His

Thr

Leu

175

Pro

Lys

Gln

Ser

Val

255

Gly

Gly

Leu

val

Arg

335

Asp

Arg

Gly

Ile

Arg

80

Arg

Gln

Ala

Ile

Gln

160

Serxr

Thr

Phe

Thr

Lys

240

Phe

Asn

Trp

Arxrg

Asp

320

Glu

Trp



Thr

Lys

Thr

385

Ala

Gly

Asp

His

Ser

465

Asp

Ile

Lys

Met

Gln

545

Glu

Cys

Met

Gly

Ile

625

His

Tle

Asp

Asp

Ile

370

Val

Glu

vVal

Ile

Thr

450

Arg

Phe

Ala

Asp

Glu

530

Tyr

Lys

Ser

Ile

Asp

610

Gly

Glu

Ser

Gly

Glu

355

Tyxr

Ile

Gly

Arg

Glu

435

Tyr

Gln

Gly

Phe

Arg

515

Gly

Thr

Gly

Trp

Pro

595

Leu

Gly

Asp

Tyr

Leu
675

Gln

Ala

Leu

Lys

His

420

Lys

Leu

Pro

Ala

val

500

Leu

Leu

Pro

Gln

Leu

580

Phe

Cys

Thr

Gly

Asp

660

Glu

Ile

Ala

Ala

Asn

405

Ile

Leu

His

Asn

Leu

485

Arg

Val

Phe

Gln

Ile

565

Ala

Tyr

Trp

Ser

His

645

Pro

Axg

Trp

Phe

His

390

Ile

Arg

Pro

Ala

Phe

470

Leu

Ala

Pro

Arg

Asp

550

Leu

Ala

Ile

Ala

Gly

630

Ser

Ala

Met

Ala

Lys

375

Thr

Ala

Asp

Tyr

Gln

455

Thr

Glu

Leu

Ile

Gln

535

Arg

Gln

Ala

Tyr

Ala

615

Arg

His

Tyr

Tyr

Leu

360

Lys

Ile

His

Arg

Ile

440

Arg

Glu

Glu

Asn

Ile

520

Ile

Glu

Glu

Thr

Tyr

600

Gly

Thr

Ile

Ala

Gly
680

Asn

Ala

Lys

Gln

Phe

425

Thr

Gln

Lys

Gln

Val

505

Ala

Gly

Gln

Gly

Ser

585

Ser

Asp

Thr

Gln

Tyr
665

Glu

Arg

Gln

Gly

val

410

Asn

Phe

Lys

Leu

Ser

490

Met

Asp

Ile

Val

Ile

570

Tyr

Met

Gln

Leu

Ser

650

Glu

Lys

54

Gly

Glu

Tyr

395

Lys

Val

Pro

Leu

Glu

475

Lys

Leu

Glu

Tyr

Ala

555

Asn

Ser

Phe

Gln

Asn

635

Leu

Val

Gln

Gly

Thr

380

Gly

Lys

Pro

Glu

His

460

Leu

Glu

Lys

Ala

Ser

540

Tyxr

Glu

Thr

Gly

Ala

620

Gly

Thr

Ala

Glu

His

365

Lys

Met

Met

val

Gly

445

Gly

Pro

Ile

Asn

Arg

525

Pro

Tyr

Leu

Asn

Phe

605

Arg

Glu

Ile

Val

Asn
685

Asp

Gly

Gly

Asn

Ser

430

Ser

Tyr

Ser

Ser

Lys

510

Thr

Asn

Lys

Gly

Asn

590

Gln

Gly

Gly

Pro

Ile

670

val

Pro

Lys

Asp

Met

415

Asp

Glu

Leu

Leu

Thr

495

Ser

Phe

Gly

Glu

Ala

575

Leu

Arg

Phe

Leu

Asn

655

Met

Tyr

Lys

Ala

Ala

400

Asp

Ala

Glu

Pro

Gln

480

Thr

Ile

Gly

Gln

Asp

560

Gly

Pro

Ile

Leu

Gln

640

Cys

His

Tyxr



Ile Thr

690

Tyr

Gly Ala Glu

705
Ser

Glu Gly

Arg His Val

Ser Asp

755

Gly

Gln
770

Gly Asp

Arg Val Pro

785
Thr

Ser Asp

Pro Ala Asp

Asp Ser Arxg

835

Val
850

val Val

Lys Val

865

Lys

Lys Val Asn

61
1893
DNA

<210>
<211>
<212>
<213>
<400> 61

atggctatcg
ctggtcaaag
aaagcctcta
gttggcgata
gcagacgctg
gcggctgcegg
accgaaatcc
gaaggcgaca
aaagtgaacg
ggtgaagcag
gcaccagcgg
gtgactgaag
gtagaaggcg
ctgaaagtca
gaaggcgcag
gcaaaagctg
gctgaaaacg
ggtgttaacc
gttcaggctt

Thr Leu

Glu Gly

Asn

Ile

Glu
695

Asn

Arg Lys

710

Gly
725

Lys

Arg Glu

740

vVal Tyr

Cys Glu

Tyr Ile

Lys

Ala

Ser

Arg

Ala

vVal Gln

Ala Glu

Val Thr

760
Trp Asn
775

Gln Val

790

Met
805

Tyr

Asp
820

Tyx
Glu Asn
Ala

Ala

vVal Ala

Lys

Arg

Leu

Leu

Asp

Leu Phe

Val

Leu

His
840

Arg

Gly Glu

855

Ala Ile

870

Pro Arg

885

aaatcaaagt
tgggcgacaa
tggaagttcc
aaacccagac
cacctgctca
cggcaaaaga
tggtgaaagt
aggcttctat
tgggtgacaa
gcgcggcagc
ctggcgtgaa
tgatggtgaa
acaaagcttc
acgttggcga
cgcctgecggce
aagccccggce
acgcttatgt
ttgcgaaagt
acgtgaaaga

Leu

Ala

Escherichia coli K12

accggacatc
agttgaagcc
gtctccgcag
cggcgcactg
ggcagaagag
cgttaacgtt
tggcgataaa
ggaagttccg
agtgtctacc
tccggcegcet
agaagttaac
agtgggcgac
tatggaagtt
taaagtgaaa
agctcctgcg
agcagcacca
tcacgcgact
gaagggcact
agctatcaaa

Tyr

Gly

Leu

Ile

745

Ser

Met

Met

Ala

Gly

825

His

Leu

Ala

55

His Met

Ile Tyr

715

Leu
730

Gly

Leu Ala

Phe Thr

Leu His

Asn Asp

795

Glu
810

Gln
Thr Asp
Phe Glu
Ala Lys

Phe
875

Lys

ggggctgatg
gaacagtcgc
gcgggtatcg
attatgattt
aagaaagaag
ccggatatcg
gttgaagctg
gctccgtttg
ggctcgctga
aaacaggaag
gttccggata
aaagttgccg
ccggcgcecegt
actggctcgce
aaacaggaag
gctgcgaaag
ccgctgatcc
ggccgtaaag
cgtgcagaag

Pro Ala Met

700

Lys Leu Glu

Ser Gly Ser

Lys Asp Tyr

750

Glu Leu Ala

765

Pro Leu Glu

780

Ala Pro Ala

Val Arg Thr

Gly Phe Gly

830
Ala

Val Asp

845
Arg Glu
860

Gly

Asn Ile Asp

aagttgaaat
tgatcaccgt
ttaaagagat
tcgattccgce
cagctccggce
gcagcgacga
aacagtcgct
ctggcaccgt
ttatggtctt
cagctccggce
tcggcggtga
ctgaacagtc
ttgcaggcgt
tgattatgat
cggcagcgcece
cggaaggcaa
gccgtctggc
gtcgtatcct
cagctccggce

Pro Glu

Thr Ile

720

Ile
735

Leu

Gly Vval

Arg Asp

Thr Pro

Val Ala

800
Tyr Val
815

Arg Ser

Ser Tyr

Ile Asp

Ala Asp

880

caccgagatc
agaaggcgac
caaagtctct
cgacggtgca
agcagcacca
agttgaagtg
gatcaccgta
gaaagagatc
cgaagtcgcg
agcggcccct
cgaagttgaa
actgatcacc
cgtgaaggaa
cttcgaagtt
ggcaccggca
atctgaattt
acgcgagttt
gcgcgaagac
agcgactggce

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

1020
1080
1140



ggtggtatcc
gaagaagtgg
gtaatgatcc
cgtaaacagc
gtcttcatca
ctgtcggaag
gataccccga
gagctgtctc
ggcgaaatgc
ttcgcgccecga
gagccggtgt
ttcgaccacc
acgctgtctg

<210>
«<211l>
<212>
<213>
<400> 62
Met Ala Ile
1

62
630
PRT

Ile Thr Glu

Ile
35

Ser Leu

Gln
50

Pro Ala

Thr
65

Gln Thr

Ala Asp Ala

Ala Ala Ala

Ile Gly Ser

115
val

Asp Lys

130

Ala
145

Ser Met

Lys Val Asn

Phe Glu Vval

Glu Ala Ala

195
Val

Asn Val

210

Met
225

Val Lys

ctggcatgct
aactgggccg
cgcatgttac
agaacgaaga
tgaaagccgt
acggtcagcg
acggtctggt
gcgagctgat
agggcggttg
ttgtgaacgc
ggaatggtaa
gcgtgatcga
acattcgccg

Escherichia coli

Glu Ile Lys

5

Ile
20

Leu

Thr Val

Gly Ile

Gly Ala

Ala Pro

85
Pro Ala
100

Asp Glu

Glu

Ala

Glu val

Val

Glu

Val

Leu

70

Ala

Ala

val

Glu

Pro

gccgtggceccecg
catccagaaa
tcacttcgac
agcggcgaaa
tgctgcagct
tctgaccctg
tgttcecggta
gactatttct
cttcaccatc
gccggaagtg
agagttcgtg
cggtgctgat
tctggtgatg

K12

VvVal Pro

Lys Val

Gly Asp

40
Lys Glu
55

Ile Met

Gln Ala

Ala Ala

Glu val

120

Gln
135

Ser

Ala Pro

150

val Gly

165

Ala
180

Gly
Pro Ala
Pro

Asp

val Gly

Asp

Glu

Ala

Ile

Asp

Lys Val

Ala Gly

Ala Pro

200

Gly
215

Gly

Lys Val

230

56

aaggtggact
atctctggtg
aaaaccgata
cgtaagctgg
cttgagcaga
aagaaataca
ttcaaagacg
aagaaagcgc
tccagcatcg
gctatcctceg
ccgcgtctga
ggtgccecgtt
taa

Ile
10

Asp Gly

Gly
25

Asp Lys

Lys Ala Ser

Ile Lys Val

Ile Phe Asp

75
Glu Glu
90

Lys

Ala
105

Lys Asp

Thr Glu Ile

Leu Ile Thr

Phe Ala Gly

155

Thr
170

Ser Gly

Ala
185

Ala Ala

Ala Pro Ala

Asp Glu Val

Ala Glu

235

Ala

tcagcaagtt
cgaacctgag
tcaccgagtt
atgtgaagat
tgcctcgcett
tcaacatcgg
tcaacaagaa
gtgacggtaa
gcggcctggy
gcgtttccaa
tgctgccgat
tcattaccat

Ala Asp Glu

Val Glu Ala

30

Glu
45

Met vVal

Ser Vval

60

Gly

Ser Ala Asp

Lys Glu Ala

Val val

110

Asn

val
125

Leu Lys

val Glu

140

Gly

Thr Val Lys

Ser Leu Ile

Ala Ala

190

Pro

Ala Gly Vval

205
Glu Vval
220

Thr

Gln Ser Leu

tggtgaaatc
ccgtaactgg
ggaagcgttc
cacccecggtt
caatagttcg
tgtggcggtg
aggcatcatc
gctgactgcg
tactacccac
gtccgecgatg
ttctctctcece
cattaacaac

val
15

Glu
Glu Gln
Pro Ser
Asp Lys

Ala
80

Gly

Ala
95

Pro

Pro Asp

val Gly

Asp Lys

Glu Ile

160

Met
175

val

Lys Gln

Lys Glu

Glu val

Ile Thr

240

1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1893



Val

Val

Ser

Pro

Ala

305

Ala

Ala

Lys

Ile

Gly

385

Glu

Ser

Asp

Ala

Lys

465

Leu

Gly

Asp

Ile

Gly

545

Phe

Glu

Val

Leu

Ala

290

Pro

Glu

Arg

Gly

Lys

370

Met

Glu

Arg

Ile

Lys

450

Ala

Ser

vVal

Val

Ser

530

Gly

Ala

Gly

Lys

Ile

275

Lys

Ala

Asn

Glu

Arg

355

Arg

Leu

Val

Asn

Thr

435

Arg

Val

Glu

Ala

Asn

515

Lys

Cys

Pro

Asp

Glu

260

Met

Gln

Ala

Asp

Phe

340

Ile

Ala

Pro

Glu

Trp

420

Glu

Lys

Ala

Asp

val

500

Lys

Lys

Phe

Ile

Lys

245

Leu

Ile

Glu

Ala

Ala

325

Gly

Leu

Glu

Trp

Leu

405

Val

Leu

Leu

Ala

Gly

485

Asp

Lys

Ala

Thr

val
565

Ala

Lys

Phe

Ala

Pro

310

Tyr

Val

Arg

Ala

Pro

390

Gly

Met

Glu

Asp

Ala

470

Gln

Thx

Gly

Arg

Ile

550

Asn

Ser

Val

Glu

Ala

295

Ala

vVal

Asn

Glu

Ala

375

Lys

Arg

Ile

Ala

val

455

Leu

Arg

Pro

Ile

Asp

535

Ser

Ala

Met

Asn

Val

280

Ala

Ala

His

Leu

Asp

360

Pro

Val

Ile

Pro

Phe

440

Lys

Glu

Leu

Asn

Ile

520

Gly

Ser

Pro

Glu

Val

265

Glu

Pro

Lys

Ala

Ala

345

Val

Ala

Asp

Gln

His

425

Arg

Tle

Gln

Thr

Gly

505

Glu

Lys

Ile

Glu

Val

250

Gly

Gly

Ala

Ala

Thr

330

Lys

Gln

Ala

Phe

Lys

410

Val

Lys

Thr

Met

Leu

490

Leu

Leu

Leu

Gly

val
570

57

Pro

Asp

Ala

Pro

Glu

315

Pro

Val

Ala

Thr

Ser

395

Ile

Thr

Gln

Pro

Pro

475

Lys

Val

Ser

Thr

Gly

555

Ala

Ala

Lys

Ala

Ala

300

Gly

Leu

Lys

Tyr

Gly

380

Lys

Ser

His

Gln

val

460

Arg

Lys

Val

Arg

Ala

540

Leu

Ile

Pro

val

Pro

285

Ala

Lys

Ile

Gly

Val

365

Gly

Phe

Gly

Phe

Asn

445

vVal

Phe

Tyr

Pro

Glu

525

Gly

Gly

Leu

Phe

Lys

270

Ala

Lys

Ser

Arg

Thr

350

Lys

Gly

Gly

Ala

Asp

430

Glu

Phe

Asn

Ile

val

510

Leu

Glu

Thr

Gly

Ala

255

Thr

Ala

Ala

Glu

Arg

335

Gly

Glu

Ile

Glu

Asn

415

Lys

Glu

Ile

Ser

Asn

495

Phe

Met

Met

Thr

Val
575

Gly

Gly

Ala

Glu

Phe

320

Leu

Arg

Ala

Pro

Ile

400

Leu

Thr

Ala

Met

Ser

480

Ile

Lys

Thr

Gln

His

560

Ser



Lys

Leu
595

Ala
610

Ile
625

«<210>
<211>
<212>
<213>
<400> 63

atgagtactg
gctgccttee
cttggcggty
aaagttatcg
accgatatcg
ctggctggta
ggggctaaca
gcgatcattg
cgtatctggyg
atgggtggcy
attgacgtgg
gtcttcacca
gttgaagcga
ccgcagcgtt
gacgcaggca
ctgcgtacca
gcacacaaag
tacttcgatc
ggtctgactg
tgggctgctt
ttcgacaaag
ctgctgggty
accatccacg
ggtagcatta

63
1425
DNA

64
474
PRT

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

<400> 64

Met Ser Thr Glu Ile Lys

1

Ala Gly Tyr

val Ile Vval

35
Gly

Cys Ile

50

Glu
65

Ala Lys

ser Ala Met Glu Pro

580

Met Leu Pro Ile Ser

Asp Gly Ala Arg Phe

Leu Ser
600

Ile Thr
615

Arg Arg Leu Vval Met

630

aaatcaaaac
gttgcgctga
tttgecctgaa
aagaagccaa
acaagattcg
tggcgaaagg
ccctggaagt
cagcgggttc
actccactga
gtatcatcgg
ttgaaatgtt
agcgtatcag
aagaagacgg
acgacgccgt
aagcaggcgt
acgtaccgca
gtgttcacga
cgaaagttat
agaaagaagc
ctggtcgtgce
aatctcaccg
aaatcggcct
cgcacccgac
ccgacctgcce

Escherichia coli

5
Ser Ala
20
Glu Arg

Pro Ser

Ala Leu

Ala

Tyr

Lys

Ala
70

Escherichia coli K12

tcaggtcgtg
tttaggtctg
cgtcggcetgt
agcgctggct
tacctggaaa
ccgcaaagtc
tgaaggtgag
tcgceccgatce
cgcgctggaa
tctggaaatg
cgaccaggtt
caagaaattc
catttatgtg
gctggtagcyg
ggaagttgac
catctttgct
aggtcacgtt
ccegtccatce
gaaagagaaa
tatcgcttcc
tgtgatcggt
ggcaatcgaa
tctgcacgag
gaacccgaaa

K12

Thr Gln

Phe

Arg

Thr
40

Asn

Ala
55

Leu

Glu His

58

val Trp Asn Gly Lys

585

Phe Asp His

Jle Ile Asn

gtacttgggg
gaaaccgtaa
atcccttcta
gaacacggta
gagaaagtga
aaagtggtca
aacggcaaaa
caactgccgt
ctgaaagaag
ggcaccgttt
atcccggcag
aacctgatgc
acgatggaag
attggtcgtg
gaccgtggtt
atcggcgata
gccgctgaag
gcctataccg
ggcatcagct
gactgcgcag
ggtgcgattg
atgggttgtg
tctgtgggcc
gcgaagaaga

val val

10

val

Cys Ala

25

Asp

Leu Gly Gly

Leu His Val

Ile Val

75

Gly

Glu Phe

Arg Val
605

Asn Thr
620

caggccccgce
tcgtagaacg
aagcactgct
tegtcttcgg
tcaatcagct
acggtctggg
ccgtgatcaa
ttattccgca
taccagaacg
accacgcgct
ctgacaaaga
tggaaaccaa
gcaaaaaagc
tgccgaacgg
tcatccgegt
tegtcggtceca
ttatcgccgg
aaccagaagt
atgaaaccgc
acggtatgac
tcggtactaa
atgctgaaga
tggcggcaga
agtaa

Leu Gly

Leu Gly

30
val Cys
45

Ala
60

Lys

Phe Gly

Ala

Leu

Leu

val

Glu

val Pro Arg
590

Ile Asp Gly

Leu Ser Asp

aggttactcc
ttacaacacc
gcacgtagca
cgaaccgaaa
gaccggtggt
taaattcacc
cttcgacaac
tgaagatccg
cctgectggta
gggttcacag
catcgttaaa
agttaccgcc
acccgctgaa
taaaaacctc
tgacaaacag
accgatgctg
taagaaacac
tgcatgggtyg
caccttcccg
caagctgatt
cggcggegag
catcgcactg
agtgttcgaa

Gly Pro

15

Glu Thr

Asn Val

Ile Glu

Pro Lys

80

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

1020
1080
1140
1200
1260
1320
1380
1425



Thr

Leu

val

Gly

Ala

145

Arg

Arg

val

Gln

Arg

225

val

Ala

Arg

val

val

305

Ala

Gly

Thr

Glu

Gly

385

Phe

Asp

Thr

Asn

Glu

130

Gly

Ile

Leu

Tyr

val

210

Ile

Glu

Pro

val

Asp

290

Pro

His

Lys

Glu

Lys

370

Arg

Asp

Ile

Gly

Gly

115

Asn

Ser

Trp

Leu

His

195

Ile

Ser

Ala

Ala

Pro

275

His

Lys

Lys

Pro

355

Gly

Ala

Lys

Asp

Gly

100

Leu

Gly

Arg

Asp

val

180

Ala

Pro

Lys

Lys

Glu

260

Asn

Arg

Ile

Gly

His

340

Glu

Ile

Ile

Glu

Lys

85

Leu

Gly

Lys

Pro

Ser

165

Met

Leu

Ala

Lys

Glu

245

Pro

Gly

Gly

Phe

Val

325

Tyr

val

Ser

Ala

Ser
405

Ile

Ala

Lys

Thr

Ile

150

Thr

Gly

Gly

Ala

Phe

230

Asp

Gln

Lys

Phe

Ala

310

His

Phe

Ala

Tyxr

ser

390

His

Arg

Gly

Phe

val

135

Gln

Asp

Gly

sSer

Asp

215

Asn

Gly

Arg

Asn

Ile

295

Ile

Glu

Asp

Trp

Glu

375

Asp

Arg

Thr

Met

Thr

120

Ile

Leu

Ala

Gly

Gln

200

Lys

Leu

Ile

Tyr

Leu

280

Arg

Gly

Gly

Pro

val

360

Thr

Cys

val

Trp

Ala

105

Gly

Asn

Pro

Leu

Ile

185

Ile

Asp

Met

Tyr

Asp

265

Asp

val

Asp

His

Lys

345

Gly

Ala

Ala

Ile

Lys

90

Lys

Ala

Phe

Phe

Glu

170

Ile

Asp

Ile

Leu

val

250

Ala

Ala

Asp

Ile

val

330

val

Leu

Thr

Asp

Gly
410

59

Glu

Gly

Asn

Asp

Ile

155

Leu

Gly

val

val

Glu

235

Thr

val

Gly

Lys

val

315

Ala

Ile

Thr

Phe

Gly

395

Gly

Lys

Arg

Thr

Asn

140

Pro

Lys

Leu

val

Lys

220

Thr

Met

Leu

Lys

Gln

300

Gly

Ala

Pro

Glu

Pro

380

Met

Ala

val

Lys

Leu

125

Ala

His

Glu

Glu

Glu

205

val

Lys

Glu

val

Ala

285

Leu

Gln

Glu

Ser

Lys

365

Trp

Thr

Ile

Ile

val

110

Glu

Ile

Glu

val

Met

190

Met

Phe

val

Gly

Ala

270

Gly

Arg

Pro

val

Ile

350

Glu

Ala

Lys

val

Asn

95

Lys

val

Ile

Asp

Pro

175

Gly

Phe

Thr

Thr

Lys

255

Ile

val

Thr

Met

Ile

335

Ala

Ala

Ala

Leu

Gly
415

Gln

val

Glu

Ala

Pro

160

Glu

Thr

Asp

Lys

Ala

240

Lys

Gly

Glu

Asn

Leu

320

Ala

Tyr

Lys

Serx

Ile

400

Thr



Asn Gly

Ala
435

Cys Asp

Glu
450

His

Asp Leu Pro

465

65
1767
DNA

<210>
<211l>
<212>
<213>
<400> 65

atgaaattgc
cgcgecggegce
ccgacccgtt
catgaagata
gaccaggacg
cacatgggcc
ggtcagtcga
accggtcacg
ttctccgagt
accgcactgt
gcgactggcg
gacggtgteg
ttccacccga
ggcggttatc
aaagacctgg
cgcggctgtyg
gaagttctcg
gatccggtga
ccgaccaaag
ccgggactgt
ggcggcaact
gagtctatcg
ctggatcgcce
aaagcgctgc
gcgaaagggc
gacacttcca
gaaacggcgt
agcecgcttcg
ccagagtcgg
ttcecgccga

<210>
<211>
<212>
<213>
<400>

66
588
PRT

66

Met Lys Leu Pro val Arg

1

Gly Ala Gly Met Arg Ala

Cys Ala Leu Leu Ser Lys

35

Ala Gln Gly Gly Ile Thr

Gly Glu Leu

Sser Val Gly

420

Glu Asp

Asn Pro

Leu

Ile

Leu

Lys

Gly Glu

Ala Leu

440

Ala
455

Ala

Ala Lys

470

cagtcagaga
tgcaaatttc
cccataccgt
actgggaatg
cgattgaata
tgcecgttctc
aaaacttcgg
cactgttgca
ggtatgcgct
gcatcgaaac
gagcagggcg
gcatggctat
ccggcattgce
tgctgaacaa
cgggccgtga
atggtccgtg
aatcccgtct
aagagccgat
ttaccggtca
ttgccgttgg
cgctgctgga
ccgagcaggyg
tgaaccgctg
aagaatgtat
ttgagcagtt
gcgagttcaa
atgcaacggc
acttcccgga
aatccatgac
agattcgtac

Escherichia coli

5

20

Escherichia coli K12

atttgatgca
ccagagcggc
ttctgcgcaa
gcatatgtac
tatgtgtaaa
gcgtctcgat
cggcgagcag
cacgctttat
ggatctggtg
cggtgaagtg
tatttatcag
ccgtgeccggce
cggtgcgggc
acatggcgaa
cgtggttgcg
ggggccacac
gccgggtatc
tccggttatc
ggcactgact
tgaaatcgct
cctggtggtc
cgcactgcgc
gaacaataat
gcagcataac
gaaagtgatc
cacccagcgce
tgtttctgcce
tcgtgatgat
gcgccgaagce
ttactaa

K12

Glu Phe

Ala Leu

val Phe

40

val Ala

60

Ile Gly Leu
425

Thr Ile His

Glu Val Phe

Lys Lys

gttgtgattg
cagacctgtg
ggcggcatta
gacaccgtga
accgggccgg
gatggtcgta
gcggcacgca
cagcagaacc
aaaaaccagg
gtttatttca
tccaccacca
gtaccggtgc
gtactggtca
cgttttatgg
cgttccatca
gcgaaactga
ctggagcttt
ccaacctgtc
gtgaatgaga
tgtgtatcgg
tttggtcgcg
gatgccagcyg
cgtaacggtg
ttctcggtct
cgcgagcegtce
gttgagtgcc
aacttccgta
gaaaactggc
gtcaacatgg

Ala Val
10

Asp

Gln
25

Ile Ser
Pro

Thr Arg

Leu Gly Asn

Ala Ile Glu

430
Ala

His Pro

445

Glu
460

Gly Ser

gtgccggtgg
cgctgctcetce
ccgttgcget
aagggtcgga
aagcgattct
tctatcaacg
ctgcggcagc
tgaaaaacca
atggcgcggt
aagcccgcegce
acgcccacat
aggatatgga
ccgaaggttg
agcgttatgc
tgatcgaaat
aactcgatca
cccgtacctt
actacatgat
aaggcgaaga
tacacggcgc
cggcaggtct
agtctgatgt
aagatccggt
tccgtgaagg
tgaaaaatgc
tggaactgga
ccgaaagccg
tgtgccactc
aaccgaaact

val Ile Gly

Gln Ser Gly

30
His Thr
45

Ser

Thr His

Glu

Met Gly

Thr Leu

Ile Thr

cgcaggtatg
taaagtcttc
gggtaatacc
ctatatcggt
ggaactcgaa
tccgtttggce
agctgaccgt
caccaccatt
ggtgggttgt
taccgtgctg
taacaccggc
aatgtggcag
ccgtggtgaa
gccgaacgcce
ccgtgaaggt
cctgggtaaa
cgctcacgtc
gggcggtatt
tgtggttgtt
taaccgtctg
gcatctgcaa
tgaagcgtct
ggcgatccegt
tgatgcgatg
ccgtctggat
taacctgatg
tggcgcgcat
cctgtatctg
gcgcccggcea

Ala Gly
15
Gln Thr

val Ser

Asp Asn

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

1020
1080
1140
1200
1260
1320
13890
1440
1500
1560
1620
1680
1740

1767



Trp

65

Asp

Leu

Arg

Glu

Leu

145

Phe

Val

Phe

Tyr

Met

225

Phe

Cys

Met

val

Gly

305

Glu

Phe

Cys

Leu

Ala

50

Glu

Gln

Glu

Ile

Gln

130

Leu

Ser

Val

Lys

Gln

210

Ala

His

Arg

Glu

Ala

290

Pro

vVal

Ala

His

Thr

370

Val

Trp

Asp

Leu

Tyr

115

Ala

His

Glu

Gly

Ala

195

Ser

Ile

Pro

Gly

Arg

275

Arg

Trp

Leu

His

Tyr

355

val

Gly

His

Ala

Glu

100

Gln

Ala

Thr

Trp

Cys

180

Arg

Thr

Arg

Thr

Glu

260

Tyr

Ser

Gly

Glu

val

340

Met

Asn

Glu

Met

Ile

85

His

Arg

Arg

Leu

Tyr

165

Thr

Ala

Thr

Ala

Gly

245

Gly

Ala

Ile

Pro

Ser

325

Asp

Met

Glu

Ile

Tyr

70

Glu

Met

Pro

Thr

Tyr

150

Ala

Ala

Thr

Asn

Gly

230

Ile

Gly

Pro

Met

His

310

Arg

Pro

Gly

Lys

Ala

55

Asp

Tyr

Gly

Phe

Ala

135

Gln

Leu

Leu

val

Ala

215

Val

Ala

Tyr

Asn

Ile

295

Ala

Leu

val

Gly

Gly

375

Cys

Thr

Met

Leu

Gly

120

Ala

Gln

Asp

Cys

Leu

200

His

Pro

Gly

Leu

Ala

280

Glu

Lys

Pro

Lys

Ile

360

Glu

Val

Val

Cys

Pro

105

Gly

Ala

Asn

Leu

Ile

185

Ala

Ile

Val

Ala

Leu

265

Lys

Ile

Leu

Gly

Glu

345

Pro

Asp

Ser

Lys

Lys

90

Phe

Gln

Ala

Leu

Val

170

Glu

Thr

Asn

Gln

Gly

250

Asn

Asp

Arg

Lys

Ile

330

Pro

Thr

Val

Val

61

Gly

75

Thr

Ser

Ser

Asp

Lys

155

Lys

Thr

Gly

Thr

Asp

235

Val

Lys

Leu

Glu

Leu

315

Leu

Ile

Lys

Val

His

60

Ser

Gly

Arg

Lys

Arg

140

Asn

Asn

Gly

Gly

Gly

220

Met

Leu

His

Ala

Gly

300

Asp

Glu

Pro

val

val

380

Gly

Asp

Pro

Leu

Asn

125

Thr

His

Gln

Glu

Ala

205

Asp

Glu

Val

Gly

Gly

285

Arg

His

Leu

val

Thr

365

Pro

Ala

Tyr

Glu

Asp

110

Phe

Gly

Thr

Asp

vVal

190

Gly

Gly

Met

Thr

Glu

270

Arg

Gly

Leu

Ser

Ile

350

Gly

Gly

Asn

Ile

Ala

95

Asp

Gly

His

Thr

Gly

175

val

Arg

Val

Trp

Glu

255

Arg

Asp

Cys

Gly

Arg

335

Pro

Gln

Leu

Arg

Gly

80

Ile

Gly

Gly

Ala

Ile

160

Ala

Tyr

Ile

Gly

Gln

240

Gly

Phe

vVal

Asp

Lys

320

Thx

Thr

Ala

Phe

Leu



385 390
Gly Gly Asn Ser Leu Leu Asp Leu
405
Leu His Leu Gln Glu Ser Ile Ala
420
Ser Glu Ser Asp Val Glu Ala Ser
435 440
Asn Asn Arg Asn Gly Glu Asp Pro
450 455
Glu Cys Met Gln His Asn Phe Ser
465 470
Ala Lys Gly Leu Glu Gln Leu Lys
485
Ala Axrg Leu Asp Asp Thr Ser Ser
500
Cys Leu Glu Leu Asp Asn Leu Met
515 520
Ser Ala Asn Phe Arg Thr Glu Ser
530 535
Phe Pro Asp Arg Asp Asp Glu Asn
545 550
Pro Glu Ser Glu Ser Met Thr Arg
565
Leu Arg Pro Ala Phe Pro Pro Lys
580
<210> 67
<211> 717
<212> DNA
<213> Escherichia coli K12
<400> 67
atgagactcg agttttcaat ttatcgctat
caggattaca ccctggaagc ggatgaaggt
cagctaaaag agaaagatcc cagcctgtceg
ggttccgacg gtctgaacat gaacggcaag
gcactcaacc agccgggcaa gaagattgtg
cgcgatttgg tggtagacat gggacaattc
ctgttgaata atggacaaaa tccgccagct
gaaaaactcg acgggctgta tgaatgtatt
tctttctggt ggaatcccga taagtttatc
ttcctgattg atagccgtga taccgagact
ttcagcgtat tccgctgtca cagcatcatg
aacccgacgc gcgccatcgg ccatatcaag
<210> 68
<211> 238
<212> PRT
<213> Escherichia coli K12
<400> 68

62

395

Val Vval

410

Phe

Glu
425

Gln Gly

Leu Asp Arg

Val Ala Ile

Val Phe Arg

475

Ile
490

Val Arg

Glu
505

Phe Asn

Glu Thr Ala

Arg Gly Ala

Trp Leu Cys

555
Ser Val
570

Arg

Ile Thr

585

Arg

aacccggatg
cgcgacatga
ttccgcegcet
aatggtctgg
attcgcececgce
tatgcgcaat
cgcgagcatt
ctctgcgcat
ggcccggcag
gacagccgcce
aactgcgtca
tcgatgttgt

Met Arg Leu Glu Phe Ser Ile Tyr Arg Tyr Asn

1

5

10

Gly Arg Ala

Ala Leu Arg

430

Asn
445

Leu Arg

Arg Ala

460

Lys

Glu Gly Asp

Glu Arg Leu

Thr Gln Arg

510
Ala Thr
525

Tyr

His Ser

540

Arg

His Ser Leu

Asn Met Glu

Tyr

ttgatgatgc
tgctgctgga
cctgccgtga
cctgtattac
tgccaggttt
atgagaaaat
tacagatgcc
gttgttcaac
gcttgttagce
tcgacggttt
gtgtatgtcc
tgcaacgtaa

Pro Asp Val

400

Ala
415

Gly

Asp Ala

Trp Asn

Leu Gln

Ala Met

480
Lys Asn
495

val Glu

Ala Val
Phe Asp

Leu
560

Tyr

Pro
575

Lys

tccgecgtatg
tgcgcttatc
aggtgtgtgc
ccecgatttceg
accggtgatc
taagccttac
agagcagcgc
ctcttgtccg
ggcatatcgt
gagtgatgca
gaaggggctg
tgcgtaa

Asp Asp
15

60
120
180
240
300
360
420
480
540
600
660
717



Ala Pro Arg

Leu
35

Met Met

Ser Phe

50

Leu

Leu Asn Met

65
Ala

Leu Asn

Leu Pro Val

Glu
115

Gln Tyr

Ala
130

Pro Arg

Gly
145

Leu Tyr

Ser Phe Trp

Ala Ala Tyr

Arg Leu Asp

195
Ile

Met Asn

210

Ala
225

Ile Gly

<210>
<211l>
<212>
<213>
<400> 69

atgataagaa
cccatcacgg
gtgggcatcc
gcttcecgega
ctggcgtatc
gaaacattcg
tcacttctcg

69
390
DNA

<210>
<21l1>
<212>
<213>
<400>

70
129
PRT

70

Met Gln

20

Leu Asp

Arg Arg

Gly

Gln Pro

85

Ile
100

Arg
Lys Ile
Glu

His

Glu Cys

Asp

Ala

Ser

Lys

70

Gly

Asp

Lys

Leu

Ile

Tyr Thr

Ile
40

Leu

Cys
55

Arg

Asn Gly

Lys Lys

Leu Val

Pro Tyx

120

Gln
135

Met

Leu Cys

150

Asn
165

Trp

Arg Phe

180

Gly Leu

Cys Val

His Ile

Pro

Leu

Ser

Ser

Lys

Asp Lys

Ile Asp

Ala
200

Asp

Val
215

Cys

Ser Met

230

Escherichia coli

atgtgaaaaa
cgatagcgtc
tgctgtggct
ttatgggcag
acgtcgtcgt
aagcgggtaa
caggagtcct

K12

acaaagacct
cattctccat
tctgggtacc
cttcttcecgtc
aggtattcgc
acgctccgcec
cgtatggtaa

Escherichia coli K12

Leu Glu Ala

25
Gln

Leu Lys

Glu Gly val

Leu Ala Cys

75

vVal
90

Ile Ile

val
105

Asp Met

Leu Leu Asn

Pro Glu Gln

Ala Cys Cys

155
Phe Ile
170

Gly

Ser
185

Arg Asp

Phe Ser Val

Pro Lys Gly

Gln
235

Leu Leu

gttaatctgg
cgecgtttecg
agcctctctt
aaatttatca
cacatgatga
aaaatctcct

Met Ile Arg Asn Val Lys Lys Gln Arg Pro Val

1

5

10

Asp Glu Gly

30
Glu Lys
45

Asp

Cys Ser

60

Gly

Ile Thr Pro

Arg Pro Leu

Gln Phe

110

Gly

Asn Gly Gln

125
Arg Glu
140

Lys

Ser Thr Ser

Pro Ala Gly

Thr Glu Thr

190
Phe Arg
205

Cys

Leu Asn Pro

220
Ala

Arg Asn

acctacagac
gtgtgatcac
cccctgaagg
tgtggggcat
tggattttgg
ttgttattac

Asn Leu Asp

Arg Asp

Pro Ser

Asp Gly

Ile Ser

80

Pro
95

Gly
Tyr Ala
Asn Pro
Leu

Asp

Pro
160

Cys

Leu Leu

175

Asp Ser

His Ser

Thr Arg

catccggttc
ctttgttgca
tttcgagcaa
ccttaccgcet
ctatctggaa
tgtcgtgctt

Leu Gln
15

60
120
180
240
300
360
390



Thr Ile Arg

val
35

Ser Gly

Thr
50

Gly Ser

Met Ser

65

Gly

Leu Ala Tyr

Gly Tyr Leu

val
115

Ser Phe

Trp

<210>
<211>
<212>
<213>
<400> 71

atggtaagca
gctaccgcta
ggcgagctga
accctgctgg
accgactacg
ctggtggttt

71
348
DNA

<210>
<211>
<212>
<213>
<400> 72
Met Val Ser
1

72
115
PRT

Ile Leu Val

Met Val Gly

35
Ile Gly
50

Phe

Leu Phe

65

Ser

Thr Asp Tyr

Ile val Vval

Phe
20

Pro

Ile Thr

Leu Sexr Se

Phe Phe

70

val
85

His

Glu
100

Glu

Ile Thr

acgcctcecgce
tcgtcctgac
catatgaagt
cgctgttttc
ttaaaccgct
acgtgattta

Escherichia coli

Asn
5

Arg Ala

20

Al

Phe Phe

Phe Ala

Ile Leu

70
Val Lys
85

Ala
100

Leu

Ile

Phe

Val

Val

Thr

val

Ala Ser

Thr

Ser

Ile

Pro

val

Thr Ala

Ala
40

Vval

r Pro Glu

55

Lys Phe

vVal Gly

Phe Glu

Val Leu

120

Escherichia coli K12

attaggacgc
gctctacatc
ctggatcggt
tatcttgatc
ggctttgcgc
tggattcgtt

K12

Ala Leu

Ala Ile

Ser
40

a Thr

Ala
55

Phe
His Ala
Ala

Leu

val Tyrx

64

Ile
25

Ala Ser

Val Gly Ile

Gly Phe Glu

Ile Met Trp

75
His

Ile Arg

90

Ala
105

Gly Lys

Ser Leu Leu

aatggcgtac
atttatatgg
ttcttcgect
catgcctgga
ctgatgctgc
gtggtgtggg

Gly Arg Asn

10

val
25

Leu Thr

Gly Glu Leu

Thr Lys Val

Ile Gly

75

Trp

Leu Arg Leu

90
val Ile
105

Tyr

Ile His

30

Leu

Leu
45

Leu Trp

Gln
60

Ala Ser

Gly Ile Leu

Met Met Met

Ala
110

Arg Ser

Ala Gly Val

125

atgatttcat
tcggtttttt
ctgcgttcac
tcggcatgtg
aactggtgat
gtgtgtga

Gly Val His

Ile
30

Leu Tyr

Thr Tyr Glu

45
Thr

Phe Leu

60
Gln

Met Trp

Met Leu Gln

Phe Vval

110

Gly

Arg Val

Leu Leu

Ala Ile

Thr Ala

80
Asp Phe
95

Lys Ile

Leu Val

cctegttcege
cgctaccagt
caaagtgttc
gcaggtgttg
tgtcgttgca

Asp Phe

15

Ile Tyr

Val Trp

Leu Ala

Val Leu

80
Leu Val
95

VvVal val

60
120
180
240
300
348



Trp Gly Val
115

73
990
DNA

<210>
<211>
<212>
<213>
<400> 73

atgaaactcg
gagtcctttg
actgccaatg
ctggaagagc
aacgtcgacc
gatccagagg
caccgcgcegt
actatgtatg
cgcattctga
gcgctggaac
atctctctge
gaacagatga
caggcagcaa
gagaacgaac
ttccgtcgcec
gcagaagctc
ggcgaaacct

<210>
<211l>
<212>
<213>
<400>

74
329
PRT

74

Met Lys Leu Ala Val Tyr

1

Gln Gln Vval

Thxr
35

Leu Leu

Ile Phe

50

Cys

Lys His

65

Lys

Asn Val Asp

Val Pro Ala

Met Thr

115

Met

Ala
130

Asp

Lys Thr Ala

145

Arg Ile

Asn

Leu

ccgtttatag
gctttgagct
gctgcgaagc
tgaaaaagca
ttgacgcggc
ccgttgctga
atcagcgtac
gcaaaacggc
aaggttttgg
tcggtgtgga
actgcccgct
aaaatggcgt
ttgaagcgct
gcgatctatt
tgtctgectg
tgaccagtat
gcccgaacga

Escherichia coli

5
Asn Glu
20

Glu Lys

Val Asn

Gly val

Leu Asp

85

Tyr
100

Asp
Leu Asn
Phe

Ser

Gly Vval

Ser

Thr

Asp

Lys

70

Ala

Pro

Arg

Leu

Ile

Escherichia coli K12

cacaaaacag
ggaatttttt
ggtatgtatt
cggcgttaaa
aaaagaactg
acacgccatc
ccgtgatgcet
aggcgttatc
tatgcgtctg
gtatgtcgat
gacaccggaa
gatgatcgtc
gaaaaatcag
ctttgaagat
ccacaacgtg
ttctcagact
actggtttaa

Kiz

Ser Thr

Phe Gly

Ala Lys

40
Asp Gly
55

Tyr Ile

Ala Lys
Glu Ala

Ile
120

Arg

Glu
135

Gly

Gly Thr

150

Gly
165

Lys

Phe

Gly Met

65

tacgacaaga
gactttctgc
ttcgtaaacg
tatatcgccc
gggctgaaag
ggtatgatga
aacttctctc
ggtaccggta
ctggcgttcg
ctgccaaccc
aactatcatc
aataccagtc
aaaattggtt
aaatccaacg
ctgtttaccg
acgctgcaaa

Gln
10

Lys Tyr

Phe Glu

25

Leu

Thr Ala Asn

Ser Arg Pro

Ala Leu Arg

75
Glu Leu
90

Gly

val
105

Ala Glu

His Arg Ala

Leu Thr Gly

Ile
155

Gly Lys

Leu Leu

170

Arg

agtacctgca
tgacggaaaa
atgacggcag
tgegetgtgce
tagtccgtgt
tgacgctgaa
tggaaggtct
aaatcggtgt
atccgtatcc
tgttctctga
tgttgaacga
gcggtgcatt
cgttgggtat
acgtgatcca

ggcaccaggc
acttaagcaa

Asp Lys Lys

Glu Phe Phe

30
Glu

Gly Cys

45

Val
60

Leu Glu

Cys Ala Gly

Leu Lys Val

Ala Ile

110

His

Gln
125

Tyxr Arg

Phe
140

Thr Met

Gly Val Ala

Ala Phe Asp

acaggtgaac
aaccgctaaa
ccgccecggtyg
cggtttcaat
tccagcctat
ccgeccgtatt
gaccggcttt
ggcgatgctg
aagtgcagcg
atcagacgtt
agccgcecttc
gattgattct
ggacgtgtat
ggatgacgta
attcctgaca
tctggaaaaa

Tyr Leu

15

Asp Phe

Ala val

Glu Leu

Phe Asn

80

Val
g5

Arg
Gly Met
Thr Arg
Tyr Gly

Leu
160

Met

Pro
175

Tyr

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
990



Pro Ser Ala

Phe
195

Thr Leu

Glu
210

Pro Asn

Asn val

225

Gly

Gln Ala Ala

Met Asp Val

val
275

Asn Asp

Val
290

Asn Leu

Thr Ile

305

Ser

Gly Glu Thr

<210>
<211>
<212>
<213>
<400> 75

atgattattt
ctgttccact
gatttgtcag
gaaacgacgc
tgtggcatgt
attccgttta
aagcgcccaa
ctggagcgag
ccgggcgcac
cgctacttgce
ccacatgatt
atcggctggce
cgcgatttct
gatgcagtac
gacggtgtac
atagccattc
ctcggtgcecg
caggcgggtg
ctgactggcg
aaagagttgc

75
1191
DNA

<210>
<211>
<«212>
<213>
<400>

76
396
PRT

76

Ala Ala

180

Ser Glu

His

Tyr

Met Ile

Leu

Ser

Leu

val

Glu Leu

val
200

Asp

Leu Asn

215

Asn Thr

230

Ile Glu

245
Tyr Glu
260

Tle Gln

Phe Thr

Ser Gln

Ala

Asn

Asp

Gly

Thr

Leu Lys

Glu

Arg

val
280

Asp
His Gln
295

Thr Leu

310

Pro
325

Cys

Escherichia coli

ccgcagccag
atatggatgg
aagtggcgct
tgtttaatga
atgcgegtcg
ctctctcgac
tgtggttcca
caaaagcagc
gctaccgtga
aagcggtgac
taggtaatat
tggggaataa
gggatggccc
gttttggtgce
tctecttccge
tggcggatag
acaccgtact
tagctaacct
cgaaatcgat
ctgcggcact

Asn

Glu Leu

K12

cgattatcgce
tggtgcatat
gcgccagcegt
gaaattgtcg
tggcgaagtt
ggtttccgtt
gctttatgta
gggttgttcg
tgcgcattca
acatccgcaa
ctcagcttat
cttcgatccg
gatggtgatc
tgatggaatt
ccgtgcactg
cggaattcgt
gctgggtcgt
gctaaatctg
cagcgaaatt
ggctcccatg

Escherichia coli K12

Gly

185

Ile

Glu

Ser

Asn

Asp

265

Phe

Ala

Gln

66

val Glu

Ser Leu
Ala Ala

Gly
235

Arg

Gln
250

Lys
Leu Phe
Arg Arg
Phe

Leu

Leu
315

Asn

val

gcecgcagcgce
tctgaataca
attctgaaaa
atgccggtgg
caggcagcca
tgcccgattg
ctgcgcgatc
acgctggttt
ggtatgagcg
tgggcgtggg
ctcggcaaac
tccatctcat
aaagggatcc
gtggtttcta
cctgctattg
aacgggcttg
gctttcttgt
atcgaaaaag
acgcaagatt
gcgaaaggga

Met Tle Ile Ser Ala Ala Ser Asp Tyr Arg Ala

val

Tyr Asp

190
Pro

His Cys

205
Phe Gln
220

Glu

Ala Leu Ile

Ile Gly Ser

Phe Glu Asp

270
Ser Ala
285

Leu

Thr
300

Ala Glu

Ser Asn Leu

aacgcattct
cgctgcgccg
acatgtccga
cactggctcc
aagcggcgga
aagaagtcgc
gcggetttat
tcaccgtgga
gcccgaacgc
atgtgggcct
cgaccggact
ggaaagacct
tcgatccgga
accacggtgg
cagatgcggt
atgtcgtgcg
atgcgctggce
agatgaaagt
cgctggtgca
atgcggcata

Ala Ala Gln

Leu Pro

Leu Thr
Met

Lys

Ser
240

Asp

Leu
255

Gly

Lys Ser

Cys His

Ala Leu

Glu Lys

320

gccgecgtte
caacgtggaa
cttaagcctg
ggtgggtttg
cgcgcatggt
gccagccatc
gcgtaacgcg
tatgccgaca
ggcaatgcgc
gaacggtcgt
ggaagattac
tgaatggatc
agatgcgcgc
ccgccagctg
gaaaggtgat
tatgattgcg
aacagcgggc
ggcgatgacg
ggggctgggt
g

Arg Ile

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

1020
1080
1140
1191



Leu

Tyxr

Gln

Phe

65

Cys

Asp

Ile

Tyr

Lys

145

Pro

Ala

Trp

Ala

Gly

225

Arg

Glu

Ser

Ala

Ala

305

Leu

Ala

Pro

Thr

Arg

50

Asn

Gly

Ala

Glu

val

130

Ala

Gly

Ala

Asp

Tyr

210

Asn

Asp

Asp

Asn

Leu

290

Asp

Gly

Thr

Pro

Leu

35

Ile

Glu

Met

His

Glu

115

Leu

Ala

Ala

Met

Val

195

Leu

Asn

Phe

Ala

His

275

Pro

Ser

Ala

Ala

Phe

20

Arg

Leu

Lys

Tyr

Gly

100

val

Arg

Gly

Arg

Arg

180

Gly

Gly

Phe

Trp

Arg

260

Gly

Ala

Gly

Leu

Arg

Lys

Leu

Ala

85

Ile

Ala

Asp

Cys

Tyr

165

Arg

Leu

Lys

Asp

Asp

245

Asp

Gly

Ile

Ile

Thr

325

Gln

Phe

Asn

Asn

Ser

70

Arg

Pro

Pro

Arg

Ser

150

Arg

Tyr

Asn

Pro

Pro

230

Gly

Ala

Arg

Ala

Arg

310

Val

Ala

His

Val

Met

55

Met

Arg

Phe

Ala

Gly

135

Thr

Asp

Leu

Gly

Thr

215

Ser

Pro

val

Gln

Asp

295

Asn

Leu

Gly

Tyr

Glu

40

Ser

Pro

Gly

Thr

Ile

120

Phe

Leu

Ala

Gln

Arg

200

Gly

Ile

Met

Arg

Leu

280

Ala

Gly

Leu

Val

Met

25

Asp

Asp

Val

Glu

Leu

105

Lys

Met

vVal

His

Ala

185

Pro

Leu

Ser

val

Phe

265

Asp

Val

Leu

Gly

Ala

10

Asp

Leu

Leu

Ala

Val

90

Ser

Arg

Arg

Phe

Ser

170

Val

His

Glu

Trp

Ile

250

Gly

Gly

Lys

Asp

Arg

330

Asn

67

Gly

Ser

Ser

Leu

75

Gln

Thr

Pro

Asn

Thr

155

Gly

Thr

Asp

Asp

Lys

235

Lys

Ala

val

Gly

Val

315

Ala

Leu

Gly

Glu

Leu

60

Ala

Ala

val

Met

Ala

140

val

Met

His

Leu

Tyr

220

Asp

Gly

Asp

Leu

Asp

300

val

Phe

Leu

Ala

val

45

Glu

Pro

Ala

Ser

Trp

125

Leu

Asp

Ser

Pro

Gly

205

Ile

Leu

Ile

Gly

Ser

285

Ile

Arg

Leu

Asn

Tyr

30

Ala

Thr

val

Lys

vVal

110

Phe

Glu

Met

Gly

Gln

190

Asn

Gly

Glu

Leu

Ile

270

Ser

Ala

Met

Tyr

Leu

15

Ser

Leu

Thr

Gly

Ala

95

Cys

Gln

Arg

Pro

Pro

175

Trp

Ile

Trp

Trp

Asp

255

vVal

Ala

Ile

Ile

Ala

335

Tle

Glu

Arg

Leu

Leu

80

Ala

Pro

Leu

Ala

Thr

160

Asn

Ala

Ser

Leu

Ile

240

Pro

Val

Arg

Leu

Ala

320

Leu

Glu



68

340 345
Lys Glu Met Lys Val Ala Met Thr Leu Thr Gly
355 360
Glu Ile Thr Gln Asp Ser Leu Val Gln Gly Leu
370 375
Ala Ala Leu Ala Pro Met Ala Lys Gly Asn Ala
385 390 395
<210> 77
<211> 999
<212> DNA
<213> Escherichia coli K12
<400> 77
atgaaaacgt taggtgaatt tattgtcgaa aagcagcacg
gagctcactg ctttgctgtc ggcaataaaa ctgggcgcca
aacaaagcag gactggttga tatcctgggt gccagcggtg
gttcagcaga aactcgactt gttcgctaat gaaaaactga
gatatcgttg cgggcattgc ctctgaagaa gaagatgaga
gaacacgcaa aatacgtggt gctgatggac cccctggatg
aacgtctctg tcggtaccat tttctccatc taccgccgeg
gtaacggaag aagatttcct ccagcctggt aacaaacagg
tacggctcct ctaccatgct ggtttacacc accggatgcg
gatccttcge tcggcgtttt ctgcctgtgc caggaacgga
aaaacctact ccatcaacga aggaaactac attaagtttc
attaaattct gccaggaaga agataaatcc accaaccgcc
ggttcactgg tcgcggattt ccaccgtaac ctgctgaaag
agcaccgcca gccacccgga cggcaaactg cgtttgcectgt
ttcctggegg aacaagcggg cggtaaagcg agcgatggca
atcccggaaa ccctgcacca gcgccgttca ttcectttgteg
gatgtcgaac gctttatccg tgagttcccg gacgcgtaa
<210> 78
<211> 332
<212> PRT
<213> Escherichia coli K12
<400> 78
Met Lys Thr Leu Gly Glu Phe Ile Val Glu Lys
1 5 10
His Ala Thr Gly Glu Leu Thr Ala Leu Leu Ser
20 25
Ala Lys Ile Ile His Arg Asp Ile Asn Lys Ala
35 40
Leu Gly Ala Ser Gly Ala Glu Asn Val Gln Gly
50 55
Leu Asp Leu Phe Ala Asn Glu Lys Leu Lys Ala
65 70 75
Asp Ile Val Ala Gly Ile Ala Ser Glu Glu Glu
85 90
Phe Glu Gly Cys Glu His Ala Lys Tyr Val Val
100 105
Asp Gly Ser Ser Asn Ile Asp Val Asn Val Ser
115 120

350
Ala Lys Ser
365

Gly Lys Glu
380

Ala

agttttctca
agattatcca
ctgagaacgt
aagccgcact
ttgtcgtctt
gctcgtccaa
ttacgcctgt
ttgcggcagg
gtgttcacgc
tgcgcttcece
cgaacggggt
cttatacctc
gcggtattta
atgagtgcaa
aagagcgtat
gcaacgacca

Gln His Glu

Ala Ile Lys

30
Val

Gly Leu

45

Glu
60

Val Gln

Ala Leu Lys

Asp Glu Ile

Leu Met Asp

110
vVal

Gly Thr

125

Ile Ser

Leu Pro

tgctaccggt
tcgcgatatc
gcagggcgag
gaaagcacgc
tgaaggctgt
catcgatgtt
tggcacgccg
ttacgtggta
ctttacttac
ggagaaaggc
gaagaagtac
acgttatatc
tctctaccca
cccgatggca
tctggatatc
tatggttgaa

Phe
15

Ser

Leu Gly

Asp Ile

Gln Lys

Ala Arg

80

val
95

val
Leu

Pro

Ile Phe

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
999



Ile
130

Ser

Tyr

Asp Phe Leu

145

Tyr Gly Ser

Ala Phe Thr

Arg Met Arg

195
Ile

Asn Tyr

210
Glu

Gln Glu

225
Leu

Gly Ser

Tyr Leu Tyr

Glu
275

Leu Tyr

Ala
290

Lys Ser

Leu His Gln

305
vVal

Asp Glu

<210>
<211>
<212>
<213>
<400> 79

atgagacgag
tacaaatggt
cgtattatgc
gacgaagcac
gatattgctg
ctggcggtge
gagaagctga
gataacctgc
attctggcta
gtatttgcta
gaagttgacg
atccgcgceat
gacaacgaag
atcgaagccg
tctgccaccg
gcgactaccg
atccactatc

79
1011
DNA

<210> 80

Arg Arg

Gln Pro

val

Gly

Thr
135

Pro

Asn Lys

150

Thr
165

Ser

Tyr
180

Asp
Phe Pro
Phe

Lys

Asp Lys

Met

Pro

Glu

Pro

Ser

Leu Val

Leu

Ser

Gly
200

Lys

Asn
215

Gly

Thr Asn

230

Ala
245

Val

Pro Ser

260

Cys Asn

Asp Gly

Arg Arg

Asp

Thr

Pro

Lys

Ser

Phe His

Ala

Serx

Ala
280

Met

Glu
295

Arg

Phe Phe

310

Phe
325

Axrg

Escherichia coli

aacttgccat
taggacgcgg
tcaaccaggt
cgatgctcta
ttgatccgat
tggcagtagg
ttgtcgggcc
gcaatgtagc
aaccacgcca
ttccggacgg
tgctgtacgg
tagatggcga
agaatcgtcg
gtaaagtatt
gtattaccaa
aaacgctgcet
tggatcgcaa

Ile

Arg Glu

K12

cgaattttcc
cgataaaaac
caacattgac
cattggtgaa
tgaaggcacg
cgataaaggc
gggagccaaa
ggcggcgctc
cgatgececgtt
cgacgttgcg
tattggtggc
catgaacggt
cattggcgag
gcgceetgggce
aggcgatctg
gatccgcggce
agacccggaa

69

Val Gly Thr

Gln Val Ala

155

Thr
170

Tyr Thr

Gly Val Phe

185

Lys Thr Tyr

Val Lys Lys

Arg Pro Tyr

235
Asn Leu
250

Arg

His Pro

265

Asp

Phe Leu Ala

Ile Leu Asp

val Asn

315

Gly

Phe Pro

330

cgcgtcaccg
accgcggacg
ggcaccatcg
aaagtcggta
cgcatgacgg
tgcttcctceca
ggcaccattg
ggcaaaccgt
atcgctgaaa
gcctcaattc
gcgccggaag
cgtctgctgg
caggagctgg
gatatggcgc
ctggaaggca
aagtcacgca
atgcaggtgc

Pro vVal Thr

140
Ala

Gly Tyr

Gly Cys Gly

Cys Leu Cys

190

Ile
205

Ser Asn

Tyr Ile

220

Lys

Thr Ser Arg

Leu Lys Gly

Leu
270

Gly Lys

Glu Gln

285

Ala

Ile
300

Ile Pro

Asp His Met

Ala

aatcagcggc
gcgcggeggt
tcattggtga
ctggtcgcgg
cgatgggcca
atgcgccgga
atctgaacct
tgagcgaact
tgcagcaact
tcacctgtat
gcgtagtttce
cgcgtcatga
cacgctgcaa
gcagcgataa
ttagccgcaa
ccattcgccg
acatcctctg

Glu Glu

val val

160
Val His
175

Gln Glu

Glu Gly
Phe Cys

Ile
240

Tyr

Gly Ile

255

Arg Leu

Gly Gly

Glu Thr

vVal Glu

320

gctggctgge
aaacgccatg
aggtgaaatc
cgacgcggta
ggctaacgcg
tatgtatatg
gccgetggeg
gacggtaacg
cggcgtacgc
gccagacagc
tgcggcggtg
cgtcaaaggc
agcgatgggc
cgtcatcttc
aggcaatatc
cattcagtcc
a

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

1011



<211>
<212>
<213>
<400>
Met Arg Arg Glu

1

Ala

Asp

Ile

Met

65

Asp

Gln

Leu

Ala

Asn

145

Ile

Leu

Ile

Gly

Asp

225

Asp

Lys

Ala

Asp

Thr
305

Leu

Gly

Asp

50

Leu

Ile

Ala

Asn

Lys

130

Val

Leu

Gly

Leu

Gly

210

Gly

Asn

Ala

Arg

Leu

290

Leu

336
PRT

Escherichia coli

80

Ala

Ala

35

Gly

Tyr

Ala

Asn

Ala

115

Gly

Ala

Ala

val

Thr

195

Ala

Asp

Glu

Met

Ser

275

Leu

Leu

Gly

20

Ala

Thr

Ile

val

Ala

100

Pro

Thr

Ala

Lys

Arg

180

Cys

Pro

Met

Glu

Gly

260

Asp

Glu

Ile

Leu

5

Tyxr

Val

Ile

Gly

Asp

85

Leu

Asp

Ile

Ala

Pro

165

val

Met

Glu

Asn

Asn

245

Ile

Asn

Gly

Arg

Ala

Lys

Asn

Val

Glu

70

Pro

Ala

Met

Asp

Leu

150

Arg

Phe

Pro

Gly

Gly

230

Arg

Glu

val

Ile

Gly
310

Ki2

Ile

Trp

Ala

Ile

55

Lys

Ile

Val

Tyr

Leu

135

Gly

His

Ala

Asp

Val

215

Arg

Arg

Ala

Ile

Ser

295

Lys

Glu

Leu

Met

40

Gly

Val

Glu

Leu

Met

120

Asn

Lys

Asp

Ile

Ser

200

val

Leu

Ile

Gly

Phe

280

Arg

Ser

Phe

Gly

25

Arg

Glu

Gly

Gly

Ala

105

Glu

Leu

Pro

Ala

Pro

185

Glu

Ser

Leu

Gly

Lys

265

Ser

Lys

Arg

Ser

10

Arg

Ile

Gly

Thr

Thr

90

Val

Lys

Pro

Leu

val

170

Asp

val

Ala

Ala

Glu

250

vVal

Ala

Gly

Thr

70

Arg

Gly

Met

Glu

Gly

75

Arg

Gly

Leu

Leu

Ser

155

Ile

Gly

Asp

Ala

Arg

235

Gln

Leu

Thr

Asn

Ile
315

Val

Asp

Leu

Ile

60

Arg

Met

Asp

Ile

Ala

140

Glu

Ala

Asp

val

vVal

220

His

Glu

Arg

Gly

Ile

300

Arg

Thr

Lys

Asn

45

Asp

Gly

Thr

Lys

Val

125

Asp

Leu

Glu

Val

Leu

205

Ile

Asp

Leu

Leu

Ile

285

Ala

Arg

Glu

Asn

30

Gln

Glu

Asp

Ala

Gly

110

Gly

Asn

Thr

Met

Ala

190

Tyr

Arg

val

Ala

Gly

270

Thr

Thr

Ile

Ser

15

Thr

val

Ala

Ala

Met

95

Cys

Pro

Leu

Val

Gln

175

Ala

Gly

Ala

Lys

Arg

255

Asp

Lys

Thr

Gln

Ala

Ala

Asn

Pro

Val

80

Gly

Phe

Gly

Arg

Thr

160

Gln

Ser

Ile

Leu

Gly

240

Cys

Met

Gly

Glu

Ser
320



71

Ile His Tyr Leu Asp Arg Lys Asp Pro Glu Met

81
1080
DNA

<210>
<211l>
<212>
<213>
<400> 81
atgtctaaga
gttttccagg
gactccatca
ttctccaacg
ggtgctgcta
tatggtgttc
gacggtctgt
tctcacatga
tacctggagc
ggtgaagaag
gaagacgttg
gcgtcctteg
atcctgecgtg
aacttcgtat
tacggcgtag
ctgaactact
gaagatcagc
tcgatgatcg

82
359
PRT

<210>
<211>
<212>
<213>
<400> 82
Met Ser Lys
1

Gln

Asp Val

Val
35

Pro Ala

Ala Ala

50

Thr

Gly Ala Ser

65

Gly Ala Ala

Met Ala Glu

Ala Lys Lys

115
His Phe
130

Lys

Asp Leu Ser

145

325

tttttgattt
tagcaaaaga
acgccgtact
gtggtgcttc
tcctgggegce
cggttatcct
tggacgcggg
tcgacctgtc
gcatgtccaa
acggcgtgga
attacgcata
gtaacgtaca
attctcagga
tccacggtgg
taaaaatgaa
acaaagcgaa
cgaacaagaa
ctcgtctgga

Escherichia coli

Ile

5
Lys Val
20

Asn Cys

Lys Val

Phe Ile

Ile Leu

85
His
100

Tyr
Leu Leu
Ala Ala

Glu Glu

Phe Asp

Phe

val

Lys

Ala

70

Gly

Gly

Pro

Thr

Sex

Escherichia coli K12

cgtaaaacct
aaacaacttc
ggaaaccgct
ctttatcgct
gatctctggt
gcacactgac
tgaaaaacac
tgaagaatct
aatcggcatg
caacagccac
caccgaactg
cggtgtttac
atatgtttcc
ttcecggttcet
catcgatacc
cgaagcttat
atactacgat
gaaagcattc

K12

Phe Vval

Val

Gln

Thr
40

Gly

Ala
55

Pro
Gly Lys
Ala Ile
Val

Pro

Ile
120

Trp

Gly
135

Lys

Leu Gln

150

330

ggcgtaatca
gcactgccag
gctaaagtta
ggtaaaggcg
gcgcatcacg
cactgcgcga
ttcgcagcta
ctgcaagaga
actctggaaa
atggacgctt
agcaaaatca
aagccgggta
aagaaacaca
actgctcagg
gatacccaat
ctgcagggtc
ccgcgcegtat
caggaactga

Pro
10

Lys Gly

Ala Glu

25

Lys

Asp Ser Ile

Val Ile Val

Gly Vval Lys

75
Ala

Ser Gly

90

Val
105

Ile Leu

Asp Gly Leu

Pro Leu Phe

Glu Ile

155

Asn

Gln Vval His

ctggtgatga
cagtaaactg
aagcgccggt
tgaaatctga
ttcaccagat
agaaactgct
ccggtaagcc
acatcgaaat
tcgaactggg
ctgcactgta
gccecgegttt
acgtggttct
acctgccgca
aaatcaaaga
gggcaacctg
agctgggtaa
ggctgcgtgce
acgcgatcga

Val Ile Thr

Phe
30

Asn Asn

Ala
45

Asn Val

Gln
60

Phe Ser

Ser Asp Val

His His Val

His Thr Asp

110

Leu Asp Ala

125
His

Ser Ser

140
Ile

Glu Cys

Ile Leu
335

cgtacagaaa
cgtcggtact
tatcgttcag
cgttccgcag
ggctgaacat
gccgtggatc
gctgttctct
ctgctctaaa
ttgcaccggt
cacccagccyg
caccatcgca
gactccgacc
caacagcctg
ctccgtaagc
ggaaggcgtt
cccgaaaggc
cggtcagact
cgttctgtaa

Gly
15

Asp
Ala Leu
Leu Glu
Asn

Gly

Gln
80

Pro

His Gln

95

His Cys

Gly Glu

Met Ile

Ser Lys

160

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

1020
1080



Tyr Leu Glu

Gly Cys Thr

Ala
1985

Ala Ser

Glu Leu Ser

210
His

Asn Val

225
Ile

Leu Arg

His Asn Ser

Ile
275

Gln Glu

Thr
290

Asp Asp

Lys Ala Asn

305
Gln

Glu Asp

Ala Gly Gln

Ala
355

Leu Asn

<210>
<211>
<212>
<213>
<400> 83

atgacagata
atgacaattc
attgacaata
cgtctggcetg
gccggagctt
gcgatcgaag
cggcgttatg
tacccgaata
gcggttgegg
gaaatttctg
tatttgcgta
accggtcagg
gcggaaaata
agcaaattga
atgggtcggg
gatgcagtgc
cgtaaagcgt
gtttatctcg

83
1053
DNA

Met
165

Arg

Gly
180

Gly
Leu Tyr
Lys Ile

Gly Val

Ser

Glu

Thr

Ser

Tyr

Lys Ile

Glu Asp

Gln Pro

200

Pro
215

Arg

Lys Pro

230

Ser
245

Asp

Leu Asn

260

Lys Asp

Thr Gln

Glu Ala

Gln

Phe

Ser

Trp

Tyr

Glu Tyr

Val Phe

Val Ser

280

Ala
295

Thr

Leu Gln

310

Asn
325

Pro

Thr
340

Ser

Ile Asp

Escherichia coli

ttgcgcagtt
cttctgacca
atcgcccgcec
gcacaggata
catttgctgc
cgggctgtaa
cgcatcgcat
cctacgatca
ttggtgcgac
cggcttttga
actccgcectt
caaaccatct
acggcggcta
ccagcgaaaa
ctgggttgat
gtactgcggt
tcaagaaatc
atagcaaaat

Lys

Met

val

Lys Tyr

Ile Ala

Leu

K12

gcttggcaaa
gctttatctc
agcggtgtta
tctttctatt
taacccgcetc
ctgtgtggcg
tccattcctce
aacgctgtat
tatctatttt
acgtgcgcac
taagaaagat
ggcggcaacc
taaagcaatt
cccgattgat
aaactccggce
tatcaacaaa
gatggctgac
tactatcgcc

72

Met
170

Gly Thr

Gly Vval

185

Asp

Glu Asp Val

Phe Thr Ile

Val
235

Gly Asn

vVal Ser

250

Lys

His Gly

265

Gly

Tyr Gly Val

Trp Glu Gly

Gln Leu

315

Gly

Tyr Asp Pro

330
Glu

Arg Leu

345

gacgccgaca
cccggacatg
cgtaatatgc
ctgccggttg
tactttgacc
tcaacttacg
gtcaaactta
gccagcgtgg
ggctcggaag
gagctgggta
ggcgttgatt
atcggtgcag
aattacggtt
ctggtgcgtt
ggtgctgcgg
cgcgcaggcg
ggcgtgaaac
tga

Leu Glu Ile

His
190

Asn Ser

Asp Tyr Ala

205

Ala
220

Ala Ser

val Leu Thr

Lys His Asn

Ser
270

Ser Gly

Val Lys Met

285

val
300

Leu Asn

Gly Asn Pro

Arg Val Trp

Ala Phe

350

Lys

accttttaca
actacgtaga
agacgttgta
accagggcgt
cgaaaaacat
gcgtgctggce
atcacaacga
agcaggcgtt
agtcacgtcg
tggtgacagt
accatgtttc
atatcgtcaa
acaccgacga
atcagttagc
gcggtgaaac
gaatggggct
tgattaacgc

Glu
175

Leu

Met Asp

Tyr Thr
Phe Gly

Thr
240

Pro

Leu Pro

255

Thr Ala

Asn Ile
Tyr Tyr

Gly
320

Lys

Leu
335

Arg

Gln Glu

gcaccgttgt
ccgcgtaatg
caacaccggg
tgagcactct
tgttgaactg
gtcggtatcg
gacgctaagt
caacatgggc
ccagattgaa
gctgtgggcce
cgccgacctg
acaaaaaatg
tcgtgtttac
taactgctat
tgacctcagc
gattcttgga
cgtgcaggac

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

1020
1053



<210>
<211>
<212>
<213>
<400>
Met Thr Asp Ile

1

Gln

His

Val

Thr

65

Ala

Ile

Tyr

Phe

Tyr

145

Ala

Arg

Gly

Lys

Asn

225

Ala

Asp

Arg

Ser

Thr

His

Asp

Leu

50

Gly

Gly

val

Gly

Leu

130

Asp

Val

Gln

Met

Asp

210

His

Glu

Arg

Tyx

Gly

290

Ala

84
350
PRT

Escherichia coli

84

Arg

Tyr

35

Arg

Tyr

Ala

Glu

val

115

Val

Gln

Ala

Ile

Val

195

Gly

Leu

Asn

vVal

Gln

275

Gly

val

Cys

20

val

Asn

Leu

Ser

Leu

100

Leu

Lys

Thr

Val

Glu

180

Thr

val

Ala

Asn

Tyx

260

Leu

Ala

Ile

Ala Gln
S

Met Thr

Asp Arg

Met Gln

Ser Ile
70

Phe Ala
85

Ala Ile

Ala Ser

Leu Asn

Leu Tyr
150

Gly Ala
165

Glu Ile
Val Leu
Asp Tyr
Ala Thr

230
Gly Gly

245

Ser Lys

Ala Asn

Ala Gly

Asn Lys

K12

Leu

Ile

val

Thr

55

Leu

Ala

Glu

Val

His

135

Ala

Thr

Ser

Trp

His

215

Ile

Tyr

Leu

Cys

Gly

295

Arg

Leu

Pro

Met

40

Leu

Pro

Asn

Ala

Ser

120

Asn

Ser

Tle

Ala

Ala

200

Val

Gly

Lys

Thr

Tyr

280

Glu

Ala

Gly

Ser

25

Ile

Tyr

Val

Pro

Gly

105

Arg

Glu

Val

Tyr

Ala

185

Tyr

Ser

Ala

Ala

Ser

265

Met

Thr

Gly

Lys

Asp

Asp

Asn

Asp

Leu

90

Cys

Arg

Thr

Glu

Phe

170

Phe

Leu

Ala

Asp

Ile

250

Glu

Gly

Asp

Gly

73

Asp

Gln

Asn

Thr

Gln

75

Tyr

Asn

Tyr

Leu

Gln

155

Gly

Glu

Arg

Asp

TIle

235

Asn

Asn

Arg

Leu

Met

Ala

Leu

Asn

Gly

60

Gly

Phe

Cys

Ala

Ser

140

Ala

Ser

Arg

Asn

Leu

220

Val

Tyr

Pro

Ala

Ser

300

Gly

Asp

Tyx

Arg

45

Arg

Val

Asp

val

His

125

Tyr

Phe

Glu

Ala

Ser

205

Thr

Lys

Gly

Ile

Gly

285

Asp

Leu

Asn

Leu

30

Pro

Leu

Glu

Pro

Ala

110

Arg

Pro

Asn

Glu

His

190

Ala

Gly

Gln

Tyr

Asp

270

Leu

Ala

Ile

Leu

15

Pro

Pro

Ala

His

Lys

95

Ser

Ile

Asn

Met

Ser

175

Glu

Phe

Gln

Lys

Thr

255

Leu

Ile

Val

Leu

Leu

Gly

Ala

Gly

Ser

80

Asn

Thr

Pro

Thr

Gly

160

Arg

Leu

Lys

Ala

Met

240

Asp

val

Asn

Arg

Gly



305

Arg Lys Ala Phe Lys Lys

Ala Val Gln Asp Val Tyr

310

325

Ser Met

Leu Asp

340
<210> 85
<211> 663
<212> DNA
<213> Escherichia coli K12
<400> 85
atggaactgt atctggatac ttcagacgtt
ccgectggecgg gtgtgaccac taacccaagc
gttgtgcttc cgcaacttca tgaagcgatg
atggctacca ctgccgaagg gatggttaat
gatatcgtgg tgaaagttcc ggtgaccgcc
gcggaaggga ttccgacgct gggaaccgcg
gcgctggcag gtgcggaata tgttgcgcct
agcggcattc agactgtgac cgacttacac
aaagtgctgg cagcgagttt caaaaccccg
tgtgaatcaa ttactctgcc actggatgtg
gatgccgectg tggcgaagtt tgagcaggac
taa
<210> 86
<211> 220
<212> PRT
<213> Escherichia coli Ki2
<400> 86
Met Glu Leu Tyr Leu Asp Thr Ser
1 5
Ser Arg Ile Phe Pro Leu Ala Gly
20
Ala Ala Gly Lys Lys Pro Leu Asp
35 40
Ala Met Gly Gly Gln Gly Arg Leu
50 55
Ala Glu Gly Met Val Asn Asp Ala
65 70
Asp Ile val val Lys Val Pro Val
85
Lys Met Leu Lys Ala Glu Gly Ile
100
Gly Ala Ala Gln Gly Leu Leu Ser
115 120
Ala Pro Tyr Val Asn Arg Ile Asp
130 135
Thr Val Thr Asp Leu His Gln Leu
145 150
Lys Val Leu Ala Ala Ser Phe Lys

165

74

315

Ala Asp Gly
330

Ser Lys Ile
345

gttgcggtga
attatcgccg
ggcggtcagg
gacgcgctta
gaggggctgg
gtatatggcg
tacgttaatc
cagttattga
cgtcaggcgc
gcacaacaga
tggcagggag

val
10

Asp Val

Val Thr

25

Thr

Val Vval Leu

Phe Ala Gln

Leu
75

Leu Lys

Thr Ala

90

Glu

Pro Thr

105

Leu

Ala Leu Ala

Ala Gln Gly

Met
155

Leu Lys

Thr Pro

170

Arg

Val Lys Leu

Thr Ile Ala
350

aggcgctgtc
cgggtaaaaa
ggcgtctgtt
agctgcgttc
cagctattaa
cagcacaagg
gtattgatgc
aaatgcatgc
tggactgctt
tgattagcta
cgtttggcag

Ala Val Lys

Ser
30

Asn Pro

Gln
45

Pro Leu

val
60

Met Ala

Arg Ser Ile

Gly Leu Ala

Thr Ala

110

Gly

Ala
125

Gly Glu

Gly Ser

140

Gly

His Ala Pro

Gln Ala Leu

320

Ile Asn
335

acgtattttt
accgctggat
tgcccaggta
tattattgcg
gatgttaaaa
gctgctgtceg
tcagggcggt
gccgcaggcyg
actggcagga
tccggeggtt
aacgtcgatt

Ala
15

Leu

Ile Ile

His Glu

Thr Thr

Ile Ala

80

Ala
95

Ile

Val Tyr

Tyr Val

Ile Gln

Gln Ala

160

Asp
175

Cys

60
120
180
240
300
360
420
480
540
600
660
663



75

Leu Leu Ala Gly Cys Glu Ser Ile Thr Leu Pro
180 185
Gln Met Ile Ser Tyr Pro Ala Val Asp Ala Ala
195 200
Gln Asp Trp Gln Gly Ala Phe Gly Arg Thr Ser
210 215
<210> 87
<211> 663
<212> DNA
<213> Escherichia coli K12
<400> 87
atggaactgt atctggacac cgctaacgtc gcagaagtcg
cccattgccg gggtgacaac taacccgagc attatcgctg
gaagtgctgc cgcgtctgca aaaagcgatt ggtgatgagg
atgagccgcg acgcgcaggg gatggtggaa gaagcgaagc
ggtattgtgg tgaaaatccc ggtgacttcc gaaggtctgg
aaagagggta ttactacact tggcactgct gtatatagcg
gcactggcag gggcaaaata cgttgctccg tatgttaacc
gacggcattc gtacggttca ggagctgcaa acgctgttag
atggtgctgg cagccagctt taaaacgccg cgtcaggcgc
tgtgaatcca tcaccctgcc cttagatgta gcgcaacaaa
gagtcagcta tagagaagtt cgaacacgac tggaatgccg
taa
<210> 88
<211> 220
<212> PRT
<213> Escherichia coli K12
<400> 88
Met Glu Leu Tyr Leu Asp Thr Ala Asn Val Ala
1 5 10
Ala Arg Ile Phe Pro Ile Ala Gly Val Thr Thr
20 25
Ala Ala Ser Lys Glu Ser Ile Trp Glu Val Leu
35 40
Ala Ile Gly Asp Glu Gly TIle Leu Phe Ala Gln
50 55
Ala Gln Gly Met Val Glu Glu Ala Lys Arg Leu
65 70 75
Gly Ile val val Lys Ile Pro Val Thr Ser Glu
85 90
Lys Ile Leu Lys Lys Glu Gly Ile Thr Thr Leu
100 105
Ser Ala Ala Gln Gly Leu Leu Ala Ala Leu Ala
115 120
Ala Pro Tyr Val Asn Arg Val Asp Ala Gln Gly
130 135
Thr Val Gln Glu Leu Gln Thr Leu Leu Glu Met
145 150 155

Leu Asp Val
190

Val Ala Lys
205

Ile
220

aacgtctggc
ccagcaagga
gcattctgtt
gcctgcgcga
cagcaattaa
ccgcacaagg
gcgtagatgce
aaatgcacgc
tggactgttt
tgctcaacac
catttggcac

Glu Vval Glu

Ser
30

Asn Pro

Pro Arg Leu

45

Thr
60

Met Ser

Arg Asp Ala

Gly Leu Ala

Thr Ala

110

Gly

Ala
125

Gly Lys

Gly
140

Asp Gly

His Ala Pro

Ala Gln

Phe Glu

acgcatattc
gtccatatgg
tgctcagacc
cgctattccg
aatactgaaa
gttattagcc
ccagggcgga
gccagaaagc
actggcagga
ccctgcggta
tactcatctc

Arg Leu

15

Ile Ile

Gln Lys

Arg Asp

Ile Pro

80

Ala
95

Ile

Val Tyr

Tyr Val

Ile Arg

Glu Ser

160

60
120
180
240
300
360
420
480
540
600
660
663



Met Val Leu

Leu Leu Ala

Gln Met Leu

195
His Asp Trp
210

89
1020
DNA

<210>
<211>
<212>
<213>
<400> 89

atgaaccaac
gccatcaccc
atcgcaacgc
gatacgctcc
gtcgtcgtac
cctgatgcgce
caggacgtgg
acgtttgcga
cagacctttg
agcaatccgg
ggtgcgggga
cgtgggctgg
atgggcatgg
cgcecgttttg
ggtcaggtgg
ggcgttgaaa
cgcgaggcag

«<210>
<211>
<212>
<213>
<400> 90
Met Asn Gln
1

90
339
PRT

Gly Thr Ala

Leu Trp Gly

35
Asn Ala
50

Cys

Leu Glu

65

Ser

Val val val

Pro Leu Met

Glu Ala Glu

115

Ala
165

Gly
180

Asn

Asn

Escherichia coli

gtaatgcttc
tggcaagaaa
ttgaacgcga
atcttgaaag
ccagccatgt
gtctggtgtg
cgcgtgaggc
aagaactggc
ccgatgatct
atttcattgg
tgtccgacgg
ctgaaatgtc
cggggcttgg
gcatgatgct
tggaaggcta
tgccaataac
cattgacttt

Escherichia coli

Arg

5
Leu Ala
20

His Asp

Ala Phe
Leu

Asp

Ser
85

Pro

Arg Pro

100

Thr Gly

Ala Ser

Cys Glu

Thr Pro

Ala Ala

Asn Ala

Ile

Pro

Leu

Ala

70

His

Asp

Arg

Phe Lys

Ile

Ser

Val
200

Ala

Phe
215

Gly

K12

aatgactgtg
tggccacgag
ccgctgtaac
cgatctcgcc
ctttggtgaa
ggcgaccaaa
cttaggcgat
ggcaggttta
ccagcagctg
cgtgcagctt
tatcggtttt
gcgtcecttggt
cgatctggtg
cggtcagggc
ccgcaatacg
cgaggaaatt
actaggtcgt

K12

Ser Met

Thr Leu

Glu His
40

Pro
55

Asp
Thr Ala
Val Phe
Ala Arg

Leu
120

Leu

76

Thr Pro

170

Arg

Thr
185

Leu Pro

Glu Ser Ala

Thr Thr His

atcggtgccg
gttgtcctct
gccgcegtttce
actgcgctgg
gtgctgcgcec
gggctggaag
caaattccgc
ccgacagcta
ctgcactgcg
ggcggcgegg
ggtgcgaatg
gcggcegcetgyg
cttacctgta
atggatgtac
aaagaagtcc
tatcaagtat

gcacgcaagg

Thr Vval

10

Ile

Ala
25

Arg Asn

Ile Ala Thr

Val Pro Phe

Ala Ala

75

Leu

Glu
90

Gly Val

Leu Val

105

Trp

Gln Asp Val

Gln Ala Leu

Leu Asp Val

190
Ile Glu Lys
205

Leu
220

gctcgtacgg
ggggccatga
tcccecgatgt
cagccagccg
agattaaacc
cggaaaccgg
tggcggttat
tttcgctggce
gcaaaagttt
tgaaaaacgt
cgcgtacggc
gtgccgaccce
ccgacaacca
aaagcgcgca
gcgaactggce
tatattgcgg
acgagcgcag

Gly Ala Gly

Glu
30

Gly His

Glu
45

Leu Arg

Pro Thr

60

Asp

Ser Arg Asn

Leu Arg Gln

Ala Thr Lys

110

Ala Arg Glu

125

Asp
175

Cys

Ala Gln

Phe Glu

caccgctctt
ccctgaacat
gccttttccc
taatattctc
actgatgcgt
acgtctgtta
ctctggccca
ctcgaccgat
ccgcgtttac
tattgccatt
gctgatcacc
tgccaccttt
gtcgcgtaac
ggagaagatt
gcatcgcttc
aaaaaacgcg
cagccactaa

Ser
15

Tyr

val val

Asp Arxg

Leu His

Ile Leu

80

Ile
95

Lys
Leu

Gly

Ala Leu

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

1020



Gly Asp Gln

130
Glu Ala
145

Leu

Gln Thr Phe

Phe Arg Val

Ala Vval Lys

195

Phe
210

Gly Gly

Glu
225

Met Ser

Met Gly Met

Gln Ser Arg

Val Gln Ser

275

Thr
290

Asn Lys

Pro Ile Thr

305
Glu

Arg Ala

Ser Ser His

<210>
<211>
<212>
<213>
<400> 91

atgaaaactc
gcecgggattg
gacatcgcaa
gcggtaaccg
attgcacgtc
ctctcecttcece
atagacccgc
gtgaaagttc
gccaaagaac
ggcgcgacgg
catgcacctg
gatctgcgca
aaccagcatg
gataccattt
aatcgagtga

91
1629
DNA

Ile Pro

Ala Gly

Leu

Leu

Ala val

135

Pro Thr

150

Ala Asp

165
Tyr Ser
180

Asn Val

Ala

Asn

Arg Leu

Asp

Asn

Ile

Ala

Gly

Leu Gln

Pro

Asp

Ile
200

Ala

Arg Thr

215

Ala Ala

230

Ala Gly

245

Asn
260

Arg
Ala Gln
Glu val

Glu Glu

Leu

Axg

Glu

Arg

Ile

Gly Asp

Phe Gly

Ile
280

Lys

Glu
295

Leu

Tyr Gln

310

Ala Leu

325

gcgactcgca
cccgcgactg
ccggtgcecac
atgcggaatc
actgcgttga
aggccacttt
agcaagcgcg
cggatggcac
acggtgccgt
tgtgcggtgt
tcgtggttaa
ttcgcatgtt
tgatcaaccg
cgctgattgg
cggcagaaga

Thr

Leu Leu

Escherichia coli K12

atcaagtgac
tgcecctgegce
cgggcgtaac
ggcccgcgaa
accaaccaac
tattcgecgcce
cattatcgaa
cgttgatcca
tatccttacc
tcgtgtacgt
tgccgctggg
cccggcgaaa
ctgccgtaaa
taccacctct
ggttgatatt

77

Ile Ser Gly

Ala Ile Ser

155
Gln

Leu Leu

170

Phe
185

Ile Gly

Gly Ala Gly

Ala Leu Ile

Ala
235

Leu Gly

Val
250

Leu Leu

Met
265

Met Leu

Gly Gln Vval

Ala His Arg

Val Leu Tyr

315
Ala

Gly Arg

330

gtgattatca
gggctgcgceg
cacggcctgce
tgcattagtg
ggcctgttta
tgcgaagaag
cctgccgtta
tttcgtctga
gctcatgaag
aaccatctca
atctgggggc
ggatcgctgce
ccttcecgacg
ttacgtattg
ctgctgegtyg

Pro Thr Phe

140

Leu Ala Ser

His Cys Gly

vVal Gln Leu

130

Ser
205

Met Asp

Thr
220

Arg Gly

Asp Pro Ala

Thr Cys Thr

Gly Gln Gly

270
Val Glu
285

Gly

Phe
300

Gly val

Cys Gly Lys

Axg Lys Asp

ttggcggcgg
tgattttggt
tgcacagcgg
aaaaccagat
tcaccctgcece
cagggatcag
acccggcact
ccgcagcaaa
tcacggggct
ccggcgaaac
aacacattgc
tgatcatgga
ccgatattct
attacaacga
aaggggaaaa

Ala Lys

Thr Asp

160
Lys Ser
175

Gly Gly

Gly Ile

Leu Ala

Thr Phe

240
Asp Asn
255

Met Asp

Tyr Arg
Glu Met

Ala
320

Asn

Glu
335

Arg

cgcaacggga
tgagcgccac
tgcgecgctat
cctgaaacgc
ggaagatgac
cgcagaagct
gattggcgcg
catgctggat
gattcgtgaa
tcaggccctt
cgaatatgcc
tcaccgcatt
ggtgcctggce
gattgacgat
actggccccc

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



gtgatggcga
gatgacgacc
cgcgatggtce
atggctgaat
actgccgatc
atctccctgce
gcctggcetga
gcgggtgaag
cgtcgtaccc
ggactgctgc
tteccttaacg
agcgaattta
gcgctttga

<210>
<211>
<212>
<213>
<400> 92
Met Lys Thr
1

92
542
PRT

Gly Ala Thr

Ile
35

Arg Val

Asn His

50

Arg

Ala
65

Glu Ser

Ile Ala Arg

Pro Glu Asp

Glu Ala Gly

115
Ile Glu
130

Pro

Asp Thr

145

Gly

Ala Lys Glu

Leu Ile Arg

Leu Thr Gly

195
Ala Gly
210

Ile

Arg Met

225

Phe

aaacgcgcat
cgagcggacg
tggacggatt
gggctaccga
tggcactgcc
ctgcccegcet
gcgaaggccg
tgcagtacgc
gtgtggggat
aacgttttaa
aacgctggaa
cccgectgggt

Escherichia coli

Arg

5
Gly Ala
20

Leu Val

Gly Leu

Ala Arg

His Cys

85
Asp Leu
100

Ile Ser

Ala Vval

Val Asp

Asp Ser

Gly

Glu

Leu

Glu

70

vVal

Ser

Ala

Asn

Pro

tttgcgggcce
taacgtcagc
tatcaccatc
cgcggtatgce
tggttcacaa
gcgcggttct
tctgcaccgt
ggtagaaaat
gggcacctgc
cgtcacgacg
aggcgtgcaa
ttatcaggga

K12

Gln Ser

Ile Ala

His
40

Arg

His Ser

55

Cys Ile

Glu Pro

Phe Gln

Glu Ala

120
Pro Ala
135

Phe Arg

150

Gly
165

Glu
180

Gly
Glu Thr
Trp Gly

Pro Ala

Ala

Ala

Gln

Gln

Lys

Val Ile

Thr Val

Ala Leu

200
His Ile
215

Gly Ser

230

78

tattctggcg
cgtggcatcg
accggtggca
cgcaaactgg
gaacccgcectg
gcggtttatc
agcctggtat
ttaaacgtta
cagggcgaac
tccgecgcaat
cccatcgcect
ttgtgtggtc

Ser Asp Val

10

Arg
25

Asp Cys

Asp Ile Ala

Gly Ala Arg

Glu Asn

75

Ser

Thr Asn

90

Gly

Ala Thr Phe

105
Ile

Asp Pro

Leu Ile Gly

Thr Ala

155

Leu

Thr
170

Leu Ala

Cys val

185

Gly

His Ala Pro

Ala Glu Tyr

Leu Ile

235

Leu

tgcgccecgcet
tgctgctcga
aactgatgac
gcaacacgcg
aagttacctt
gtcatggcga
gtgagtgcga
atagcctgct
tctgcgectyg
ctatcgagca
ggggagatgc
tggagaagga

Ile Ile Ile

Ala Leu Arg

30
Thr

Gly Ala

45
Ala

Tyr Val

60
Gln

Ile Leu

Leu Phe Ile

Ala
110

Ile Arg

Gln Gln

125

Ala

Ala Vval

140

Lys

Ala Asn Met

His Glu Val

Arg Val Arg

190
val Vval
205

val

Ala
220

Asp Leu

Met Asp His

ggttgccagc
ccatgctgaa
ctatcggctg
cccctgtacg
gcgtaaagtc
tcgcacgect
agcggtaact
ggatttacgc
ccgcgcectgcec
actttccacc
actgcgcgaa
gcagaaagat

Gly
15

Gly

Gly Leu

Thr Gly

Thr Asp

Lys Arg

80

Thr
95

Leu

Cys Glu

Arg Ile

Val Pro

Leu Asp

160

Thr
175

Gly
His

Asn

Asn Ala

Arg Ile

Ile
240

Arg

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1629



Asn

Leu

Ile

Asp

Thr

305

Asp

Asp

Gly

Val

Ala

385

Ile

Asp

Val

Glu

val

465

Gly

Gln

Ala

Gln

Gln

Val

Asp

Ile

290

Arg

Asp

His

Lys

Cys

370

Leu

Ser

Arg

Cys

Asn

450

Gly

Leu

Leu

Trp

Gly
530

<210>
<211>
<212>
<213>
<400>

His

Pro

Tyr

275

Leu

Ile

Asp

Ala

Leu

355

Arg

Pro

Leu

Thr

Glu

435

Leu

Met

Leu

Ser

Gly

515

Leu

93
1260
DNA

val

Gly

260

Asn

Leu

Leu

Pro

Glu

340

Met

Lys

Gly

Pro

Pro

420

Cys

Asn

Gly

Gln

Thr

500

Asp

Cys

Ile

245

Asp

Glu

Arg

Arg

Ser

325

Arg

Thr

Leu

Ser

Ala

405

Ala

Glu

val

Thr

Arg

485

Phe

Ala

Gly

Asn

Thr

Ile

Glu

Ala

310

Gly

Asp

Tyr

Gly

Gln

390

Pro

Trp

Ala

Asn

Cys

470

Phe

Leu

Leu

Leu

Escherichia coli

93

Arg

Ile

Asp

Gly

295

Tyr

Arg

Gly

Arg

Asn

375

Glu

Leu

Leu

val

Ser

455

Gln

Asn

Asn

Arg

Glu

535

K12

Cys

Ser

Asp

280

Glu

Ser

Asn

Leu

Leu

360

Thr

Pro

Arg

Ser

Thr

440

Leu

Gly

val

Glu

Glu

520

Lys

Arg

Leu

265

Asn

Lys

Gly

val

Asp

345

Met

Arg

Ala

Gly

Glu

425

Ala

Leu

Glu

Thr

Arg

505

Ser

Glu

Lys

250

Ile

Arg

Leu

val

Ser

330

Gly

Ala

Pro

Glu

Ser

410

Gly

Gly

Asp

Leu

Thr

490

Trp

Glu

Gln

79

Pro

Gly

Val

Ala

Arg

315

Arg

Phe

Glu

Cys

Val

395

Ala

Arg

Glu

Leu

Cys

475

Ser

Lys

Phe

Lys

Ser

Thr

Thr

Pro

300

Pro

Gly

Ile

Trp

Thr

380

Thr

val

Leu

Val

Arg

460

Ala

Ala

Gly

Thr

Asp
540

Asp

Thr

Ala

285

Val

Leu

Ile

Thr

Ala

365

Thr

Leu

Tyr

His

Gln

445

Arg

Cys

Gln

vVal

Arg

525

Ala

Ala

Ser

270

Glu

Met

vVal

val

Ile

350

Thr

Ala

Arg

Arg

Arg

430

Tyr

Arg

Arg

Ser

Gln

510

Trp

Leu

Asp

255

Leu

Glu

Ala

Ala

Leu

335

Thr

Asp

Asp

Lys

His

415

Ser

Ala

Thr

Ala

Ile

495

Pro

Val

Ile

Arg

val

Lys

Ser

320

Leu

Gly

Ala

Leu

val

400

Gly

Leu

Val

Arg

Ala

480

Glu

Ile

Tyr



atgcgctttg
ctgcaaaaac
tcatccggat
cacagtggac
ccacaacgcg
caattgcagg
tctacctggc
gtagtgggaa
gaactcggcc
aataacgcca
tggccgctgt
cccgectgcet
tgttcactga
cagttacagc
aaagtgacct
ccgctacgtce
gcggaacgta
cggggtgaat
accactgatg
atcggttcgg
gccgtcagtg

<210>
<211>
<212>
<213>
<400> 94
Met Arg Phe
1

94
419
PRT

Cys Gly Leu

Gln
35

Arg Gly

His Leu

50

Ser

Glu
65

Ser Leu

Pro Gln Arg

Glu Ser Gly

Val Thr Pro

115
val

Pro val

130

Ser
145

Gly Leu

Glu Leu Gly

Asp Val Leu

atactgtcat
acggcctgceg
cgctggattt
tggaatcttt
tgctcgatct
gcagcgtaga
taagttcgcc
ttagcggcct
ttgccgttga
ccgaatttcg
tacttgatgc
tcggtctgge
tgcttttgce
gccagtttgt
gtaaaaatgg
cacgtttcgc
acggcattcg
ggtataaggg
agacgctacg
tgctgggcgyg
ctttacatgc

Escherichia coli

Asp
5

Gln
20

Leu

Ser Ala

Pro Asp

Arg Gln

Val Leu

85

Ala
100

Gln
Leu Gly
Pro

Trp

Met Asp

Thr Val

Gln

Leu

Gly

Gln

70

Asp

Leu

Thr

Leu

Phe

tatgggcggc
ctgtgccatt
gctgagccat
gcgtcagcag
cgcttgccag
acttgctcac
agaagtcccc
gatggatttt
aaccgcagaa
cgcggtgaat
gcttattcct
cgatgacaaa
aacgctgccg
gcgccagggt
cgtagtgaac
ggttctcgcecc
agagccgatt
agattttttt
cccgtcacag
atttgatccc
cgctcaacag

K12

Ile Met

His

Lys

Phe
40

His

Gln
55

Pro

Ala Pro

Leu Ala

Gln Gly

Leu Arg

120
Pro Ala
135

Gln Ala

150

Ala
165

Leu

Arg Asn

180

vVal

Asn

Glu Thr

Ala Thr

80

ggcctcgcecg
gtcactcgtg
ctgccagatg
gcaccagccc
gcgcaggcat
cagcgggtta
gtctggccgce
caggcgcacc
atagagctgce
atcgcccegtt
gtcgccaata
ctgtggcgtt
ccttccgtgce
ggcgtgtgga
gaaatctgga
agcggcagtt
ctcggceccttg
gcgccgcaac
gcagggcaaa
atcgcccagg
attgcccaac

Gly Gly

10

Gly

Gly Leu

25

Arg

Ser Ser Gly

Val Thr Asp

Pro
75

Ala His

Gln Ala

90

Cys

Ser val Glu

105
Thr

Ser Trp

Lys Lys Ile

Ala
155

His Leu

Glu
170

Ala Ile

Glu
185

Phe Arxrg

gattactctg
gtcaaagcgc
gtcaaccggt
atccttactc
taatcgctga
cgccgctecgg
tgcccgcgaa
ttgcggcagce
cggaactgga
tccttgataa
cctgcgaaat
ggttgaatga
tgggcattcg
tgccgggcga
cccgcaatca
tctttagtgg
atgtgctaca
cgtggcagca
ccattgaaaa
gatgcggcgg
gcgcaggagg

Leu Ala

Cys Ala

30

Leu
45

Ser

Ile
60

His

Tyr Ser

Gln Ala

Ala His

110

Leu

Ser Ser

125

Leu

Cys Val val

140

Ala Ala Ser

Glu Leu Pro

Ala Val Asn

1590

Gly

Ile

Asp

Ser

Leu

Leu

tggcctgcaa
actgcatttc
gacagacatt
ccttctcgag
aagcggtgcg
cactctgcgc
gaaaatatgt
ttcgttgcgt
tgtgctgcgc
tgaagaaaac
gatcctgatg
aaaactacct
tctgcaaaac
tgaagtgaaa
cgccgatatt
cggactggta
aaccgccacyg
gttcggtgta
cctgtttgcec
cggtgtttgt
ccaacaatga

Leu Leu

15

val Thr

Leu Leu
Leu

Gly

Glu
80

Leu

Ile
95

Ala

Gln

Pro

Gly

Leu

Glu

175

Ile

Arg

Glu

Ile

Arg

160

Leu

Ala

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

1020
1080
1140
1200
1260



81

Arg Phe Leu Asp Asn Glu Glu Asn Trp Pro Leu
195 200
Ile Pro Val Ala Asn Thr Cys Glu Met Ile Leu
210 215
Gly Leu Ala Asp Asp Lys Leu Trp Arg Trp Leu
225 230 235
Cys Ser Leu Met Leu Leu Pro Thr Leu Pro Pro
245 250
Arg Leu Gln Asn Gln Leu Gln Arg Gln Phe Vval
260 265
Trp Met Pro Gly Asp Glu Val Lys Lys Val Thr
275 280
Val Asn Glu Ile Trp Thr Arg Asn His Ala Asp
290 295
Arg Phe Ala Val Leu Ala Ser Gly Ser Phe Phe
305 310 315
Ala Glu Arg Asn Gly Ile Arg Glu Pro Ile Leu
325 330
Gln Thr Ala Thr Arg Gly Glu Trp Tyr Lys Gly
340 345
Gln Pro Trp Gln Gln Phe Gly Val Thr Thr Asp
355 360
Ser Gln Ala Gly Gln Thr Ile Glu Asn Leu Phe
370 375
Leu Gly Gly Phe Asp Pro Ile Ala Gln Gly Cys
385 390 395
Ala Val Ser Ala Leu His Ala Ala Gln Gln Ile
405 410
Gly Gln Gln
<210> 95
<211> 1191
<212> DNA
<213> Escherichia coli K12
<400> 95
atgaatgaca ccagcttcga aaactgcatt aagtgcaccg
gtgagccggg tgaatcccgg ttatccaggg ccaaaacaag
ctgcgtttga aagatggcgc actgtatgac gaggcgctga
cgttgtgaag tcgcctgccecce gtccgatgtg aagattggcg
gcgaaatatg acaccacgcg cccgtcgctg cgtaattttg
atgggtagcg tttccacgcc gttcgcacca atcgtcaaca
gtgcggcecagce tgcttgatgc ggcgttaaaa atcgatcatce
tccttecggeca cgttcecgteg ctggtatcgc agcgtggegg
gaccaggtcg ctttctttca cggctgcttc gttaactaca
gatttaatta aagtgctcaa cgcaatgggt accggtgtac
tgctgcggcg taccgctaat cgccaacggc tttaccgata
acgaatgtag agtcgatccg cgaagctgtg ggagtaaaag
tcctcaacct gtacatttgc cctgcgcgac gaatacccgg

Leu Leu

205

Asp

Met Ala

220

Pro

Asn Glu Lys

Ser Val Leu

Arg Gln Gly

270
Asn

Cys Lys

285

Ile
300

Pro Leu

Ser Gly Gly

Gly Leu Asp

Phe Phe

350

Asp

Glu Thr

365

Leu

Ala
380

Ile Gly

Gly Gly Gly

Ala Gln Arg

tctgcaccac
ccgggccgga
aatattgcat
atattatcca
tgttgagtca
ccgctacctce
gccgcacgct
ctcagcaagc
accatccgca
aactgctcag
aagcacgcaa
gcattccggt
aagtgctgaa

Ala Leu

Cys Phe

Pro
240

Leu

Gly Ile

255

Gly val

Gly val
Pro

Arg

Val
320

Leu

Val
335

Leu

Ala Pro

Arg Pro

Ser Val

vVal Cys

400

Ala
415

Gly

cgcctgeccg
tggcgagcgt
caactgcaaa
gcgcgcgcegg
taccgacctg
gctgaaaccg
accgaaatac
acaatataaa
gttaggtaaa
caaagaaaaa
acaggcaatt
gattgccacc
tgtcgacaac

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



aaaggcttgc
ggcaaaacgt
atggaaaaaa
gagttaacgg
gagaactacc
ggcgcagatc
agtcttcgct

96
396
PRT

<210>
<211>
<212>
<«213>
<400> 96

Met Asn Asp
1

Thr

Ala Cys

Gln Ala Gly

35
Glu

Tyr Asp

50

Ala
65

Cys Pro

Ala Lys Tyr

His Thr Asp

Thr Ala

115

Asn

Leu Lys Ile

130

Phe
145

Arg Arg

Asp Gln Val

Gln Leu Gly

Val Gln Leu

195
Phe

Asn Gly

210
Ser Ile
225

Arg

Ser Ser Thr

Asn Val

Asp

gcgatcatat
taccgctgaa
tgggctggac
tgctggattc
ccacctcaca
tggtggtcac
gcgaacatcc

Escherichia coli

Thr Ser Phe

5

Pro Val
20

Pro Asp

Ala Leu
Ser

Asp

Thr
85

Asp

Leu Met

100

Thr Ser

His

Asp

Trp Tyr

Ser

Gly

Lys

val

70

Thr

Gly

Leu

Arg

Arg

cgaactggca
accgctgeccg
gctctacacc
ccagtgctgc
agccatcggce
cgactgcgaa
gattacgcta

K12

Glu Asn

Arg Val

Glu Arg

40

Tyr
55

Cys
Lys Ile
Arg Pro
Val

Ser

Pro
120

Lys

Arg Thr

135

Ser Val

150

Ala Phe

165

Lys
180

Asp
Leu Ser
Thr Asp

Glu Ala

Phe

Leu

Lys

Lys

Val

His Gly

Ile Lys

Glu Lys

200

Ala
215

Arg

Gly Vval

230

Thr
245

Cys

Asn
260

Lys

Phe

Gly

Ala Leu

Leu Arg

82

acccgctggce
ctgaaagtgg
ctggagctgt
ggtattgcgg
gcaccactgt
acctgtaaat

ctggcccagg

Ile
10

Cys Lys

Asn Pro

25

Gly

Leu Arg Leu

Ile Asn Cys

Ile
75

Gly Asp

Leu
90

Ser Arg

Ser Thr Pro

105

Val Arg Gln

Leu Pro Lys

Ala Ala Gln

155
Phe Val
170

Cys

Val
185

Leu Asn

Cys Cys Gly

Lys Gln Ala

Ile
235

Lys Gly

Arg Asp Glu

250
Ile

Asp His

265

tgtggcgcaa
tttatcacac
tgcgtaacat
gtacttacgg
tccgeccagat
ggcagattga
cgctggctta

Cys Thr Vval

Tyr Pro Gly

30
Lys Asp
45

Gly

Lys
60

Arg Cys

Ile Gln Axg

Asn Phe Val

Phe Ala Pro

110

Leu
125

Leu Asp

Tyr Ser Phe

140
Gln

Ala Gln

Asn Tyr Asn

Ala Met Gly

190
Val

Pro Leu

205

Ile
220

Thr Asn

Pro Val Ile

Tyr Pro Glu

Ala
270

Glu Leu

gctggacgaa
tccgtgccat
cccggggcett
tttcaaaaaa
agaagaaagc
gatgtccaca
a

Cys Thr

15

Pro Lys

Ala Leu

Glu Vval

Ala Arg

80
Leu Serxr
95

Ile Vval

Ala Ala

Gly Thr

Tyr Lys

160
His Pro
175

Thr Gly

Ile Ala

vVal Glu

Ala Thr

240

Val
255

Leu

Thr Arg

840
900
960
1020
1080
1140
1191



Trp Leu Trp

275
Pro Leu
290

Leu

Gly Thr

305

Trp

Glu Leu Thr

Gly Phe Lys

Leu Phe Arg

355

Glu
370

Cys Thr

Glu His Pro

385

<210>
<211>
<212>
<213>
<400> 97
atggaaacca
gacgccgctg
acctcttccg
ttcecgectgg
atcgccttcc
attcgcattg
actggtttgce
tattctgact
cgtaaaggcg
ctgtggattyg
ggcttggtta
ccttcgectt
acccagaagc
tggatggacg
gcggtgaaga
aaaaagcagt
gatgatgagt
gaaaatggca
ctggcggaac
acgaaagaga
cgcctgecgcece
tacggcagca
gatttcggtc
cgccgcgecg
caacaatctc
tcgtaa

97
1506
DNA

<210>
<211>
<212>
<213>
<400>

98
501
PRT

98

Arg Lys

Lys Val

Leu Tyr

Leu

val

Thr

Glu
280

Asp

Tyr His

295

Leu Glu

310

Val Leu

325
Lys Glu
340

Gln Ile

Cys Lys

Ile Thr

Asp

Asn

Glu

Trp

Leu

Ser Gln

Tyr Pro

Glu Ser

360

Gln
375

Ile

Leu Ala

390

Escherichia coli

aagatctgat
gacgcggttt
ccagttcaaa
tcagcgaggc
cgatgecgttt
gtctgtttat
gttttggcgc
gttgggtaga
gcgaagtgct
tggaagcgga
acgccaccgg
atggcattcg
aagcctacat
agttttccat
ttgaagagag
taagccgtga
ccgactcgcc
aagcaccgct
atgcgctgga
gtgtgctacc
gccgctatcce
acagcgagct
atgagttcta
acgacgccct
gtgtgagtca

K12

tgtgataggg
atccgtgcetg
actcattcac
gctggctgaa
tcgeccectgeca
gtacgatcat
aaattcagtg
cgacgcccegt
tactcggact
agatatcgat
cccgtgggtg
cctgatcaaa
tctgcaaaac
catcggcact
tgaaatcaat
cgatatcgtc
gcaggctatt
gctgtcggta
aaaactaacg
gggtggcgcc
gttcctgact
gctgctecggce
cgaagcggag
gtggcgtcgce
gtggctggtg

Escherichia coli K12

83

Gly Lys Thr

Thr Pro Cys

Leu Leu Arg

315
Cys Cys
330

Gly

Thr Gln

345

Ser

Gly Ala Asp

Glu Met Ser

Gln Ala Leu

395

ggcggcatca
atgctggagg
ggtggcctge
cgtgaagtgc
catcgtccgce
ctgggtaaac
ttaaaaccgg
ctggtactcg
cgcgccacct
accggcaaaa
aaacagttct
ggcagccata
gaagataaac
accgatgteg
tacctgctga
tggacctact
acccgtgatt
ttcggcggta
ccgtattatc
attgaaggcg
gaatcgctgg
aatgcgggaa
ctgaaatacc
acaaaacaag
gagtatacgc

Met Glu Thr Lys Asp Leu Ile Val Ile Gly Gly

Pro Leu

285

Leu

His Met Glu

300
Ile

Asn Pro

Ile Ala Gly

Ala Ile Gly

350

Val
365

Leu Val

Thr
380

Ser Leu

Ala

atggtgctgg
cgcaggatct
gctaccttga
tgctgaaaat
atctgcgceccc
gcaccagctt
aaattaagcg
ccaacgccca
ctgctcgeccg
aatatagctg
tcgacgacgg
ttgtggtgcc
gtattgtgtt
agtacaaagg
atgtgtataa
ccggtgtgceg
acacccttga
agctgaccac
agggtattgg
accgcgacga
cgcgtcatta
cggtaagcga
tggtggatca
gcatgtggct
agcagaggtt

Gly Ile Asn

Lys Pro

Lys Met

Leu
320

Gly

Thr
335

Tyr

Ala Pro

Thr Asp

Arg Cys

tatcgcggca
cgcttgcgceg
gcactatgaa
ggccccgcat
ggcgtggatg
gccgggatca
cggattcgaa
gatggtggtg
cgaaaacggc
gcaagcgcgc
gatgcatctg
gcgcgtgcat
cgtgatcccg
cgatccgaaa
cacgcacttt
tccgectgtgt
tattcatgat
ctaccgaaaa
cccggcecatgg
ttatgccgcet
cgctcgcact
tctcggggaa
cgaatgggtc
aaatgcggat

atcgctggcg

Gly Ala

60
120
180
240
300
360
420
480
540
600
660
720
780
840
S00
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1506



Gly

Glu

Ile

Ser

65

Ile

Pro

Lys

Ser

Trp

145

Arg

Arg

Lys

Trp

Gly

225

Thr

Phe

val

Ile

Ser

305

Asp

Asp

Ile

Ala

His

50

Glu

Ala

Ala

Arg

vVal

130

val

Lys

Glu

Lys

vVal

210

Ile

Gln

val

Glu

Asn

290

Arg

Asp

Ile

Ala

Gln

35

Gly

Ala

Phe

Trp

Thr

115

Leu

Asp

Gly

Asn

Tyr

195

Lys

Arg

Lys

Ile

Tyr

275

Tyr

Asp

Glu

His

Ala

20

Asp

Gly

Leu

Pro

Met

100

Ser

Lys

Asp

Gly

Gly

180

Ser

Gln

Leu

Gln

Pro

260

Lys

Leu

Asp

Ser

Asp

Asp

Leu

Leu

Ala

Met

85

Ile

Leu

Pro

Ala

Glu

165

Leu

Trp

Phe

Ile

Ala

245

Txrp

Gly

Leu

Ile

Asp

325

Glu

Ala

Ala

Arg

Glu

70

Arg

Arg

Pro

Glu

Arg

150

Val

Trp

Gln

Phe

Lys

230

Tyr

Met

Asp

Asn

val

310

Ser

Asn

Ala

Cys

Tyr

55

Arg

Phe

Ile

Gly

Ile

135

Leu

Leu

Ile

Ala

Asp

215

Gly

Ile

Asp

Pro

val

295

Trp

Pro

Gly

Gly

Ala

40

Leu

Glu

Arg

Gly

Ser

120

Lys

Val

Thr

Vval

Arg

200

Asp

Ser

Leu

Glu

Lys

280

TYyYr

Thr

Gln

Lys

Axg

25

Thr

Glu

vVal

Leu

Leu

105

Thr

Arg

Leu

Arg

Glu

185

Gly

Gly

His

Gln

Phe

265

Ala

Asn

Tyr

Ala

Ala

10

Gly

Ser

His

Leu

Pro

90

Phe

Gly

Gly

Ala

Thr

170

Ala

Leu

Met

Ile

Asn

250

Ser

Val

Thr

Ser

Ile

330

Pro

84

Leu

Ser

Tyr

Leu

75

His

Met

Leu

Phe

Asn

155

Arg

Glu

val

His

val

235

Glu

Ile

Lys

His

Gly

315

Thr

Leu

Serxr

Ala

Glu

60

Lys

Arg

Tyr

Arg

Glu

140

Ala

Ala

Asp

Asn

Leu

220

Val

Asp

Ile

Ile

Phe

300

vVal

Arg

Leu

Val

Ser

45

Phe

Met

Pro

Asp

Phe

125

Tyr

Gln

Thr

Ile

Ala

205

Pro

Pro

Lys

Gly

Glu

285

Lys

Arg

Asp

Ser

Leu

30

Ser

Arg

Ala

His

His

110

Gly

Ser

Met

Ser

Asp

190

Thr

Ser

Arg

Arg

Thr

270

Glu

Lys

Pro

Tyr

Val

15

Met

Lys

Leu

Pro

Leu

95

Leu

Ala

Asp

Val

Ala

175

Thr

Gly

Pro

Val

Ile

255

Thr

Ser

Gln

Leu

Thr

335

Phe

Leu

Leu

vVal

His

80

Arg

Gly

Asn

Cys

Val

160

Arg

Gly

Pro

Tyr

His

240

Val

Asp

Glu

Leu

Cys

320

Leu

Gly



Leu
355

Gly Lys

Thr Pro

370

Leu

val Leu Pro

385
Leu

Arg Arg

Tyr Ala Arg

val
435

Gly Thr

Glu
450

Ala Leu

Asp Ala Leu

465
Gln

Gln Ser

Leu Ser Leu

<210>
<211>
<212>
<213>
<400> 99

atgactgaaa
gtaatggatc
ccaaaaccag
ctggtagaag
acgaaccagc
gccattgtct
ttagaagatt
aaagtgaagt
ttgctgtttg
gtgaccgatt
gacgacaaaa
tctteccgaag
tccgggatceg
atggcgaaga
gtgaaatcag
tatgcgttgg
atgaagttga
aatggtgtgt
gcgcgegggyg
acgctggagt
ggtatccgtc
cagttccagt
gcattgggtg
ctgcaagaga
aattaccgtt
gacgaataa

99
1509
DNA

340

Thr Thr

Tyr

Tyr

Gly Gly

Tyr

Gln

Ala

Arg Lys

360
Gly Ile
375

Ile Glu

390

Arg Arg

405

Thr
420

Tyr
Sexr Asp
Lys Tyr

Trp Arg

Tyr

Gly

Leu

Leu

Arg

Pro Phe

Asn

Ser

Glu
440

Gly

vVal
455

Asp

Thr Lys

470

val
485

Arg

Ala
500

Ser

aaaaatatat
acgatgccaa
gttgggtaga
tgctggcgaa
gtgaaaccac
ggcagtgccg
atatccgcag
ggatcctcga
gtacggttga
acaccaacgc
tgctggaagt
tatacggtca
ccggtgacca
acacctatgg
aaaacggcct
aaggtgcggt
ttaacgacgc
atgtggttcc
cgattttcgg
ctattgctta
tgcacgccct
ccgatattct
cggcctatct
aagcggtgat
acgcaggctg

Ser

Gln Trp

Escherichia coli K12

cgttgcgcectce
tatcattagc
acacgaccca
agccgatatc
tattgtctgg
tcgtaccgca
caataccggt
ccatgtggaa
tacgtggctt
ctctcgtacc
gctggatatt
gactaacatt
gcaggccgcg
cactggctgce
gctgaccacc
gtttatggca
ctacgattcc
ggcatttacc
tctgactegt
tcagacgcgt
gcgcgtggat
cggcacccgc
cgcaggcctg
tgagcgcgag
gaaaaaagcg

85

345

Leu Ala Glu

Gly Pro Ala

Gly Asp Arg

395
Thr Glu
410

Leu

Ser Glu Leu

425

Asp Phe Gly

His Glu Trp

Gln Met

475

Gly

val
490

Leu Glu

gaccagggca
gtgtcgcagce
atggaaatct
agttccgatc
gaaaaagaaa
gaaatctgcg
ctggtgattg
ggctctecgcg
atctggaaaa
atgttgttca
ccgcgcgaga
ggcggcaaag
ctgtttggtce
tttatgctga
atcgcectgeg
ggcgcatcca
gaatatttcg
gggctgggtg
ggggtgaacg
gacgtgctgg
ggtggcgcag
gttgagcgcc
gcggttggcet
ttccgtceccag
gttaaacgcg

350

Ala
365

His Leu

Trp Thr

380

Lys

Asp Asp Tyr

Ser Leu Ala

Leu Leu Gly

430

Glu
445

His Phe

val
460

Arg Arg

Trp Leu Asn

Tyr Thr Gln

ccaccagctc
gcgaatttga
gggccaccca
aaattgcagc
ccggcaagcc
agcatttaaa
acccgtactt
agcgtgcacg
tgactcaggg
acatccatac
tgctgccaga
gcggcacgcg
agttgtgcgt
tgaacactgg
gcccgactgg
ttcagtggct
ccaccaaagt
cgccgtactg
ctaaccacat
aagcgatgca
tagcaaacaa
cggaagtgcg
tctggcagaa
gcatcgaaac

cgatggcgtg

Glu Lys

Glu

Ser

Ala
400

Ala

Arg His

415

Asn Ala

Tyr Glu

Ala Asp

Ala Asp

480

Gln Arg
495

ccgegeggte
gcaaatctac
aagctccacg
tatcggtatt
tatctataac
acgtgacggt
ttctggcacc
tcgtggtgaa
ccgtgtccat
cctggactgg
agtgcgtcgt
tattccaatc
gaaagaaggg
cgagaaagcyg
cgaagtgaac
gcgcgatgaa
gcaaaacacc
ggacccgtat
tatacgcgcyg
ggccgactct
tttcctgatg
cgaagtcacc
cctcgacgag
cactgagcgt
ggaagaacac

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
1509



<210>
<211>
<212>
<213>
<400>
Met Thr Glu Lys Lys Tyr

1

Ser

Gln

Asp

Leu

65

Thr

Pro

Cys

Thr

Ile

145

Leu

Gly

Phe

Asp

Tyxr

225

Ser

val

Leu

Thr

Arg

Arg

Pro

50

Ala

Asn

Ile

Glu

Gly

130

Leu

Leu

Arg

Asn

Ile

210

Gly

Gly

Lys

Met

Thr
290

100
502
PRT

Escherichia coli

100

Ala

Glu

35

Met

Lys

Gln

Tyr

His

115

Leu

Asp

Phe

val

Ile

195

Pro

Gln

Ile

Glu

Asn

275

Ile

val

20

Phe

Glu

Ala

Arg

Asn

100

Leu

val

His

Gly

His

180

His

Arg

Thr

Ala

Gly

260

Thr

Ala

5

Val

Glu

Ile

Asp

Glu

85

Ala

Lys

Ile

vVal

Thr

165

Val

Thr

Glu

Asn

Gly

245

Met

Gly

Cys

Met

Gln

Trp

Ile

70

Thr

Ile

Arg

Asp

Glu

150

vVal

Thr

Leu

Met

Ile

230

Asp

Ala

Glu

Gly

K12

Ile

Asp

Ile

Ala

55

Ser

Thr

vVal

Asp

Pro

135

Gly

Asp

Asp

Asp

Leu

215

Gly

Gln

Lys

Lys

Pro
295

Val

His

Tyr

40

Thr

Ser

Ile

Trp

Gly

120

Tyr

Ser

Thr

Tyr

Trp

200

Pro

Gly

Gln

Asn

Ala

280

Thr

Ala

Asp

25

Pro

Gln

Asp

Val

Gln

105

Leu

Phe

Arg

Trp

Thr

185

Asp

Glu

Lys

Ala

Thr

265

vVal

Gly

Leu

10

Ala

Lys

Ser

Gln

Trp

90

Cys

Glu

Ser

Glu

Leu

170

Asn

Asp

vVal

Gly

Ala

250

Tyr

Lys

Glu

86

Asp

Asn

Pro

Ser

Ile

75

Glu

Arg

Asp

Gly

Arg

155

Ile

Ala

Lys

Arg

Gly

235

Leu

Gly

Ser

vVal

Gln

Ile

Gly

Thr

60

Ala

Lys

Arg

Tyr

Thr

140

Ala

Trp

Ser

Met

Arg

220

Thr

Phe

Thr

Glu

Asn
300

Gly

Ile

Trp

45

Leu

Ala

Glu

Thr

Ile

125

Lys

Arg

Lys

Arg

Leu

205

Ser

Arg

Gly

Gly

Asn

285

Tyr

Thr

Ser

30

vVal

vVal

ITle

Thr

Ala

110

Arg

Val

Arg

Met

Thr

190

Glu

Ser

Tle

Gln

Cys

270

Gly

Ala

Thr

15

vVal

Glu

Glu

Gly

Gly

95

Glu

Ser

Lys

Gly

Thr

175

Met

Val

Glu

Pro

Leu

255

Phe

Leu

Leu

Ser

Ser

His

val

Ile

80

Lys

Ile

Asn

Trp

Glu

160

Gln

Leu

Leu

vVal

Ile

240

Cys

Met

Leu

Glu



Gly Ala Vval

305

Met Lys Leu

Val Gln Asn

Gly Ala Pro

355
Thr Arg
370

Gly

Ile
385

Ala Tyr

Gly Ile Arg

Asn Phe Leu

Glu
435

Arg Pro

Gly Leu Ala

450

Ala
465

val Ile

Tyr Arg

Trp Glu Glu

<210>
<211>
<212>
<213>
<400> 101
atggaccgca
ctgggcgaat
ttaggttttg
attgcgeccgt
gagactgcgc
aaagcactgg
gatgcaccgt
ctgctgttgce
cctgcacgtce
gcctgcetcete
gcactggctg
gccgaacagce
agcggtgttg
accgctatcc
acgcagctgg
catgcggtag
aaaatgcgaa
ggcggcgcega
cgtttcctgce

101
1104
DNA

Phe Met

Ala

Gly Ala

310

Ile Asn

325

Thr
340

Asn
Tyr Trp
Val

Asn

Gln Thr

Asp

Gly

Asp

Ala

Arg

Ala Tyr

Val Tyr

Pro Tyr

360
Asn His
375

Asp Val

390

His
405

Leu

Met Gln

420

Val Arg

Val Gly

Glu Arg

Ala

Phe

Glu

Phe

Glu

Leu Arg

Gln Ser

val Thr

440
Trp Gln
455

Phe Arg

470

Ala
485

Tyr

His
500

Asp

Escherichia coli

ttattcaatc
acctgaagcc
ctcaatccac
ttggcggtga
agtgtggcgce
cacatttcat
gcagcgcatt
caaataaccc
tgttagcggc
gtagcggcgce
aactgtgcta
atgtagtgac
gttttgaaag
cggacgcgca
ttctggaaaa
gtttgccaat
ttgtggcaga
cgccagatca
aagagtggga

Gly

Trp Lys

Glu

K12

accgggtaaa
gctggcagaa
tgtcgagaaa
atgttcgcaa
aattcteggt
gggtgttccg
gtctgttatc
gaatatggtc
gggtatcggc
gaccaccatg
caacaccctg
tccggegetyg
tggtggtctg
tcactattat
tgcgceggtg
aactctcgcect
agcggcatgt
ggtttacgcc
ataa

87

Ile Gln

315

Ser

Ser Glu

330

Asp

vVal
345

vVal Pro

Ala Arg Gly

Ile Ile Axg

Glu Ala

395

Leu

Val Asp Gly

410
Ile

Asp Leu

425
Ala

Leu Gly

Asn Leu Asp

Ile
475

Pro Gly

Ala
490

Lys Val

tacatccagg
cgctggttag
agctttaaag
aatgagatcg
atcggtggcg
gtagcgatcg
tacaccgatg
attgtcgaca
gatgcgctgg
gcgggcggcea
ctggaagaag
gagcgcgtga
gctgcggcgce
cacggtgaaa
gaggaaatcg
caactggata
gcagaaggtg
gctctgctgg

Trp Leu Arg

Phe Ala

Tyr

Thr
350

Ala Phe

Ala Ile Phe

365
Ala Thr
380

Leu

Met Gln Ala

Gly Ala Vval

Gly Thr Arg

430

Ala
445

Ala Tyr

Glu Gln

460

Leu

Glu Thr Thr

Lys Arg Ala

gcgctgatgt
tggtgggtga
atgctggact
accgtctgcg
gaaaaaccct
caccgactat
agggtgagtt
ccaaaatcgt
caacctggtt
agtgcaccca
gcgaaaaagc
ttgaagcgaa
acgcagtgca
aagtggcatt
aaaccgtagc
ttaaagaaga
aaaccattca
tagccgacca

Glu
320

Asp

Thr
335

Lys
Gly Leu
Gly Leu
Glu

Serx

Ser
400

Asp

Ala
415

Asn

vVal Glu

Leu Ala

Glu Lys

Glu Arg

480
Met Ala
495

gattaatcgt
caaatttgtt
ggtagtagaa
tggcatcgcg
cgatactgcc
cgcctctacc
tgaccgctat
cgctggcgca
tgaagcgcgt
ggctgcgctg
gatgcttgct
cacctatttg
taacggcctg
cggtacgctg
tgcccttagce
tgtcccggceg
caacatgcct
gtacggtcag

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

1020
1080
1104



<210>
<211>
<212>
<213>
<400>
Met Asp Arg Ile Ile Gln

1

Val

Leu

Glu

Gly

Glu

Leu

Ile

val

Asn

145

Pro

Phe

Gly

Thr

vVal

225

Ser

His

Glu

Pro

Ile

Val

Lys

50

Gly

Thx

Asp

Ala

Ile

130

Asn

Ala

Glu

Lys

Leu

210

Val

Gly

Asn

Lys

Val
290

102
367
PRT

Escherichia coli

102

Asn

vVal

35

Ser

Glu

Ala

Thr

Pro

115

Tyr

Pro

Arg

Ala

Cys

195

Leu

Thr

Val

Gly

Val

275

Glu

Arg

20

Gly

Phe

Cys

Gln

Ala

100

Thr

Thr

Asn

Leu

Arg

180

Thr

Glu

Pro

Gly

Leu

260

Ala

Glu

5

Leu

Asp

Lys

Ser

Cys

85

Lys

Ile

Asp

Met

Leu

165

Ala

Gln

Glu

Ala

Phe

245

Thr

Phe

Ile

Gly

Lys

Asp

Gln

70

Gly

Ala

Ala

Glu

val

150

Ala

Cys

Ala

Gly

Leu

230

Glu

Ala

Gly

Glu

K12

Ser

Glu

Phe

Ala

55

Asn

Ala

Leu

Ser

Gly

135

Ile

Ala

Ser

Ala

Glu

215

Glu

Ser

Ile

Thr

Thr
295

Pro

Tyr

val

40

Gly

Glu

Ile

Ala

Thr

120

Glu

Val

Gly

Arg

Leu

200

Lys

Arg

Gly

Pro

Leu

280

Val

Gly

Leu

25

Leu

Leu

Ile

Leu

His

105

Asp

Phe

Asp

Ile

Ser

185

Ala

Ala

Val

Gly

Asp

265

Thr

Ala

Lys

10

Lys

Gly

val

Asp

Gly

90

Phe

Ala

Asp

Thr

Gly

170

Gly

Leu

Met

Ile

Leu

250

Ala

Gln

Ala

88

Tyx

Pro

Phe

vVal

Arg

75

Ile

Met

Pro

Arg

Lys

155

Asp

Ala

Ala

Leu

Glu

235

Ala

His

Leu

Leu

Ile

Leu

Ala

Glu

60

Leu

Gly

Gly

Cys

Tyr

140

Ile

Ala

Thr

Glu

Ala

220

Ala

Ala

His

val

Ser
300

Gln

Ala

Gln

45

Ile

Arg

Gly

val

Ser

125

Leu

vVal

Leu

Thr

Leu

205

Ala

Asn

Ala

Tyr

Leu

285

His

Gly

Glu

30

Ser

Ala

Gly

Gly

Pro

110

Ala

Leu

Ala

Ala

Met

190

Cys

Glu

Thr

His

Tyr

270

Glu

Ala

Ala

15

Arg

Thr

Pro

Ile

Lys

95

val

Leu

Leu

Gly

Thr

175

Ala

Tyr

Gln

Tyx

Ala

255

His

Asn

vVal

Asp

Trp

Val

Phe

Ala

80

Thr

Ala

Ser

Pro

Ala

160

Trp

Gly

Asn

His

Leu

240

val

Gly

Ala

Gly



Leu Pro Ile Thr Leu Ala Gln Leu
305 310
Lys Met Arg Ile Val Ala Glu Ala
325
His Asn Met Pro Gly Gly Ala Thr
340
Leu Val Ala Asp Gln Tyr Gly Gln
355 360
<210> 103
<211l> 951
<212> DNA
<213> Escherichia coli K12
<400> 103
atgaacgagt tagacggcat caaacagttc
gagtccattc gccattatca tccccaggat
gctgccggat tatcacaata tgagcattta
aatggcaaga cccaggaaca acaggtggtc
ggtgctgaaa tcctcaaaat cgtacccggt
tcttttgata aagaaaagag tattgagaag
caaggcgttg agaaatcacg cattctgatc
gcggcagaag agctggaaaa agaaggtatt
gcacaggcac gggcctgtgc ggaagcaggc
atttatgact ggtatcaggc acgcaagccg
ggcgttaaat cggtgcgcaa tatctacgac
gtgatgggcg cgagcttccg tcgcaccgaa
ctgactatcg caccgaattt actgaaggag
aaattaatcc caccttctca gacgttccca
cgttgggagce acaatcagga tgcgatggcg
ttcgececgttg atcaacgcaa actggaagat
<210> 104
<211l> 316
<212> PRT
<213> Escherichia coli K12
<400> 104
Met Asn Glu Leu Asp Gly Ile Lys
1 5
Ser Gly Asp Ile Glu Ser Ile Arg
20
Thr Asn Pro Ser Leu Leu Leu Lys
35 40
His Leu Ile Asp Asp Ala Ile Ala
50 55
Gln Glu Gln Gln Val Val Ala Ala
65 70
Gly Ala Glu Ile Leu Lys Ile Vval
85
Asp Ala Arg Leu Ser Phe Asp Lys
100
His Leu Val Asp Leu Tyr Gln Gln
115 120

89

Asp Ile Lys

315
Ala

Cys Ala

330
Pro Gln
345

Asp

Arg Phe Leu

accactgtcg
gccaccacca
atagacgatg
gcagcgtgtg
cgcgtgtcaa
gcgcgccatc
aagctggcectt
aactgcaacc
gtttttctga
atggacccgt
tactataagc
caaatcctcg
ctgcaggaaa
cgcccagctc
gtagaaaaac
cttcttgccg

Phe
10

Gln Thr

His His

25

Tyr

Ala Ala Gly

Trp Gly Lys

Cys Asp Lys

75
Pro Gly
90

Axrg

Glu
105

Lys Ser

Gln Gly Vval

Glu Asp Val

Glu Gly Glu

Ala
350

Val

Gln Glu

365

Trp

tggcagacag
atccttcget
ctatcgcctg
acaaactggc
cagaagttga
tggtggactt
cgacctggga
tgacgctgct
tttcgcecgtt
atgtggtgga
aacaccacta
ccttaaccgg
aagtttcgcc
ccatgagcga
tgtctgaagg
ccaaactata

Thr val val

Pro Gln Asp

30
Ser Gln
45

Leu

Lys Asn Gly

60

Leu Ala Vval

Val Ser Thr

Ile Glu Lys

110
Glu

Lys Ser

125

Ala
320

Pro

Thr Ile

335

Ala Leu

Glu

cggcgatatt
gttactcaaa
gggtaaaaaa
ggtcaatttc
tgcacgcctc
gtatcagcaa
aggaattcgc
gttttctttt
tgtcgggcgt
agaagatccg
tgaaaccatt
ctgcgatcga
agtggtacgt
agcggagttc
cattcgtctg
a

Ala
15

Asp
Ala Thr
Tyr Glu
Lys Thr

Phe
80

Asn

Glu
95

vVal
Ala

Arg

Arg Ile

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
951



Leu Ile Lys Leu Ala Ser Thr Trp
130 135

Leu Glu Lys Glu Gly Ile Asn Cys

145 150

Ala Gln Ala Arg Ala Cys Ala Glu

165
Phe Val Gly Arg Ile Tyr Asp Trp
180
Pro Tyr Val Val Glu Glu Asp Pro
195 200

Tyr Asp Tyr Tyr Lys Gln His His
210 215

Ser Phe Arg Arg Thr Glu Gln Ile

225 230

Leu Thr Ile Ala Pro Asn Leu Leu

245
Pro Val Val Arg Lys Leu Ile Pro
260
Ala Pro Met Ser Glu Ala Glu Phe
275 280

Met Ala Val Glu Lys Leu Ser Glu
290 295

Gln Arg Lys Leu Glu Asp Leu Leu

305 310

<210> 105

<211l> 954

<212> DNA

<213> Escherichia coli K12

<400> 105

atgacggaca aattgacctc ccttcgtcag

atcgcggcaa tgaagctgta tcaaccgcag

aacgcagcgc agattccgga ataccgtaag

cagcagagca acgatcgcgce gcagcagatc

attggtctgg aaatcctgaa actggttccg

ctttcctatg acaccgaagc gtcaattgcg

gatgctggta ttagcaacga tcgtattctg

cgtgctgcag aacagctgga aaaagaaggc

ttcgctcagg ctegtgettg tgcggaagcg

cgtattcttg actggtacaa agcgaatacc

ccgggcegtgg tttctgtatc tgaaatctac

gtggttatgg gcgcaagctt ccgtaacatc

cgtctgacca tcgcaccggc actgctgaaa

cgtaaactgt cttacaccgg cgaagtgaaa

ttcctgtgge agcacaacca ggatccaatg

aagtttgcta ttgaccagga aaaactggaa

<210> 106

<211> 317

<212> PRT

<213> Escherichia coli K12

<400> 106

90

Glu Gly Ile

Thr
155

Asn Leu

Ala Gly val

170

Tyr Gln Ala

185

Gly Vval Lys

Tyr Glu Thr

Ala Leu

235

Leu

Glu
250

Lys Leu

Pro Gln

265

Ser

Arg Trp Glu

Gly Ile Arg

Ala Ala Lys

315

tacaccaccg
gatgccacaa
ttgattgatg
gtggacgcga
ggccgtatct
aaagcaaaac
atcaaactgg
atcaactgta
ggcgtgttcc
gataagaaag
cagtactaca
ggcgaaattc
gagctggcgg
gcgcgtccgg
gcagtagata
aaaatgatcg

Arg Ala Ala

140
Phe

Leu Leu

Phe Leu Ile

Pro
190

Arg Lys

Val
205

Ser Arg

Ile val

220

Met

Thr Gly Cys

Gln Glu Lys

Thr Phe Pro

270
Asn Gln
285

His

Leu Phe Ala

300

Leu

tagtggccga
ccaacccttce
atgctgtcgc
ccgacaaact
caactgaagt
gcctgatcaa
cttctacctg
acctgaccct
tgatctcgcc
agtacgctcc
aagagcacgg
tggaactggc
agagcgaagg
cgcgtatcac
aactggcgga
gcgatctgct

Glu Glu

Phe
160

Ser

Ser Pro

175

Met Asp

Asn Ile

Gly Ala

Asp Arg

240

vVal
255

Ser

Arg Pro

Asp Ala

Val Asp

cactggggac
tctcattctt
ctgggcgaaa
ggcagtaaat
tgatgcgcgt
actctacaac
gcagggtatc
gctgttctcc
gtttgttggc
ggcagaagat
ttatgaaacc
aggctgcgac
ggctatcgaa
tgagtccgag
aggtatccgt
gtaa

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
954



Met

Asp

Thr

Arg

Asp

65

Ile

val

Lys

Ile

Gln

145

Phe

Pro

Lys

Ile

Ala

225

Arg

Gly

Pro

Pro

Asp
305

Thr

Thr

Thr

Lys

50

Arg

Gly

Asp

Arg

Leu

130

Leu

Ala

Phe

Glu

Tyr

210

Ser

Leu

Ala

Ala

Met

290

Gln

<210>
<21l>
<212>

Asp

Gly

Asn

35

Leu

Ala

Leu

Ala

Leu

115

Ile

Glu

Gln

Val

Tyx

195

Gln

Phe

Thr

Ile

Arg

275

Ala

Glu

107
2186
DNA

Lys

Asp

20

Pro

Ile

Gln

Glu

Arg

100

Ile

Lys

Lys

Ala

Gly

180

Ala

Tyr

Arqg

Ile

Glu

260

Ile

Val

Lys

Leu

Ile

Ser

Asp

Gln

Ile

85

Leu

Lys

Leu

Glu

Arg

165

Arg

Pro

Tyxr

Asn

Ala

245

Arg

Thr

Asp

Leu

Thr

Ala

Leu

Asp

Ile

70

Leu

Ser

Leu

Ala

Gly

150

Ala

Ile

Ala

Lys

Ile

230

Pro

Lys

Glu

Lys

Glu
310

Serxr

Ala

Ile

Ala

55

val

Lys

Tyr

Tyr

Ser

135

Ile

Cys

Leu

Glu

Glu

215

Gly

Ala

Leu

Ser

Leu

295

Lys

Leu

Met

Leu

40

val

Asp

Leu

Asp

Asn

120

Thr

Asn

Ala

Asp

Asp

200

His

Glu

Leu

Ser

Glu

280

Ala

Met

Arg

Lys

25

Asn

Ala

Ala

val

Thr

105

Asp

Trp

Cys

Glu

Trp

185

Pro

Gly

Ile

Leu

Tyr

265

Phe

Glu

Ile

Gln

10

Leu

Ala

Trp

Thr

Pro

90

Glu

Ala

Gln

Asn

Ala

170

Tyr

Gly

Tyr

Leu

Lys

250

Thr

Leu

Gly

Gly

91

Tyr

Tyr

Ala

Ala

Asp

75

Gly

Ala

Gly

Gly

Leu

155

Gly

Lys

val

Glu

Glu

235

Glu

Gly

Trp

Ile

Asp
315

Thr

Gln

Gln

Lys

60

Lys

Arg

Ser

Ile

Ile

140

Thr

val

Ala

val

Thr

220

Leu

Leu

Glu

Gln

Arg

300

Leu

Thr

Pro

Ile

45

Gln

Leu

Ile

Ile

Ser

125

Arg

Leu

Phe

Asn

Ser

205

Vval

Ala

Ala

Val

His

285

Lys

Leu

val

Gln

30

Pro

Gln

Ala

Ser

Ala

110

Asn

Ala

Leu

Leu

Thr

190

val

vVal

Gly

Glu

Lys

270

Asn

Phe

val

15

Asp

Glu

Ser

Val

Thr

95

Lys

Asp

Ala

Phe

Ile

175

Asp

Ser

Met

Cys

Ser

255

Ala

Gln

Ala

Ala

Ala

Tyr

Asn

Asn

80

Glu

Ala

Arg

Glu

Ser

160

Serx

Lys

Glu

Gly

Asp

240

Glu

Arg

Asp

Ile



<213>
<400> 107
tcgacgtggce
accattcggc
gagaaaactt
acactgccac
gaccgggcga
atgccctcag
gaaaagctcg
gaccacgact
gcgatctcgce
gcactcaacc
tgcttcggca
cagatcaacc
gccgcegcetga
atccactggc
ctcggcggceg
gaggtgatgg
cgcatcgtca
accggcgcga
gagggcaacc
tcggtgatcg
ttcggcgegg
aagccctcgg
aacaagaagyg
gagcgccacg
ttcttccagg
caggtcgagg
gcgcaggccyg
actgagacga
gatatccaga
ggcggattgc
atgggcgcgce
ggcttcgtcg
gcggcggaca
ctctcagccc
tcgggcaagce
ccgegcettcet
tcgecgecgeat

<210>
<21l>
<212>
<213>
<400> 108
Met Pro Ser
1

108
557
PRT

Ala Gln Vval

Tyr Gly Lys

35
Glu Gly
50

Thr
65

Pro Ala

Ala Leu Asn

tcaagcgctg
ctcgcgecgcec
aacggtcggg
gatcggttta
cggctcggca
atatcgagat
gcatcccgga
tcatcgcectc
cgacgcccgc
ggatcggcaa
tgaagggcgg
tgcacttcac
tcgacaacca
gccgcgtggt
tcgccaacgg
cggtgttctg
tcgccgagac
tgaccgttct
cggccctgat
ccacccgtac
atctcggcgc
cggtggtgat
atctccaggc
tgaacaacgt
acaccgacgc
cgatcacctg
tggtgaagct
agatcaccga
tcgagtcgaa
ccgtctgcat
cctcgggcecca
tggtgatctg
ccatccgect
tcceectacce
ccgaggtceccg
tcagcagcgg
cgcgcaggtt

Methylobacterium

Asp
5

Ala
20

Glu
His Ile
Pro Glu
Gly Glu

Ile
85

Arg

Ile Glu

Lys

Ala

Gly

Gly

70

Gly

acccaggccyg
ggccggegge
ttaaaaaaaa
tcgtggccgt
cgccgcgagc
cgcccgegceg
cgaggcgctt
gctcgagggt
gggcgagggc
gcgggcggtg
cgcggcecggt
cggggacttc
catctactgg
cgacatgaac
ctttccgegt
cctcgccaag
ccgcgaccgc
cctcaaggat
ccatggcggc
cggcctgegg
ggagaagttc
cgtcgccacg
tgagaacctc
gcggagcttc
cgagcatgcc
caagcactgg
cgcecgagggce
caagatcaag
ggccgccacc
ggccaagacg
cctcgtctcg
cggtgagatc
cgacgccaac
caagtcgggc
tcgggggagg
ctcgatgctc
gcccgce

Leu Gly

Ile
40

Lys

Lys Leu

55

Lys Thr

Lys Arg

92

gttacaccgc
ggatcacctg
tccgagacgce
tccgttceget
ccgcgtgaac
gcgaccctga
cacaactacg
aagcccgagg
aagaccacca
atgtgcctgce
ggcggcaagg
cacgccatca
gccaacgagc
gaccgggcgce
gaggacgggt
aatctggccg
aagccggtga
gcgctgcagc
ccgttcgcca
ctggccgact
atcgacatca
atccgcgccce
gacgcgcetgg
ggcctgccgyg
cggttgaagg
gcggagggcg
gagcagaagc
gcgatcgcga
aagctcgccg
cagtactcgt
gtgcgcgacg
atgaccatgc
ggtcagatcg
ttgcccgact
gccctttgcc
ggcagccgcce

10

Ile
25

Pro Asp

Asp His Asp

Val Leu Val

Thr
75

Thr Thr

Ala Val

90

Met

caccgcgatg
tcccaaacca
ttttegtegt
accacggaag
aagaaacgac
agccgatcgce
gcaagcacat
gcaagctggt
cgaccgtggg
gcgagccctce
cccaggtcgt
cctcggecgcea
tcaacatcga
tgcgcgcgat
tcgacatcac
acctcgagga
cgctggccga
cgaacctcgt
acatcgcccea
acaccgtcac
agtgccgcca
tcaagatgca
agaagggttt
tggtggtggg
agctctgccg
gcgcgggcege
cgctgacctt
ccaagctcta
gcttcgagaa
tctcgaccga
tgcgcctctce
cgggcctgcecc
acgggctgtt
tgggcggatc
ctctgcgcta
cccggaacgce

extorquens formate-tetrahydrofolate

Ile Ala Arg Ala Ala Thr Leu Lys Pro

Glu Ala Leu

30
Phe Ile
45

Ala

Thr
60

Ala Ile

val Gly Leu

Cys Leu Arg

Methylobacterium extorquens formate-tetrahydrofolate ligase

accggttgaa
cctgtcccat
cgtttcgcectce
catagggacg
ggtgagagaa
ccaggtcgcc
cgccaagatc
gctcgtcacc
tctcggcgac
gctcggceccc
gccgatggag
ctcgctcgcec
cgtgcgccgce
caaccagtcg
cgtcgecctcec
gcggctcgge
cgtgaaggcg
gcagacgctg
cggctgcaac
¢cgaggccggce
gaccggcctce
tggcggcgtc
cgccaacctc
cgtgaaccac
cgaccgtctt
cgaggctctg
cgcctacgaa
cggtgcggcec
ggatggctac
cccgaccctg
ggcgggcgcece
caaggtgccg
ctagccgctg
gttgcggatc
cgccgccagc
cgtataggcc

ligase

Ile
15

His Asn

Ser Leu

Ser Pro

Gly Asp

80

Glu
95

Pro

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

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2186



Ser

Lys

Asp

Asp

145

Ile

Ile

Gly

Ala

Ala

225

Thr

Val

Ala

Leu

Leu

305

Lys

His

Leu

Ser

Thr

385

Gln

Ala

Leu

Ala

Phe

130

Asn

His

Asn

Phe

Lys

210

Glu

Gly

Gln

Asn

Arg

290

Gly

Pro

Gly

Glu

Phe

370

Asp

Val

Glu

Gly

Gln

115

His

His

Trp

Gln

Asp

185

Asn

Thr

Ala

Thr

Ile

275

Leu

Ala

Ser

Gly

Lys

355

Gly

Ala

Glu

Ala

Pro

100

val

Ala

Ile

Arg

Ser

180

Ile

Leu

Arg

Met

Leu

260

Ala

Ala

Glu

Ala

val

340

Gly

Leu

Glu

Ala

Leu
420

Cys

vVal

Ile

Tyr

Arg

165

Leu

Thr

Ala

Asp

Thr

245

Glu

His

Asp

Lys

val

325

Asn

Phe

Pro

His

Ile

405

Ala

Phe

Pro

Thr

Trp

150

val

Gly

Val

Asp

Arg

230

val

Gly

Gly

Tyr

Phe

310

vVal

Lys

Ala

val

Ala

390

Thr

Gln

Gly

Met

Ser

135

Ala

val

Gly

Ala

Leu

215

Lys

Leu

Asn

Cys

Thr

295

Ile

Ile

Lys

Asn

val

375

Arg

Cys

Ala

Met

Glu

120

Ala

Asn

Asp

val

Ser

200

Glu

Pro

Leu

Pro

Asn

280

vVal

Asp

Val

Asp

Leu

360

Val

Leu

Lys

val

Lys

105

Gln

His

Glu

Met

Ala

185

Glu

Glu

val

Lys

Ala

265

Serxr

Thr

Ile

Ala

Leu

345

Glu

Gly

Lys

His

val
425

Gly

Ile

Ser

Leu

Asn

170

Asn

Val

Arg

Thr

Asp

250

Leu

val

Glu

Lys

Thr

330

Gln

Arg

val

Glu

Trp

410

Lys

Gly

Asn

Leu

Asn

155

Asp

Gly

Met

Leu

Leu

235

Ala

Ile

Ile

Ala

Cys

315

Ile

Ala

His

Asn

Leu

395

Ala

Leu

Ala

Leu

Ala

140

Ile

Arg

Phe

Ala

Gly

220

Ala

Leu

His

Ala

Gly

300

Arg

Arg

Glu

Val

His

380

Cys

Glu

Ala

Ala

His

125

Ala

Asp

Ala

Pro

Vval

205

Arg

Asp

Gln

Gly

Thr

285

Phe

Gln

Ala

Asn

Asn

365

Phe

Arg

Gly

Glu

Gly

110

Phe

Ala

Val

Leu

Arg

190

Phe

Ile

val

Pro

Gly

270

Arg

Gly

Thr

Leu

Leu

350

Asn

Phe

Asp

Gly

Gly
430

Gly

Thr

Leu

Arg

Arg

175

Glu

Cys

val

Lys

Asn

255

Pro

Thx

Ala

Gly

Lys

335

Asp

Val

Gln

Arg

Ala

415

Glu

Gly

Gly

Ile

Arg

160

Ala

Asp

Leu

Ile

Ala

240

Leu

Phe

Gly

Asp

Leu

320

Met

Ala

Arg

Asp

Leu

400

Gly

Gln



Leu
435

Lys Pro

Ile Lys Ala

450

Glu
465

Ser Lys

Gly Gly Leu

Asp Pro Thr

Asp Val Arg

515
Glu Ile
530

Met

Ile
545

Arg Leu

<210>
<211>
<212>
<213>
<400> 109
atgaaaaaag
gtcgataacg
ctgtgtctga
cgcctgaaaa
gatgaggcac
gatgccatcc
caaaaatttg
cacggcccat
attaacgaaa
cacccaatcg
tgcgatccgce
ggctcgaaca
gacaaagcgt
ggctacacgc
gcggcacgga
cagttctacc
aacctcggta
gcctgcgata
gctaaccgcg
tatcgcatca
atgggcgaag
gatctggaac
gttattttac
ggcttccagce
atcatcagtg
atctgggatg
ggcgaactgg
tcttatctgt
gactgggtag
cgtgaagttg
ctggctgatg
gaagatgagg
gtcagcgatc
tgtaacgagc

109
2148
DNA

Thr Phe

Ile Ala

Ala Ala

Ala

Thr

Thr

Glu
440

Tyr

Lys Leu

455

Lys Leu

470

vVal
485

Pro

Leu Met

500

Leu Ser

Thr Met

Asp Ala

Cys

Gly

Ala

Pro

Asn

Met Ala

Ala

Pro

Ala
520

Gly

Gly Leu

535

Gly Gln

550

Escherichia coli

tcgtcacggt
gcaaaatcgt
agggttatta
cccccatgat
tgaattacgt
agacgaccgg
cgcgcgecegt
cggttgcagg
ttgataatac
tggcgaatca
gcaaaattga
tcgcgetgtt
tcgtcgcttce
cggagtcggt
tgtatgccca
agggcgtgga
agccgcatgce
tgggcgcgct
agaaattcgc
gcgagctgcc
atccgctaca
tggttatcgt
cgtcaacgtc
gtttcttcaa
aaatcgccac
agttgcgtca
gcttcattca
ttaaagagaa
cgccaatcga
gtcactactc
aacctggcta
cattggtttg
gtccgaacaa
tggttaccga

K12

ttgccectat
ccgggcggag
tggctgggac
ccgtcgccag
tgccgagcgce
ctcctecgegt
tattggtacc
tctgcaccaa
cgatttagtg
cgtaattaac
aaccgcgcgce
gaatgcgatg
acgtacagaa
tgaagatatc
ggcgaaaagc
aaccgtgcgt
gggtgttaac
gccggatacg
caaagcctgg
gcaccgcgceca
aactgacgcg
tcaggacatc
gtggggcgag
ggcggttgaa
ccgtatgggt
tctgtgcccg
gtggccttgce
gtttgatacc
caaactcacc
ttgccgttcg
cgcacaaatc
ggtgcactcg
aggggcgatt
aaacttaagc

94

Thr Glu Thr

Tyr Gly Ala

Ala Gly Phe

475

Thr
490

Lys Gln

Ser His

505

Gly

Gly Phe Val

Pro Lys Val

Ile Asp Gly

555

tgcgcatcag
gcagcgcagg
ttcattaacg
cgtggcggca
ctgagcgcca
ggtacgggta
aataacgttg
tcggtcggta
ttcgttttcg
gctaaacgta
attgctgaca
ggccatgtca
ggctttgaag
accggcgtca
gccgcecatcce
tctctgacca
ccggttcecgtg
tatccgggat
ggcgtggaaa
gcgcatggcg
gagctgtcgg
tttatgacca
catgaaggcg
ccgaaatggg
tatccgatgc
gatttctacg
cgcgatactt
ccgaacggtc
gacgagtacc
atgaccggta
aataccgaag
cgtaaaggca
tacatgacct
ccgattacga

Ile
445

Lys Thr

Ala Ile

460

Asp

Glu Lys Asp

Tyr Ser Phe

val Ser

510

Leu

vVal Vval

525

Ile

Pro Ala Ala

540

Leu Phe

gttgcaaaat
ggaaaaccaa
atacccagat
aactcgaacc
tcaaagagaa
acgaaaccaa
actgctgcgce
atggcgcaat
ggtacaaccc
acggggcgaa
tgcacattgc
ttattgaaga
agtatcgtaa
gcgccagtga
tgtggggcat
gcctecgegat
gtcagaacaa
accagtacgt
gcctgccagce
aagtgcgtgc
cagtacgtaa
aaaccgcgtc
tgtttactgc
atctgaaaac
actacaacaa
gtgcgactta
cagatgccga
tggcgcagtt
cgatggtact
actgtgcggc
acgccaaacg
aaattatcac
accagtggtg
aaacgccgga

Asp Lys

Gln Ile

Gly Tyr

480
Ser Thr
495

Val Arg

Cys Gly

Asp Thr

caacctggtc
ccagggtacc
cctgaccccg
tgtttcctgg
gtacggtccg
ctatgtaatg
tcgtgtctga
gagcaatgct
ggcggattcc
aattatcgtc
actgaaaaac
aaatctgtac
aatcgttgaa
gattcgtcag
gggtgtaacc
gctgaccggt
cgttcagggt
gaaagatccg
gcataccggc
cgcgtacatt
agcctttgaa
ggcggcggat
ggctgaccgt
ggactggcaa
cacccaggag
cgagaaaatg
tcaggggact
cttcacctgc
gtcaacggtg
actggcggcg
tctgggtatt
ccgtgcgcag
gattggtgcc
gtacaaatac

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

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040



95

tgcgecegttc gcgtcgagcc gatcgceccgat cagcgcgecg ccgagcagta cgtgattgac 2100
gagtacaaca agttgaaaac tcgcctgcgc gaagcggcac tggcgtaa 2148

<210> 110

<211> 714

«<212> PRT

<213> Escherichia coli K12

<400> 110

Met Lys Lys Val val Thr Val Cys Pro Tyr Cys Ala Ser Gly Cys Lys
1 5 10 15

Ile Asn Leu Val val Asp Asn Gly Lys Ile Val Arg Ala Glu Ala Ala
20 25 30

Gln Gly Lys Thr Asn Gln Gly Thr Leu Cys Leu Lys Gly Tyr Tyr Gly
35 40 45

Trp Asp Phe Ile Asn Asp Thr Gln Ile Leu Thr Pro Arg Leu Lys Thr
50 55 60

Pro Met Ile Arg Arg Gln Arg Gly Gly Lys Leu Glu Pro Val Ser Trp
65 70 75 80

Asp Glu Ala Leu Asn Tyr Val Ala Glu Arg Leu Ser Ala Ile Lys Glu
85 90 95

Lys Tyr Gly Pro Asp Ala Ile Gln Thr Thr Gly Ser Ser Arg Gly Thr
100 105 110

Gly Asn Glu Thr Asn Tyr Val Met Gln Lys Phe Ala Arg Ala Val Ile
115 120 125

Gly Thr Asn Asn Val Asp Cys Cys Ala Arg Val His Gly Pro Ser Val
130 135 140

Ala Gly Leu His Gln Ser Val Gly Asn Gly Ala Met Ser Asn Ala Ile
145 150 155 160

Asn Glu Ile Asp Asn Thr Asp Leu Val Phe Val Phe Gly Tyr Asn Pro
165 170 175

Ala Asp Ser His Pro Ile Val Ala Asn His Val Ile Asn Ala Lys Arg
180 185 190

Asn Gly Ala Lys Ile Ile Val Cys Asp Pro Arg Lys Ile Glu Thr Ala
195 200 205

Arg Ile Ala Asp Met His Ile Ala Leu Lys Asn Gly Ser Asn Ile Ala
210 215 220

Leu Leu Asn Ala Met Gly His Val Ile Ile Glu Glu Asn Leu Tyr Asp
225 230 235 240

Lys Ala Phe Val Ala Ser Arg Thr Glu Gly Phe Glu Glu Tyr Arg Lys
245 250 255

Ile vVal Glu Gly Tyr Thr Pro Glu Ser Val Glu Asp Ile Thr Gly Val
260 265 270

Ser Ala Ser Glu Ile Arg Gln Ala Ala Arg Met Tyr Ala Gln Ala Lys
275 280 285

Ser Ala Ala Ile Leu Trp Gly Met Gly Val Thr Gln Phe Tyr Gln Gly



val

305

Leu

val

Tyr

Trp

Leu

385

Gly

Ala

Lys

Glu

Phe

465

Ile

Thr

Gly

Cys

Glu

545

Trp

Ser

Asn

Ile

Val

290

Glu

Gly

Gln

Gln

Gly

370

Pro

Glu

Phe

Thr

His

450

Lys

Ser

Gln

Ala

Arg

530

Lys

val

Thr

Cys

Asn

610

Trp

Thr

Lys

Gly

Tyr

355

Val

His

Asp

Glu

Ala

435

Glu

Ala

Glu

Glu

Thr

515

Asp

Phe

Ala

val

Ala

595

Thr

Val

Val

Pro

Ala

340

val

Glu

Arg

Pro

Asp

420

sSer

Gly

Val

Ile

Ile

500

Tyr

Thr

Asp

Pro

Arg

580

Ala

Glu

His

Arg

His

325

Cys

Lys

Ser

Ala

Leu

405

Leu

Ala

vVal

Glu

Ala

485

Trp

Glu

Ser

Thr

Tle

565

Glu

Leu

Asp

Ser

Ser

310

Ala

Asp

Asp

Leu

Ala

390

Gln

Glu

Ala

Phe

Pro

470

Thr

Asp

Lys

Asp

Pro

550

Asp

vVal

Ala

Ala

Arg

295

Leu

Gly

Met

Pro

Pro

375

His

Thr

Leu

Asp

Thr

455

Lys

Arg

Glu

Met

Ala

535

Asn

Lys

Gly

Ala

Lys

615

Lys

Thr

val

Gly

Ala

360

Ala

Gly

Asp

val

val

440

Ala

Trp

Met

Leu

Gly

520

Asp

Gly

Leu

His

Leu

600

Arg

Gly

Ser

Asn

Ala

345

Asn

His

Glu

Ala

Ile

425

Ile

Ala

Asp

Gly

Arg

505

Glu

Gln

Leu

Thr

Tyr

585

Ala

Leu

Lys

Leu

Pro

330

Leu

Arg

Thr

Val

Glu

410

Val

Leu

Asp

Leu

Tyr

490

His

Leu

Gly

Ala

Asp

570

Ser

Asp

Gly

Ile

96

Ala

315

val

Pro

Glu

Gly

Arg

395

Leu

Gln

Pro

Arg

Lys

475

Pro

Leu

Gly

Thr

Gln

555

Glu

Cys

Glu

Ile

Ile

300

Met

Arg

Asp

Lys

Tyr

380

Ala

Ser

Asp

Ser

Gly

460

Thr

Met

Cys

Phe

Ser

540

Phe

Tyxr

Arg

Pro

Glu

620

Thr

Leu

Gly

Thr

Phe

365

Arg

Ala

Ala

Ile

Thr

445

Phe

Asp

His

Pro

Ile

525

Tyr

Phe

Pro

Ser

Gly

605

Asp

Arg

Thr

Gln

Tyr

350

Ala

Ile

Tyr

val

Phe

430

Ser

Gln

Trp

Tyr

Asp

510

Gln

Leu

Thr

Met

Met

590

Tyr

Glu

Ala

Gly

Asn

335

Pro

Lys

Serxr

Ile

Arg

415

Met

Trp

Arg

Gln

Asn

495

Phe

Trp

Phe

Cys

Val

575

Thr

Ala

Ala

Gln

Asn

320

Asn

Gly

Ala

Glu

Met

400

Lys

Thr

Gly

Phe

Ile

480

Asn

Tyr

Pro

Lys

Asp

560

Leu

Gly

Gln

Leu

val



625

Ser Asp Arg

Ile Gly Ala

Thr Pro

675

Lys

Gln
690

Asp Arg

Lys
705

Thr Arg

<210>
<211>
<212>
<213>
<400> 111
atgaaaaccc
gaaggcatta
cctgaatgca
tcgaaaaaag
gcgaaagcgg
ctggcggcca
gtggagcgga
gagccgggcg
ggttttggcg
gcggcagttc
aaagttttag
gacgtgacgg
atcacctccg
ggcttcttcc
ccatatgctg
tttgcacaag
tcgttcaact
tcggatatgg
aacatgtttg
aaagtgcagce
caggaagtgg
tcagtcaccg

111
1305
DNA

<210>
<211>
<212>
<213>
<400> 112
Met Lys Thr
1

112
434
PRT

Gln Pro Arg

Val Leu

35

Lys

Gly Ala

50

Ala

Tyr Ile Asn

630

Asn
645

Pro

Cys Asn

660

Glu Tyr

Ala Ala

Leu Arg

Lys

Glu

Lys

Glu

Glu

Gly Ala

Leu Vval

Tyr Cys

680

Gln
695

Tyx

Ala Ala

710

Escherichia coli

gtacacaaca
ctcgecceccata
cgctggcgca
gctacatcaa
gtattgaagc
gcatgtatcc
tcaacaacac
atccgcgcecta
gtgtcctgaa
acttcgaaga
tgccaactca
gcgttccaac
attgcgaccc
gtactcatgc
acctggtctg
ctatccacgc
ggcagaaaaa
gctacaagtt
acctggcaaa
agccggaatt
gtacaggtta

cgctgaccgg

Escherichia coli

Thr
5

Arg

Trp Glu

20

Arg Gly

Met

Lys

Ser Leu

Gln

Gly

Ser

Trp

Gly

K12

aattgaagaa
cagtgcggaa
actgggcgca
cagcctcggce
agtctatctg
ggatcagtcg
cttccgtcgt
tgtcgattac
tgcctttgaa
tcagctggcg
ggaagctatt
cctgctggtt
gtatgacagc
gggcattgag
gtgtgaaacc
gaaatatccg
cctcgacgac
ccagttcatc
cgcctatgcecce
tgccgececgeg
cttcgataaa
ctccactgaa

K12

Gln Ile

Ile Thr

Val Asn

40
Arg Leu
55

Ala Leu

Ile

Thr

665

Ala

val

Leu

Glu

Arg

25

Pro

Leu

Thr

97

635

Tyr Met
650

Glu Asn

Val Arg

Ile Asp

Ala

ttacagaaag
gatgtggtga
gcgaaaatgt
gcactgactg
tcgggatggce
ctctatccgg
gccgatcaga
ttcectgeccga
ctgatgaaag
tcagtgaaga
cagaaactgg
gcccgtaccg
gaatttatta
caagcgatca
tccacgccgg
ggcaaactgc
aaaactattg
accctggcag
cagggcgagyg
aaagatggct
gtgacgacta
gaatcgcagt

Glu
10

Leu
Pro Tyr
Glu Cys
His

Gly

Gly Gly

Thr Tyr Gln

Pro
670

Leu Ser

Val Glu
685

Pro

Glu Tyr Asn

700

agtggactca
aattacgcgg
ggcgtctgcet
gcggtcaggce
aggtagcggc
caaactcggt
tccaatggtc
tcgttgecga
cgatgattga
aatgcggtca
tcgcggegeg
atgctgatgce
ccggcgagcg
gccgtggect
atctggaact
tggcttataa
ccagcttcca
gtatccacag
gtatgaagca
ataccttcegt
ttattcaggg
tctaa

Gln Lys Glu

Ala Glu

30

Ser

Thr Leu Ala

45

Glu
60

Ser Lys

Gln Ala Leu

640

Trp
655

Trp

Ile Thr

Ile Ala

Lys Leu

accgcgttgg
ttcagtcaat
gcacggtgag
gctgcaacag
ggacgctaac
gccagctgtg
cgcgggcatt
tgcggaagcecc
agccggtgcea
catgggcggce
tctggcagcet
ggcggatctg
taccagtgaa
ggcgtatgcg
ggcgcegtcege
ctgctecgcecceg
gcagcagctg
catgtggttc
ctacgttgag
atctcaccag
cggcacgtct

Trp Thr

15

Asp Val

Gln Leu
Lys Gly

Gln Gln

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
260

1020
1080
1140
1200
1260
1305



65

Ala

Ala

Pro

Arg

Pro

145

Gly

Glu

Lys

Ala

vVal

225

Ile

Arg

Ile

Glu

Tle

305

Ser

Gln

Ala

Tyr

Pro

385

Gln

Lys

Asp

Ala

Arg

130

Arg

Phe

Ala

Lys

Ile

210

Pro

Thr

Thr

Ser

Thr

290

His

Phe

Gln

Gly

Ala

370

Glu

Glu

Ala

Ala

Asn

115

Ala

Tyr

Gly

Gly

Cys

195

Gln

Thr

Ser

Ser

Arg

275

Ser

Ala

Asn

Gln

Ile

355

Gln

Phe

vVal

Gly

Asn

100

Ser

Asp

val

Gly

Ala

180

Gly

Lys

Leu

Asp

Glu

260

Gly

Thr

Lys

Trp

Leu

340

His

Gly

Ala

Gly

Ile

85

Leu

val

Gln

Asp

Val

165

Ala

His

Leu

Leu

Cys

245

Gly

Leu

Pro

Tyr

Gln

325

Sex

Ser

Glu

Ala

Thr

70

Glu

Ala

Pro

Ile

Tyr

150

Leu

Ala

Met

Val

vVal

230

Asp

Phe

Ala

Asp

Pro

310

Lys

Asp

Met

Gly

Ala

390

Gly

Ala

Ala

Ala

Gln

135

Phe

Asn

val

Gly

Ala

215

Ala

Pro

Phe

Tyr

Leu

295

Gly

Asn

Met

Trp

Met

375

Lys

Tyr

Val

Ser

val

120

Trp

Leu

Ala

His

Gly

200

Ala

Arg

Tyr

Arg

Ala

280

Glu

Lys

Leu

Gly

Phe

360

Lys

Asp

Phe

Tyr

Met

105

Val

Ser

Pro

Phe

Phe

185

Lys

Arg

Thr

Asp

Thr

265

Pro

Leu

Leu

Asp

Tyr

345

Asn

His

Gly

Asp

Leu

S0

Tyr

Glu

Ala

Ile

Glu

170

Glu

val

Leu

Asp

Ser

250

His

Tyr

Ala

Leu

Asp

330

Lys

Met

Tyr

Tyr

Lys

98

75

Ser

Pro

Arg

Gly

Val

155

Leu

Asp

Leu

Ala

Ala

235

Glu

Ala

Ala

Arg

Ala

315

Lys

Phe

Phe

Val

Thx

395

Val

Gly

Asp

Ile

Ile

140

Ala

Met

Gln

val

Ala

220

Asp

Phe

Gly

Asp

Arg

300

Tyr

Thr

Gln

Asp

Glu

380

Phe

Thr

Trp

Gln

Asn

125

Glu

Asp

Lys

Leu

Pro

205

Asp

Ala

Ile

Ile

Leu

285

Phe

Asn

Ile

Phe

Leu

365

Lys

Val

Thr

Gln

Ser

110

Asn

Pro

Ala

Ala

Ala

190

Thr

Val

Ala

Thr

Glu

270

val

Ala

Cys

Ala

Ile

350

Ala

val

Ser

Ile

vVal

95

Leu

Thr

Gly

Glu

Met

175

Ser

Gln

Thr

Asp

Gly

255

Gln

Trp

Gln

Ser

Ser

335

Thr

Asn

Gln

His

Ile

80

Ala

Tyx

Phe

Asp

Ala

160

Ile

val

Glu

Gly

Leu

240

Glu

Ala

Cys

Ala

Pro

320

Phe

Leu

Ala

Gln

Gln

400

Gln



405

99

410

415

Gly Gly Thr Ser Ser Val Thr Ala Leu Thr Gly Ser Thr Glu Glu Ser

Gln Phe

113
1134
DNA

<210>
<211>
<212>
<213>
<400> 113
ccgggacgca
gccatgatgg
ctgttcgagg
gcctccggca
gtgctggccg
ggcctggacg
gaggaggccc
gagaccgcga
ggccacccgg
ctgcccgccg
cagtccggcc
cagaacccga
gaggcgcteg
ctcggtgagg
ccggagtgga
aagatcatca
gtcgcgggca
ggcgccatcg
tcgggtgttg

<210>
<211>
<212>
<213>
<400>

114
379
PRT

114

Met Pro Gly Arg Asn His

1

Asp Arg Val

val Phe

35

Asp

Val Phe

50

Gly

Thr
65

Gly Ile

Lys Val Leu

Met Ala Gln

Gly Thr Gly

115
His

Lys Asn

420

accacctgtt
tgcagtccga
acaccaagaa
cgggcatctg
cccgecttegg
tcgtcgtcca
tgcgcgcega
ccggecgtgac
ccctgetgtt
gcctcggcegt
gcaacgaccg
ccggctactt
cctgectgtt
cgacccgtca
actccgacac
agcacgccta
aggtgttccg
ccggtgcega
cggctgcctc

Methylobacterium

5

Met
20

Arg

Pro Ser

Ser Thr

Trp Glu

Ala Ala

85
Arg Leu
100

Ala Lys

Glu Ile

Ala

Leu

Glu

Ser

70

Arg

Gly

Pro

Lys

cgttceceggce
ggatcaccgc
ggtgttcggce
ggaatcggcg
ccagttcagc
ggaggaggag
caagaaccat
ctccaacatc
cgtcgactgc
gatttgcgtc
gctcgcecegce
cccctacacc
cgaggaaggc
ggccgtcegceg
cgtcaccgec
tgtgcgctac
catcggccac
gatgtcgctc
cagctacctg

Leu

Met Met

Thr Lys

40
Gly Thr
55

Ala Leu

Phe Gly

Leu Asp

Glu Lys

120

Ala Val

425

ccgaccaaca
tcggtcgatt
tcgaccgaag
ctgtccaaca
catctctgga
tggggcaccg
gagatcaagg
ggcgccgtgce
gccatcgceg
agccagaagg
gtctacttcg
ccgcegetge
ctggagaacyg
gcctggggec
atcctggcegce
aacctcgcgce
gtcggcgacc
atcgacaacg
cgcgagaacc

10

Val Gln

25

Ser

Pro Leu Phe

Ile Phe Leu

Thr
75

Ser Asn

Gln Phe

90

Ser

Val Vval Vval

105

Ile Glu Glu

Met Val Vval

430

tccecggaccg
tcececgteget
gcacgatctt
cgctcgeccg
tcgacatggce
gcgccaagcc
ccgtcatggt
gcaaggcgat
gctcccagaa
cgctcaaggc
actgggaaga
cgctgctcta
tctaccaccg
tgaagacctg
ccgagggtgt
tcggcgecgg
tgaacgaact
gcgtgaaggt
cgctcgccaa

His
30

Glu Asp

Glu Asp Thr

45

Phe
60

Pro Ala

Leu Ala Arg

His Leu Trp

Glu
110

Gln Glu

Ala Leu

125

Arg

His Asn Glu

ggtgatgcgc
gacgaagccg
cctgttceccg
cggcgacaag
ccagcgcectce
cgagaagatc
ggtccataac
cgacgccgcc
gggcctgatg
cgccgagggce
ccagaagaag
cggcctgcgce
ccacgccgtg
cgccaagtcg
ggacgcggcce
cctgtcccag
ctcgctgctce
gacccccggt

ggct

Phe vVal Pro Gly Pro Thr Asn Ile Pro

15

Arg Ser

Lys Lys

Ser Gly

Gly Asp

80

Ile
95

Asp
Glu Trp
Ala Asp

Thr Ala

Methylobacterium extorquens serine-glyoxylate aminotransferase

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

1020
1080
1134

extorquens serine-glyoxylate aminotransferase



130

Thr Val

145

Gly

Ala Gly His

Gln Lys Gly

Ala
195

Gln Lys

Ala
210

Leu Arg

Thr
225

Gly Tyrx

Arg Glu Ala

His Arg His

Leu
275

Trp Gly

Val Thr

290

Ala

Lys His Ala

305
Gln

vVal Ala

Glu Leu Ser

Asp Asn Gly

355
Leu

Ser Tyr

370

<210>
<211>
<212>
<213>
(HPR)
<400> 115
atgacaaaga
aacttcccgce
cgccttcagg
aagcagcttc
aaggctgcgg
accgtgccceg
gccaactcgg
ccgatctacg
tcgatcgeca
caggacgggc

115
942
DNA

Thr Ser

Asn

135

Ile Gly

150

Ala
165

Pro

Leu Met

180

Leu Lys

val

Tyr

Phe Pro

Leu

Leu

Ala

Phe

Tyr

Leu Phe

Pro Ala

Ala Glu

200

Asp
215

Trp

Thr Pro

230

Ala
245

Leu

Ala val

260

Lys Thr

Ile

Leu

Tyr Val

Cys

Leu

Cys

Ala

Arg

Leu Phe

Gly Glu

Ala Lys

280
Pro Glu
295

Asn

Tyr

310

Gly Lys

325
Leu Leu
340

Val Lys

Axrg Glu

Methylobacterium

aagtcgtctt
acgagtacaa
gcgccgagat
ccgacctgaa
ccaaggcgca
agcacgtggt
tgcgccgggg
acatcgccgg
agcgggctga
tcgtggatct

val

Gly

val

Asn

Phe Arg

Ala Ile

Thr Pro

360
Pro Leu
375

cctcgatcgce
ggaatatgag
cgcgatgatc
gctgatcgcg
gggcatcacg
cggcctgatg
cgattggaac
ctcgacgctc
ggccctcggce
cgagacgatc

100

Ala Val Arg

155
Val Asp
170

Cys

Gly Leu

185

Gly

Gly Gln Ser

Glu Asp Gln

Pro
235

Pro Leu

Glu Glu

250

Gly

Ala
265

Thr Arg

Ser Pro Glu

Gly Val Asp

Ala Leu

315

Leu

Ile Gly His

330

Ala
345

Gly Ala

Gly Ser Gly

Ala Lys Ala

gagtcgctcg
tcgacctgga
aacaaggtgc
gtggctgcca
gtcgtcaaca
ttcgcgcectge
aagtcgaagc
ggcatcatcg
atgaaggtgc
ctgacgcaat

140

Lys Ala Ile

Ala Ile Ala

vVal Ile Cys

190

Gly Arg Asn

205
Lys Gln
220

Lys

Leu Leu Tyr

Leu Glu Asn

Gln Ala Vval

270
Asn Ser
285

Trp

Ala
300

Ala Lys

Gly Ala Gly

Val Gly Asp

Glu Met Ser

350

Ala
365

val Ala

atgcgaccgt
cgccggagga
cgatgcgcgce
cgggcacgga
tccgcaacta
gccgggcegat
agttctgcta
gctacggcgce
tcgeccttega
ccgacgtcat

Ala
160

Asp

Gly Ser

175

Val Ser

Asp Arg
Pro

Asn

Leu
240

Gly

Val
255

Tyr

Ala Ala

Asp Thr
Ile Ile

Ser
320

Leu

Leu Asn

335

Leu Ile

Ala Ser

gcgcgaattc
gatcgtcgag
cgacacgctg
cgtcgtcgac
cgccttcaac
cgtgccttac
cttcgattac
gctcggcaag
cgtgttcccg
caccctgcac

extorquens NADH-dependent hydroxypyruvate reductase

60
120
180
240
300
360
420
480
540
600



gtgccgctga
cgctccgcga
caggcgctca
ccgaaggacg
gtggcctggg
gaggccttcg

116
314
PRT

<210>
<211l>
<212>
<213>
(HPR)
<400> 116
Met Thr Lys
1

val Arg Glu

Thr Pro

35

Trp

Ile
50

Met Asn

Asp Leu

65

Lys

Lys Ala Ala

Tyr Ala Phe

Leu Arg Arg

115

Asn
130

Trp Lys

Ile
145

Ala Gly

Ser Ile Ala

Asp Val Phe

Gln Ser Asp

195
Asn Met
210

Ile

Leu Ile

225

Asn

Gln Ala Leu

Ala Gln Glu

ccceccgacac
tcctecatcaa
aggacggcac
gcaacatcct
cgagcaagga
tcgecgggcaa

Methylobacterium

Lys
5

Phe
20

Asn

Glu Glu Il

Lys Val

Ile Al

70

Leu

Ala Lys Al

85

Asn Thr

100

Ala Ile

Ser Lys

Ser Thr

15
Lys Arg
165

Pro Gln

180

vVal Ile

Gly Ala Gl

Thr Ala

23
Gl

Lys Asp

245
Pro Pro
260

val val

Phe

Pro

Val

val

Gln

Leu

Ala

Asp

Thr

Arg

Lys

caagaacatg
caccgcecgce
catcggcggc
ctgcgacgcc
ggcgatgcag
gccgcagaac

Phe Leu

His

Pro

Glu
40

e Val

Met
55

Arg

a vVal Ala

a Gln Gly

Pro Glu

Pro Tyr

120

Phe
135

Cys

Gly Ile

0

Glu Ala

Leu

Gly

His
200

Leu

u Gln
215

Leu

Gly Gly

0

Thr Ile

Y

Asp Gly

101

atcggggceg
ggcgggctgg

gccggcttceg
gacctgccca

atcctcgecg
gtcgtcgagyg

Arg Glu
10

Asp

Glu
25

Tyr Lys

Arg Leu Gln

Ala Asp Thr

Ala Thr Gly

75
Ile Thr
90

Val

His Val Vval

105
Ala

Asn Ser

Tyr Phe Asp

Ile Gly Tyr

155
Met

Leu Gly

170

Val
185

Asp Leu

Val Pro Leu

Lys Lys Met

Leu Val Asp

235
Ala

Gly Gly

250
Asn Ile
265

Leu

agcagctcaa
tggacgaggc
acgtcgtggc
acctgatcgt
accagctcgt

cg

Ser Leu Asp

Glu Glu

30

Tyr

Ala
45

Gly Glu

Leu Gln

60

Lys

Thr Asp Val

Val Asn Ile

Met
110

Gly Leu

Val Arg

125

Arg

Tyr Pro Ile

140
Ala

Gly Leu

Lys Val Leu

Thr Ile

190

Glu

Thr Pro

205

Asp

Lys Ser

220

Arg

Glu Ala Ala

Gly Phe Asp

Ala
270

Cys Asp

gaagatgaag
ggccctgctc
ccaggagccc
caccccgceac
ggacaacgtc

Ala Thr
15

Ser Thr

Ile Ala

Leu Pro

Val Asp

80
Arg Asn
95

Phe Ala

Gly Asp

Tyr Asp

Gly Lys

160

Ala
175

Phe
Leu Thr
Thr Lys
Ala Ile

Leu
240

Leu

Val
255

vVal

Asp Leu

660
720
780
840
900
942

extorquens NADH-dependent hydroxypyruvate reductase



Pro Asn Leu

275
Met Gln Ile
290

Ala Gly Lys
305

117
1170
DNA

<210>
<211>
<212>
<213>
<400> 117
atggacgttc
aagggcgccg
tcgttctggg
aagctttgcc
ctcgtgacgc
gccgacccegt
gtccgtgtca
cccgaggcgce
cgcgagatcg
atcatgaacg
ctcgtcgtca
aacgccctgt
cgcgaggccc
tgcatcgtca
ggcgagccgg
gccttcecegece
ggcatcaacc
atcgacgtgc
ctcgccgaga
gctgtcgaag

<210>
<211>
<212>
<213>
<400>

118
390
PRT

118

Met Asp Val His Glu Tyr Gln Ala Lys

1

Val Ala Val

Ala Ala

35

Tyr

Ile His Ala

50

Thr
65

Tyr Asn

Leu Val Thr

Tyr Val Glu

Val Leu Asp

Ile val Thr Pro

Leu Ala Asp Gln

Pro Gln Asn Val

280

295

val

310

acgagtacca
tggctttcag
cggtgaaggc
gcacctacaa
tccagaccgg
tcgagcgtga
tcgcctceccca
tgatccaggt
cgttccagct
cctaccgggce
ccaaggacga
tccgecgecg
aggctgccga
acggcgcggyg
caaacttcct
tcgttctgtc
gctgcgactg
cgctcatcgt
gcgggctcega
cctgccacgg

5

Pro
20

Lys
Thr Glu
Gly Ala
Glu val

Gln
85

Leu

Thr
100

Ala

Arg Lys

Gly

Leu

Arg

Arg

70

Thr

Asp

Ala

extorquens malate thiokinase

agccaaggag
cccggatcaa
tcagatccat
tgaagtgcgc
ccccgagggce
actctatctc
gcgcggcgge
cgtggtcgag
cggcctcaac
gttccgcgac
ccgggttctg
caacatcgcg
gcacaatctc
tctggccatg
ggatgtgggc
ggaccgcaac
ggtcgcggag
gcggctcgcec
cctcatcacc
cgccaagcac

extorquens malate thiokinase

Ala Val

Gly Gly

40

Gly
55

Lys
Asp Ala
Gly Pro
Phe

Pro

Glu Arg

102

Glu Ala

ctgctcgcga
gcggtctatg
gccggcgcege
gacgccgccec
aagccggtgc
ggctacgtgc
atggatatcg
ccggcggtgg
atcaagcagg
tgcgacggca
gcactcgacg
gacatgcacg
agctatatcg
gcgaccatgg
ggcggtgcecea
gtgaaggcga
ggcgtggtca
ggcacgaacg
gccgacaccc

Glu Leu
10

Ala
25

Phe Ser

Ser Phe Trp

Ala Gly Gly

Ala Arg Asp

75
Glu Gly
90

Lys

Glu
105

Arg Glu

Val Arg Val

285

300

(beta subunit)

gcttcggggt
cggcgaccga
gcggcaaggc
gcgacctgcet
agcgcgtcta
tcgatcggaa
aggagatcgc
gcctgcagca
tctcggeccge
ccatgctgga
ccaagatgtc
atccatcgca
gcctcgaggg
acatgatcaa
gcccggaccg
tcctcgtcaa
aggccgcgceg
tcgatgaagg
ttacggaagc

(beta subunit)

Leu Ala Ser

Gln
30

Pro Asp

Ala val

45

Lys

Leu Leu

60

Lys

Leu Leu Gly

Pro Val

Leu Leu

110

Tyr

Ile Ala Ser

Gln

His Val Ala Trp Ala Ser Lys Glu Ala

Leu Val Asp Asn Val Glu Ala Phe Val

cgccgtcccg
gctcggeggce
gggcgggctc
gggaaaacgc
cgtcgagacc
ggccgagcegce
cgccaaggag
gttccaggcce
ggtgaagacc
gatcaacccg
cttcgacgac
gggcgatccc
cgaaattggc
gcacgcggge
cgtcgccacyg
catcttcgcc
cgaggtgaag
caagaagatc
cgcgcgcaag

Phe
15

Gly

Ala Val

Ala Gln

Cys Arxg

Lys Arg

80
Arg Val
95

Gly Tyr

Gln Arg

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

1020
1080
1140
1170



115 120 125

Glu Glu Ile Ala

135

Ile Ala Glu Ala

140

Gly Gly Met Pro Glu Leu

130

Asp Lys

Ala Val Ala

160

Gln val val Glu

150

Leu Gln Gln Phe Gln

155

Ile Val Pro

145

Gly

Gln Ile Gln vVal Ser Ala

175

Asn
170

Glu Ile Ala Phe Leu

165

Arg Leu Gly Lys

Thr Ala

180

Ala Vval Lys Ile Met Asn Tyr Arg Ala Phe

185

Arg Asp

190

Cys Asp

Thr Met Glu Ile vVal

195

Pro Leu Val Thr

200

Gly Leu Asn Lys

205

Asp Asp Arg

Val Leu Ala Leu Ala Met Ser Phe Asn Ala Leu Phe

210

Asp Lys

215

Asp Asp

220

Ala
230

Gln Pro

240

Pro Ser

235

Arg Asn Ile Met His Asp

225

Arg Arg Asp Gly Asp

Glu Ala Glu Ile Leu Glu

255

Leu Ser

250

Ala Gln Ala His Asn

245

Arg Tyr Gly

Gly Glu Ile Gly Ile Vval Ala Ala Ala Thr

260

Met
270

Cys Asn Gly Leu

265

Gly

Ala Glu Ala Asn Phe Leu

285

Met Met Ile His Pro

275

Asp Lys Gly

280

Gly Asp

val Ala vVal Thr

300

Gly Ala Phe

290

Gly Gly Pro Ala Leu

295

Ser Asp Arg Arg

val
305

val Ala Ile Ala

320

Leu Val Asn Ile Phe

315

Asn
310

Leu Ser Asp Arg Lys

Glu
330

Val Ala Ala Ala

335

Gly Ile Asn Axrg Cys Val val

325

Asp Trp Gly Lys

Glu val Ile vVal Ile Val Ala

350

Leu Leu Thr

345

Arg Lys Pro

340

Asp Arg Gly

Val Glu Ile Ala

360

Asn Asp Leu Glu Ser Leu Leu

355

Gly Lys Lys Gly

365

Asp

Ile Thr

370

Thr Thr

375

Ala Asp Leu Glu Ala Ala Arg Lys Ala Val Glu Ala

380
His
390

Cys His Ala

385

Gly Lys

<210>
<211>
<212>
<213> Methylobacterium
<400> 119

119
780
DNA

extorguens malate thiokinase (alpha subunit)

atgagcattc
ggcaccttcc
ccgggcaagg
gtggaggcga
gcgatcatgg

tcatcgacga
acgccaagga
gcggcaagac
ccggcgcecac
aggcggccga

gaagaccccg
gatgatcgcc
ccattgcggc
cacctcgatc
cgccggcctce

atcctggtcc
tacggctcga
gtgccggtgt
accttcgtgg
aagctcgtct

agggcatcac
acgtcgtcgg
tcaacaccgt
cgcccccecett
gctcgatcac

gggcgacaag
cggcgtcacc
caaggaggcc
cgcggcggac
cgacggcatc

60
120
180
240
300



cccgctcagg
acgatggtgg
atcatgcccg
ctgggctacg
ggcatcggcg
caggatcccg

gaggcctcgg
ctcaccgccc

<210>
<211>
<212>
<213>
<400>

120
260
PRT

120

Met Ser Ile Leu Ile Asp

1

Thr Gly Asp

val
35

Ser Asn

Cys Gly Val

Gly
65

Ala Thr

Ala Ile Met

Thr Asp Gly

Arg Arg Tyr

115
Ala

Gly Ile

130
His Ile
145

Tyr

Leu Gly Tyr

Ser Thr Ser

His
195

Leu Asp

Leu Met

210

Ile

Trp
225

Ile Lys

Leu Thr Ala

Gly Ser Gly

acatgatgcg
tgggcccgaa
gccacatcta
aggccgccgce
gcgatccgat
agacggaagc
cctggatcaa
ccaagggccg

Methylobacterium

5

Lys
20

Gly
val Gly
Pro Val
Thr

Ser

Ala
85

Glu

Ile
100

Pro
Pro Lys
Ile

Ser

Leu Pro

Thr

Gly

Phe

Ile

70

Ala

Ala

Glu

Pro

Gly

ggtgaaacgc
ctgcgcgggce
cctcccgggc
gcagatgaag
caacggctcc
cgtgctgatg
ggagaacttt
ccgcatgggg

Phe His

Thr
40

val

Asn Thr

55

Thr Phe

Asp Ala

Gln Asp

Lys Arg

120

Gly
135

Lys

Lys Val

150

Glu Ala

165

Val
180

Gly
Leu Ala
Gly Glu

Glu Asn

Ala

Ile

Leu

Ile

Phe

Ala Gln

Gly Gly

Phe Glu

200

Gly
215

Gly

Ser Lys

230

Pro Lys

245

Gly

Gly

Arg Arg

104

tacctccggce
atcatctcgc
aaggtcggcg
gagctcggca
tccttecteg
atcggcgaga
tccaagccecg
catgcgcacc

extorquens malate thiokinase

10

Ala
25

Lys Glu

Pro Gly Lys

Val Lys Glu

VvVal Ala Pro

75

Leu
90

Gly Lys

Met
105

Met Arg

Thr Met Val

Ser Met Leu

vVal Ile

155

Gly

Met Lys Glu

170

Asp Pro Ile

185
Gln

Asp Pro

Pro Gln Glu

Val Ile

235

Pro

Met Gly His

250

gctatccgaa
ccggcaagtc
tcatctcccg
tcggcatctc
accacctcgc
tcggecgggcec
tgatcggctt
atggcttcgg

(a

Glu Lys Thr Pro Ile Leu Val Gln

Ile Ala

30

Met

Gly Gly

45

Lys

Ala
60

val Glu

Pro Phe Ala

Leu Val Cys

Val Lys Arg

110
val

Gly Pro

125
Ile

Gly Met

140
Ser

Ser Arg

Leu Gly Ile

Ser
190

Asn Gly

Glu Thr

205

Glu

Ala Ala

220

Glu

Gly Phe Val

Ala His His

ggagaagcgce
gatgctcggc
ttcecggcacg
gacctccgtce
tctgttcgag
gcaggaggcc
cgtggcgggc
cagcggcggg

lpha
Gly Ile
15

Tyr Gly

Thr His

Ala Thr

Ala Asp

80
Ser Ile
95

Tyr Leu

Asn Cys
Pro

Gly

Thr
160

Gly

Gly Ile

175

Ser Phe

Ala Vval

Ser Ala

Ala Gly

240
Gly Phe
255

subunit)

360
420
480
540
600
660
720
780



105

260
<210> 121
<211> 975
<212> DNA
<213> Methylobacterium extorquens
<400> 121
atgagcttca ccctgatcca gcaggccacc ccgcgcctgce
cccggctcca acccgacctt catggagaag tcggccgcect
ctcgacctcg aggacgcggt tgcgcccgac gacaaggagc
caggccctca acgacctgga ttggggcaac aagaccatga
gacacccact acatgtaccg cgacgtggtg gacatcgtgg
atgatcctga tccccaaggt cggcgtgccg gecgacgtct
acgcagatcg agcaggccaa gaagcgcgag aagaagatcg
accgcgctecg gcatggccaa tgtcgaggcg atcgcgacct
atgtccttcg gtgtcgeccga ctacgccgct tccacccgeg
ggcgtcaacg ccgattacag cgtgctcacc gacaaggacg
cactggcagg atccgtggct gttcgcccag aaccgcatgc
ggcctgcgece cgatcgacgg tceccttecgge gacttctcecg
gccgctcecgece gectgegecege gctcggctte gagggcaagt
atcgatctcg ccaacgaggt cttcaccccc tccgaggccg
atcctggaag ccatggaaga ggccgccaag gccggccgcg
cgtctcatcg acatcgcctc gatccgcatg gccgaggcgc
atgggcggaa agtaa
<210> 122
<211> 324
<212> PRT
<213> Methylobacterium extorquens
<400> 122
Met Ser Phe Thr Leu Ile Gln Gln Ala Thr Pro
1 5 10
Glu Leu Ala Val Pro Gly Ser Asn Pro Thr Phe
20 25
Ala Ser Lys Ala Asp Val Ile Phe Leu Asp Leu
35 40
Pro Asp Asp Lys Glu Glin Ala Arg Lys Asn Ile
50 55
Asp Leu Asp Trp Gly Asn Lys Thr Met Met Ile
65 70 75
Asp Thr His Tyr Met Tyr Arg Asp Val Val Asp
85 90
Pro Arg Leu Asp Met Ile Leu Ile Pro Lys Val
100 105
Val Tyr Ala Ile Asp Val Leu Thr Thr Gln Ile
115 120
Arg Glu Lys Lys Ile Gly Phe Glu Val Leu Ile
130 135
Met Ala Asn Val Glu Ala Ile Ala Thr Ser Ser
145 150 155
Met Ser Phe Gly Val Ala Asp Tyr Ala Ala Ser
165 170

accgctcgga
cgaaggccga
aggcccgcaa
tgatccgcat
aggcctgccc
acgccatcga
gcttcgaggt
cgtctaagcg
cccgctccac
aggccggcaa
tggtcgcctg
atccggacgg
gggcgatcca
aggtcaccaa
gcgcecgtectce
tgatccagaa

Arg Leu His

Met Glu Lys

Glu Asp Ala

45

Ile
60

Gln Ala

Arg Ile Asn

Ile val Glu

Gly Vval Pro

110

Glu Gln Ala

125

Glu Thr Ala

140

Lys Arg Leu

Thr Arg Ala

actcgcggtt
cgtgatcttc
gaacatcatc
caacggtctc
gcgcctcgac
cgtgctgacg
gctgatcgag
ccttgaggcg
cgtgatcggc
ccgccagacc
ccgcgcctac
ctacacctcg
cccctegcecag
ggccecgceccgce
gctcgacggce
ggccgacgceg

Arg Ser

15

Ser Ala

Val Ala
Asn

Leu

Leu
80

Gly

Ala
95

Cys

Ala Asp

Lys Lys

Leu Gly

Glu Ala

160
Arg Ser
175

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
975



Thr Val Ile

Glu Ala

195

Asp

Gln
210

Ala Asn

Ile
225

Asp Gly

Ala Ala Arg

His Pro Ser

Ala Glu Vval

275
Ala

Lys Ala

290

Ile
305

Ala Ser

Met Gly Gly

<210>
<211>
<212>
<213>
<400> 123
gtgagcattc
aatgcggcaa
gctttcgtgt
aaaaacgtta
accgccctca
tcceccgaaca
cggctgaaaa
atcatgtctg
ctctgcaacc
aacgaggcga
ggcggtgacg
cctgcaacca
gcagagtggc
tgccaggagg
aagggcgctg
cccgatacct
tctggcgcecceca
agcgttcagg
atctccgacg
tcgaaagggt
cgcgaggagt
gtgtctggeg
gtctctgceg
aaatacttca
atgaagaaaa
cccgaccagc
ccgattctca
atcctgaacg

123
1833
DNA

Gly
180

Gly
Gly Asn
Arg Met

Pro Phe

val

Arg

Leu

Gly

Asn Ala

Gln Thr

200

val
215

Ala

Asp Phe

230

Arg Cys

245
Gln Ile
260

Thr Lys

Gly Arg

Ile Arg

Ala

Asp

Ala

Gly

Met

Ala Leu

Leu Ala

Arg Arg

280

Ala
295

vVal

Ala Glu

310

Lys

tcgcaaataa
aacgcatggc
atccgecccga
ccgtcectatcec
tctacctcgg
ttcagctggt
aacttgccca
ctggcgagtg
tctatcgtca
tgtggctttg
cctatccggg
aggcggtcgt
tggcagccga
ttctceccgeca
gctcagcccg
ttggcggtct
tcaagccgaa
aggttatgaa
atcgtggcga
atggtatcga
ccgagatcat
cctttggcac
gtatgaccat
aaatgggtgt
acgtcggccc
gcgtgaagta
actacgcgct
tcgatggcac

Chlorobium tepidum TLS

agatacccgg
ccagttcgac
agcgggccag
gtctctggcect
cgcatcgaga
ctcgatgatc
gaagcttggc
ccgtctceggt
gggttcgttc
cgcccagaat
caccgatttc
catgatcggc
accacgccgce
gggtatgaag
ctccaagatg
gagcaaggcyg
gcccgaaatc
gcagggtgaa
agagcctcgc
ggatgtcatc
caagcgcatc
tatcctcgcecce
gatcggtccg
caaggagtat
ggttcccggce
cctcgtcagce
cgaagtcgaa
cataggttgc

Asp

185

His

Cys

Ser

Gly

Asn

265

Ile

Ser

Ala

106
Tyr Ser
Trp Gln
Ala

Arg

Pro
235

Asp

Phe
250

Glu
Glu val
Leu Glu
Leu

Asp

Ile
315

Leu

gcggtcatca
tacctgatca
cagaaagaaa
ccagctctca
gcgaccgagg
actgaaggtg
aagatgctga
gtgatcggcg
ggtgttctaa
ggtgatggta
gtcacctatc
gaggttggcyg
atcaagctga
tttggtcacg
aacgctctgc
atcaagcagg
gacgaggcgce
gtggttgtcg
tatgccggtt
ggcctgectcet
atcatgatct
gcctgecgecag
cgctttggcg
ccgaacgaca
attggccaca
tacgtgaaga
aagatcacga
atccttatgg

Thr
190

Val Leu

Pro
205

Asp Trp

Tyr Gly Leu

220

Asp Gly Tyr

Gly Lys Trp

Phe Thr Pro

270
Ala

Met Glu

285
Gly Leu
300

Arg

Gln Lys Ala

ttggtggtgt
accgtccget
tcttccgecgg
atgagcatcc
ccgcgatgga
ttccggaaaa
acggcccgtc
gcgagtaccg
ccaagtccgg
tcacctctgce
ttgaaatgtt
gtaatctcga
tcgecegcecat
ctggcgcgaa
gtgaagccgg
tctatgaaga
tgctgecctga
aaccgctcat
atgccgcecttce
ggagcaagaa
ctgctgacca
gcatcgatat
gtgctgtgac
ttcccggett
gggtcaagag
acgaaacctc
ccgccaagaa
acctcggcectt

Asp Lys

Leu Phe

Arg Pro

Thr Ser

240
Ala Ile
255

Ser Glu

Glu Ala

Ile Asp

Ala
320

Asp

ggcaggcgtc
gaccgtccag
tggcgaactc
ggacatcaac
agcgcttgaa
ggacgccaag
gtcgattggc
caacctgaaa
cggtctgtcc
cgtggctatt
cgagaaggat
agaggaagct
tggcggtacc
agagggcaaa
tgcgctcgtg
gttgctcgct
gctaccgccg
ccgcaccacc
ggagctttgc
gcttccgagce
cggtccggcea
gccgcaggcece
caacgctggc
ccttgcctgg
tctcaggaat
gctgcacacg
ggagaacctg
cccggagcac

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

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680



107

tctctgaatg gcttcttecgt gctggcccgt accattggca tgatcggcca ctggatcgac 1740
cagaacaacc agaactcgcg tctgatcagg ctctacgatt acctgatcaa ctacgccgtce 1800

aaaccggaac gcccggttcc cgacaagaag taa 1833
<210> 124
<211> 610

<212> PRT
<213> Chlorobium tepidum TLS

<400> 124
Met Ser Ile Leu Ala Asn Lys Asp Thr Arg Ala Val Ile Ile Gly Gly
1 5 10 15

val Ala Gly Val Asn Ala Ala Lys Arg Met Ala Gln Phe Asp Tyr Leu
20 25 30

Ile Asn Arg Pro Leu Thr Val Gln Ala Phe Val Tyr Pro Pro Glu Ala
35 40 45

Gly Gln Gln Lys Glu Ile Phe Arg Gly Gly Glu Leu Lys Asn Val Thr
50 55 60

Val Tyr Pro Ser Leu Ala Pro Ala Leu Asn Glu His Pro Asp Ile Asn
65 70 75 80

Thr Ala Leu Ile Tyr Leu Gly Ala Ser Arg Ala Thr Glu Ala Ala Met
85 90 95

Glu Ala Leu Glu Ser Pro Asn Ile Gln Leu Val Ser Met Ile Thr Glu
100 105 110

Gly val Pro Glu Lys Asp Ala Lys Arg Leu Lys Lys Leu Ala Gln Lys
115 120 125

Leu Gly Lys Met Leu Asn Gly Pro Ser Ser Ile Gly Ile Met Ser Ala
130 135 140

Gly Glu Cys Arg Leu Gly Val Ile Gly Gly Glu Tyr Arg Asn Leu Lys
145 150 155 160

Leu Cys Asn Leu Tyr Arg Gln Gly Ser Phe Gly Val Leu Thr Lys Ser
165 170 175

Gly Gly Leu Ser Asn Glu Ala Met Trp Leu Cys Ala Gln Asn Gly Asp
180 185 190

Gly Ile Thr Ser Ala Val Ala Ile Gly Gly Asp Ala Tyr Pro Gly Thr
195 200 205

Asp Phe val Thr Tyr Leu Glu Met Phe Glu Lys Asp Pro Ala Thr Lys
210 215 220

Ala val val Met Ile Gly Glu Val Gly Gly Asn Leu Glu Glu Glu Ala
225 230 235 240

Ala Glu Trp Leu Ala Ala Glu Pro Arg Arg Ile Lys Leu Ile Ala Ala
245 250 255

Ile Gly Gly Thr Cys Gln Glu Val Leu Pro Gln Gly Met Lys Phe Gly
260 265 270

His Ala Gly Ala Lys Glu Gly Lys Lys Gly Ala Gly Ser Ala Arg Ser
275 280 285



Lys

Gly

305

Ser

Glu

Val

Pro

Gly

385

Arg

His

Ala

Gly

Met

465

Met

Ser

Lys

val

Asp

545

Ser

His

Asp

Lys

Met

290

Gly

Gly

Leu

Glu

Arg

370

Ile

Glu

Gly

Gly

Pro

450

Gly

Lys

Leu

Asn

Glu

530

Gly

Leu

Trp

Tyr

Lys
610

Asn

Leu

Ala

Pro

Pro

355

Tyr

Glu

Glu

Pro

Ile

435

Arg

val

Lys

Arg

Glu

515

Lys

Thr

Asn

Ile

Leu
595

Ala

Ser

Ile

Pro

340

Leu

Ala

Asp

Ser

Ala

420

Asp

Phe

Lys

Asn

Asn

500

Thr

Ile

Ile

Gly

Asp

580

Ile

Leu

Lys

Lys

325

Ser

Ile

Gly

Val

Glu

405

vVal

Met

Gly

Glu

Val

485

Pro

Serxr

Thr

Gly

Phe

565

Gln

Asn

Arg

Ala

310

Pro

val

Arg

Tyr

Ile

390

Ile

Ser

Pro

Gly

Tyr

470

Gly

Asp

Leu

Thr

Cys

550

Phe

Asn

Tyr

Glu

295

Ile

Lys

Gln

Thr

Ala

375

Gly

Ile

Gly

Gln

Ala

455

Pro

Pro

Gln

His

Ala

535

Ile

val

Asn

Ala

Ala

Lys

Pro

Glu

Thr

360

Ala

Leu

Lys

Ala

Ala

440

val

Asn

Val

Arg

Thr

520

Lys

Leu

Leu

Gln

Val
600

Gly

Gln

Glu

Val

345

Ile

Ser

Leu

Arg

Phe

425

vVal

Thr

Asp

Pro

val

505

Pro

Lys

Met

Ala

Asn

585

Lys

Ala

Val

Ile

330

Met

Ser

Glu

Trp

Ile

410

Gly

Ser

Asn

Ile

Gly

490

Lys

Ile

Glu

Asp

Arg

570

Ser

Pro

108

Leu

Tyx

315

Asp

Lys

Asp

Leu

Ser

395

Ile

Thr

Ala

Ala

Pro

475

Ile

Tyxr

Leu

Asn

Leu

555

Thr

Arg

Glu

Val

300

Glu

Glu

Gln

Asp

Cys

380

Lys

Met

Ile

Gly

Gly

460

Gly

Gly

Leu

Asn

Leu

540

Gly

Ile

Leu

Arg

Pro

Glu

Ala

Gly

Arg

365

Ser

Lys

Ile

Leu

Met

445

Lys

Phe

His

Val

Tyr

525

Ile

Phe

Gly

Ile

Pro
605

Asp

Leu

Leu

Glu

350

Gly

Lys

Leu

Ser

Ala

430

Thr

Tyr

Leu

Arg

Sexr

510

Ala

Leu

Pro

Met

Arg

590

Val

Thr

Leu

Leu

335

vVal

Glu

Gly

Pro

Ala

415

Ala

Met

Phe

Ala

Val

495

Tyr

Leu

Asn

Glu

Tle

575

Leu

Pro

Phe

Ala

320

Pro

vVal

Glu

Tyr

Ser

400

Asp

Cys

Ile

Lys

Trp

480

Lys

Val

Glu

Val

His

560

Gly

Tyr

Asp



125
1197
DNA

<210>
<211l>
<212>
<213>
<400> 125
atggctaaaa
cctaattatg
tggctgcgtg
cttggtcttg
ctcggcgcca
catgacgcag
tccaaatatg
cctctcgatg
gaaggcgaaa
aacgaggacg
ttcgectgcgce
tgggatttca
atggacatcg
atcgctcttc
cgcggcggca
gaagcgctca
gctatcgcca
gaaagcaagt
aacgaggctc
gtctacgacc

<210>
<211>
<212>
<213>
<400> 126
Met Ala Lys
1

126
398
PRT

Gly Ile Pro

Ala Gln Leu

35

val Lys Ala

50

Lys Ile Gly

65

Leu Gly Ala

Glu Met Leu

Arg Asp Gly

115
Glu

Asp Asn

130
His Thr
145

Pro

Glu Gly Glu

ttcttgaagg
ttgttatcat
aatcaaaact
tcaaaatcgg
aagtcggtac
aattctatgt
gcggtgtcga
aacatccgac
tcgeccgageg
cacagtctat
tcgacgccgt
agccggtttc
actccaggat
tgaccgcagg
ccatcgccaa
ccgaaaccat
acttcaccga
cgaaaggcta
agggccttgce
gctccatgcc

Ile
5

vVal
20

Pro

Gly Glu

His Glu
Asn

Leu

val
85

Lys

Asp His

100

Ala Glu

Trp

Asp

Ile Glu

Leu Glu Gly

Asn

Ala

Ala

Leu

70

Gly

Asp

Leu

Ser

Gln

Chlorobium tepidum TLS

gcctgccatg
ggaccctaaa
tgtcgtcaag
actcaatctc
ggctgaagtc
ctccattatc
tatcgaggat
catcgagcaa
cgtcggcaaa
cgaaatcaac
gatgaacgtc
tgaaattggc
caagggttcg
cggaggcgca
ctatgcagag
ctgccgtttg
tgtcaaggca
cctcgaaggc
cgccatcagg
gatgaccgat

Chlorobium tepidum TLS

Pro

Tyr Val

Asn Lys

40

Ile
55

Gly
Asp Glu
Thr Ala
Ala Glu

Ile
120

Leu

Val
135

Arg

Leu Thr

150

Ala
165

Ile

Glu

Arg Val

109

aaattgttca
cgtcttgcac
gctcacgaag
gatgaggcaa
cgccaggtca
ggcaacagag
aactgggaca
ctgaccgcgce
atctgttccc
ccgctggtca
gattgggacg
cgtccgttta
gtcaagttcg
tcggtgttcet
tattcgggcg
cccaatatca
accttcagcg
gtcaaaatct
aagctccagg
attgtcgacc

Ala Met

10

Lys

Val
25

Ile Met

Trp Leu Arg

Gly Arg Phe

Ala Ile Gln

75
Glu val
90

Arg

Phe vVal

105

Tyx

Ser Lys Tyr

Arg Ile Gln

Ala Ala

155

Leu

Gly Lys Ile

170

acaagtgggg
agcttggtga
cgatcggcgg
tccaggcctc
tcgtggcaga
atggtgccga
gcgttcgecg
tggccaaaga
gcctecgttct
tccgcaagag
cccgtttecg
ccgaagccga
ttgaggtgcc
atgccgacgc
acccgcctga
agcacatcat
gtatcatcaa
gggtacgccg
aggaaggctt
tggctctgaa

Leu Phe Asn

Asp Pro Lys

30
Glu Ser
45

Lys

Lys Leu Gly

60
Ala

Ser Arg

Gln Val Ile

Ile
110

Ser Ile

Gly Gly Vval

125

Ile
140

Pro Leu

Lys Glu Ala

Cys Ser Arg

cattcctgtg
agctaataaa
ccggttcaag
cagggagatg
aatgctcgat
gttactgatt
catccagatt
ggccggtttt
ctgcttcgac
cgacatgcgt
tcacgccgac
gcagcagatc
tggcggtgaa
agtcgtggct
ctgggccgtg
cgtcggtgge
cggtttgcgc
tggcggtccg
cgacattcac
gtcttga

Lys
15

Trp

Arg Leu

Leu Val

Leu Val

Glu Met

80
val Ala
95

Gly Asn

Asp Ile
Asp Glu

Phe
160

Gly

Leu Val

175

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

1020
1080
1140
1197



Leu

Val

Asn

Pro

225

Met

Pro

Phe

Ala

Glu

305

Ala

Asn

Ile

Ile

Ser
385

Cys

Ile

val

210

val

Asp

Gly

Tyr

Glu

290

Thr

Ile

Gly

Trp

Arg

370

Met

Phe

Arg

195

Asp

Ser

Ile

Gly

Ala

275

Tyr

Ile

Ala

Leu

Val

355

Lys

Pro

Asp

180

Lys

Trp

Glu

Asp

Glu

260

Asp

Ser

Cys

Asn

Arg

340

Arg

Leu

Met

Asn

Ser

Asp

Ile

Ser

245

Ile

Ala

Gly

Arg

Phe

325

Glu

Arg

Gln

Thr

Glu Asp

Asp Met

Ala Axg

215

Gly
230

Arg
Arg Ile
Ala Leu
val val

Pro
295

Asp

Leu Pro

310

Thr Asp

Ser Lys

Gly Gly

Glu Glu

375
Asp Ile
390

Ala

Arg

200

Phe

Pro

Lys

Leu

Ala

280

Pro

Asn

val

Ser

Pro

360

Gly

Val

Gln

185

Phe

Arg

Phe

Gly

Thr

265

Arg

Asp

Ile

Lys

Lys

345

Asn

Phe

Asp

Ser

Ala

His

Thr

Ser

250

Ala

Gly

Trp

Lys

Ala

330

Gly

Glu

Asp

Leu

110

Ile

Ala

Ala

Glu

235

Val

Gly

Gly

Ala

His

315

Thr

Tyr

Ala

Ile

Ala
395

Glu

Leu

Asp

220

Ala

Lys

Gly

Thr

Val

300

Ile

Phe

Leu

Gln

His

380

Leu

Ile

Asp

205

Trp

Glu

Phe

Gly

Ile

285

Glu

Ile

Ser

Glu

Gly

365

val

Lys

Asn

190

Ala

Asp

Gln

Val

Ala

270

Ala

Ala

vVal

Gly

Gly

350

Leu

Tyr

Serxr

<210>
<211>
<212>
<213>
<400> 127
atgacgcaga
gctgaatgcg
gcgcgcgatc
gacggcatga
gtgatggacg
agtgattgcc
acctccggcec
gtgcagatcc
gacgtggctt
ggtaaagcct
gtcgtgatgce
gatcaggttg
ggcgcgaccce
gtgattgtca
gcatcgectgg

127
1533
DNA

aaattgaaca
atcttgccge
gcaaactgtg
cggtttcctt
tcatcgcgaa
atgcgccgcet
tgcgtggtcc
actctcacgg
tcctcggecgt
gctgcggcectce
ttaccgaaga
atttgatcgt
gtatgaccac
actctggcta
cggtaacccg

Escherichia coli K12

atctcaacga
tttccagaac
cgccaacctg
ccatcacgct
gatgggcttt
ggtagaacac
actggcggaa
cggtcgtgtg
ccecgtectgt
cctcggctat
actgctgcct
caaagttgac
taacccgcgce
cttcaaagaa
tttcctggaa

caagaacggg
tcgccaaagce
gaagaagcga
ttccgtggeg
aaaaacctga
attcgccagg
gagatctccc
catctggtac
gatgaattcg
gcaatagttg
tatccgcata
cgcgttggceg
gaactgctta
ggtttctcceca
gacaaaatgc

tagcggcctg
aaacctacca
ttcgtcgcecte
gtgacctgac
ccctggegtce
gcgtggttac
gtggtctgct
agagcggcga
gtaatgccaa
atgccgacaa
atccggcaag
atgctgcaaa
ttgccecgtag
tgcaaaccgg
gtagccgcecga

Pro Leu

Met

Ile
240
Glu Vval
255

Ser Val

Asn Tyr

Leu Thr

Gly Gly

320
Ile Ile
335

Val Lys

Ala Ala

Asp Arg

gaatcgtcgc
ggctgaaaaa
tggtttacag
cgtcaatatg
cagctccctg
ccgcatttat
ggcagaaccg
actgaatatc
cggctacacc
cgcaaaacag
cattgagcaa
aatcggcgct
cgctgcggat
caccggcggce
tattcgcgcc

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



gacttcgccc
cgcaaactgc
cccaatcaca
gttgatcgtc
aacgtgctga
gcgattgccect
ctggtggata
gaccacggta
ggcattaaag
ccacagccga
gtgatcgatg

<210>
<211>
«<212>
<213>
<400> 128
Met Thr Gln
1

128
510
PRT

Trp Asn Arg

Thr
35

Lys Gln

Leu Glu

50

Asn

Val Phe

65

Ser

Val Met Asp

Ser Ser Ser

Gln val

115

Gly

Ala Glu Glu

130
Ser His
145

Gly

Asp Val Ala

Asn Gly Tyr

val Ala

195

Asp

Pro
210

Leu Tyr

Leu Ile

225

val

Gly Ala Thr

ttggcggtat
tggatgtgca
tcgaaatcag
tcgacgtggt
ccggctectga
ctgcgctttc
acgtactgac
tcgcagttaa
tggtttccat
ttgaattcac
ttgtgcatca

Escherichia coli

Ile
5

Lys Gl

Arg Ala G1

20
Al

Tyr Gln

Glu Ala Il

Al
70

His His

Ile
85

vVal Al

Leu Ser

100

Val Thr

Ile Ser

Gly Arg

15
Gl

Phe Leu

165

Thr
180

Gly

Asp Asn Al

Pro His As

Lys Val

23

Arg Met

Asp

Arg

Arg

Val

Lys

Asp

Thr

taccgcgacg
gagctttgac
cgccaaccag
ggtactgagc
cggcgtactg
catcatcgtc
ctgcatcacc
cccggcacgt
tgagtggctg
agaccgcgtc
ggtgaaggaa

Ki2

u Gln Ser

u Cys Asp

a Glu Lys

40

e Arg
55

Arg

a Phe Arg

a Lys Met

Cys His

Ile Tyrx

120
Gly Leu
135
His Leu
0

Val Pro

Y
Ala Cys

Gln
200

a Lys

Pro Ala

215

n

Arg Val

0

Thr Asn

111

atggttgacc
agccatgctg
tacgctaact
gcgctggaaa
cgtggtgctt
gcgccgetgg
ccaggctcca
ccggaactgg
cgcgaacgtg
gttgccgttg
taa

Gln Arg Gln

10

Leu Ala Ala

25
Ala

Arg Asp

Ser Gly Leu

Gly Gly Asp

75

Phe
90

Gly Lys

Ala
105

Pro Leu

Thr Ser Gly

Leu Ala Glu

Val Gln Ser

155
Sex Cys
170

Asp

Cys Ser

185

Gly

Val val Met

Ser Ile Glu

Ala
235

Gly Asp

Pro Arg Glu

tgcacgaaaa
cgcaatcgct
ggggttcgaa
ttgacaccca
ccggtggtca
tacgcggtcg
gtgtcgatat
cagaacgtct
cgcgtctgcet
tgcgttaccg

Glu Arg

Phe Gln

30
Arg Lys
45

Gln
60

Asp

Leu Thr

Asn Leu

Val Glu

Leu Arg

125
Pro Val
140

Gly Glu

Glu Phe
Leu

Gly

Thr
205

Leu

Gln
220

Asp
Ala

Lys

Leu Leu

Val

Asn

Leu

Gly

vVal

Thr

His

110

Gly

Gln

Leu

Gly

Tyr

190

Glu

Gln

Ile

Tle

aggtctgatc
ggcccgtaac
aggcgcatcg
gttcaacgtt
ctgcgatacc
tattccgact
tctggtcaca
gcaggaagcg
gaccggtgaa
cgatggctcg

Ala
15

Ala

Ser Pro

Cys Ala

Thr

Met

Met
80

Asn

Leu Ala

95

Ile Arg

Pro Leu
His

Ile

Ile
160

Asn

Asn Ala

175

Ala Ile

Glu Leu
Val Asp

Ala
240

Gly

Ala Arg

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1533



Ser Ala Ala

Gln
275

Ser Met

Glu
290

Leu Asp

Gly Ile

305

Gly

Arg Lys Leu

Leu Ala Arg

Asn Trp Gly

355
Ser Ala
370

Leu

Gly Ser

385

Asp

Ala Ile Ala

Arg Ile Pro

vVal
435

Ser Ser

Ala Arg Pro

450
val Ile
465

Ser

Pro Gln Pro

Arg Asp Gly

<210>
<211>
<212>
<213>
<400> 129
atgatttccg
cctggtgcca
tttgacctcg
cacgcgctgc
gattccgaat
cgtctgccga
atcgaaaaag
ccgctgggga

129
909
DNA

245

Asp Val
260

Thr Gly

Met

Lys

Thr Ala

Ile

Thr

Arg

Thr

Val Asn

Gly Gly

280

Ser
295

Arg

Met Val

310

Leu Asp

325
Asn Pro
340

Ser Lys

Glu

Leu

Gly val

vVal

Asn

Gly

Ile

Leu

Gln Ser

His Ile

Ala Ser

360
Asp Thr
375

Arg Gly

390

Ala
405

Ser

Thr
420

Leu
Asp Ile
Glu

Leu

Glu Trp

Leu

vVal

Leu

Ala

Leu

Ser Ile

Asp Asn

vVal Thr

440

Glu
455

Arg

Arg Glu

470

Ile Glu

485
Ser Val
500

Escherichia coli

cttcgctgca
atgccgcgat
aagactccgt
aacatccgct
ggggtgttaa
aaaccgatac
cctgtggtcg
ttacccgcgce

Phe

Ile

Thr Asp

Asp Val

K12

acaacgtaaa
ggtcagcaac
agcattgcgt
gtatcgcgat
cgacctggaa
cgctcaggat
tgaacccggce
agtggaaatc

112

250

Ser
265

Gly Tyr

Ala Ser Leu

Asp Ile Arg

His
315

Asp Leu

Phe Asp Ser

330
Glu Ile
345

Ser

Val Asp Arg

Gln Phe Asn

Ala Ser Gly

395
Val Ala
410

Ile

val Thr

425

Leu

Asp His Gly

Leu Gln Glu

Arg Ala Arg

475
val val
490

Arg

Val Gln

505

His

actcgcaccc
tccttcatct
gaaaaagaca
attgaaacca
gccgtegtte
gttctggata
agcaccggcec
gctcacgctt

Glu
270

Phe Lys

val Thr

285

Ala

Ala Phe

300

Asp

Glu Lys Gly

His Ala Ala

Gln
350

Ala Asn

Leu Asp Val

365
Val Val
380

Asn

Gly His Cys

Pro Leu Val

Ile Thr

430

Cys

Ala Val

445

Ile

Ala Ile

460

Gly

Leu Leu Thr

Ala Vval val

Glu
510

Val Lys

gccgcagcat
acccggctga
ccgecccgeceg
ttgtgcgtgt
gcggtggtgce
ttgaaaaaga
tgctggcggce
ccgagcgttt

255

Gly Phe

Arg Phe
Ala

Leu

Ile
320

Leu

Gln
335

Ser

Tyr Ala

vVal val

Thr

Leu

Thr
400

Asp

Arg
415

Gly
Pro Gly
Asn Pro
Lys Val

Glu
480

Gly

Arg
495

Tyxr

gttgtttgtg
tgccctgatg
catggtttac
caacgcgctg
ggacgttgtg
gatcctgcgt
gattgaatct
gatcggtatc

60
120
180
240
300
360
420
480



gccctcggtg
gaactgctgt
ttcgataccg
atcaaacagc
cacaacctct
gctgaagccg
ggtccggtta
gaagaataa

<210>
<211>
<212>
<213>
<400> 130
Met Ile Ser
1

130
302
PRT

Met Leu Phe

Ile Pro

35

Tyr

Leu Arg Glu

50
Leu

His Pro

65
Glu

Asp Ser

Ala Asp Val

Ile Glu

115

Asp

Pro Gly Ser

130

Thr
145

Arg Ala

Ala Leu Gly

Pro Glu Gly

Ala Arg Ser

195
Asn

Asn Glu

210

Gly
225

Phe Asp

His Asn Leu

Val val Glu

cagaagacta
tcgcacgctg
tctattccga
tgggctttga
acgcaccgac
ccgctcgcecga
tcgatcgcgce

Escherichia coli

Ala
5

Val
20

Pro

Ala Asp

Lys Asp

Tyr Arg

Trp Gly

85

Val
100

Arg
Lys Glu
Thr Gly

val Glu

Ser Leu

Gly

Ala

Thr

Asp

70

val

Leu

Ile

Leu

Ile

tgtgcgcaac
ttccattttg
cgctaacaac
cggcaaatcg
ccagaaagaa
aggcctcggce
ccgtctggtg

Kiz2

Gln Gln

Ala

Asn

Met
40

Leu

Ala
55

Arg

Ile Glu

Asn Asp

Pro Lys

Leu Arg

120
Leu Ala
135

Ala His

150

Glu
165

Ala

Thr
180

Glu
Ala Gly
Ala

Gly

Gly Lys

Asp

Leu

Ile

Phe

Ser

Tyr Val

Leu Phe

Gln Ala

200
Leu Gln
215

Leu Ile

230

Ala
245

Tyr

Ala Ala

Pro

Glu

Thr Gln

Ala Ala

Arg

Ala

25

Phe

Arg

Thr

Leu

Thr

105

Ile

Ala

Ala

Arg

Ala

185

Phe

Glu

Asn

Lys

Ala

ctgcgtacag
caggccgcgc
gaagccggat
ctgatcaacc
gtggatcacg
gtggtttccc
ctctccegtg

Lys Thr

10

Ala Met

Asp Leu

Met Val

Ile Val

75
Glu Ala
20

Asp Thr

Glu Lys
Ile Glu

Glu
155

Ser

Asn Leu

170

Arg Cys

Asp Thr

Ala Ala

Pro Arg

235

Glu
250

val

Arg Glu

aacgctcccc
gctctgcggg
ttctgcaaga
cgcgtcagat
ccecgeegcegt
tgaacggcaa
cagaactttc

Arg Thr Arxg

val Asn

30

Ser

Glu Asp Serxr

45

His Ala

Tyrx
60

Arg Val Asn

Val Val Arg

Ala Gln Asp

110

Ala Cys Gly

125

Ser Pro Leu

140

Arg Leu Ile

Arg Thr Glu

Ile Leu

190

Ser

val Tyr Ser

205
His Ile
220

Lys

Gln Ile Asp

Asp His Ala

Gly Leu Gly

ggaaggaact
tattcaggcg
agccgcccac
tgatctgctg
cgtagaagcc
gatggtggac
cggcatccgc

Arg Ser

15

Ser Phe

Val Ala

Leu Gln

Ala Leu

80

Gly
95

Gly
vVal Leu
Arg Glu
Gly Ile

Ile
160

Gly

Arg Ser

175

Gln Ala

Asp Ala
Gln

Leu

Leu
240

Leu

Arg
255

Arg

val Vval

540
600
660
720
780
840
900
909



260

114

265

Ser Leu Asn Gly Lys Met Val Asp Gly Pro Val

275

280

Leu Val Leu Ser Arg Ala Glu Leu Ser Gly Ile

290

<210>
<211>
<212>
<213>
<400> 131
atgaaaataa
atcgccccac
tttggcgatg
gtacagctga
gccctgectgg

131
297
DNA

<210>
<211>
<212>
<213>
<400> 132
Met Lys Ile
1

132
98
PRT

vVal Met Ile

Ile Ser

35

Asn

Ile Leu

50

Asp

val
65

Asp Asp

Ala Leu Leu

Cys Gln

<210>
<211>
<212>
<213>
<400> 133
atggcgtttg
ggggattttt
ttccececgegg
ctttacacaa
tttaacagga
ccggaggagc
ataatgaagg
gatatacctg
gagataatag
ataaagaaat
atggagggca
gcttatccca
gtgggaggtt

133
1824
DNA

accagcccgce
tcgatacgca
caattcgcac
atgtcgatga
cacgcgccag

Escherichia coli

Asn Gln Pro

5

Arg Ile Al

20
val

Ser Gl

Val Leu Al

Al
70

Lys Gly

Ala Arg Al

85

atttgaccat
tgacggaatc
agataaaggg
caggagatgg
agcatttaag
acgagggtgt
cttacataac
tgcagtctat
aactaaacta
tggatggata
atcaggcaat
taacgccggce
ggctctatca

295

Escherichia coli K12

cgttgcaggc
ggatatcgac
caccattctg
caaaggcgca
cggtatcccg

K12

Ala Vval

Leu

a Pro

Gln
40

u Lys

a Arg
55

Tyr

a Leu Asp

a Ser Gly

caaaataggt
tgcagcacgg
tgggtatgcc
ctttgacatt
gccgggtacg
ggtcatgtat
aaagaatgta
aaaagactca
taaggctctg
ccttttccect
agccaagggt
aacgacggta
agctgaggat

acccttgagt
ctgcaaatca
gacgttctcg
ctggactgca
gctctgccat

Ala Gly Thr

10

Asp Thr Gln

25

Phe Gly Asp

Asn Val Arg

Ile Leu

75

Cys

Ile Pro Ala

90

Hydrogenobacter thermophilus

ggtgaaggtg
gctggttatt
cagtccacca
ctgtgctgtt
gtgctcgttt
ccggttcccce
atagctctgg
ataaaagcaa
gagacgggta
cctgcaaagg
gcggtggtgg
ggaaactaca
gaaatagcct

270

Ile Asp Arg
285

Arg Glu Glu
300

ctggggatgt
atagcagcgt
cccgctacaa
ttttacgtgc

gggaggattg

Leu Glu Ser

Asp TIle Asp

30

Ile
45

Ala Arg

Gly Val Gln

60
Ala

Arg Arg

Leu Pro Trp

gtgaaggtgt
atgtggttaa
tcagagtctc
ttaatggtga
atgactcttc
tctcccatct
gtgttctctg
agtttttaag
taaactatgt
aaccaaaaga
caggctgtaa
tagtagaaga
ccctcggtat

Ala Arg

gatgatacgc
tgagaaacag
cgtgcgcggce
acgactggaa
ccaatga

Gly
15

Asp
Gln

Leu

Thr Thr

Asn

Leu

Glu
80

Leu

Glu
95

Asp

tatatccgcc
ctttaagagc
caacaaaaag
ggcttacgaa
ggattttgag
ggcaaaggac
tgggctgttt
aaagggacag
cagggagaat
tgtggtaatc
gttttatgca
cctcataagg

ggctttaggg

60
120
180
240
297

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



gcttcttttg
acggagttta
agggtaggac
atatactcag
agcttttacc
gttctgacgg
gacattaagg
agaagagctg
ggtgtacccg
tcagacccaa
atggaaaagc
aaggctgaca
gagagactaa
ctcagggtgg
agtaactaca
agctactgca
tatgtactgg
gaaaaggctt

134
607
PRT

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

<400> 134

Met Ala Phe Asp Leu Thr Ile Lys Ile

1

Val Ile Ser

Val
35

Tyr Tyr

Ala Gln

50

Tyr

Gly
65

Asp Gly

Phe Asn Arg

Ser Asp Phe

Ser
115

Pro Leu

Val
130

Asn Ile

Gln
145

Ser Ile

Glu Ile Ile

Val Arg Glu

Lys Glu Pro

195

caggcgtaaa
tctcttacgc
ctgcaacggg
ggcacggtga
ttactgtgga
atgcatccct
tgataaacag
gaagatttct
gagaccccaa
gaaacagacc
tcctgaggga
taggtatcat
ggagcaaagg
atatactgga
gcggtcagcect
tatacagggg
agaactctta
acggactaat

5

Ala
20

Gly
Val Asn
Sexr Thr
Phe

Asp

His
85

Lys

Glu
100

Pro
His Leu
Ala

Leu

Lys Asp

Asp

Phe

Ile

Ile

70

Leu

Glu

Ala

Gly

Ser

agctatgacc
aggtatgacg
tatgcctacc
gataccaagg
ggctttcaat
ttctctgaga
atgggtctat
taggtatgcc
cgccatacac
tgacataaga
agatgcggaa
atcctggggt
tagaaaaata
aaactttgca
tgcaactgtg
agaacccttt
cattgaggag
ttaa

Phe Leu

Ser
40

Lys

Arg Val

55

Leu Cys

Arg Pro

Glu His

Lys Asp

120

vVal
135

Leu

Ile Lys

150

Glu Leu

165
Asn Ile
180

Lys Asp

Asn

Lys

val

Tyr Lys

Lys Leu

val Ile

200

115

gccacctccg
gagcttccca
aagcacgaac
gcagtgcttg
ctggcggaaa
gcggaagcct
aatgcagaag
ctttttaccg
gccataacgg
acatggcaga
aagttttacg
cttaccgcat
aacgccttgt
aaaagctgta
cttagggctg
ataccgaggg
ggcaaattta

Hydrogenobacter thermophilus

Gly
10

Gly

Thr
25

Glu Ser

Phe Pro Ala

Ser Asn Lys

Phe Asn

75

Cys

Thr
90

Gly Val

Glu
105

Gly Val

Ile Met Lys

Cys Gly Leu

Ala Phe

155

Lys

Ala Leu Glu

170

Asp
185

Gly Tyr

Met Glu Gly

gaccgggatt
tagtgatagt
agggagacct
ctcccaccaa
agtatcagat
tccctactcec
atgaccccga
aggacggcat
ggcttgagcg
tggacaaaag
agatggatgc
ccgctacaaa
atcccaagct
ggagaataat
aaacgcgtat
agatagagga
cacctgcaaa

Glu Gly Gly

Ala Ala Arg

30
Glu Ile
45

Lys

Lys Leu

60

Tyr

Gly Glu Ala

Leu Val Tyr

Val Met Tyr

110
Ala

Tyr Ile

125

Phe
140

Asp Ile

Leu Arg Lys

Thr Gly Ile

Phe Pro

190

Leu

Gln
205

Asn Ala

atgccttatg
ggatgtgcag
ctaccacgcc
tgtggaagag
acccgttata
aaaggtaaag
gggtaagttc
aacgcctatg
tcaagaaaac
gtttaagaag
accctttgag
ggaggctgtt
cctectggcecca
catgcctgag
aagacctata
gtttatagag
cctttacggce

Glu
15

Gly
Ala Gly
Gly Gly
Thr Thr

Glu
80

Tyr

Asp Ser

95

Pro Val

Thr Lys
Val

Pro

Gln
160

Gly

Asn
175

Tyr
Ala

Pro

Ile Ala

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1824



Lys

Thr

225

Val

Met

Ser

Met

Ala

305

Ile

Asn

Glu

Leu

Ile

385

Arg

Ile

Thr

Ile

Leu

465

Lys

Lys

Leu

Phe

Gly

210

Pro

Gly

Ala

Gly

Thr

290

Thr

Tyr

val

Lys

Arg

370

Asn

Arg

Thr

Gly

Arg

450

Arg

Ala

Glu

Tyx

Ala
530

Ala

Ala

Gly

Leu

Pro

275

Glu

Gly

Ser

Glu

Tyr

355

Ala

Arg

Ala

Pro

Leu

435

Thr

Glu

Asp

Ala

Pro

515

Lys

Val

Thr

Trp

Gly

260

Gly

Leu

Met

Gly

Glu

340

Gln

Glu

Trp

Gly

Met

420

Glu

Trp

Asp

Ile

val

500

Lys

Ser

val

Thr

Leu

245

Ala

Leu

Pro

Pro

His

325

Sexr

Ile

Ala

Val

Arg

405

Gly

Arg

Gln

Ala

Gly

485

Glu

Leu

Cys

Ala

Val

230

Tyr

Ser

Cys

Ile

Thr

310

Gly

Phe

Pro

Phe

Tyr

390

Phe

val

Gln

Met

Glu

470

Ile

Arg

Leu

Arg

Gly

215

Gly

Gln

Phe

Leu

Val

295

Lys

Glu

Tyr

val

Pro

375

Asn

Leu

Pro

Glu

Asp

455

Lys

Ile

Leu

Trp

Axg
535

Cys

Asn

Ala

Ala

Met

280

Ile

His

Ile

Leu

Ile

360

Thr

Ala

Arg

Gly

Asn

440

Lys

Phe

Ser

Arg

Pro

520

Ile

Lys

Tyr

Glu

Gly

265

Thr

Val

Glu

Pro

Thr

345

val

Pro

Glu

Tyr

Asp

425

Ser

Arg

Tyr

Trp

Sexr

505

Leu

Ile

Phe

Ile

Asp

250

val

Glu

Asp

Gln

Arg

330

Val

Leu

Lys

Asp

Ala

410

Pro

Asp

Phe

Glu

Gly

490

Lys

Arg

Met

116

Tyr

val

235

Glu

Lys

Phe

Val

Gly

315

Ala

Glu

Thr

vVal

Asp

395

Leu

Asn

Pro

Lys

Met

475

Leu

Gly

vVal

Pro

Ala

220

Glu

Ile

Ala

Ile

Gln

300

Asp

Val

Ala

Asp

Lys

380

Pro

Phe

Ala

Arg

Lys

460

Asp

Thr

Arg

Asp

Glu
540

Ala

Asp

Ala

Met

Ser

285

Axg

Leu

Leu

Phe

Ala

365

Asp

Glu

Thr

Ile

Asn

445

Met

Ala

Ala

Lys

Ile

525

Ser

Tyr

Leu

Sex

Thr

270

Tyr

Val

Tyr

Ala

Asn

350

Ser

Ile

Gly

Glu

His

430

Arg

Glu

Pro

Ser

Ile

510

Leu

Asn

Pro

Ile

Leu

255

Ala

Ala

Gly

His

Pro

335

Leu

Leu

Lys

Lys

Asp

415

Ala

Pro

Lys

Phe

Ala

495

Asn

Glu

Tyr

Ile

Arg

240

Gly

Thr

Gly

Pro

Ala

320

Thr

Ala

Ser

Val

Phe

400

Gly

Ile

Asp

Leu

Glu

480

Thr

Ala

Asn

Ser



117

Gly Gln Leu Ala Thr Val Leu Arg Ala Glu Thr
545 550 555
Ser Tyr Cys Ile Tyr Arg Gly Glu Pro Phe Ile
565 570
Glu Phe Ile Glu Tyr Val Leu Glu Asn Ser Tyr
580 585
Phe Thr Pro Ala Asn Leu Tyr Gly Glu Lys Ala
595 600
<210> 135
<211> 888
<212> DNA
<213> Hydrogenobacter thermophilus
<400> 135
atgttagaag ttcacttaaa acctgcagac tacaagagcg
tcgggatgcg gtgattttgg tgtggtggcg gctctaacta
ttaaagcctg aaaacatagt ttccgtatcc ggtataggtt
tttgttaaaa actactcggt gcattcactg cacggaagag
ataaagctgg caaggccgga ccttaccgtc atagtggaaa
tccataggcg cgggacacaa cccacacgca gcacgcagaa
tgtatggaca atcaggttta tggtcttacc aaaaatcaag
ggactttacg gctccctaac accttacggc tccatagaca
accatgctct cctacggtgc cacctttgtt gcacagactt
atgacagagg tgataaagca agctatacag cataaaggct
tctccctgee ccacctttaa caaagtggac accttccagt
gacataaacg agcagggaca cgacccatcc gattacagaa
catgaccttg accactatca cgatccgaac gctccagtac
gctgagctgg aaacctacga agacaggatg cagtccgtga
gaagatgtgc aagaactcat agatatgtgt aagccaaaag
<210> 136
<211> 295
<212> PRT
<213> Hydrogenobacter thermophilus
<400> 136
Met Leu Glu Val His Leu Lys Pro Ala Asp Tyr
1 5 10
Pro Thr Trp Cys Ser Gly Cys Gly Asp Phe Gly
20 25
Thr Arg Ala Tyr Ser Glu Leu Gly Leu Lys Pro
35 40
Val Ser Gly Ile Gly Cys Ser Ser Arg Leu Pro
50 55
Tyr Ser Val His Ser Leu His Gly Arg Ala Ile
65 70 75
Ile Lys Leu Ala Arg Pro Asp Leu Thr Val Ile
85 90
Gly Asp Leu Phe Ser Ile Gly Ala Gly His Asn
100 105
Arg Asn Ile Asp Ile Thr Val Ile Cys Met Asp
115 120
Leu Thr Lys Asn Gln Val Ser Pro Thr Ser Arg

Arg Ile Arg

Pro Arg Glu

Ile Glu Glu

590
Tyr Gly
605

Leu

atgtagaacc
gagcttattc
gttcctcaag
ctatcccagt
¢gggcgacgg
acatagacat
tttctccaac
gacctgtaaa
atgcgggcaa
tttcctttgt
actataaggg
aggctcttga
ctataggcgt
agagaaggta
ctttatga

Lys Ser Asp

Val val Ala

30
Glu

Asn Ile

45
Phe

Leu val

60
vVal

Pro Ala

val Glu Thr

Ala
110

Pro His

Gln
125

Asn Val

Glu Gly Leu

Pro Ile
560

Ile Glu
575

Gly Lys

Ile

cacctggtgt
ggagcttgga
gcttccectce
agctgtaggc
agacctcttc
aaccgtcata
ttcaagggaa
ccccatagcec
tctcaagcac
aaatgtgata
taaggtgaag
acttgctttc
attttacaaa
caaacaggtg

vVal
15

Glu

Ala Leu

Val Ser

Lys Asn

val Gly

80

Gly
95

Asp
Ala Arg
Tyr Gly

Tyr Gly

60
120
180
240
300
360
420
480
540
600
660
720
780
840
888



130

Ser Leu Thr

145
Thr

Met Leu

Asn Leu Lys

Gly Phe Ser

195
Thr

Val Asp

210

Gln
225

Gly His

His Asp Leu

Val Phe Tyr

Val Lys Arg

275
Met Cys
290

Lys

<210>
<211>
<212>
<213>
<400> 137
atgaataacg
tttctcaaat
aagattgcct
gaatgcacct
atcctttccce
gcggaagaag
gaaggtaatc
attgagaaac
gcgtcctggg
aaagtcatca
atgagcgcca
ggccgteccgce
ttcgacgeceg
ctgtacaaaa
aatgatggcg
ggtttctggg
cattccaccg
gtgcacgcag
accgaacatc

137
1119
DNA

<210>
<211>
<212>
<213>
<400>

138
372
PRT

138

Pro Tyr

Gly

135

Ser Ile

150

Ser Tyr

165
His Met
180

Phe val

Gln

Phe

Asp Pro

Gly

Thr

Asn

Tyr

Ser

Ala Thr

Glu Vval

Ile
200

val

Tyx
215

Lys

Asp Tyr

230

His
245

Asp

Lys Ala

260

Arg Tyr

Pro Lys

Escherichia coli

aggaaacatt
attgtagtct
gggcgctgga
gctgtaccga
tgatttccct
tctttgaaga
cgccgctggg
tcaaacgtgc
gctgcgtgca
ccgacaaacc
tcattactta
tgatgttcta
gagagttcgt
tgggctgcaa
tttctttcce
atcgcggttc
ccgataccgt
tcgccagcgce
agccaggcaa

Tyr

Glu

Lys

Ala

His Asp

Leu Glu

Gln Vval

280

Leu
295

K12

ttaccaggcc
ggctgccacg
gaacaaaccg
atcttttatc
cgattacgac
catcatcacg
¢gagcagggg
cgctgcecgga
ggccgcgcga
cattatcaaa
catggtgacc
tggtcagcga
ccagagttgg
agggcctacc
aatccagtct
gttctacagc
cggtttaacc
cgttgaccag
tgaggataaa

Escherichia coli K12

Asp

Phe

Ile

185

Ser

Gly

Arg

Pro

Thr

265

Glu

118

Pro
155

Arg

Val Ala

170

Lys Gln

Pro Cys
Lys Val

Ala
235

Lys

Asn Ala

250

Tyr Glu

Asp Val

atgcggcegtce
tcgctgggat
cgcattccgg
cgcteccgcete
gatactttga
caatacaatg
atgttctgta
gccagcgcga
cccaatccga
gtacctggct
tttgatcgct
atccacgata
gatgatgacg
acctataacg
ggtcacggct
cgcgtggtcg
gcgcttggeg
cgcagacgtc
caggcatga

Met Asn Asn Glu Glu Thr Phe Tyr Gln Ala Met

140

Val Asn Pro

Gln Thr

Tyr

Ala Ile Gln

190

Thr
205

Pro Phe

Lys Ile

220

Asp

Leu Glu Leu

Pro Val Pro

Met
270

Asp Axg

Gln Glu

285

Leu

agggcgttac
taggcgcggg
tggtatggat
acccactggce
tggctgccgce
gcaaatatat
tcagcagcgg
ttatcgcctg
cgcaggcaac
gceccgceccgat
tgccagatgt
aatgctatcg
ctgceccgceaa
cctgttectce
gcctgggcetg
atattccgcea
tggtggcagc
ataaccagca

Arg Arg Gln

Ile Ala

160

Ala
175

Gly

His Lys

Asn Lys

Asn Glu

Ala Phe

240

Ile
255

Gly

Gln Ser

Ile Asp

ccggcgcagce
aatggcacca
ccacggtctg
gaaggacgtc
cggaacccag
cctcgcagta
tcgaccgttt
gggaacctgc
gcctatcgac
cccggatgtg
cgacagaatg
ccgcgceccac
aggttactgc
cacacgctgg
tgcggaaaat
aatgggtact
ggctgttggt
acctacagaa

Gly val

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

1020
1080
1119



Thr
Gly
Lys
Cys
65

Ile
Ala
Asn
Gln
Lys
145
Ala
Thr
Gly
val
Met
225
Phe
Lys
Asn
Gln
Arg
305
His

Ala

Arg

Leu

Pro

50

Thr

Leu

Gly

Gly

Gly

130

Arg

Ser

Pro

Cys

Thr

210

Phe

Asp

Gly

Ala

Ser

290

Gly

Ser

Ala

Arg

Gly

35

Arg

Glu

Ser

Thr

Lys

115

Met

Ala

Trp

Ile

Pro

195

Phe

Tyr

Ala

Tyx

Cys

275

Gly

Ser

Thr

Val

Ser

20

Ala

Ile

Ser

Leu

Gln

100

Tyr

Phe

Ala

Gly

Asp

180

Pro

Asp

Gly

Gly

Cys

260

Ser

His

Phe

Ala

Gly

Phe

Gly

Pro

Phe

Ile

85

Ala

Ile

Cys

Ala

Cys

165

Lys

Ile

Arg

Gln

Glu

245

Leu

Ser

Gly

Tyr

Asp

325

Val

Leu

Met

val

Ile

70

Sexr

Glu

Leu

Ile

Gly

150

val

val

Pro

Leu

Arg

230

Phe

Tyr

Thr

Cys

Ser

310

Thr

His

Lys

Ala

val

55

Arg

Leu

Glu

Ala

Ser

135

Ala

Gln

Ile

Asp

Pro

215

Ile

Val

Lys

Arg

Leu

295

Arg

Val

Ala

Tyr

Pro

40

Trp

Ser

Asp

val

val

120

Ser

Ser

Ala

Thr

val

200

Asp

His

Gln

Met

Trp

280

Gly

Val

Gly

Val

Cys

25

Lys

Ile

Ala

Tyr

Phe

105

Glu

Gly

Ala

Ala

Asp

185

Met

Val

Asp

Ser

Gly

265

Asn

Cys

Val

Leu

Ala

10

Ser

Ile

His

His

Asp

90

Glu

Gly

Arg

Ile

Arg

170

Lys

Ser

Asp

Lys

Trp

250

Cys

Asp

Ala

Asp

Thr

330

Ser

119

Leu

Ala

Gly

Pro

75

Asp

Asp

Asn

Pro

Ile

155

Pro

Pro

Ala

Arg

Cys

235

Asp

Lys

Gly

Glu

Ile

315

Ala

Ala

Ala

Trp

Leu

60

Leu

Thr

Ile

Pro

Phe

140

Ala

Asn

Ile

Ile

Met

220

Tyr

Asp

Gly

val

Asn

300

Pro

Leu

Val

Ala

Ala

45

Glu

Ala

Leu

Ile

Pro

125

Ile

Trp

Pro

Ile

Ile

205

Gly

Arg

Asp

Pro

Ser

285

Gly

Gln

Gly

Asp

Thr

30

Leu

Cys

Lys

Met

Thr

110

Leu

Glu

Gly

Thr

Lys

190

Thr

Arg

Arg

Ala

Thr

270

Phe

Phe

Met

Val

Gln

15

Ser

Glu

Thr

Asp

Ala

95

Gln

Gly

Lys

Thr

Gln

175

val

Tyx

Pro

Ala

Ala

255

Thr

Pro

Trp

Gly

Val

335

Arg

Leu

Asn

Cys

vVal

80

Ala

Tyr

Glu

Leu

Cys

160

Ala

Pro

Met

Leu

His

240

Arg

Tyr

Ile

Asp

Thr

320

Ala

Arg



340

120

345

350

Arg His Asn Gln Gln Pro Thr Glu Thr Glu His Gln Pro Gly Asn Glu

355

Asp Lys Gln
370

139
1794
DNA

<210>
<211>
<212>
<213>
<400> 139
atgagcactc
gtcgacccga
aatgtgatca
caagggcgcg
ggcgtacacg
gacaacgcca
gtgcacttct
gacccgcgga
ggctatttct
atcttccgeca
atgggctttg
gcggtctttg
atcaacattg
cagtcaatta
gccatcggtc
gttctcagct
atgcctggcg
gatccgcagce
gtcgggcgtce
ggcagcgata
ccacgctggc
cacaaaggcg
ccgettteeg
tgggccgcag
aatctcgcca
ggtgtcggtt
ggcaagattg
cccaaagggc
gagcaaccgc
acacacgtgc

<210>
<211>
<212>
<213>
<400>

140
597
PRT

140

Met Ser Thr Gln Tyr Glu

1

Arg Arg Leu

Glu Vval

35

Cys

Cys Gly Thr

50

Pro
65

Arg Asp

Ala

agtacgaaac
ttacgcgcat
ccaatgccgt
acccgcgcga
ccctggette
atatcatccg
atcagcttgc
aaacctccga
tcgacgtaca
atggctactg
cccactatct
gcggtaaaaa
acgaaagcgg
tcacccgcac
agttcaacaa
acggcgcecatt
gcgcggtgat
aggtgcagga
atccgttcga
ccaacattca
gcggtaacgc
atgctgcgac
gtatccagtc
gtaagttgca
ctgcttccac
ttaccgaagc
atctctacca
agattggcgc
tggagatcct
tgggcgacga

Escherichia coli

5

val val
20

Asn Ile

Phe

Met

Ala Trp

Asp

Asn

Arg

Ala
70

360

Escherichia coli K12

tcagggatac
cgaaggccac
ctcctgcgge
tgcgtgggcg
ggtttacgcc
caacattatg
cgggatggac
actggcgcaa
aaaccgcctg
ggggcacccg
cgaagctctc
cccgcatcca
cgcggtcggg
ggcggacttc
accgtggagc
cccggatatt
taacggcgac
gtttgtcgac
tggcatcacc
gcagctgaat
gatggaagtg
cgttgagtcg
aacgttaggc
gtatttcttc
ggaaaaatgg
gccgegceggg
gtgcgtggtg
ttatgaagcg
gcgtactctg
cggtagcgag

K12

Thr Gln

Ile

Pro

Gln
40

Asp

Gly
55

Leu

Phe Val

accatcaata
atgcgctgcg
accatgtttc
ttcgttgaac
atcgaagatg
ctggcaacgc
tggatcgatg
agtctctcct
aaaaaatttg
cagtacaaac
gatttccagc
aactggattg
gcagtcaata
attaacaacg
gaaatcggca
gccaacgact
ttcaacaatg
cacgcctggt
gacccgtggt
gaacaggaac
gggccgcectgg
gtcgatcgceca
cgcattttgt
gacaagctga
gaacctgcaa
gcgttaggcc
ccgaccacct
gcgctgatga
cacagctttg
ctgatctccg

Gly Tyr Thr

Thr
25

Arg Ile

Asn Val Ile

Glu Ile Ile

Glu Ile

75

Arg

365

atgccggacg
aagtgaatat
gcgggctgga
gtatctgcgg
ctatcggtat
tctggtgcca
tgttagatgc
cttggccgaa
ttgaaggcgg
tgccgccaga
gtgaaattgt
tcggcgggat
tggaacgcct
tgatgatccc
ctggtctttc
ttggcgagaa
tgctgccagt
atcgatatcc
acaaccccgg
gctactcgtg
cgcgcacgtt
tgatgtcggc
gccgcgcgca
tgaccaacct
cctggccgac
actgggccgc
ggaacgccag
acaccaaaat
acccgtgect

tgcaggtgcg

Ile Asn Asn

His
30

Glu Gly

Thr Asn Ala

45
Leu Gln
60

Gly

Cys Gly Val

ccgcecctggtg
taacgatcag
gatcatccta
cgtctgtact
taaagtgccg
cgatcatctg
gctgaaagcc
atcatcccct
gcagttgggg
agctaacctg
caaaatccac
gccttgegec
gaacctggtg
cgacgcctta
tgataaatgc
aagtctgctg
ggatttggtt
caacgatcag
cgatgtcaaa
gatcaaagcg
aatcgcttat
gttgaacctg
cgaagcgcag
gaaaaacggc
agagtgccgt
cattcgcgat
cccgcgcecgat
ggcgatcccc
cgcctgttca
ttaa

Ala
15

Gly
Met Arg
Val Ser
Arg Asp

Thr
80

Cys

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

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1794



Gly

Ile

Thr

Met

Thr

145

Gly

Gly

Lys

Ala

Gly

225

Ile

Leu

Trp

Gly

305

Met

Val

Trp

Ile

Asn

385

Pro

vVal

Lys

Leu

Asp

130

Ser

Tyr

Gln

Leu

Leu

210

Asn

Asn

val

Ser

290

Ala

Pro

Asp

Tyr

Thr

370

Ile

Arg

His

Val

Trp

115

Trp

Glu

Phe

Leu

Pro

195

Asp

Asn

Ile

Leu

Met

275

Glu

Phe

Gly

Leu

Arg

355

Asp

Gln

Trp

Ala

Pro

100

Cys

Ile

Leu

Phe

Gly

180

Pro

Phe

Pro

Asp

Vval

260

Ile

Ile

Pro

Gly

val

340

Tyr

Pro

Gln

Arg

Leu

85

Asp

His

Asp

Ala

Asp

165

Ile

Glu

Gln

His

Glu

245

Gln

Pro

Gly

Asp

Ala

325

Asp

Pro

Trp

Leu

Gly
405

Ala

Asn

Asp

Val

Gln

150

val

Phe

Ala

Arg

Pro

230

Ser

Ser

Asp

Thr

Ile

310

Val

Pro

Asn

Tyr

Asn

390

Asn

Ser

Ala

His

Leu

135

Ser

Gln

Arg

Asn

Glu

215

Asn

Gly

Ile

Ala

Gly

295

Ala

ITle

Gln

Asp

Asn

375

Glu

Ala

Val

Asn

Leu

120

Asp

Leu

Asn

Asn

Leu

200

Ile

Trp

Ala

Ile

Leu

280

Leu

Asn

Asn

Gln

Gln

360

Pro

Gln

Met

Tyr

Ile

105

Ala

Ser

Arg

Gly

185

Met

val

Ile

val

Thr

265

Ala

Ser

Asp

Gly

val

345

Val

Gly

Glu

Glu

Ala

90

Ile

His

Leu

Ser

Leu

170

Tyr

Gly

Lys

val

Gly

250

Arg

Ile

Asp

Phe

Asp

330

Gln

Gly

Asp

Arg

Val
410

121

Ile

Arg

Phe

Lys

Trp

155

Lys

Trp

Phe

Ile

Gly

235

Ala

Thr

Gly

Lys

Gly

315

Phe

Glu

Arg

Val

Tyxr

395

Gly

Glu

Asn

Tyr

Ala

140

Pro

Lys

Gly

Ala

His

220

Gly

val

Ala

Gln

Cys

300

Glu

Asn

Phe

His

Lys

380

Ser

Pro

Asp

Ile

Gln

125

Asp

Lys

Phe

His

His

205

Ala

Met

Asn

Asp

Phe

285

Val

Lys

Asn

val

Pro

365

Gly

Trp

Leu

Ala

Met

110

Leu

Pro

Ser

val

Pro

190

Tyr

vVal

Pro

Met

Phe

270

Asn

Leu

Ser

val

Asp

350

Phe

Ser

Ile

Ala

Ile
95

Leu

Arg

Ser

Glu

175

Gln

Leu

Phe

Cys

Glu

255

ITle

Lys

Ser

Leu

Leu

335

His

Asp

Asp

Lys

Arg
415

Gly

Ala

Gly

Lys

Pro

160

Gly

Tyr

Glu

Gly

Ala

240

Arg

Asn

Pro

Tyr

Leu

320

Pro

Ala

Gly

Thr

Ala

400

Thr



Leu Ile Ala

Met
435

Arg Met

Leu Gly

450

AYg

Lys Leu Gln

465
Ala

Asn Leu

Thr Glu Cys

Gly His Trp

515

val
530

val Pro

Ile Ala

545

Gly

Glu Gln Pro

Leu Ala Cys

Gln
595

Ser Vval

<210>
<211>
<212>
<213>
<400> 141
atgcaacaga
tggcactggt
aagccgctac
ttaattcact
gcttttgttg
tggtggcagg
gccgatatag
gtctttatga
gcgeccgttcee
cacagctggc
atggcgctge
taccgtagcc

141
708
DNA

<210>
<211>
<212>
<213>
<400>

142
235
PRT

142

His

Tyr
420

Ser Ala

Ile

Leu

Tyr Phe

Lys

Leu

Cys

Phe

Gly Asp

Leu
440

Asn

Arg Ala

455

Asp Lys

470

Ala
485

Thr

Arg Gly

500

Ala Ala

Thr Thr

Tyr Glu

Ser

val

Ile

Trp

Ala

Thr Glu

Gly Phe

Arg Asp

520
Asn Ala
535

Ala Leu

550

Glu
565

Leu

Ser Thr

580

Val Arg

aaagcgacaa
tgacggtgtt
cttccgtcag
tcagcgccgg
gcaatcgata
gcgtgtggta
gccataatcc
tcatcactgg
gttatgtggt
atcggctggg
gtgaagacat
acaaatttgg

Ile

His

Leu Arg

Val Leu

Escherichia coli K12

cgttgtcagc
atgcatggcg
¢ggcgaggcg
gatggttttt
ctcccgcgag
tgaaatccgc
catcgcccag
ttttgcgctg
ggaatttttc
gatgtggctg
catgtccgac
caaaataagt

Escherichia coli K12

122

Ala
425

Ala Thr

Pro Leu Ser

His Glu Ala

Thr
475

Leu Met

Lys Trp Glu

490

Thr
505

Glu Ala

Gly Lys Ile

Ser Pro Arg

Met Thr

555

Asn

Thr Leu His

570

Gly
585

Asp Asp

cactatgtct
gtgttgatgg
acgtatctgt
accgtggttt
ctgtttatcg
tggtatctgt
gcggcgatgt
tacagcgaac
tactggacgg
attggcgcgt
gacacggtga
aacaaggagc

Met Gln Gln Lys Ser Asp Asn Val Val Ser His

1

5

10

val Glu Ser

430

Ile
445

Gln

Leu Lys

Pro Ala Thr

Pro Gly

510

Axg

Leu
525

Asp Tyr

Asp Pro

540

Lys

Lys Met Ala

Ser Phe Asp

Glu
590

Gly Ser

ttgaagcgcc
tcaccggata
tctatatggg
tgctgatgcg
tgccggtatg
ttctggcaaa
tcggctattt
acagccagta
gtggcaactc
ttgtgatcgg
tctccaccat
gttcatga

Tyr Val Phe

Val Asp

Ser Thr

Ala Gly

Asn Gly

480
Trp Pro
495

Ala Leu

Gln Cys

Gly Gln

Ile Pro

560

Pro
575

Cys

Leu Ile

agtgcgcatc
ctttatcggce
ctacatcagg
gatctactgg
gcgtaaaagc
acgtccgagt
cctgatgtcg
cgctattttt
aatggacatt
tcatgtctac
ggtcaacggc

Glu Ala
15

60
120
180
240
300
360
420
480
540
600
660
708



Pro Val

vVal

Met

Ala
50

Glu

Ser Ala

65

Ala Phe

Trp Arg
Phe

Leu

Gln
130

Ala

Ile Thr

145

Ala Pro

Ser Met

Ala Phe

Ser Asp

210
Lys Phe
225

<210>
<211>
<212>
<213>
<400>

Arg

Thr

35

Thr

Gly

val

Lys

Leu

115

Ala

Gly

Phe

Asp

Val

195

Asp

Gly

143
588
DNA

Escherichia coli

143

Ile

20

Gly

Tyr

Met

Gly

Sex

100

Ala

Ala

Phe

Arg

Ile

180

Ile

Thr

Lys

Trp

Tyr

Leu

Val

Asn

85

Trp

Lys

Met

Ala

Tyr

165

His

Gly

val

Ile

His Trp

Phe Ile

Phe Tyr

55
Phe Thr
70

Arg Tyr

Trp Gln

Arg Pro

Phe Gly

135

Leu
150

Tyr

Val val

Ser Trp

His Val

Ile Ser

215

Ser Asn

230

K12

Leu

Gly

40

Met

Val

Ser

Gly

Ser

120

Tyr

Ser

Glu

His

Tyr

200

Thr

Lys

Thr

25

Lys

Gly

Val

Arg

val

105

Ala

Phe

Glu

Phe

Arg

185

Met

Met

Glu

Val

Pro

Tyr

Leu

Glu

90

Trp

Asp

Leu

His

Phe

170

Leu

Ala

Val

Arg

123

Leu

Leu

Ile

Leu

75

Leu

Tyr

Ile

Met

Ser

155

Tyr

Gly

Leu

Asn

Ser
235

atgagcgagc
ttcggecgtgce
attgtcgatg
ctgttgattc
ggagaacgca
tccgaagtgt
ggtctgcaac
caactgcccg
caaccggcta
ggcgttcgcet

<210>
<211>
<212>
<213>
<400>

144
195
PRT

144

aacgcgtggt
gggtggcgga
gcggtactca
tcgatgccat
ttccggctta
tggcgctggce
ccgcaatgct
ctgcggaaca
atgaatcgcg
tgcgccagta

ggtcatgggg
acggctgtat
gggactgaac
tgactacggg
tctcagcgceg
ggatatccgce
cgacgactac
ggcggcgctg
ctgtctcaat
ccggatgaca

Escherichia coli K12

ctgggcaacc
gcccattacc
ttgctggggt
ctggaacctg
aagaaaatga
ggacatctgc
ggcggtagcec
gcgcagcttg
tatgactgtc
caggaggagc

Ala
30

Cys Met

Ser Val

45

Pro

Arg Leu Ile

60

Met Arg Ile

Phe Ile Val

Glu Ile Arg

110
His Asn
125

Gly

Ser Val Phe

140

Gln Tyr Ala

Trp Thr Gly

Met Leu

190

Trp

Glu
205

Arg Asp

Gly
220

Tyr Arg

tgctgtgggc
actggcccga
atgtcgaaag
gaacgctgcg
gcctgcatca
cagcacatat
tgagcgaact
ctgcgtgggg
tgtcgatgga
agggatga

Val Leu

Ser Gly

His Phe

Tyr Trp

80
Pro Val
95

Trp Tyr

Pro Ile

Met Ile

Ile Phe

160
Gly Asn
175

Ile Gly

Ile Met

Ser His

cgatgaaggc
gtatgtggag
cgccagccat
aacctatgcc
gaacagtttc
tgcecctegtce
ggcacgggag
aattgtgccg
aaattacgaa

60
120
180
240
300
360
420
480
540
588



Met Ser Glu

Ala Asp Glu

Tyr His Txp

35
Asn Leu
50

Leu

Asp Ala Ile

65
Glu

Gly Arg

Gln Asn Ser

Ala
115

Leu Pro

Asp Tyr Gly

130
Glu

Ala Gln

145
Ala

Gln Pro

Glu Asn Tyr

Glu Gin Gly

195

<210>
<211>
<212>
<213>
<400> 145
atgagcaacg
ccagtcagtg
ttaagcagtg
ttactgcgcg
gaagccatcg
ggaaactatc
cgcgggcetteg

145
399
DNA

<210>
<211>
<212>
<213>
<400>

146
132
PRT

146

Gln Arg

Gly Phe

20

Pro Glu

Leu Gly

Asp Tyr

Ile Pro

85

Phe
100

Ser
His Ile
Ser

Gly

Ala Ala

val

Gly

Tyr

Tyr

Gly

70

Ala

Glu

Ala

Leu

Leu

val val

Val Arg

val Glu

40
val Glu
55

Leu Glu

Tyr Leu
Val

Leu

val
120

Leu

Ser Glu

135

Ala Gln

150

Glu
165

Asn

Glu
180

Gly

acacgccatt
aatcccgtcect
acccgaaacyg
agtttcccga
gcgatcgctt
gcggcgtgcet
tcgaaccgca

Ser

vVal

Arg Cys

Arg Leu

Escherichia coli K12

tgatgcgttg
tgacgactgg
cacgccagag
ctatacatgg
tggcgtcttt
gaatggtatt

gcaggagcgt

Escherichia coli K12

124

Met Gly Leu

10

Val
25

Ala Glu

Ile Val Asp

Ser Ala Ser

Thr
75

Pro Gly

Ala
20

Ser Lys

Ala Ala

105

Leu

Gly Leu Gln

Leu Ala Arg

Ala Ala

155

Leu

Asn
170

Leu Tyr

Arg Gln

185

Tyr

tggcaacgaa
cttacgcaag
gtcagcgata
caggtggcga
cgctttcecctg
cacccgtggg
gcctcatga

Met Ser Asn Asp Thr Pro Phe Asp Ala Leu Trp

1

5

10

Arg Gly Trp Thr Pro Val Ser Glu Ser Arg Leu

20

25

Gly Asn Leu

Arg Leu Tyr

30
Gly Thr
45

Gly

His Leu Leu

60
Thr

Leu Arg

Lys Met Ser

Asp Ile Arg

110

Ala
125

Pro Met

Glu
140

Gln Leu

Trp Gly Ile

Asp Cys Leu

Thr
190

Arg Met

tgctggcgcg
cgccagacgg
atccggtaat
ttgctgacct
ccactttagt
cggaactgat

Gln Arg Met

Asp Asp Trp
30

Leu
15

Trp
Ala His
Gln Gly
Ile

Leu

Ala
80

Tyr

Leu His

95

Gly His

Leu Asp

Pro Ala

Val Pro

160
Ser Met
175

Gln Glu

cggctggacyg
cgtggtgtta
gattggcgaa
tgagcagagc
gtttaccggc
aaacctgatg

Leu Ala
15

Leu Thr

60
120
180
240
300
360
399



125

Gln Ala Pro Asp Gly Val Val Leu Leu Ser Ser
35 40
Pro Glu Val Ser Asp Asn Pro Val Met Ile Gly
50 55
Phe Pro Asp Tyr Thr Trp Gln Val Ala Ile Ala
€5 70 75
Glu Ala Ile Gly Asp Arg Phe Gly Val Phe Arg
85 90
vVal Phe Thr Gly Gly Asn Tyr Arg Gly Val Leu
100 105
Trp Ala Glu Leu Ile Asn Leu Met Arg Gly Leu
115 120
Glu Arg Ala Ser
130
<210> 147
<211> 858
<212> DNA
<213> Escherichia coli K12
<400> 147
atgagcgaaa cttttttcca tctgctgggg ccaggaacgc
agcatgaatc cactgccgat cacctgtcag gtgaatgatg
gagcaatgtg ctcacagccc gcaggtgatt gcgctgttaa
agcgaacgcc aaccgccgtt gggcgaggtg ctggcagtcg
gacgatcgtc actttatcaa tacgcttctc ggggaagggg
caggctgacg acagtgaaag tgaaatacag gaggcgatct
cgcagacgtc gcggcgaaaa gttgctggag gacaaactgg
gcgttgtgge aggcggcaac gcaaaatctc ttgccgacag
attgatggcc tgatgaatgg cctaccgttg gcgcatgagt
cccgacgege agccgcacag cattaatctg acgcaattac
ctttttctct cacgtctctg tgggccggga aatattcaga
gagagctata tcaacgccac ggggttacgc catgtctggc
ttaaaaggcc cgttactgga aagttatgaa atctgcccaa
gcgccagaag atttggtcga ctctgcgcag cggcttagceg
gaagctgcac cgacgtaa
<210> 148
<211> 285
<212> PRT
<213> Escherichia coli K12
<400> 148
Met Ser Glu Thr Phe Phe His Leu Leu Gly Pro
1 5 10
Asp Asp Ser Phe Ser Met Asn Pro Leu Pro Ile
20 25
Asp Glu Pro Ser Met Ala Ala Leu Glu Gln Cys
35 40
Val Ile Ala Leu Leu Asn Glu Leu Gln His Gln
50 55
Pro Pro Leu Gly Glu Val Leu Ala Val Asp Leu
65 70 75
Asp Asp Arg His Phe Ile Asn Thr Leu Leu Gly

Pro
45

Asp Lys

Glu
60

Leu Leu

Asp Leu Glu

Phe Pro Ala

Ile
110

Asn Gly

val Glu

125

Pro

aaccgaacga
aaccgagtat
acgagttaca
atctgttaaa
aagtgtcagt
tctgcggatt
aggctggctg
attcgctgtt
tactggcaca
ccatcagcga
ttcgtaccat
atttacgctg
taccggaagt
aggtatgtca

Gly Thr Gln

Thr Gln

30

Cys

Ala His Ser

45

Leu Ser Glu

60

Leu Asn Leu

Glu Gly Glu

Arg Thr

Arg Glu

Gln Ser

80

Thr
95

Leu

His Pro

Gln Gln

tgacagtttc
ggcggccectg
acatcaacta
tctcaacgcc
gcgcattcag
atggcgggtg
cgcgccgcetg
accgccgcecce
tgtacgtaac
ggctgatcgg
tggctatggc
tacggacacc
ggtgctggca
gtggctggcg

Pro Asn

15

Val Asn

Pro Gln
Arg Gln

Ala
80

Asn

Val Ser

60
120
180
240
300
360
420
480
540
600
660
720
780
840
858



val Arg Ile

Ile Phe Cys

115

Glu
130

Leu Asp

Ala Ala Thr

145
Ile

Asp Gly

His Val Arg

Ile
195

Leu Pro

Pro Gly Asn

210

Asn Ala Thr

225

Leu Lys Gly

Val val Leu

Glu Vval

275

Ser

<210>
<211l>
<212>
<213>
<400> 149
atgactggag
ctttgtgcag
gaatcggtta
ggttgtacgg
actatctctc
aacaaacata
atcccattaa
atccgcaaag
ggcggtgttg
ccaggcaaaa
accgttgcgce
accttcgcct
ggtcgttttg
ctcggctgta
ggcggtgtgt
ggcttccata
aaaccggatg
ggcggtgtgg
cagcaaaaga

149
1119
DNA

85

Gln
100

Gln
Gly Leu
Leu

Lys

Gln Asn

Ala

Trp

Glu

Leu

Asp Asp

vVal
120

Arg

Ala
135

Gly

Leu Pro

150

Met
165

Leu

Asn Pro

180

Ser Glu

Gln

Ile

Gly Leu

Asn

Asp

Ala

Ile

Arg

Gly Leu

Ala Gln

Asp Arg

200
Arg Thr
215

His Vval

230

Leu
245

Pro

Ala
260

Ala

Cys Gln

Escherichia coli

ataacaccct
cattagccgc
ctaacccgca
aatctctgct
tggagtatca
acgctctcga
aagataacgg
cggcggaagg
ccgcagcectgg
ccgttatcaa
acatcatcac
atggccgtct
ccaaagagtt
aagggccaga
ggccggtggce
aaggcatcca
ttaacgctaa
ttgggttggt
aagataacgc

Leu

Pro

Trp

Glu Ser

Glu Asp

Ala
280

Leu

K12

catccattct
caccatgggg
gcgtcecgcceca
tcgtgcaacg
cgaagtgctt
gaagtacaaa
tatttattgc
cgcagcagcec
agttaaccca
tattccgggce
ttacggcaaa
gattcacgaa
cggtgatgaa
aacttacggc
gattggtcac
tcagcttgcec
agagggcggc
tgccggtgtce
tgactcacgg

126

90

Ser Glu Ser

105

Arg Arg Arg

Cys Ala Pro

Thr Ser

155

Asp

Leu Ala

170

Pro

Pro His Ser

185
Phe

Leu Leu

Ile Gly Tyr

Leu
235

Trp His

Glu Ile

250

Tyr

Leu Val

265

Asp

Glu Ala Ala

cacggcatta
ttaagtagca
gttatctgga
catccaacgg
tccgecgect
gggcagtatg
atggttgccg
attatcgcta
actggcgcag
tgccecgecga
ccgccgaaac
cactgcgaac
ggccaccgcg
aactgctcaa
ccttgctatg
aacgtcgaaa
aacgtctctg
agcgtgatgg
ggagaataa

Glu Ile Gln

110
Gly Glu
125

Arg

Leu Ala Leu

140

Leu Leu Pro

His Glu Leu

Ile Leu

190

Asn

Ser Arg Leu

205
Glu

Gly Ser

220
Thr

Arg Cys

Cys Pro Ile

Ala Gln

270

Ser

Thr
285

Pro

accgtcgtga
aagccgctgce
ttggcgcgca
tagaaaacct
tcggtcatca
tgttagtggt
gtgagccgat
tcggttcctg
tcagcctgca
acccgcacaa
tggatgacaa
gtcgcccgcea
aaggctggtg
cgctgcaatt
gctgtaacga
atcaaactcc
caggcgctat
cggtgcgtga

95

Glu Ala

Lys Leu
Trp Gln

Pro
160

Pro

Leu Ala

175

Thr Gln

Cys Gly
Tyr Ile

Thr
240

Asp

Pro Glu

255

Arg Leu

tttcatgaag
agagatggcc
ggagtgcacc
cgtactggag
ggtcgaagag
ggatggttcc
tgtggatcac
ctctgcgtgg
agaagttctg
cttcctcecgeg
aaaccgtccg
cttcgatgct
cctgtaccac
ctgcgatgtt
agaaggtatc
gcgttcacag
tggtttgctc
actgggtcgt

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

1020
1080
1119



<210>
<211>
<212>
<213>
<400>
Met Thr Gly Asp Asn Thr

1

Asp

Ser

Pro

Ser

65

Thr

Gln

Tyr

Tyr

Ala

145

Gly

Gln

Pro

Gly

Gly

225

Gly

Cys

Ser

Gly

Gly

Phe

Lys

Pro

50

Leu

Ile

val

val

Cys

130

Glu

Gly

Glu

Asn

Lys

210

Arg

Arg

Leu

Thr

His

290

Ile

150
372
PRT

Escherichia coli

150

Met

Ala

35

val

Leu

Sexr

Glu

Leu

115

Met

Gly

Val

vVal

Pro

195

Pro

Leu

Phe

Tyr

Leu

275

Pro

His

Lys

20

Ala

Ile

Arg

Leu

Glu

100

Val

Val

Ala

Ala

Leu

180

His

Pro

Ile

Ala

His

260

Gln

Cys

Gln

5

Leu

Ala

Trp

Ala

Glu

85

Asn

Val

Ala

Ala

Ala

165

Pro

Asn

Lys

His

Lys

245

Leu

Phe

Tyr

Leu

Cys

Glu

Ile

Thr

70

Tyr

Lys

Asp

Gly

Ala

150

Ala

Gly

Phe

Leu

Glu

230

Glu

Gly

Cys

Gly

Ala

K12

Leu

Ala

Met

Gly

55

His

His

His

Gly

Glu

135

Ile

Gly

Lys

Leu

Asp

215

His

Phe

Cys

Asp

Cys

295

Asn

Ile

Ala

Ala

40

Ala

Pro

Glu

Asn

Ser

120

Pro

Ile

val

Thr

Ala

200

Asp

Cys

Gly

Lys

Val

280

Asn

Val

His

Leu

25

Glu

Gln

Thr

Val

Ala

105

Ile

Ile

Ala

Asn

Val

185

Thr

Lys

Glu

Asp

Gly

265

Gly

Glu

Glu

Ser

10

Ala

Ser

Glu

val

Leu

90

Leu

Pro

Val

Ile

Pro

170

Ile

vVal

Asn

Arg

Glu

250

Pro

Gly

Glu

Asn

127

His

Ala

Val

Cys

Glu

75

Ser

Glu

Leu

Asp

Gly

155

Thr

Asn

Ala

Arg

Arg

235

Gly

Glu

vVal

Gly

Gln

Gly

Thr

Thr

Thr

60

Asn

Ala

Lys

Lys

His

140

Ser

Gly

Ile

His

Pro

220

Pro

His

Thr

Trp

Ile

300

Thr

Ile

Met

Asn

45

Gly

Leu

Ala

Tyr

Asp

125

Tle

Cys

Ala

Pro

Ile

205

Thr

His

Arg

Tyr

Pro

285

Gly

Pro

Asn

Gly

30

Pro

Cys

val

Phe

Lys

110

Asn

Arg

Ser

val

Gly

190

Ile

Phe

Phe

Glu

Gly

270

val

Phe

Arg

Arg

15

Leu

Gln

Thr

Leu

Gly

95

Gly

Gly

Lys

Ala

Ser

175

Cys

Thr

Ala

Asp

Gly

255

Asn

Ala

His

Ser

Arg

Ser

Arg

Glu

Glu

80

His

Gln

Ile

Ala

Trp

160

Leu

Pro

Tyx

TYyTr

Ala

240

Trp

Cys

Ile

Lys

Gln



305

Lys Pro Asp

Ile Gly Leu

val
355

Met Ala

Ser Arg Gly

370

<210>
<211>
<212>
<213>
<400> 151
gtgaacagac
ccgtctgtca
ttgtacgact
aatttccctg
ccgtatacca
gaggagaacg
gtctctgtgt
gacaaagatg
aagtacgact
ggtgtggaac
gcggtgattt
aagcctggca
catacggtgc
gttctggtac
tctaccggtg
ctggctgtgc
gacggaggag

151
987
DNA

<210>
<211>
<212>
<213>
<400>

152
328
PRT

152

Met Asn Arg Arg Asn Phe

1

Thr Gly Ala

Pro Ile Pro

35

Gly Cys Gln

50

Arg Asn Pro

65

Pro Tyr Thr

Asn Lys Asp

310

vVal
325

Leu
340

Arg

Glu

gtaattttat
gtcatgcggc
cgaccttgtg
aacgtaaccc
ataacatcat
gctacgcgta
gcceggtcetce
tgtgcaccgg
acaacaaccc
gtctcgataa
tcggtacgcyg
gcgaatacca
cgaaatatta
tgacgggtgt
cgcgttccga
tggcgggcett
acgatcatga

Escherichia coli

5

Leu Pro
20

Gly Ser

Ala Cys
Gln Gly

Asn
85

Asn

Gln
100

Glu

Ser

Leu

val

Glu

70

Ile

Glu

360

Escherichia coli K12

taaagcagcc
tgctgaaaac
cgtaggctgce
gcaaggggaa
tcaggtgtgg
cattaagaaa
tgcactgaaa
ctgcecgttac
gtttggtgcg
aggcggtcta
tgaagagctg
ctatccgcgt
tccgcatctg
gccttatgaa
aaatattcaa
aaccgtgctg
gtcatga

K12

Ile Lys

vVal

Ser

Met
40

Gly

Thr
55

Lys
Gln Thr
Tle Gln

Asn Gly

128

315

Asn Ala Lys Glu Gly Gly Asn

330

Gly Gly Vval val Gly Leu Val

345

Glu Leu Gly Arg Gln Gln Lys

tcctgegggg
cgcccgccaa
caggcttgcg
cagacctggt
accagcggca
cagtgtatgc
aaagatccga
tgcatggtcg
ctgcataagt
cctggctgeg
atggcggagg
cagacgctga
tacggcgaga
aatctcgacc
cacaccctgt
gttcgtcgceca

Ala Ala

10

Ser

His Ala Ala

25
Leu

Tyxr Asp

Cys Gln Asp

Asn
75

Trp Ser

Val Trp Thr

90
Tyr Ala
105

Tyr

Val Ser Ala

Ala Gly Vval
350

Lys Asp Asn
365

cattgctgac
ttccgggatce
tcaccaagtg
cgaacaacga
caggggtcaa
actgcgtcga
aaaccggcat
cctgtcecgta
gcgagcetgtg
tagaagtgtg
cgaaaaaacg
aatctggcga
aagagggcgg
tgccgaaact
ataaaggcat
acaccaaaaa

Cys Gly Ala

Ala Glu Asn

30

Thr
45

Ser Leu

Ile
60

Asn Phe

Asn Asp Lys

Ser Gly Thr

Ile Lys Lys

110

320

Gly Ala
335

Ser Val

Ala Asp

gggcgcgctg
gctggggatg
tcaggatatc
caaactgtcg
caaagaccag
tccgaactgt
tgtccattac
caacgtgccg
caaccagaaa
ccecggcgggce
tctggcgcetg
cacttacctg
cggtactcag
ggacgatctt
gatgctacca
cgaccatcac

Leu Leu

15

Arg Pro

Cys Val
Glu

Pro

Ser
80

Leu

Gly Val

95

Gln Cys

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
987



129

Pro
125

Cys

Tyr
140

Asp

Pro

Tyr

His Lys

Gly Gly

Phe Gly

205

Leu
220

Lys

Gly Asp

Gly Glu

Pro Tyr

Ala Arxrg

285
Pro Leu
300

Lys Asn

val

Lys

Asn

Cys

Leu

190

Thr

Pro

Thr

Lys

Glu

270

Ser

Ala

Asp

Met His Cys Val Asp Pro Asn Cys Val Ser Val
115 120
Leu Lys Lys Asp Pro Lys Thr Gly Ile Vval His
130 135
Cys Thr Gly Cys Arg Tyr Cys Met Val Ala Cys
145 150 155
Lys Tyr Asp Tyr Asn Asn Pro Phe Gly Ala Leu
165 170
Cys Asn Gln Lys Gly Val Glu Arg Leu Asp Lys
180 185
Cys Val Glu Val Cys Pro Ala Gly Ala Val Ile
195 200
Glu Leu Met Ala Glu Ala Lys Lys Arg Leu Ala
210 215
Glu Tyr His Tyr Pro Arg Gln Thr Leu Lys Ser
225 230 235
His Thr val Pro Lys Tyr Tyr Pro His Leu Tyr
245 250
Gly Gly Thr Gln Val Leu Val Leu Thr Gly Val
260 265
Asp Leu Pro Lys Leu Asp Asp Leu Ser Thr Gly
275 280
Ile Gln His Thr Leu Tyr Lys Gly Met Met Leu
290 295
Ala Gly Leu Thr Val Leu Val Arg Arg Asn Thr
305 310 315
Asp Gly Gly Asp Asp His Glu Ser
325
<210> 153
<211> 1179
<212> DNA
<213> Escherichia coli K12
<400> 153
atgagtcatg atccacaacc gctgggcggce aaaatcatca
ggaccgttaa tcgtcatctg tatgctcctg attgtgaagc
tctgtctctg acctgaacgg cggcttcccg tggggcgtgt
attggcaccg gctttgcctg tggcggctgg gcgctggcgt
cgtgggcaat accatccgct ggtgcgtccg gcgectgttgg
ctgggtggct tgtcgatcac tatcgacgtg ggtcgctact
attccgggtc acttcaacgt gaactcggta ctgttcgaga
tatatcggcg tgatggcact ggagtttgct ccggcactgt
gtgtcgctac agcgactaaa caaggtgatg ttcttcatca
ccgaccatgc accagtcttc aatggggtcg ctgatgatct
ccgttgtgge agagctatga aatgttgccg ctgttctcgce
ggcttctcga ttgtcatctt tgaaggttcg ctggtgcagg
ccggatgaaa agagtctgtt tgttaagctg accaacacca
ttcatcgtge tgcgctttgg cgagcttatc tatcgcgaca
ggtgacttct actccgtgat gttctggatt gaagtcctgc
gttctgcgtg tggcgaagct gcgtaatgat tcccgcatgce

gtaaaccggt
gtctggtgtt
ggatcgcgtt
gggcggtata
cgagtctgtt
ggaacctgcc
cggcggtctg
ttgaacgtct
tcgcgctegg
cggcgggcta
tgctgacggc
cgggtctgcg
tcagtgtgtt
agctgtcgtt
tgatgctctt
tgttcctgtc

Ser Ala

Asp Val

val Pro

160

Glu
175

Leu
Pro Gly
Arg Glu
Ser

Gly

Leu
240

Tyr

Glu
255

Gly
Asn Leu
Glu Asn
val

Leu

His
320

His

catgattttt
cggtctgggc
tgacctgctg
cgtctttaac
tggttactca
gtacttctac
tatgaccatc
ggggtggaag
tgcgctgcectg
caaggtgcat
gttcatcatg
tggcaacggt
gctggcgatt
agcgtttgcc
ccegetggtce
agcactgagc

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



gcactgttag
ggcggttacg
attgagattt
caaaacgatc

154
392
PRT

<210>
<211>
<212>
<213>
<400> 154
Met Ser His
1

Val Met Ile

Leu
35

Lys Arg

Phe Pro

50

Trp

Phe Ala

65

Cys

Arg Gly Gln

Phe Gly Tyr

Asn
115

Tyr Trp

Val
130

Ser Leu

Met Ala

145

Leu

Val Ser Leu

Gly Ala Leu

Ile Ala

195

Ser

Pro Leu

210

Leu

val
225

Ile Phe

Pro Asp Glu

Leu Leu Ala

Leu
275

Asp Lys

gttgtgcaac
cctacttccc
gcgcttacat
ataatcgtca

Escherichia coli

Asp Pro Gln
5

Phe
20

Gly Pro

vVal Phe Gly

Gly Vval Trp

Gly Gly Trp

70
His Pro
85

Tyr

Ser Leu

100

Gly

Leu Pro Tyr

Phe Glu Thr

Glu Phe Ala

150

Gln Arg Leu

165

Leu Pro Thr

180

Gly Tyr Lys

Phe Ser Leu

Glu Gly Ser

230
Ser Leu
245

Lys

Ile Phe Ile

260
Ala

Ser Leu

K12

Pro

Leu

Leu

Ile

55

Ala

Leu

Gly

Phe

Ala

135

Pro

Asn

Met

Val

Leu

215

Leu

Phe

val

Phe

ctggcgtctg
gacctgggaa
cgtactcatt

tgaggcgagc

Leu

Ile

Gly

40

Ala

Leu

Val

Leu

Tyxr

120

val

Ala

Lys

His

His

200

Thr

vVal

Val

Leu

Ala
280

acctattcgce
gaactgttga
cgtctactgce
aaagcatga

Gly

val

25

Ser

Phe

Ala

Arg

Ser

105

Ile

Cys

Leu

vVal

Gln

185

Pro

Ala

.Gln

Lys

Arg
265

Gly

Gly

10

Ile

val

Asp

Trp

Pro

90

Ile

Pro

Met

Phe

Met

170

Ser

Leu

Phe

Ala

Leu

250

Phe

Asp

Lys

Cys

Ser

Leu

Ala

75

Ala

Thr

Gly

Thr

Glu

155

Phe

Ser

Trp

Ile

Gly

235

Thr

Gly

Phe

tggtggcatt caacccgggc
tttctattgg ttttgtggct
cgatacttcc tcctttaaaa

Ile

Met

Asp

Leu

60

val

Leu

Ile

His

Ile

140

Arg

Phe

Met

Gln

Met

220

Leu

Asn

Glu

Tyr

Ile

Leu

Leu

45

Ile

Tyr

Leu

Asp

Phe

125

Tyr

Leu

Ile

Gly

Sex

205

Gly

Arg

Thr

Leu

Ser
285

Ser

Leu

30

Asn

Gly

vVal

Ala

Val

110

Asn

Ile

Gly

Ile

Ser

190

Tyr

Phe

Gly

Ile

Ile

270

Val

Lys

15

Ile

Gly

Thr

Phe

Ser

95

Gly

val

Gly

Trp

Ala

175

Leu

Glu

Ser

Asn

Ser

255

Tyxr

Met

Pro

Val

Gly

Gly

Asn

80

Leu

Arg

Asn

vVal

Lys

160

Leu

Met

Met

Ile

Gly

240

val

Arg

Phe

1020
1080
1140
1179



Ile
290

Trp Glu

Ala
305

Lys Leu

Ala Leu Leu

Phe Asn Pro

Ile Ser

355

Leu

Ile
370

Leu Arg

Asn Arg His

385

<210>
<211>
<212>
<213>
<400> 155
atgagccaga
tgcgaaatcg
atggaagaga
tgtggcgtat
aatatcgacg
acgcatgacc
tctgcactgce
cacctgaaca
agcggtcagt
ccggaagtga
gctaaccgcg
ggtggtgtcg
atgtacatca
gataccgcag
aactacctga
ggcggctaca
gaatacctga
ccgcaggcac
aaatattcct
gctaatatgc
atcgttgcga
acgctgggcc
aaccaataca
ccgaacattce
atgctctctce
ccatcaacct
tcgctggtgg
cactcctttg
gtggtttcag

155
1704
DNA

<210>
<21l1>
<212>
<213>
<400>

156
567
PRT

156

Val Leu

Arg Asn

Leu

Asp

Met Leu

295

Ser Arg

310

Gly Cys

325

Gly
340

Gly
Ile Gly
Leu

Leu

Glu Ala

Ala

Gly

Phe

Pro

Ser

Thr Trp

Tyr Ala

Val Ala

360

Ile
375

Leu

Lys Ala

390

gaattactat
aaaatggcgt
tcgtgaaaaa
gtactaccac
ttccggttaa
atattgttca
aagctgaccc
gtccggaaga
tgggtatttt
acctgattgc
tcgtggcgcet
cgaacccgat
agtctttcat
ttattgccgc
gcgtgccgga
ttgagaatgc
tcaaaggcat
cgtgggaagg
gggtgaaatc
tggtgaaact
tttatcagaa
gtattattgg
gtgcactgat
cggcaacggg
actggatggt
ggaactctgg
gtacaccggt
acccgtgcat
tgaaggttct

Escherichia coli K12

tgatccggta
cgtttcgaaa
ccgcgatccg
tcacgcgctg
cgcgcaatac
tttctatcag
aaccaaagcc
gttcaccaaa
cgctaatggc
ggtagcgcac
gctgggcggt
caacctcgac
cgacaaactg
gttctacccg
attcccgacc
ggatctgtcc
tcaggaaagc
caccaccatt
accgactttc
ggcggcaggt
actgactggc
tcgtaccgtt
caccaatatc
tgaattcaaa
tattaaagac
tccgcgtaac
tgccgatccg
ggcctgtgcg
gtaa

Escherichia coli K12

Phe Pro Leu

Met Phe

315

Leu

Leu Thr

330

Arg

Phe Pro

Tyr
345
Ile

Glu Ile

Pro Pro Leu

acccgtattg
gcatgggctt
cgcgatgcat
tcttccgttce
atccgtaaca
ctttcggcge
tccgaaatgce
gttcagaaca
tactggggtc
tacctgcaag
aaaacgccgc
ggtttgggcg
agcgactttg
gaatggctga
gacagtaaaa
tcgtatcgtce
gcgaagcact
ccggcttatg
tacggcaaaa
cgcgaatcta
aacacgctgg
cactgctgtg
ggcaaaggcg
ggtgttggct
ggtatcatca
ttcaatgatg
aataaaccgc
gtacacgtag

Met Ser Gln Arg Ile Thr Ile Asp Pro Val Thr

Val
300

vVal Leu

Leu Ser Ala

Tyr Ser Leu

Thr Glu

350

Trp

Ala
365

Cys Tyr

Lys Gln Asn

380

aggggcattt
ccggtaccat
ggatgattgt
gtgcggcaga
tcattctggc
tggactgggt
tgaaaggcgt
agatcaaaga
atccggcgat
cgttggagtg
acattcagaa
tgctgaacct
ttgagcaggt
cacgcggtaa
acggcagctt
cgatcacttc
cctggtataa
atggttggtc
cggtagaagt
cccagaacaa
aagtggcaca
aattgcagga
atcacaccac
tcctecgaagce
gcaactacca
acgtcggtcce
tggaagtggt
tggatgctga

Arg Ile Glu

Arg Val

Ser
320

Leu

val Ala

335

Glu Leu

Ile val

Asp His

acgcatcgat
gtggcgcgge
gcaacgtatc
aagtgcgctg
tgcgcacacc
ggacatcact
ttcgacctgg
tctggttgcecc
gaaactgccg
ccagcgtgac
cctggcggta
tgagcgcctg
ttataaggtt
aggtgcggtg
cctgttceccecg
tcattccgat
agacgaagcg
tgacgacggg
ggggccactg
actgaatgaa
gctgcactcc
tatcctgcaa
ctttgtgaag
gccgegeggt
ggcggttgtt
ttacgagcag
gcgtaccatt
cggcaacgaa

Gly His

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

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1704



Leu

Ala

Asp

Thr

65

Asn

Ala

Ala

Lys

Pro

145

Ser

Met

Gln

Gly

Asn

225

Met

val

Leu

Pro

Glu

305

Glu

Lys

Arg

Ser

Pro

50

Thr

Ile

Ala

Leu

Ala

130

Glu

Gly

Lys

Ala

Gly

210

Pro

Tyr

Tyr

Thr

Thr

290

Asn

Tyr

Asp

Ile

Gly

35

Arg

Thr

Asp

His

Asp

115

Ser

Glu

Gln

Leu

Leu

195

Lys

Ile

Ile

Lys

Arg

275

Asp

Ala

Leu

Glu

Asp

20

Thr

Asp

His

val

Thr

100

Trp

Glu

Phe

Leu

Pro

180

Glu

Thr

Asn

Lys

val

260

Gly

Ser

Asp

Ile

Ala

Cys

Met

Ala

Ala

Pro

85

Thx

Val

Met

Thr

Gly

165

Pro

Cys

Pro

Leu

Ser

245

Asp

Lys

Lys

Leu

Lys

325

Pro

Glu

Trp

Trp

Leu

70

val

His

Asp

Leu

Lys

150

Ile

Glu

Gln

His

Asp

230

Phe

Thr

Gly

Asn

Ser

310

Gly

Gln

Ile

Arg

Met

55

Sexr

Asn

Asp

Ile

Lys

135

Val

Phe

val

Arg

Ile

215

Gly

Ile

Ala

Ala

Gly

295

Ser

Ile

Ala

Glu

Gly

40

Ile

Serxr

Ala

His

Thr

120

Gly

Gln

Ala

Asn

Asp

200

Gln

Leu

Asp

Val

vVal

280

Ser

Tyr

Gln

Pro

Asn

25

Met

Val

val

Gln

Ile

105

Ser

val

Asn

Asn

Leu

185

Ala

Asn

Gly

Lys

Ile

265

Asn

Phe

Arg

Glu

Trp

10

Gly

Glu

Gln

Arg

Tyr

90

Val

Ala

Ser

Lys

Gly

170

Ile

Asn

Leu

Val

Leu

250

Ala

Tyr

Leu

Pro

Ser

330

Glu

32

Val

Glu

Arg

Ala

75

Ile

His

Leu

Thr

Iie

155

Tyx

Ala

Arg

Ala

Leu

235

Ser

Ala

Leu

Phe

Ile

315

Ala

Gly

Val

Ile

Ile

60

Ala

Arg

Phe

Gln

Trp

140

Lys

Trp

Val

Val

val

220

Asn

Asp

Phe

Ser

Pro

300

Thr

Lys

Thr

Ser

Val

45

Cys

Glu

Asn

Tyr

Ala

125

His

Asp

Gly

Ala

Val

205

Gly

Leu

Phe

Tyr

val

285

Gly

Sexr

His

Thr

Lys

30

Lys

Gly

Ser

Ile

Gln

110

Asp

Leu

Leu

His

His

190

Ala

Gly

Glu

val

Pro

270

Pro

Gly

His

Ser

Ile

15

Ala

Asn

val

Ala

Ile

95

Leu

Pro

Asn

Val

Pro

175

Tyr

Leu

val

Arg

Glu

255

Glu

Glu

Tyr

Ser

Trp

335

Pro

Trp

Arg

Cys

Leu

80

Leu

Ser

Thr

Ser

Ala

160

Ala

Leu

Leu

Ala

Leu

240

Gln

Trp

Phe

Ile

Asp

320

Tyxr

Ala



Gly
355

Tyr Asp

Phe
370

Thr Tyxr

vVal Leu

385

Lys

Ile val Ala

Gln Leu His

Glu Leu

435

Cys

Ile
450

Asn Gly

Ala Thr

465

Gly

Met Leu Ser

Gln Ala Vval

vVal
515

Asp Asp

Pro
530

Asp

Pro Met

545

Cys

vVal Val Ser

<210>
<211>
<212>
<213>
<400> 157
atgcgtattt
cggattgtcg
ggcggcacgg
gcggatgcca
gaagttccgg
ttgtcggcecce
ccggaatcge
gcgcttgagce
gcgattcatg

157
495
DNA

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

158
164
PRT

340

Trp Ser

Gly Lys

Ala Ala

Asp

Thr

Gly

Asp Gly

360
val Glu
375

Arg Glu

390

Ile Tyr

405
Ser Thr
420

Gln Asp

Lys Gly

Glu Phe

Gln

Leu

Ile

Asp

Lys

Lys Leu

Gly Arg

Gln
440

Leu
His Thr
455

Gly Vval

470

His Trp

485

val
500

Pro
Gly Pro
Pro

Lys

Ala Cys

Met

Ser

Tyr

Leu

Ala

vVal Ile

Thr

Trp

Gln
520

Glu

Glu Vval

535

Val His

550

vVal Lys

565

Escherichia coli

tagtcttagg
aagcgttaga
cgggaatgga
ttgtctcgaa
cgttgtttac
tgcgcttcac
tggagccaca
aggttctggce
actga

val

Leu

Kiz2

ggtcggcaat
gcaacgatac
gctgcttggce
aaagaacgcg
caacaaaatc
cggcgagttt
catcggctta
tgcgctgcgt

Escherichia coli K12

345

Lys Tyr Ser

Val Gly Pro

Thr Gln

395

Ser

Thr Gly Asn

410
Ile Ile
425

Gly

Asn Gln Tyr

Thr Phe Val

Phe Leu

475

Gly

Lys Asp Gly

490
Asn Ser
505

Gly

Ser Leu Val

Val Arg Thr

Val vVal Asp

555

attttgctga
attctgccgg
gacatggcaa
ccgggaacga
tctececgecatce
ccgaaaaagc
acgccgacgg
gaatctggcg

350

val
365

Trp Lys

Leu Ala Asn

380
Leu

Asn Lys

Thr Leu Glu

val
430

Arg Thr

Ala
445

Serxr Leu

Lys Pro Asn

460
Glu

Ala Pro

Ile Ile Ser

Asn
510

Pro Arg

Thr
525

Gly Pro

Ile His Ser

540
Ala

Asp Gly

ccgatgaagc
attatgttga
atcgcgatca
tgatgatcct
agcttggcect
tgaccctggt
ttgaagcaat
tggaagccat

Ser Pro

Met

Leu

Glu
400

Asn

val
415

Ala

His Cys

Ile Thr

Ile Pro

Arg Gly

480

Asn
495

Tyr
Phe

Asn

Val Ala

Phe

Asp

Glu
560

Asn

catcggtgtg
gatcctcgat
tttgattatt
gcgggatgaa
ggccgacgtc
cggcgtgatc
gattgaacct
cccacgggag

60
120
180
240
300
360
420
480
495



<400> 158

Met Arg Ile Leu Val Leu Gly Val

1 5

Ala Ile Gly val Arg Ile Val Glu

20
Pro Asp Tyr Val Glu Ile Leu Asp
35 40

Leu Gly Asp Met Ala Asn Arg Asp
50 55

Val Ser Lys Lys Asn Ala Pro Gly

65 70

Glu vVal Pro Ala Leu Phe Thr Asn

85
Leu Ala Asp Val Leu Ser Ala Leu
100
Lys Leu Thr Leu Val Gly Vval Ile
115 120

Gly Leu Thr Pro Thr Val Glu Ala
130 135

val Leu Ala Ala Leu Arg Glu Ser

145 150

Ala Ile His Asp

<210> 159

<211l> 489

<212> DNA

<213> Escherichia coli K12

<400> 159

atgactgaag agatagcagg tttccagacc

gaagaaattg cccggcecgttc gatgcacgat

tatgtttctg attttacgct gttcgaaggt

atgctgagtg cagttatctt ccccggcccg

gaaaaaattg gtctgcaact gccgtatggc

ggtgtttcgc aatatctctc ctgttcgetg

gaagagggcc aacgcctgac ggatgactgc

aatccggatg taccacacgc agggcgtcgc

aatgcatga

<210> 160

<211> 162

<212> PRT

<213> Escherichia coli K12

<400> 160

Gly Asn Ile

10

Ala
25

Leu Glu

Gly Gly Thr

His Leu Ile

Thr Met Met

75

Ile
90

Lys Ser

Arg Phe Thr

105
Glu

Pro Ser

Met Ile Glu

Glu
155

Gly Vval

tcccecgaagg
ctctctttte
cagtggacgg
gatcaactct
actatgacct
atgtcgccgce
gcacgaatga
gccctgcectgt

Met Thr Glu Glu Ile Ala Gly Phe Gln Thr Ser

1

5

10

Gln Ala Ala Phe Glu Glu Ile Ala Arg Arg Ser

20

25

Phe Leu His Pro Ser Met Pro Val Tyr Val Ser

35

40

Leu Leu Thr

Gln Arg Tyr

30
Ala Gly
45

Met

Ile Ala

60

Asp

Ile Leu Arg

Pro His Gln

Phe
110

Gly Glu

Glu
125

Leu Pro

Pro Ala Leu

140
Ala

Ile Pro

cgcaagtaca
tgcatccttc
ggtgtgtgat
ggccgctgceg
ttaccgttgg
tttcgcacag
tcctttceget
ttggtcgcag

Pro Lys Ala
Met His Asp
30

Asp Phe Thr
45

Asp Glu

15

Ile Leu

Glu Leu
Ala Ile

Glu
80

Asp

Leu
95

Gly
Pro Lys
His Ile
Glu Gln

Glu
160

Arg

ggcagcgttt
aatgccggtg
cacccecgtgg
caaagtgagt
cgaactggac
catgtcgatt
gccagtcacg

gagtggcgaa

Gln val
15

Leu Ser

Leu Phe

60
120
180
240
300
360
420
480
489



Glu Gly Gln

50
Phe

val Ile

65
Ile

Glu Lys

Gly Glu Leu

Ser
115

Pro Leu

Asp Cys Ala

130
Ala

Pro His

145

Asn Ala

161
342
DNA

<210>
<211>
<212>
<213>
<400> 161
atgcatgagt
cacgatgtta
gagagcgccg
gatttacata
gagattcatc
accggcgatt

<210>
<211>
<212>
<213>
<400> 162
Met His Glu
1

162
113
PRT

Gln Ala Glu

Ile Ala

35

Gly

Glu Ile

50

Val

val
65

Tyr Lys

Glu Ile His

Leu Arg Val

Glu

Trp Thr

Pro Gly

70
Leu Gl
85

Gly

Asp
100

Gly

His Ser Me

Arg Met Il

Gly Arg

15

tgtctctttg
agcgcgtcac
tccgttttag
tcgtctataa
agcacgatgc
cgctgatcgt

Escherichia coli

Leu
5

Gln
20

His As

Leu Ser

Cys His Gl

Ala G1

70

Pro

His As

85

Gln

Asp Thr Gl

100

Gly

Pro

Val

Arg

Ser Leu

Cys

Cys Val

55

Asp Gln

Pro

n Leu

Ser Gln

Ile
120

t Ser

e Leu Ser

135
Ala Leu
0

Escherichia coli K12

ccagagcgcec
cgccgtgtgg
ttttgaaatt
acccgcccag
gcagtgtccg
caaaagtatt

K12

Cys Gln

p Val Lys

Glu
40

val

Thr
55

y Val

n Ala Trp

p Ala Gln

y Asp Ser

Ile Thr Pro

Pro
75

Leu Trp

Tyr Gly Thr

90
Ser

Tyr Leu

105
Glu

Glu Gly

Leu Pro Val

Leu Phe Gly

155

gttgaaatta
ctggaaattg
gtctgccacg
gcttggtgcet
ctctgtcacg
gaagttgaat

Ala
10

Ser val

Arg Val Thr

25

Glu Ser Ala

Ala Gln Gly

Cys Trp Asp

75
Pro Leu
90

Cys

Leu Ile Val

105

Trp Met Leu

60

Leu Arg Lys

Met Thr Phe

Leu
110

Cys Ser

Gln Arg Leu

125

Thr
140

Asn Pro

Arg Arg Ser

tccaacggca
gcgecgcetcectce
gaacggtggc
gggattgcag
gcgagcggtt
aa

Glu Ile Ile

Ala VvVal Trp

30

Val Axrg Phe

45
Leu

Cys Asp

Cys Ser Gln

Cys His Gly

Ile
110

Lys Serxr

Ser Ala

Val Ser

80

Thr
95

val
Met Ser
Thr Asp
Asp Val

Glu
160

Gly

ggcggagcag
ctgcgttgag
gcaagggtgc
ccaggtggtg
gcgtgtcgat

Gln
15

Arg

Leu Glu

Ser Phe

His Ile

val val

80

Glu
95

Arg

Glu Vval

60
120
180
240
300
342



i63
249
DNA

<210>
<211>
<212>
<213>
<400> 163
atgtgtattg
caggttgaag
cctgeccgatc
gacgaagatg
agcgcgtga

164
82
PRT

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

<400> 164

Met Cys Ile Gly Val Pro

1

His Gln Leu

Ile Ala Leu

35
val

Leu Val

50
Ala Ala
65

Lys

Ser Ala

<210>
<211>
<212>
<213>
<400> 165
atgaatctct
gcatcgcecttc
gtcgccgect
ccggtcgcecta
gcgtggatca
gacatcattc
gtcggtttct
attaccgccg
ctgattgtta
ggacaggtaa
tttatgacca
aaagagacgt
agctctaact
tgcctgacgce
ggggcgtcac
cgtgcctgga
tttaaagccc
ccgtacctcecg
gccgcecgtgt
ctgctctcga
acgctgaaag
atttcgaact

165
1656
DNA

gcgttccagg
tatgtggtat
tactgggcca
aagccaaagc

Escherichia coli

5

Ala
20

Gln

Ile Cys

His Vval

Thr Leu

ggcaacaaaa
ccatcctgtt
cgtggacggt
acgcgctggce
ttattgcagc
gctcgtctat
gtttcggcgce
cattgctggt
acaccgcgcce
caggtatcga
ttatcgtgct
ggcctgcggt
tcattgggcc
tgttcctcaa
aggttgatat
caccgttcct
tgttcgcatc
ataaactggt
ttaagtttga
ttgtctggct
aactggctct
attccggact

val

Glu

Gly

Asp
70

Escherichia coli K12

ccaggtgctg
caagcgcgat
gtgggtgctg
cacattagac

K12

Gly Gln

Glu Vval

Asn
40

Gly

Phe Ala

55

Ala Leu

Escherichia coli K12

ctacgatccc
tttcttcttt
ggcaatcgcc
ctcggtggtt
ggtgttcgtc
tctttcgata
gttccttgaa
cggcctgggt
agtggcattt
cagctttgag
gttctggatc
cgtggttgcg
ggagctgccg
acgctggcag
gacgctggcc
gttcctgaca
gggtggcgcg
tgccegtatg
ctggttctct
gaagatgaaa
gcccatctac
gtcatcaaca

gctgteggtg
gtgaatatcg
gtacacgtcg
gcactgcgcc

Val Leu Ala

10

Cys Gly Ile

25

Pro Ala Asp

Met Ser Ile

Gln Met

75

Arg

gccgggaata
gcgctgatta
cttgeccgtgg
tatggtttct
tataagatct
acccctgacc
ggagccgcag
tttaaaccgc
ggtgcgatgg
attggtcaga
atggcgatta
ggcggctcgt
gacattatct
ccagtgcgtg
cacaccggtt
gctaccgtaa
ctgtatgagt
ccgccagtgg
gccaccggca
ccgtctgacg
tccatcggta
ctggcgectgg

aagatattca
ccctgatttg
gatttgccat
aaatggatta

vVal Gly Glu

Lys Arg Asp

30

Leu
45

Leu Gly

Ile
60

Asp Glu

Asp Tyr Asp

tctggctttce
agctcaaact
ctttgctgtt
tctacgggtt
cggtgaaaac
agcgtctgca
gctttggcgce
tgtacgccgce
gcattccaat
tggtggggcg
tggacggctg
ttgccatcgce
cttecgctggt
tattccgttt
acactgcggg
cactgtggag
gggtgatcaa
tcagcgaggc
ccgccattct
ctatcagcac
tggtgctggce
cactggcgca

ccagcttgcg
tgaaggtaac
gagcatcatc
cgacattacc

Asp Ile

15

Val Asn

Gln Trp

Asp Glu

Ile Thr

80

cagtctgata
gaaaggatac
ctataaaatg
gtggcccatc
cgggcagttt
aatgctgatc
accggtagca
cgggctgtgce
cctggttgece
gcagctaccg
gcgcggtatce
tcagtacctt
atcactgctc
tggtgatttyg
tcaggtgtta
tatcccgeceg
tattccggtg
tacagcctat
gtttgctgca
cttcggcagc
attcgceccttt
caccggtcat

60
120
180
240
249

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

1020
1080
1140
1200
1260
1320



gcattcacct
acctcatcta
tctgatctgt
ccgcaatcta
ttcecgettta
cttcaggctt

<210>
<211>
<212>
<213>
<400> 166
Met Asn Leu
1

166
551
PRT

Ser Ser Leu

Ile Leu

35

Lys

Ala
50

Ile Leu

Ala Ala

65

Leu

Ala Trp Ile

Thr Gly Gln

Asp Gln Arg

115

Glu
130

Leu Gly

Leu Leu Val

145
Ile

Leu Val

Ile Leu Val

Gln Val

195

Met

Ile
210

Trp Met

Pro Ala Val

225

Ser Ser Asn

Val Ser Leu

tecttctcgec
acgccctgtt
tgctggttgce
tcgctatcgce
ctgtcaaaca
atgtcttaac

Escherichia coli

Trp Gln Gl
5

Ile Ala

20

Se

Lys Leu

Ala Vval Al

Ser Val

70
Ile Ile
85

Al

Phe
100

Asp Il

Leu Gln

Ala Ala G1

Gl
15

Gly Leu

Thr Al

165

Asn

Ala
180

Gly G1

Gly Arg Gl

Ala Ile Me

Al
23

Val Vval

Ile
245

Phe

Leu Le

260

Cys

Lys

val

Met

Gly

gttcctcggce
cgccgcgctg
cgccaatacc
ctgtgcggcg
cagcctgatc
gtggatgatt

K12

n Asn Tyr

r Leu Pro

Gly Tyr

40
a Leu Leu
55

Tyr Gly

a Ala Val
e Ile Arg

Ile
120

Leu

y Phe Gly

135

y Phe
0

Lys
a Pro val
n Val Thr

Pro
200

n Leu

t Asp
215

Gly

a Gly
0

Gly
Glu

Pro

u Thr Leu

tggctggggg
caagccaccg
accggtggcg
gtaggcctgg
ttcacctgta
ccttaa

Pro Ala

10

Asp

Ile
25

Leu Phe

vVal Ala Ala

Phe Tyr Lys

Phe Phe Tyr

75
Phe Vval
90

Tyr

Ser Ser Ile

105

Val Gly Phe

Ala Pro Val

Pro Leu Tyr

155
Ala Phe
170

Gly

Gly Ile

185

Asp

Phe Met Thr

Trp Arg Gly

Phe Ala

235

Ser

Pro
250

Leu Asp

Phe
265

Leu Lys

tattcctgac
cagcacaaca
tcaccggtaa
tgggcaaaga
tagtgggcgt

cgggtcggat
aattggcgtc
gatgatctcc
gtctgatttg
gatcaccacyg

Gly Asn Ile

Phe
30

Phe Phe

Ser Trp Thr

45
Met val
60

Pro

Gly Leu Trp

Lys Ile Ser

Tle
110

Leu Ser

Phe
125

Cys Gly

Ala Ile Thr

140
Ala

Ala Gly

Ala Met Gly

Phe Glu

190

Ser

Ile Ile Vval

205
Ile Glu
220

Lys

Ile Ala Gln

Ile Ile Serxr

Gln
270

Arg Trp

Trp

15

Ala

val

Ala

Pro

Val

95

Thr

Ala

Ala

Leu

Ile

175

Ile

Leu

Thr

Tyx

Ser

255

Pro

Leu

Leu

Ala

Asn

Ile

80

Lys

Pro

Phe

Ala

Cys

160

Pro

Gly

Phe

Trp

Leu

240

Leu

Val

1380
1440
1500
1560
1620
1656



Phe
275

Arg Val

Ala His

290

Leu

Pro Phe Leu

305

Phe Lys Ala

Asn Ile Pro

vVal Ser

355

Val

Phe Ser Ala

370

Val
385

Trp Leu

Thr Leu Lys

Ala Phe Ala

Ala Leu

435

Leu

Leu Gly

450

Trp

Ala
465

Leu Phe

Ser Asp Leu

Lys Met Ile

Leu Val Gly

515

Ile
530

Leu Phe

val
545

Leu Thr

<210>
<211>
<212>
<213>
<400> 167
ttgtcaagca
agttacgctt
gttaaagatc
cccaagaaga

167
963
DNA

Arg Phe

Thr Gly

Phe Leu

Gly

Tyr

Thr

Leu
280

Asp

Thr
295

Ala

Ala Thr

310

Phe
325

Leu

val
340

Pro
Glu Ala
Thr

Gly

Lys Met

Ala

Tyr

Thr

Thr

Lys

Ser Gly

Leu Asp

Ala Tyr

360

Ala
375

Ile

Pro Ser

390

Glu Leu

405
Phe Ile
420

Ala His

Leu

Gly

Ala Ala

Ala

Ser

Thr

Val

Leu

Leu Pro

Asn

Tyr

His
440

Gly

Phe
455

Leu

Gln Ala

470

Leu
485

Leu

Ser Pro

500

Lys Glu

Thr Cys

Trp Met

Val

Gln

Ser

Ile

Ile

Ala Ala

Ile

Ser

Leu
520

Asp

Val
535

Gly

Pro

550

tgccaaatca
ttgccatggce

ggacaaaggg
tttactcagg

tcaaaaagtt
acaacaagga
tgacgccctt
cgaatattca

Gly Ala Ser

Gly Gln Val

Val Thr Leu

315

Ala
330

Gly Leu

Lys Leu Val

345
Ala

Ala Vval

Leu Phe Ala

Ala Ile

395

Asp

Ile Tyr Ser

410
Ser Leu
425

Gly

Ala Phe Thr

Thr Gly Ser

Thr Ala Ala

475

Thr
490

Asn Thr

Ala
505

Ile Ala

Phe Arg Phe

Val Ile Thr

Lactobacillus plantarum WCFS1

gtgttagtcg
attgctgaag
gatcttgaag
gattgtaagg

Gln val

285

Asp

Leu Ala

300

Arg

Trp Ser Ile

Tyr Glu Trp

Ala Met

350

Arg

Phe Lys Phe

365

Ala
380

Leu Leu

Ser Thr Phe

Ile Gly Met

Thr
430

Ser Ser

Phe
445

Phe Ser

Asp Thr Ser

460

Gln Gln Ile

Gly Gly Val

Ala Ala

510

Cys

Thr Val

525

Lys

Thr
540

Leu Gln

gcgacggcgce
aatttgtaat
acgcccaagc
acgctgactt

Met Thr

Trp Thr

Pro
320

Pro

val Ile

335

Pro Pro

Asp Trp
Ile

Ser

Ser
400

Gly

val
415

Leu
Ala

Leu

Pro Phe

Asn

Ser

val
480

Gly

Thr
495

Gly

Val Gly

His Ser

Ala Tyr

tgttggttct
tgtcgatgtt
attcaccgcet
agttgttatt

60
120
180
240



acagcecggtg
aatatcctat
gttgctgcta
aaggatcgtg
ggcaaacaat
gattctgaat
gctaaggaac
aaagcttacg
atgcggattt
atggacggcc
actggtttga
gattccgccg
taa

<210>
<21l>
<212>
<213>
<400> 168
Met Ser Ser
1

168
320
PRT

Ala val Gly

Glu Phe

35

Glu

Ala Leu

50

Asp

Tyr Ser Gly

65
Thr

Ala Gly

Asn Lys Asn

Phe
115

Ser Gly

Thr
130

Leu Tyr

Ile
145

Gly Ser

Gly Lys Gln

Gly Glu His

Gly Thr Arg

195
Glu Asp
210

Leu

Ile
225

Ile Asn

cgcctcaaaa
catccattgt
accctgttga
tcattggttc
tcaatgttga
ttgctgctta
aaggcgtttc
acatcatcaa
ccaaagccat
aatacggctt
aacaaatcat
caactttgaa

Met Pro Asn His Gln Lys Val

5
Ser Serxr
20

val Ile

Leu Glu

Glu Tyr

Ala Pro

85

Leu
100

Asn
Asp Gly
Ala Thr

Gly Thr

Tyr

val

Asp

Ser

70

Gln

Ile

Ile

Trp

Ser

gcctggtgaa
caaaccagtt
catcttaact
agggacttcc
tcctcgttcc
ctcaactgca
tgacgaagat
cttgaagggt
tttacgtgat
aaacgacatt
cgaatcacca
aaaagtgctt

Ala Phe

vVal
40

Asp

Ala Gln

55

Asp Cys

Lys Pro

Leu Serxr

Phe Leu

120
Lys Phe
135

Leu Asp

150

Phe Asn

165

Gly
180

Asp
Pro Val
Ala

Lys

Leu Lys

val

Ser

Arg

Leu

Gly

Asp Pro

Glu Phe

vVal
200

Asp

Glu
215

Asp

Ala Thr

230

tcacgtttag
gttgactccg
tacgctactt
ttagactctt
gttgatgctt
accatcggga
ttagccaagt
gccacgttct
gaaaatgccg
tatatcggga
ctttcagctg
aacgacggtt

Lactobacillus plantarum WCFS1

Val
10

Ala Ala

25

Met

Val Lys Asp

Ala Phe Thr

Ala
75

Lys Asp

Glu
S0

Gly Ser

Ser Ile Val

105

Val Ala Ala

Ser Gly Phe

Ser Ser Arg

155
Ser Val
170

Arg

Ala Ala

185

Tyr

Ala Lys Glu

Gly Val Arg

Phe Gly

235

Tyr

acttagttaa
gctttgacgg
ggaaattctc
cacgtttacg
acatcatggg
cacgtccagt
tagaagacgg
acggtatcgg
ttttaccagt
ctccggetgt
acgaactcaa
tagctgaatt

Leu Val Gly

Gln Gln Gly

30

Thr
45

Arg Lys

Ala
60

Pro Lys

Asp Leu Val

Arg Leu Asp

val
110

Lys Pro

Pro Val

125

Asn

Pro
140

Lys Asp

Leu Arg Val

Asp Ala Tyr

Thr Ala

190

Ser

Gln Gly Vval

205
Asn Ala
220

Lys

Ile Gly Thr

caagaattta
catcttctta
aggtttccca
cgttgcgtta
tgaacacggt
tcgcgatgtc
tgttcgtaac
gactgcttta
aggtgcctac
gattggtgga
gaagatgcaa
agaaaataaa

Asp
15

Gly

Ile Ala

Gly Asp

Lys Ile

val Ile

80
Leu Val
95

Val Asp

Asp Ile

Arg Val

Ala Leu

160

Ile
175

Met

Thr Ile

Ser Asp

Tyr Asp

Ala Leu

240

300
360
420
480
540
600
660
720
780
840
900
960
963



Met Arg Ile

val Gly Ala

Gly Thr Pro

275
Pro Leu
290

Ser

Thr Leu
305

Lys

<210>
<211>
<212>
<213>
<400> 169
atggataaga
gccttttcat
acgcacgcag
aacattcata
ggtgtgcctc
ctggaatcca
agtaatcccg
cgggtcattg
aagttgaatg
tccatcgtta
gtcgatgatc
attagtcaga
gcaattttga
ggcattaacg
gtgatcgaag
atgctgacca

169
930
DNA

<210>
<211>
<212>
<213>
<400>

170
309
PRT

170

Met Asp Lys Lys Gln Arg Lys Val Val

1

Gly Ser Ser

vVal Ile

35

Leu

Leu Glu

50

Asp

Gly
65

Glu Tyr

Gly Vval Pro

Asn Thr Lys

Ser Lys

245
Tyr Met
260

Ala Vval

Ser Ala

Lys Val

31

agcaacgcaa
tggtccaaaa
agggggacgt
ccggtgaata
gtaagcctgg
tcgtcaaacc
tcgatatttt
gtaccgggac
ttgccaccac
attttgatga
agttcaaagc
agggggccac
acgatgaaaa
atttgtactt
ctgagctatc
tgatgaatgt

5

Phe
20

Ala

Val Asp Le

Asp Val Al

Al
70

Ala Asp

Arg Lys

85

Ile
100

Leu Gl

Ala

Asp

Ile

Asp

Leu

Phe

Pro

Ile Leu

Gly Gln

Gly Gly

280

Glu
295

Leu

Asn Asp

0

agtcgtaatt
ttgcgccecta
taaggatttg
tgcggatgcg
tgagagtcgt
agtggttgcg
gacttcgatg
ttcecttggat
tgcagttgat
aattatgatc
tgaaatcgag
gttctatggg
tgctgagttg
ggggtcaccc
agatgatgag
ggcatcataa

Ser Leu

u Val Lys

40
a Ala Phe
55

a Arg Asp

Gly Glu

u Ser Ile

140

Arg Asp Glu

250

Tyr Gly Leu

265
Thr

Gly Leu

Lys Lys Met

Ala
315

Gly Leu

Lactobacillus plantarum WCFS1

gttggtgatg
gatgaactcg
gaagatgttg
cgtgatgcetg
ttagatttga
agtggtttta
acgcaacgtt
acggcgcggt
gctgcggtac
aatgctcagc
caagctgttc
gtcgecegtta
attgtctccg
gccattatta

cgtgccecgga

Lactobacillus plantarum WCFS1

Ile
10

Val

Val
25

Gln Asn

Thr His Ala

Thr Asn Ala

Ile
75

Ala Asp

Ser Arg Leu

90

Val
105

Lys Pro

Asn Ala Val

Ile
270

Asn Asp

Gln
285

Lys Ile

Gln
300

Asp Ser

Glu Leu Glu

gctcggtggg
ttatcgttga

ccgectttac
acatcgttgt
ttaaccgcaa
atggttgctt
tatccggttt
tacgggtcgc
ttggagaaca
ccttaaagac
gtggtaaagg
gtttgatgca
ccgctttgtce
accgcaacgg
tgcaacattt

Gly Asp Gly

Ala Leu

30

Cys

Glu Gly

45

Asp

Thr
60

Asn Ile

val val Ile

Asp Leu Ile

Ala
110

Val Vval

Leu Pro

255

Ile

Glu

Ala Ala

Asn Lys

320

ttcatcattt
cttggttaaa
gaatgcgacc
cattacggct
tacgaagatt
cgttatctca
tccacggcecat
cttggctcag
tggtgatagt
ggtcacaacg
tggtcaaatc
aatctgccga
tggtcaatat
gctccaaaaa
cgcagccaag

Ser Val

15

Asp Glu

Val Lys
Thr

His

Ala
80

Thr

Asn
95

Arg

Ser Gly

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
930



Phe Asn Gly

115
Met Thr
130

Ser

Thr Thr

145

Gly

Lys Leu Asn

His Gly Asp

Gln Leu

195

Pro

Ile Glu

210

Gln

Gly Ala Thr

225
Ile

Ala Leu

Ser Gly Gln

Ile Asn Arg

275

Glu
290

Asp Arg

Met val

305

Asn

<210>
<211>
<212>
<213>
<400> 171
atgattttta
ttatccgcga
ttctggcaga
ctcccceatct
ggtgcaatcg
accgttttgg
ccagcgatgg
atcttggcect
accgtgggac
atcacgcaac
atcatgtggt
gcgttagtga
tatgaatttg
cgattgcact
gcagcccaga
ttggtcgttg
cgttatgcta
gaactcctct

171
1593
DNA

Cys Phe

Gln Arg

Ser Leu

val

Leu

Asp

Ile Ser

120

Ser
135

Gly

Thr Ala

150

Val Ala

165
Ser Ser
180

Lys Thr

Ala Vval

Phe Tyr

Thr

Ile

Val

Arg

Gly

Thr Ala

Val Asn

Thr Thr

200

Gly
215

Lys

Val Ala

230

Asn Asp

245

Tyr
260

Gly

Asn Gly

Ala Arg

Ala Ser

ttgcaagtgc
cccgtggaat
ttagtccaac
tatggatctt
accggattaa
tagccttect
tcactgcacc
tagtggctga
tgagtaatgt
tcgatttatt
ttggccctaa
tcggtttcgt
tttcaatcat
ggttgttacc
cgcctgegcece
tgctattact
acttatcgtg
attcgccagg

Glu

Ile

Leu

Met

Asn Ala

Asn Asp

Gln Lys

280
Gln His
2385

tgcaatcatc
gaccattagc
ggtcctcacc
atttggecgcecc
ccagggcttt
atttgggggc
attactaatt
ctcgaccccce
gaccgaaaaa
cgttggtgceg
ggcacaccgc
ttacagtcta
cgcaccgctg
aaagtcgagc
tagtccgatg
cgctagccgg
gtcccacatt
gacaatcttg

141

Ser Asn Pro

Phe Pro Arg

Arg Leu Arg

155
Ala

Val Asp

170
Phe Glu
185

Asp

Val Asp Asp

Gly Gly Gln

Val Leu

235

Ser

Glu Leu Ile

250
Leu Leu
265

Tyxr

Val Ile Glu

Phe Ala Ala

Lactobacillus plantarum WCFS1

ctgccactga
gctctggtgg
gcctcaattt
ttactcatgc
caaagtttgt
ttgattgaag
gcactcggct
gcagcgttcg
gcatccgtct
ctaatgccag
ttgaaaagct
ctggcactcc
ggaacgctgg
cagttgacgc
aacctgatga
gtcgtgacac
ctaggttata
gcggtagcgg

Val Asp Ile

125
His val
140

Arg

Val Ala Leu

Ala Val Leu

Ile Ile

190

Met

Gln Phe

205

Lys

Ile
220

Ile Ser

Met Gln Ile

Val Ser Ala

Pro
270

Gly Ser

Ala Glu

285

Leu

Lys Met Leu

300

ttcttctegg
tgattattac
tgcaggcgat
tcaactgttt
ctgctgacat
gtgtctcggg
tttcacccat
gcgeccgttgg
tgaacttgat
cggtgctcat
ggctttcegt
tcagtgcttg
ttattgccat
catggcggac
ccgecttggtt
caatcaaaca
gtcaaatcaa
ccatcattgg

Leu Thr

Ile Gly

Ala Gln

160
Gly Glu
175

Asn Ala

Ala Glu

Gln Lys

Cys Arg

240

Ala
255

Leu

Ala Ile

Ser Asp

Thr Met

gggcctgaat
cggctacttt
tcataaagcc
gcgtgccact
gcggctacaa
cttcgggacc
ggcggcegtt
aacaccattg
tggcctgcgce
tttaattctc
cttaccttgg
gctagtgggt
catcacgatc
gaacgggatg
tccttacctg
ggttttgacc
ctctgattgg
gttactagta

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

1020
1080



caagcccgtt
aacaccgcaa
ttgaatcagg
ctagctggtg
ggtagtacca
gcgagtttga
atggtctgtg
ggcgceccatct
gccgggtggce

172
530
PRT

<210>
<211>
<212>
<213>
<400> 172
Met Ile Phe
1

Leu

Gly Gly

Ile
35

val Vval

Thr Ala

50

Leu

Trp Ile Leu

65
Ala

Gly Ile

Met Arg Leu

Val
115

Glu Gly

Ile Ala

130

Leu

val
145

Ala Asp

Thr val Gly

Ile Gly Leu

Ala Val

195

Pro

His Arg Leu

210

Gly
225

Phe val

Tyr Glu Phe

cattaaagcc
ttgccctegg
ccaacctacc
tttgggtcat
cggtctcgac
agcccacgat
tccataatat
tacgtaaaac
tactattacg

Ile Ala Ser

5
Asn Leu
20

Ile Thr

Ser Ile

Phe Gly

Asp Arg

85
Gln Thr
100

Ser Gly

Leu

Gly

Ser Thr

Ser

Gly

Leu

Ala

70

Ile

Val

Phe

Phe

Pro

cttactacca
tgttaccctg
cagcatgcca
catggcacca
actgactttt
tatcttggca
cgttgectgtce
actactacca
tctcttagcect

Ala Ala

Ala Thr

Phe
40

Tyxr

Gln
55

Ala
Leu Leu
Asn Gln
val

Leu

Thr
120

Gly

Ser Pro

135

Ala Ala

150

Ser
165

Leu

Arg Ile

180

Leu Ile

Ser

Lys

Tyr Ser

Asn

Thr

Leu

Trp

Leu

Val Thr

Gln Leu

Ile Leu

200
Leu Ser
215

Leu Ala

230

Val Ser

245

Ile

Ile Ala

142

actgcccatt
atcatggttc
atgtatatcg
ttcctaggcc
gcgcaaattc
gcccagctcg
agctcagtcg
ggtctgggtt
taa

Lactobacillus plantarum WCFS1

Ile Ile
10

Leu

Arg Met

25

Gly

Phe Trp Gln

Ile His Lys

Asn
75

Met Leu

Phe
90

Gly Gln

Ala
105

Phe Leu

Pro Ala Met

Met Ala Ala

Ala
155

Phe Gly

Glu Lys Ala

170

Asp Leu Phe

185
Ile

Met Trp

Val Leu Pro

Ser
235

Leu Leu

Leu
250

Pro Gly

cggtcatccg
aagtcttcac
ccaagtttat
aattaggggc
aagctgatat
tcggtgcgge
ttggcctgag
acgccctgtt

Pro Leu Ile

Thr Ile Ser

30
Ile

Ser Pro

45

Ala
60

Leu Pro

Cys Leu Arg

Ser Leu Ser

Phe Gly Gly

110
vVal Thr
125

Ala

val Ile

140

Leu

Val Gly Thr

Ser Val Leu

val Ala

190

Gly

Phe Gly Pro

205

Trp Ala Leu

220

Ala Trp Leu

Thr Leu Val

ttcgatgggce
taattctggc
cgcaacctat
gttcgtaact
tgcggccaat
agccggcaat
tggtcaagaa
aattggcgtc

Leu Leu

15

Ala Leu

Thr Vval

Ile Leu

Ala Thr

80

Ala
95

Asp
Leu Ile
Pro Leu
Ala

Leu

Leu
160

Pro

Asn Leu

175

Leu Met

Lys Ala

val Ile

Val Gly

240

Ile
255

Ala

1140
1200
1260
1320
1380
1440
1500
1560
1593



Ile Ile Thr
Thr Pro Trp
275

Pro Met Asn
290

Leu Leu Leu
305

Arg Tyr Ala
Asn Ser Asp
Ala Ala Ile

355

Leu Pro Thr
370

Ala Leu Gly
385

Leu Asn Gln
Ile Ala Thr
Gly Gln Leu

435

Thr Phe Ala
450

Pro Thr Ile
465

Met Val Cys
Ser Gly Gln
Gly Tyr Ala

515

Leu Ala
530

<210> 173
<211> 1275
<212> DNA

Ile

260

Arg

Leu

Ala

Asn

Trp

340

Ile

Ala

Val

Ala

Tyr

420

Gly

Gln

Ile

val

Glu

500

Leu

Arg

Thr

Met

Ser

Leu

325

Glu

Gly

His

Thr

Asn

405

Leu

Ala

Ile

Leu

His

485

Gly

Leu

Leu His

Asn Gly

Thr Ala
295

Arg Val
310

Ser Trp

Leu Leu

Leu Leu

Ser Val

375

Leu Ile
390

Leu Pro

Ala Gly

Phe Vval

Gln Ala

455
Ala Ala
470
Asn Ile

Ala Ile

Ile Gly

Trp

Met

280

Trp

Val

Ser

Tyx

Val

360

Ile

Met

Ser

val

Thr

440

Asp

Gln

Val

Leu

Val
520

Leu Leu Pro
265

Ala Ala Gln

Phe Pro Tyr

Thr Pro Ile

315

His Ile Leu
330

Ser Pro Gly
345

Gln Ala Arg

Arg Ser Met

Val Gln Val

395

Met Pro Met
410

Trp Val Ile
425

Gly Ser Thr

Ile Ala Ala

Leu Val Gly

475

Ala Val Ser
490

Arg Lys Thr
505

Ala Gly Trp

<213> Lactobacillus plantarum WCFS1

<400> 173
atggttgcaa

cgtgggaagc

ttgatttacc
aattacgccg gtaagttagt
gaaacggtcg agaagtcgct
acaatattgt

atatgacaag
gtcgcaagct
ggataatcca
gattattagt

cgcacaatta
gcaacatatc
atcggctccg
tctgatcaca

Lys

Thr

Leu

300

Lys

Gly

Thr

Ser

Gly

380

Phe

Tyr

Met

Thr

Asn

460

Ala

Ser

Leu

Leu

Ser

Pro

285

Leu

Gln

Tyr

Ile

Leu

365

Asn

Thr

Ile

Ala

Val

445

Ala

Ala

val

Leu

Leu
525

Ser

270

Ala

val

vVal

Ser

Leu

350

Lys

Thr

Asn

Ala

Pro

430

Ser

Ser

Ala

vVal

Pro

510

Leu

cggctcagat
ataacaaatt
ataagctgga
cgcgcccagt

Gln Leu

Pro Ser

Val val

Leu Thr

320

Gln Ile
335

Ala Vval

Pro Leu

Ala Ile

Ser Gly

400

Lys Phe
415

Phe Leu

Thr Leu

Leu Lys

Gly Asn

480

Gly Leu
495

Gly Leu

Arg Leu

tgatgatgaa
atcagaacag
ggaacttgct
tccttcacat

60
120
180
240



attatcaccc
atcctcgtag
ggtgaagaca
atggtcaaga
gaagcagatt
ggtggtcgga
tccggcgaat
cataaggata
ttagacgaag
gtgggctgtg
atttcgacga
accgctgctg
gatggtcacg
ttcctggacc
caaatctttg
cctgatttga
aaggcctacg
gttattgtga

<210>
<211>
<212>
<213>
<400>

174
424
PRT

174

cgatcctatt
ctactggttt
tcgtcaataa
ttggccaatt
tgctaatctc
agtccgtttt
ttattaactc
tggtgtacgc
ataaaaaaat
actttgtcaa
atggtggtta
aagcaacaaa
gtggtgaagg
aagcaatcaa
ctcgaatctt
ttacgaatat
cacgcgaggg
agtag

gcggeggtta
ccatcggcca
cgaagaaatc
accatctggc
cgaaggcttt
acctgggatt
accgaaggcc
tgctcggacc
cattgggtca
agaactttct
tccgcttgat
caaagaaggc
gttttatcac
cacgccacgg
agttcatcat
gcatatggaa
tcaagccgct

Met Val Ala Ile Asp Leu Pro Tyr

1

Ile Asp Asp

Asn
35

Tyr His

Pro Ile

50

Asn

Asn Ile Val

65
Ile

Ile Thr

Ala Arg Ile

Glu Glu

115

His

Glu Ile

130

Val

Gly Gln Leu

145
Glu

Ala Asp

5

Glu
20

Asn

Lys Leu Se

Gly Ser As

Ile Ile

70

Ile
85

Pro Le

Arg Ile Le

100

Leu Val As

Met His Va

Pro Ser

15
Leu Il
165

Leu

Tyx

Ser

Gly

Ala Gly

Gln
40

r Glu

p Lys Leu

55

Ser Asp

u Leu Arg

u Val Ala

n Lys Tyr

120
1 Ser Thr
135
Gly Asp
0

e Ser Glu

Asp

Lys

25

Glu

Glu

His

Arg

Thr

105

Gly

Asp

Cys

Gly

144

cggtcagtgg
tcaacccacg
gtgatgcatg
ggcgattgca
atcgaatcac
gcttcataca
cggaccggta
gctaaacttg
tttgccggtg
agtgtaccag
caaaatattt
ggcacgatta
aacttagctg
cttaaaacta
cacgtgattt
ctagccaaga
aaagtgacgg

Lactobacillus plantarum WCFS1

Lys
10

Arg

Leu Val

Thr Vval

Glu Leu

Thr Arg

75

Leu
90

Arg

Gly Phe

Glu Asp

Asp Ser

Ile Ile

155

Phe
170

Ile

cgcccgatgce
aagaattggt
tctcaaccga
ttattaataa
atttctttgce
agacgattat
atttaatgca
cctttattat
acatggaagc
ccattgattg
atcaggccgt
ttatggttgc
acgttgatga
ttcctgacca
ttgtgtcaga
cgttagatga
ttattcctga

Thr Ile Thr

Gln Ala

30

Ser

Glu Lys Ser

45

Ala
60

Arg Gly

Pro VvVal Pro

Ser Val Ala

Pro
110

His Arg

val
125

Ile Asn

Ser Met Val

140

Asn Lys Val

Glu Ser His

Ala

Tyr Lys

Phe

Thr
195

Ser
180

Ile

Gly

Met

Gly Arg

Ala Asn

Lys

His
200

Ser
185

Ser

Val

Gly

Leu

Glu

Pro

Phe

Gly

Ile
205

Ile
190

Asn

acggattcgg
gaataagtat
tgacagtagt
ggtcgctgcet
tggtttttca
ggcgaaccat
taattcgatt
caatgttgtt
cgcccataaa
tgacattgcg
taaaggaatg
cggtgctcgt
tcctaaggaa
atggacggcc
cctegttgat
agccatggaa
tggtttaggc

Ala
15

Gln
Ala Thr
Leu Asp
His

Lys

His
80

Ser

Pro
95

Asp

Sexr Thr

Asn Glu

Lys Ile

Ala Ala

160

Phe
175

Phe
Ala

Ser

Ser Pro

300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1275



Ala
210

Lys Arg

val Ala

225

Tyr

Leu Asp Glu

Ala Ala His

Ala Ile

275

Pro

Leu Asp Gln

290
Ala Thr
305

Asn

Asp Gly His

Asp Pro Lys

Thr Ile Pro

355
His His
370

His

Thr
385

Asn Met

Lys Ala Tyr

Asp Gly Leu

<210>
<211>
<212>
<213>
<400> 175
atggcaacca
gctgcccaac
gatcgtcaac
caaattgtgg
ttatccgcag
actgcgcagt
gtggtgacgg
acttttggca
tttgccaagt
ggtgcgctgg
agcgttggtt
tgtgcgtcgg
agtatggtca

175
741
DNA

<210>
<211l>

176
246

Thr Gly

Ala

Asn

Thr

Leu Met

215

Ala Lys

230

Asp Lys

24
Lys
260

Asp Cys

Ile

Asn

Lys Glu

Lys

Gly

Asp

Tyr

Gly

Ile Ile

Cys Asp

Ala
280

Ile

Gln Ala

295

Gly Thr

310

Gly
325

Gly

Glu
340

Phe
Asp Gln
Val Ile

His Met

Glu

Leu

Trp

Phe

Glu

Gly Phe

Asp Gln

Thr Ala

360

Val
375

Ser

Leu Ala

390

Ala Arg

405
Gly Vval
420

cagcagaaat
agttagaagc
gccgcaatgg
gtatcgtgca
aaaaattcgc
gtatgacggt
cggggacctc
atcgtgttga
tggatgtgat
ccagtgtcgt
atggtactag
ggattaccgt
atcaaatgta

Glu

Ile

Gly Gln

val Lys

attacaacaa
gggcaaaaca
ctttccggag
agccttgtcc
ggcactccaa
cggggaacaa
cgatcaaccg
acgagtctat
tcgtggtgcc
tggtggacta
ttttcaaggt
tgtcaacatt
a

145

His Asn Ser

Ala Phe

235

Leu

Ser Phe

250

Gly

Phe
265

vVal Lys

Ile Ser Thr

Val Lys Gly

Ile Ile Met

315
His Asn
330

Tyr

Ala
345

Ile Asn

Gln Ile Phe

Asp Leu Val

Thr Leu

395

Lys

Ala Ala

410

Lys

Lactobacillus plantarum WCFS1

gtggcggcag
gcggcattag
gtcatctacg
caacagacgt
ccagcgttac
cccgcaccga
gttgctgaag
gacgtgggtg
cgggtggtca
gttgataagc
atgaccgcgce
gataacggct

Ile
220

His Lys

Ile Ile Asn

Ala Gly Asp

Glu Ser

270

Leu

Asn Gly

285

Gly

Met Thr Ala

300

vVal Ala Gly

Leu Ala Asp

Thr Pro Arg

350
Ala

Arg Ile

365
Asp Pro
380

Asp

Asp Glu Ala

val Thr val

ggcaattaag
gttttgccaa
gtgctggtaa
tgccgatttt
caacggctgt
aaacaccagg
aagcagcagt
ttgcgggaat
ttgtgattgc
ccgtgattgce
tattgaccat
ttggtgccgc

Asp Met

val
240

val

Glu

Val

Tyr Pro

Ala Glu

Ala Arg

320

val
335

Asp
Leu Lys
Leu Val
Ile

Leu

Glu
400

Met

Ile
415

Pro

tccgacggceg
tgtcgattta
gacggcaacc
aacgacccgg
ctatcatgcc
gtacattgct
aaccgcggaa
ccaccgactg
gggcatggaa
agtgccgacc
gctcaatagc
ctactcagct

60
120
180
240
300
360
420
480
540
600
660
720
741



<212> PRT
<213>

<400> 176

Met Ala Thr Thr Ala Glu Ile Leu Gln

1

Ser Pro Thr

Phe
35

Leu Gly

Glu Vval

50

Pro

Ile Gln

65

vVal

Leu Sexr Ala

val Tyr His

Thr
115

Pro Lys

Gln Pro Val

130
Val

Arg Glu

145

Phe Ala

Ala Gly Met

Val
195

Lys Pro

Gln Gly

210

Met

Ile
225

Thr Vval

Ser Met Val

<210>
<211>
<212>
<213>
<400> 177
atgcaaacac
ttactcgatt
cacggttatg
gatgttcagg
gaagctgggce
gacggcagtg
gcgcaagcgg

177
792
DNA

5

Ala Ala Al

Ala Asn Va

Ile Tyr Gl

Ala Se

70

Leu

Glu Lys

85

Ala
100

Thr Al

Pro Gly

Ala Glu Gl

Arg Val

15
Va

Leu Asp

165
Glu Al
180

Gly

Ile Ala Va

Thr Ala Le

Val Il

23

Asn

Gln
245

Asn Me

tttatttaga
taggacttga
aattaacgca
ttgcgggtgg
atcatcatga
acttatcaga

aagcagcggt

Phe

Tyr

Tyr

a Gln Gln

Leu
40

1 Asp

Ala
55

Yy Gly

r Gln Gln

Ala Ala

a Gln Cys

Ile Ala

120

Ala
135

u Ala

Asp Val

0

1 Ile Arg

a Leu Ala

1l Pro Thr

200
Leu Thr
215

u

e Asp Asn

0

t

cgctttttceg
ttttgagcaa
gcaacgggaa
taaggaccat
tcatgaagcg
taccgtgaaa
tcatcacatg

146

Lactobacillus plantarum WCFS1

Gln Vval

10

Leu Glu Ala

Asp Arg Gln

Lys Thr Ala

Thr Pro

75

Leu

Gln
90

Leu Pro

Met Thr Val

105
Thr

vVal val

Val Thr Ala

Val Ala

155

Gly

Ala
170

Gly Arg

Ser Val Vval

185

Ser Val Gly

Met Leu Asn

Gly Phe Gly

235

Lactobacillus plantarum WCFS1

gggattagcg
ttaaaaaccg
gcccagagta
ggttttgtgg
cgtcatttag
caccacgcga
ccactagctg

Ala Ala Gly

Gly Lys Thr

Arg Arg Asn

45

Thr
60

Gln Ile

Ile Leu Thr

Ala Leu Pro

Glu Gln

110

Gly

Ala Gly Thr

125

Glu
140

Thr Phe

Gly Ile His

vVal val Ile

Leu
190

Gly Gly

Tyr Gly Thr

205
Ser Ala
220

Cys

Ala Ala Tyr

gtgatatgtt
aattggctaa
gcatctatgg
aacatcacca
ctgatattga
aagcgatctt
aagttcattt

Gln
15

Leu

Ala Ala

Gly Phe

val Gly

Thr Arg

80
Thr Ala
95

Pro Ala

Ser Asp
Asn

Gly

Leu
160

Arg

val
175

Ile
Val Asp
Ser Phe
Ser

Gly

Ala
240

Ser

tctgggcgceg
gttacacgtg
cacgagcttt
tcatcagcat
ggcgttaatt
tatggaaatt
ccatgaagtg

60
120
180
240
300
360
420



ggcgcgttgg
attgatacca
ggtcagatgc
attcaacaac
aagacgctcg
tatgggtttg
aaaaaaaact

<210>
<211>
<212>
<213>
<400> 178
Met Gln Thr
1

178
263
PRT

Phe Leu Gly

Thr Glu Leu

35
Glu Ala
50

Arg

Ala
65

Gly Gly

Glu Ala Gly

Glu Ala Leu

Ala Ala

115

Lys

Met
130

His Pro

Ser Ile Val

145
Ile

Asp Thr

Asn Val Ala

Met Val

195

Arg

Thr Glu

210

Leu

Arg Glu Phe

225

Tyr Gly Phe

Val Leu Phe

attcgattgt
tcatggcttc
cagttcccgt
ggttggatgt
tacgtgaatt
gtaaacggga
aa

Leu
5

Ala
20

Leu
Ala

Lys

Gln Ser

Lys

Asp

His
85

His

Ile
100

Asp
Ile Phe
Ala

Leu

Asp Ile

Leu

Leu

Ser

His

70

His

Gly

Met

Glu

val

tgatattgtg
accgttaagt
accagccgtg
gcatactgaa
cggaccgtta
cacgggtggt

Tyr Leu Asp Ala Phe

Asp Leu

Val
40

His

Ile
55

Tyr

Gly Phe

Asp His

Ser Asp

Glu Ile

120
Val His
135

Gly Cys

150

Ile Met

165
His
180

Gly
Gly Ser
Ile Thr

Gly Pro

Ala

Gln

Ala

Pro

Leu

Ser Pro

Met Pro

Ile Pro

200

Thr
215

Gly

Pro Glu

230

Gly Lys

245

Glu
260

Lys

Arg

Lys

Asp Thr

Asn

147

ggctgctgta
gatggtagtg
atgcagatgc
ttgattaccc
ccggaaaatg
ttcaatgcac

Lactobacillus plantarum WCFS1

Ser
10

Gly

Gly Leu

25

Asp

His Gly Tyr

Gly Thr Ser

His
75

Vval Glu

Glu Ala

90

Arg

Leu Ser

105

Asp

Ala Gln Ala

Phe His Glu

Cys Ile Gly

155

Ser
170

Leu Asp

Val
185

Pro Vval

Ile Gln Gln

Met Gly Leu

Ala Vval

235

Asn

Gly Gly Phe

250

ttgggttgga
gttttattaa
gagttggtag
ccactgggat
ccgtgccaac
tgcgagccegt

Ile Ser Gly

Glu Gln

30

Phe

Glu Leu Thr

45
Phe val
60

Asp

His His His

His Leu Ala

Thr Vval Lys

110
Glu Ala
125

Ala

Val
140

Gly Ala

Leu Glu Leu

Gly Ser Gly

Ala Vval

150

Pro

Leu
205

Arg Asp

Val Thr

220

Lys

Pro Thr Arg

Asn Ala Leu

attgatgcag
cgttgcccat
tgccattccg
gggcttggtc
tagagttggt
attattcgaa

Asp Met

15

Leu Lys

Gln Gln

Gln Vval

Gln His

80
Asp Ile
95

His His

Val His
Leu

Asp

Gln
160

Met

Phe
175

Ile

Met Gln

Val His

Leu Val

val Gly

240
Arg Ala
255

480
540
600
660
720
780
792



<210> 179
<211> 432
<212> DNA
<213>

<400> 179
atgattgaag
ttattaacgg
ccggcgacaa
attttacaag
caacggcact
tatcaagata
tttcatattc
gaggaggcgt
<210> 180
<211> 143
<212> PRT
<213>

<400> 180

Met Ile Glu
1

Val Met Asn

Ile Gln

35

Pro

Gly Asn Val

50
Thr

Thr Thr

65
His

Gln Arg

Lys Val Ala

Ala
115

Asp Cys

Gln
130

Tyr Ala

<210>
<211>
<212>
<213>
<400> 181
ttggtacatc
ggtgttcatt
gccattacaa
attaacccgg
attccgtatt
atgtatgctg
ttattctgta
gatacattta
gtgccaattg
gggttcgcaa
attgccaata

181
717
DNA

ctaatctgga
cgggcgcata
agttaacggt
aaacgacgac
tcctgacggt
ttgagaagaa
cgtttagaac
aa

Ala Asn Leu Asp Asp Gln

5

Gln
20

Leu Le

Met Lys

Asn Asp

Ile Gly

70
Phe Leu
85

Lys

Lys

vVal

Thr

tgatcagacg
cgatgtgttt
tttgggaaac
gattggtgta
cgcaacgccg
gatgccggaa
ggtctaccag

u Thr Ala

Asp Arg

40
Asp Leu
55

Arg Tyr

Val Ala

Gly

25

Pro

Leu

Gln

Thr

148

Lactobacillus plantarum WCFS1

ggtgaaggac
ttcacgccceca
gttaacgata
cgttaccaga
tacggtgacg
tatgcggatt
gcagccttag

Lactobacillus plantarum WCFS1

Thr
10

Gly

Ala Tyr

Ala Thr

Thr Lys

Thr Trp

75

Pro
S0

Tyr

tggggtacgt
ttcagatgaa
aggacttact
cgtggcaacg
ttcaagttaa
gtgcccagct
tggcggtaga

Glu Gly Leu

Val Phe

30

Asp

Leu Thr

45

Lys

Leu Ile Leu

60

Gln Arg Thr

Gly Asp Val

gatgaaccag
gaaagatcgg
gactaagttg
tactattatg
agtggcgaca
ggcgcagcaa
tcaattagat

Gly
15

Tyr

Phe Thr

Val Leu

Gln Glu

Ile Met

80

Gln
95

vVal

Thr
100

Gln

Tyr

Leu

Gln Asp

Ala Gln

Ile

Gln

Glu
105

Phe

Lys

His

Lys

Ile

Met

Pro

Pro

Phe

Glu
110

Tyx

Thr

Ala

Val

Ala Leu

agttgattgc
gtagttccgt
cttggggttt
caatggtttt
ccgttgcgga
atcattttaa
cggcaccagc
tttttatttc
gcgttggcect
tgaacttagc
aagccgatag

val

120
Ala Val
135

tgaatttatg
attaaaggga
tgggattagce
ggcgcagtgt
agtgcttggt
agcctcaaca
cgttcgtaac
gggtatttta
acttgtatgg
tcgagatatg
tgattggcaa

Asp

Gln Leu

Lactobacillus plantarum WCFS1

ggcacagccce
accaagtatc
gttgccttat
ctattaggaa
ggggtcgtgg
gatgagattt
ttaccgcgga
gcgatttctg
gccattggga
gggccccgga
tacggtatca

Arg
125
Glu

Asp Glu

140

taatgattat
ggggttccgg
tcatttttgg
atatcgcatg
gctcagtgat
cacccattac
atttctttgt
agattaaaac
tgggacttgg
ttgcccacgc
ttgtgccagg

Ala

ttttggggtg
tcatattttt

caatgtttgc
gtctttattt
cgtttggatc
aattcggaac
ggaattattt
gccgggaatc
tggtccaact
catcttacca
aattgcgccc

60

120

R AV

180
240
300
360
420
432

60
120
180
240
300
360
420
480
540
600
660



149

tttgtcgggg cagcaattgc cgcttggttt atgcatggct

182
238
PRT

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

<400> 182

Met Val His Gln Leu Ile Ala Glu Phe

1

Ile Phe Gly

Tyr Arg Gly

35
Val

Ile Ser

50

Met
65

Val Leu

Ile Pro Tyr

Ile val Trp

Tle Pro

115

Ser

Asn Leu

130

Arg

Phe
145

Ile Ser

Val Pro Ile

Gly Gly Pro

Ile Ala

195

Arg

Gln
210

Trp Tyr

Ala
225

Ile Ala

<210>
<211>
<212>
<213>
<400> 183
atggcaacat
gtcaccgtgg
gttttaggcc
gaattcgata
ctagactact
aagaagatgt

183
831
DNA

5

Val
20

Gly
Ser Gly
Ala Leu
Ala Gln

val
85

Ser

Ile
100

Met
Ile Thr
Pro

Arg

Gly Ile

Val

His

Phe

Cys

70

Ala

Tyr

Ile

Asn

Leu

His Cys

Ile Phe

40
Ile Phe
55

Leu Leu

Glu val
Ala Asp

Asn
120

Arg

Phe Phe

135

Ala Ile

150

val
165

Gly

Thr
180

Gly
His Ala
Gly Ile

Ala Trp

Gly

Phe

Ile

Ile

Phe

Leu Leu

Ala Met

Pro
200

Leu

val
215

Pro

Met His

230

tagcaacaaa
ccttttctgg
gtgacaatgt
aagcgatgag
tgagcgatga
tctacagccg

aaaagcaacg
tgggatcgac
gaccgctgtg
tttagccgaa
ccacatcaag
gttgaatgac

Lactobacillus plantarum WCFS1

Met
10

Gly

Ser Ser Val

25
Ala

Ile Thr

Gly Asn Val

Ile
75

Gly Asn

Leu Gly

90

Gly

His Phe

105

Lys

Leu Phe Cys

Val Glu Leu

Glu Ile

155

Ser

Val Trp Ala

170

Asn Leu Ala

185

Ile Ala Asn

Gly Ile Ala

Phe Phe

235

Gly

Lactobacillus plantarum WCFS1

ttagtagcag
agtaccttag
gttgcgaact
gaactaggtg
aacaacacgc
attgcggcta

tttttggaat

Thr Ala Leu

Leu Lys Gly

30
Thr Trp
45

Gly

Cys Ile Asn

60

Ala Trp Ser

val val Gly

Ala Thr

110

Ser

Thr Ala

125

Pro

Phe Thr

140

Asp

Lys Thr Pro

Ile Gly Met

Met
190

Arg Asp

Ala
205

Lys Asp

Pro Phe Val

220
Ile

Gly Asn

cattaaagga
ttttgaagat
ctgaattatt
ctaacgttca
ctgatagctg
ataacggtag

taattaa

Met Ile

15

Thr Lys

Phe Gly
Ala

Pro

Phe
80

Leu

Ser Val

95

Asp Glu

Ala Val
Phe Ile

Ile
160

Gly

Gly Leu

175

Gly Pro

Ser Asp

Gly Ala

tttacaacgg
ggccctcgat
tacggatgaa
aggaactacg
gtactatgcg
tgeccgcectgtce

717

60
120
180
240
300
360



ttagacggta
gaagcggggy
ttggcacaag
cggttcccat
aaatatttgc
cggatcgaat
cgtcaattac
ggtcggatga

184
276
PRT

<210>
<211>
<212>
<213>
<400> 184
Met Ala Thr
1

Gln

Asp Leu

Val Leu

35

Leu

val val

50

Ala

Ala
65

Met Ser

Leu Asp Tyr

Trp Tyr Tyr

Ala Asn

115

Asn

Glu Asn

130

Asp

Arg Ser Leu

145
Gln

Leu Ala

Ser Val Ser

Ile Ala Gln

195

Thr
210

Pro Val

Pro Glu Ala

225

Arg Gln Leu

Gly Phe Arg

tgatcaagaa
cccggagcett
aactcggttt
acgggacgac
gtagtttagg
taccagaagc
aatcacttgg
atgatacgtt

Leu Ala Thr Lys

5
Arg Val
20
Al

Lys Met

Ala Asn Se

Gl
70

Leu Ala

Ser
85

Leu

Ala
100

Lys

Gly Ser Al

Tyr Arg

Gln Gl

15

Leu

Glu Leu Gl

165

Ser
180

Arg

vVal Met Al

Arg Val

Arg Ile

23
Gln Ser
245

Ser Gly

Thr

Asp

Lys

Pro

Phe

Arg

Gly

Leu

Arg

tgatgaaaat
gttacaagaa
gacgaactgg
gttgacacat
ttttccaacg
gcgaattggt
attccgctac
gaccaaggca

Lys

val Ala

a Leu Asp

40

r Glu
55

Leu
u Glu Leu
Asp His
Met Phe

Val
120

a Ala

Gly Leu

135

u Ala
0

Asp

Leu Thr

Y
Pro

Tyr

Glu
200

a Ala

Phe
215

His

Asp Phe

0

Gly Phe

Met Asn

150

gattatcgtc
gctgatttct
aataaagtgg
gacaatattg
gtccgggttce
gatttcttag
gttacccttg
caattggcca

Lactobacillus plantarum WCFS1

Ala Thr

10

Leu

Phe
25

Sexr Gly

Val Leu Gly

Phe Thr Asp

Ala Asn

75

Gly

Ile Lys Asn

Tyr Ser

105

Arg

Leu Asp Gly

Lys Ala Arg

Phe Phe Lys

155

Asn Trp Asn

170

Gly Thr Thr

185
Leu

Lys Tyr

Asn Asp Ile

Val Phe

235

Leu

Arg Tyr Val

250
Thr

Asp Leu

ctggtttgaa
tcaagactga
cgtcatgctc
ctcaagtaat
gtttccacaa
tctttaacga
atttaggtgg
ctttcgccta

Val Ala Ala

Gly Ile Asp

30
Asn

Arg Asp

45

Glu
60

Glu Phe

Val Gln Gly

Asn Thr Pro

Leu Asn Asp

110

Ile
125

Met Lys

Ser Glu Ala

140
vVal

Thr Asp

Lys Val Ala

His
190

Leu Thr

Ser Leu

205

Arg

Ala
220

Arg Ile

Asn Asp Arg

Thr Leu Asp

Thr Lys Ala

ggcccgtagt
cgttecgggcec
tgtatcttca
ggccgccgaa
tgatattgcg
ccgcgttaac
cttccgtagt

g

Leu
15

Lys
Ser Thr
Val Thr
Asp Lys

Thr
80

Thr

Asp Ser

95

Ile Ala

Asn Asp
Gly Ala

Ala
160

Arg

Ser
175

Cys

Asp Asn

Gly Phe

Glu Leu

Val Asn

240

Leu
255

Gly

Gln Leu

420
480
540
600
660
720
780
831



Ala Thr Phe
275

185
999
DNA

<210>
<211>
<212>
<213>
<400> 185
atgaaaatta
aaagaaaacc
gacttagcta
gtattgaaca
gataacttgg
tactcaccaa
accccattgt
aaggaattaa
atcgatattt
gaacttgaaa
gttatcacgt
ttcagcaaga
tcagaagact
tatgaatacg
gtcttcatga
actgaaactg
gaaactggta

186
332
PRT

<210>
<211>
<212>
<213>
<400> 186
Met Lys Ile
1

Thr

Asp Trp

Glu Leu

35

Leu

Ala Asp Val

50
Leu Ala
65

Asp

Asp Asn Leu

Asn Val Pro

Gln Met

115

Leu

Ala Lys Gln

130

Thr
145

Met Thr

260

Ala

ttgcatatgc
cagatgttga
aaggcttcga
agttagccga
acgttcctac
atgcgattgc
tcaataagaa
acaccatgac
tcaaaggctt
aggaaggcat
tacacgttcc
tgaaagatgg
tgatcaaagc
aaactaagat
acttgttcaa
ccgttcacaa
aagctgatac

Ile

5
Met Gl
20

Lys

Thr Glu As

Tyr Gln Gl

Glu Gly

70

val
85

Asp

Ala
100

Tyr Se

Gln Leu

Asp Phe

Val Gly

15

Val

Pro

Leu

Arg

Val

tgtacgtgat
agttaaatta
cggtgccgat
cgaaggggtt
tgttaaagca
tgaattatca
gttagctaag
tgttggtgtt
cggcgctaag
gtacgttgac
tgcattgaag
cgcctacatc
cttagacagt
cttcaacaaa
ccgcgacaat
catggtgcac
gcaagttaag

Ala Tyr Ala Val Arg

u Asn Pro

Val
40

p Asn

n Lys

55

Asp
Lys Asn
Thr Val
Asn

r Pro

Gln
120

Arg

Trp Ala

135
Ile Gly
0

151

265

Lactobacillus plantarum WCFS1

gacgaacgtc
gttccagaat
gtataccaac
aagaacatct
cgtggcttaa
gtaacgcaat
caagacttcc
atcggtactg
gttatcggtt
accttggacg
gataactacc
ttgaactttg
ggcaaagttg
gaccttgaag
gttttgatta
gtttcaatga
tttgactaa

Lactobacillus plantarum WCFS1

Asp
10

Asp

Asp Val Glu

25

Asp Leu Ala

Tyr Thr Ala

Ile Leu

75

Sex

Ala
90

Lys Arg

Ala Ile Ala

105

Thr Pro Leu

Pro Asp Ile

Thr Gly Arg

155

270

cattcttcga
tacttactga
aaaaggacta
ctcttcgtaa
acatttctaa
tgatgcaatt
gttgggcacc
gtcggattgg
acgatgttta
aattatacgc
acatgttgaa
ctcgtgggac
ccggtgecgce
gtcaaacgat
caccacatac
acagtaacaa

Glu Arg Pro

vVal Leu

30

Lys

Gly Phe

45

Lys

Glu val

60

Leu

Arg Asn Val

Gly Leu Asn

Glu Ser

110

Leu

Phe Asn

125

Lys

Ala
140

Lys Glu

Ile Gly Arg

tacttggatg
agacaacgtt
tactgctgaa
cgttggtgtt
cgtacctgca
attacgtcaa
agatattgcc
ccgtgctgce
ccggaatgcet
ccaagctgat
tgcggatgcc
actcatcgat
tcttgatacg
tgatgacaag
ggctttctac
acaattcatc

Phe
15

Phe
Val Pro
Asp Gly
Asn

Lys

Val
80

Gly

Ile
95

Ser

Val Thr

Lys Leu

Leu Asn

Ala Ala

160

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
999



Ile Asp Ile

Tyr Arg Asn

Glu Leu

195

Asp

Leu Lys

210

Asp

Lys
225

Asp Gly

Ser Glu Asp

Ala Leu Asp

Gln
275

Glu Gly

Asn Val

290

Asp

Val His

305

Asn

Glu Thr Gly

<210>
<211>
<212>
<213>
<400> 187
atgtcttcca
ggttcttcac
tctggtcagg
gtgctgaaag
ctgaccgaag
accctgegtce
ggcaccacgc
gtgattggat
ggctcgetgg
gaagacggca
cagatcctta
cgtcacgccc
gcacgttata
gcggtctttg
atcggcacca
gaaaatctgc
tacggcaaag
tttaatctca
tttactgacc
atgaaaaact
gtgggcgaag
gtctgtacgc
gcaattcgtt
gctctgcggce
ctggtgcaca

187
1716
DNA

Phe Lys

165
Ala Glu
180

Tyr Ala

Asn

Tyr

Ala Tyr

Gly

Leu

Gln

His

Ile

Phe Gly

Glu Lys

Ala Asp

200

Met
215

Leu

Leu Asn

230

Ile
245

Leu

Thr
260

Tyr
Thr Ile
Ile

Leu

Met Val

Lys

Glu

Asp

Thr

His

Ala Leu

Tyr Glu

Asp Lys

280
Pro His
295

Val Ser

310

Ala
325

Lys

Escherichia coli

tgacaacaac
acctgctcac
gcgacgcgcet
cctgcgtcac
gatcgacgcc
tcgacaagct
tctattcgcet
catcgtgtat
tgcaacgtgg
aactgacgct
gcaagctgga
acgattatga
acgccgatcc
cagtacgtct
accagccgga
cggttgccgg
acaccttcct
agggacgcac
gtgcgatgca
ggcgcgataa
ccaaatcgtg
cggaggaagg
atcaggcggt
gtaacgacac
agctctatta

Asp

Thr Gln

K12

tgataataaa
cgatcccgca
ggctgtcgtt
cgccgacaaa
aaacggtaac
gcacgttctt
ggaaaaagcc
aggcgcatcg
cccggegtat
ggtgaaccat
tgatgatcgc
ctatgtccac
tgatcggtta
tgataccttc
agtgctgacc
ggaatatatg
gatgattgat
cgatgcgatg
aaaattcggt
atacgagcat
gctggtggat
cagcaaagcyg
gcattccgat
cgagtggtat
cggccatttt

Ala

Glu

185

vVal

Asn

Phe

Asp

Thr

265

Val

Thr

Met

Val

152

Lys Val
170

Gly Met

Ile Thr

Ala Asp

Ala Arg

235

Ser
250

Gly
Lys Ile
Phe Met
Ala

Phe

Ser
315

Asn

Lys Phe

330

gcectttttga
aaaacggccc
ttcecctggcet
attattctga
gattatgatc
ggcaagggcyg
ctcaaaccgc
gtcatcggcg
accgaaatgt
ctggggattg
atcaaagatg
cgcgttegtg
tttgaatctt
gaagcggaaa
gaaatccgcc
caccgggata
aagttaggca
ctggagaaag
cacctgttcc
catctgctgt
tatttcaaac
tttttacacc
gaagtcgaag
gagcatttac
atgtgctatg

Ile Gly Tyr

Val Asp

190

Tyr

His Val

205

Leu

Ala
220

Phe Ser

Gly Thr Leu

Lys Val Ala

Phe Asn Lys

270
Leu Phe
285

Asn

Tyr Thr Glu

300
Gln

Asn Lys

Asp

atgaacttgc
gctatcgcaa
cactactaga
tgcaggccgce
gcgatgtcgt
aacaggtgct
tgggacgcga
gtatttgtaa
cgttattcgce
atctgggcga
acgatgtgcg
atattgaagc
ctggttgcgce
aaaatcagca
gtcatattct
tctacgatat
ccgacaagat
tgaaattctt
ccagccattt
taaaaatggc
aggccgaagg
gtttcgccge
acattctggc
cgccggagat
tcttccatca

Asp Val

175

Thr Leu

Pro Ala

Lys Met

Ile Asp

240
Gly Ala
255

Asp Leu

Asn Arg
Thr Ala

Ile
320

Phe

tcgtctggtg
gggcttcecgt
attgtggcgg
caatacaggc
tatcatcagc
ggcctatccg
accgcactca
caactcecggc
gcgtataaat
aacgccggayg
tcacgatggt
cgacacgccce
cgggaagctg
ggtgttttat
ggctaacttc
tgcggaaaaa
gcecgttectte
ccgtceccgcecat
accgccgcgce
gggcgatggc
cgatttcttt
tgcgggcgca
gttggatatc
cgacagccag
ggattacata

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



gtgaaaaaag gcgtggatgt gcatgcgtta aaagaacaga tgctggaact gctacagcag 1560
cgcggcgcgce agtaccctgce cgagcataac gtcggtcatt tgtataaagc accggagacg 1620
ttgcagaagt tctatcgcga gaacgatccg accaacagca tgaatccggg gatcggtaaa 1680
accagtaaac ggaaaaactg gcaggaagtg gagtaa 1716

<210> 188

<211> 571

<212> PRT

<213> Escherichia coli K12

<400> 188

Met Ser Ser Met Thr Thr Thr Asp Asn Lys Ala Phe Leu Asn Glu Leu

1 5 10 15

Ala Arg Leu Val Gly Ser Ser His Leu Leu Thr Asp Pro Ala Lys Thr
20 25 30

Ala Arg Tyr Arg Lys Gly Phe Arg Ser Gly Gln Gly Asp Ala Leu Ala
35 40 45

vVal Val Phe Pro Gly Ser Leu Leu Glu Leu Trp Arg Val Leu Lys Ala
50 55 60

Cys Val Thr Ala Asp Lys Ile Ile Leu Met Gln Ala Ala Asn Thr Gly
65 70 75 80

Leu Thr Glu Gly Ser Thr Pro Asn Gly Asn Asp Tyr Asp Arg Asp Val
85 90 95

Val Ile Ile Ser Thr Leu Arg Leu Asp Lys Leu His Val Leu Gly Lys
100 105 110

Gly Glu Gln Val Leu Ala Tyr Pro Gly Thr Thr Leu Tyr Ser Leu Glu
115 120 125

Lys Ala Leu Lys Pro Leu Gly Arg Glu Pro His Ser Val Ile Gly Ser
130 135 140

Ser Cys Ile Gly Ala Ser Val Ile Gly Gly Ile Cys Asn Asn Ser Gly
145 150 155 160

Gly Ser Leu Val Gln Arg Gly Pro Ala Tyr Thr Glu Met Ser Leu Phe
165 170 175

Ala Axrg Ile Asn Glu Asp Gly Lys Leu Thr Leu Val Asn His Leu Gly
180 185 190

Ile Asp Leu Gly Glu Thr Pro Glu Gln Ile Leu Ser Lys Leu Asp Asp
195 200 205

Asp Arg Ile Lys Asp Asp Asp Val Arg His Asp Gly Arg His Ala His
210 215 220

Asp Tyr Asp Tyr Val His Arg Val Arg Asp Ile Glu Ala Asp Thxr Pro
225 230 235 240

Ala Arg Tyr Asn Ala Asp Pro Asp Arg Leu Phe Glu Ser Ser Gly Cys
245 250 255

Ala Gly Lys Leu Ala Val Phe Ala Val Arg Leu Asp Thr Phe Glu Ala
260 265 270

Glu Lys Asn Gln Gln val Phe Tyr Ile Gly Thr Asn Gln Pro Glu Vval
275 280 285



Leu Thr
290

val Ala
305

Tyr Gly

Met Pro

Lys Val

Phe Gly

370

Arg Asp
385

vVal Gly

Gly Asp

His Arg

Sexr Asp

450

Asn Asp
465

Leu Val

Gln Asp

Gln Met

His Asn
530

Tyr Arg
545

Thr Ser

<210>
<211>
<212>
<213>
<400>
atgacac
ccggacg
ctgaccg

Glu

Gly

Lys

Phe

Lys

355

His

Lys

Glu

Phe

Phe

435

Glu

Thr

His

Tyr

Leu

515

Val

Glu

Lys

189
2874
DNA

Ile

Glu

Asp

Phe

340

Phe

Leu

Tyr

Ala

Phe

420

Ala

Val

Glu

Lys

Ile

500

Glu

Gly

Asn

Arg

Arg

Tyr

Thr

325

Phe

Phe

Phe

Glu

Lys

405

val

Ala

Glu

Trp

Leu

485

vVal

Leu

His

Asp

Lys
565

Arg

Met

310

Phe

Asn

Arg

Pro

His

390

Ser

Cys

Ala

Asp

Tyr

470

Tyxr

Lys

Leu

Leu

Pro

550

Asn

His

295

His

Leu

Leu

Pro

Ser

375

His

Trp

Thr

Gly

Ile

455

Glu

Tyr

Lys

Gln

Tyr

535

Thr

Trp

Escherichia coli K12

189
aga
ccg
gcc

Ile

Arg

Met

Lys

His

360

His

Leu

Leu

Pro

Ala

440

Leu

His

Gly

Gly

Gln

520

Lys

Asn

Gln

Leu

Asp

Ile

Gly

345

Phe

Leu

Leu

val

Glu

425

Ala

Ala

Leu

His

val

505

Arg

Ala

Sex

Glu

Ala

Ile

Asp

330

Arg

Thr

Pro

Leu

Asp

410

Glu

Ile

Leu

Pro

Phe

490

Asp

Gly

Pro

Met

val
570

154

Asn

Tyx

315

Lys

Thr

Asp

Pro

Lys

395

Tyr

Gly

Arg

Asp

Pro

475

Met

Val

Ala

Glu

Asn

555

Glu

cgttaagcca gcttgaaaac agcggcgctt
cgcaacagca agaaatgctg aatgccgttg
agattgtgcc gaaagatatt caacttgcga

Phe

300

Asp

Leu

Asp

Arg

Arg

380

Met

Phe

Ser

Tyr

Ile

460

Glu

Cys

His

Gln

Thr

540

Pro

ttattgaacg ccatatcgga
gtgcacaatc gttaaacgcg
caccaccgca ggttggcgca

Glu

Ile

Gly

Ala

Ala

365

Met

Ala

Lys

Lys

Gln

445

Ala

Ile

Tyr

Ala

Tyx

525

Leu

Gly

Asn

Ala

Thr

Met

350

Met

Lys

Gly

Gln

Ala

430

Ala

Leu

Asp

Val

Leu

510

Pro

Gln

Ile

Leu

Glu

Asp L

335

Leu

Gln

Asn

Asp

Ala

415

Phe

vVal

Arg

Ser

Phe

495

Lys

Ala

Lys

Gly

Pro

Lys

320

Glu

Lys

Trp

Gly

400

Glu

Leu

His

Arg

Gln

480

His

Glu

Glu

Phe

Lys
560

60
120
180



ccggcgaccg
ttcacgtctt
aacatgctgg
cagggccgcc
gatatggcct
gcgaaacgcg
ccgcaaacgc
gatgacgcgce
ggcactaccg
attgtggtca
cagggcgegyg
ggcccacacg
attatcggtg
cgcgagcaac
ctggcaaaca
gctaaccgca
aaactgcgcc
gtactgacgc
gggatcaccc
ctgggcgata
cgctctatcc
cgctaccaca
gcgctgaatc
gagatgatcc
caggccgaag
ggttacgacg
ctggcgattc
ccggcettetg
gttgtggcgt
caggcgggcg
gaagaaacga
gatggcgcga
gtttcacacc
atgggaccga
caaatcgaag
tctatcctge
gcaagccagyg
ccggtgcetgt
ccgctgaaag
ggtttccacg
gaatctgaaa
gaaattgacc
ccgcacattce
gtattcccgg
tacggcgacc

<210>
<211>
<212>
<213>
<400>

190
957
PRT

190

Met Thr Gln Thr Leu Ser

1

Arg His Ile Gly Pro Asp

Val Gly Ala Gln Ser Leu

35

Asp Ile Gln Leu Ala Thr

50

aatacgccgc
acatcggcat
aaaatccggg
ttgaagcact
ctgcttctct
tcagcaaact
tggatgtggt
aaaaagtgct
gtgaaattca
gcgttgccgce
atattgtttt
cggcattctt
tatcgaaaga
atatccgceccg
tcgccagect
ttcaccgtct
atgcgcacta
gtgccgaagc
ttgatgaaac
accacggcct
agcctgcgat
gcgaaaccga
aggcgatgat
caatcacctg
gttatcagca
ccgtttgtat
gtcattatca
cgcacggaac
gtgataaaaa
ataacctctc
tccgtgaagt
acatgaacgc
ttaacctaca
tcggcgtgaa
gcatgttaac
caatcagctg
tggcaatcct
ataccggtcg
aagaaaccgg
cgccgacgat
gcaaagtgga
aggtgaaagc
agagcgaact
caggtgtggc
gtaacctgtt

Escherichia coli

5

20

actggcagaa
gggttacacc
ctggtatacc
gctcaacttc
tctggacgag
gaaaaatgcc
ccgtactcgt
cgaccatcag
cgactacact
cgatattatg
tggttcggcg
tgcggcgaaa
tgcagctggce
tgagaaagcg
gtatgccgtt
gaccgatatc
tttcgacacc
ggctgaaatc
aaccacgcgt
ggacatcgac
gctgcgcgac
aatgatgcgc
ccecgetgggt
gccggaattt
gatgattgcg
gcagccgaac
tgaaagccgc
taaccccgcect
cggcaacatc
ctgtatcatg
gtgtgaagtc
ccaggttggce
taaaactttc
agcgcatttg
ccgtcagggce
gatgtacatc
caacgccaac
cgacggtcgce
catcagcgag
gtcgttccecg
actggatcgc
cggtgtctgg
ggtcgccgag
agacaaatac
ctgctectgce

K12

Gln Leu

Ala Ala

Ala
40

Asn

Pro Pro

55

155

ctcaaggcta
gccgtgcagce
gcgtacactc
cagcaggtaa
gccaccgctg
aaccgcttct
gccgaaacct
gacgtcttcg
gcgcttatta
gcgctggtgce
caacgcttcg
gatgaataca
aataccgcgce
aactccaaca
tatcacggcc
ctggcggcgg
ttgtgtgtgg
aacctgcgta
gaaaacgtaa
acgctggaca
gacgaaatcc
tatatgcact
tcctgcacca
gccgaactgc
cagctggctg
tctggcgcac
aacgaagggc
tctgcacata
gatctgactg
gtgacttatc
gtgcatcagt
atcacctcgc
tgcattccgce
gcaccgtttg
gcggtttctg
cgcatgatgg
tatattgcca
gtggcgcacg
ctggatattg
gtggcgggta
tttatcgacg
ccgctggaag
tgggcgcatc
tggccgacag
gtaccgatta

Glu Asn Ser

10
Gln Gln Gln
25

Leu Thr Gly

Gln vVal Gly

ttgccagtcg
taccgcecggt
cgtatcaacc
cgctggattt
ccgeccgaagce
tcgtggcttc
ttggttttga
gcgtgetgtt
gcgaactgaa
tgttaactgc
gcgtgccgat
aacgctcaat
tgcgcatggc
tttgtacttc
cggttggcect
gcctgcaaca
aagtggccga
gcgatattct
tgcagctttt
aagacgtggc
tcacccatcc
cgctggagcg
tgaaactgaa
acccgttctg
actggctggt
agggcgaata
atcgcgatat
tggcaggaat
atctgcgcgce
cttctaccca
tcggeggtca
cgggctttat
acggcggtgg
taccgggtca
cggcaccgtt
gcgcagaagg
gccgcctgcea
aatgtattct
ccaagcgcct
cgctgatggt
cgatgctggc
ataacccgcet
cgtacagccg
tgaaacgtct
gcgaatacca

Gly Ala Phe

Glu Met Leu

30
Gln Ile Vval
45
Ala Pro Ala
60

caataaacgc
tatcctgcgt
tgaagtctcc
gactggactg
aatggcgatg
cgatgtgcat
agtgattgtc
acagcaggta
atcacgcaaa
gccgggtaaa
gggctacggt
gccgggcecgt
gatgcagact
ccaggtactg
gaaacgtatc
aaaaggtctg
caaagcgggc
gaacgcggtt
caacgtgctg
tcacgacagc
ggtgtttaat
taaagatctg
cgccgccecgcec
cccgceccggag
gaaactgacc
cgcgggcectg
ctgcctgatce
gcaggtggtg
gaaagcggaa
cggcgtgtat
ggtttacctt
tggtgcggac
tggtccgggt
tagcgtggtg
cggtagcgcc
gctgaaaaaa
ggatgccttc
cgatattcgc
gatcgactac
tgaaccgact
tatccgcgca
ggtgaacgcg
tgaagttgcg
ggatgatgtt
gtaa

Ile
15

Glu
Asn Ala
Pro

Lys

Thr Glu

240

300

360

420

480

540

600

€60

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
2640
2700
2760
2820
2874



Tyr

65

Phe

Val

Thr

Asn

Ala

145

Ala

Ser

Thr

His

Glu

225

Ile

Ala

Phe

Ala

Ser

305

Arg

Ser

Gly

Asp

Ala
385

Ala

Thr

Ile

Pro

Phe

130

Ser

Lys

Asp

Phe

Gln

210

Ile

Val

Pro

Gly

Lys

290

Lys

Glu

Gln

Pro

Ile

370

His

Ala

Ser

Leu

Tyr

115

Gln

Leu

Axrg

Val

Gly

195

Asp

His

Val

Gly

Val

275

Asp

Asp

Gln

Val

val

355

Leu

Tyx

Leu

Tyr

Arg

100

Gln

Gln

Leu

Val

His

180

Phe

val

Asp

Ser

Lys

260

Pro

Glu

Ala

His

Leu

340

Gly

Ala

Phe

Ala

Ile

85

Asn

Pro

val

Asp

Ser

165

Pro

Glu

Phe

Tyr

Val

245

Gln

Met

Tyr

Ala

Ile

325

Leu

Leu

Ala

Asp

Glu

70

Gly

Met

Glu

Thr

Glu

150

Lys

Gln

Val

Gly

Thr

230

Ala

Gly

Gly

Lys

Gly

310

Arg

Ala

Lys

Gly

Thr
390

Leu

Met

Leu

val

Leu

135

Ala

Leu

Thr

Ile

val

215

Ala

Ala

Ala

Tyr

Arg

295

Asn

Arg

Asn

Arg

Leu

375

Leu

Lys

Gly

Glu

Ser

120

Asp

Thr

Lys

Leu

Val

200

Leu

Leu

Asp

Asp

Gly

280

Ser

Thr

Glu

Ile

Ile

360

Gln

Cys

Ala

Tyr

Asn

105

Gln

Leu

Ala

Asn

Asp

185

Asp

Leu

Ile

Ile

Ile

265

Gly

Met

Ala

Lys

Ala

345

Ala

Gln

Val

Ile

Thr

90

Pro

Gly

Thr

Ala

Ala

170

Val

Asp

Gln

Ser

Met

250

vVal

Pro

Pro

Leu

Ala

330

Ser

Asn

Lys

Glu

156

Ala

75

Ala

Gly

Arg

Gly

Ala

155

Asn

Val

Ala

Gln

Glu

235

Ala

Phe

His

Gly

Arg

315

Asn

Leu

Arg

Gly

val
395

Ser

val

Trp

Leu

Leu

140

Glu

Arg

Arg

Gln

Val

220

Leu

Leu

Gly

Ala

Arg

300

Met

Ser

Tyr

Ile

Leu

380

Ala

Arg

Gln

Tyrxr

Glu

125

Asp

Ala

Phe

Thr

Lys

205

Gly

Lys

val

Ser

Ala

285

Ile

Ala

Asn

Ala

His

365

Lys

Asp

Asn

Leu

Thr

110

Ala

Met

Met

Phe

Arg

190

Val

Thr

Ser

Leu

Ala

270

Phe

Ile

Met

Ile

Val

350

Arg

Leu

Lys

Lys

Pro

95

Ala

Leu

Ala

Ala

Val

175

Ala

Leu

Thr

Arg

Leu

255

Gln

Phe

Gly

Gln

Cys

335

Tyr

Leu

Axg

Ala

Arg

80

Pro

Tyr

Leu

Ser

Met

160

Ala

Glu

Asp

Gly

Lys

240

Thr

Arg

Ala

val

Thr

320

Thr

His

Thr

His

Gly
400



val

Leu

val

Ile

Pro

465

Arg

Arg

Thr

Glu

Tyr

545

Gly

Tyr

Gly

Pro

Asp

625

Gln

His

Gln

vVal

Asn

705

Met

Leu

Asn

Met

Asp

450

Ala

Tyr

Lys

Met

Phe

530

Gln

Tyr

Ala

His

Ala

610

Lys

Ala

Gly

Phe

Gly

690

Leu

Gly

Thr

Ala

Gln

435

Thr

Met

His

Asp

Lys

515

Ala

Gln

Asp

Gly

Arg

595

Ser

Asn

Gly

Val

Gly

675

Ile

His

Pro

Arg

val

420

Leu

Leu

Leu

Ser

Leu

500

Leu

Glu

Met

Ala

Leu

580

Asp

Ala

Gly

Asp

Tyr

660

Gly

Thr

Lys

Ile

Ala

405

Gly

Phe

Asp

Arg

Glu

485

Ala

Asn

Leu

Ile

val

565

Leu

Ile

His

Asn

Asn

645

Glu

Gln

Ser

Thr

Gly
725

Glu

Ile

Asn

Lys

Asp

470

Thr

Leu

Ala

His

Ala

550

Cys

Ala

Cys

Met

Ile

630

Leu

Glu

val

Pro

Phe

710

val

Ala

Thr

val

Asp

455

Asp

Glu

Asn

Ala

Pro

535

Gln

Met

Ile

Leu

Ala

615

Asp

Ser

Thr

Tyxr

Gly

695

Cys

Lys

Ala

Leu

Leu

440

vVal

Glu

Met

Gln

Ala

520

Phe

Leu

Gln

Arg

Ile

600

Gly

Leu

Cys

Ile

Leu

680

Phe

Ile

Ala

Glu

Asp

425

Leu

Ala

Ile

Met

Ala

505

Glu

Cys

Ala

Pro

His

585

Pro

Met

Thr

Ile

Arg

665

Asp

Ile

Pro

His

157
Ile Asn
410

Glu Thr

Gly Asp

His Asp

Leu Thr
475

Arg Tyr
490

Met Ile

Met Ile

Pro Pro

Asp Trp

555

Asn Ser
570

Tyr His

Ala Ser

Gln Vval

Asp Leu
635

Met Val
650

Glu Vval

Gly Ala

Gly Ala

His Gly

715

Leu Ala
730

Leu

Thr

Asn

Ser

460

His

Met

Pro

Pro

Glu

540

Leu

Gly

Glu

Ala

Val

620

Arg

Thr

Cys

Asn

Asp

700

Gly

Pro

Arg

Thr

His

445

Arg

Pro

His

Leu

Ile

525

Gln

Val

Ala

Ser

His

605

vVal

Ala

Tyr

Glu

Met

685

Val

Gly

Phe

Ser

Arg

430

Gly

Ser

val

Ser

Gly

510

Thr

Ala

Lys

Gln

Arg

590

Gly

Val

Lys

Pro

vVal

670

Asn

Ser

Gly

val

Asp

415

Glu

Leu

Ile

Phe

Leu

495

Ser

Trp

Glu

Leu

Gly

575

Asn

Thr

Ala

Ala

Ser

655

vVal

Ala

His

Pro

Pro
735

Ile

Asn

Asp

Gln

Asn

480

Glu

Cys

Pro

Gly

Thr

560

Glu

Glu

Asn

Cys

Glu

640

Thr

His

Gln

Leu

Gly

720

Gly



His Ser Val

Ala
755

Ser Ala

Tyr Arg

Ala
785

Ile Leu

Pro Val Leu

Leu Asp Tle

Ile Ala Lys

835

Phe Pro Val

850

Lys Val Glu

865

Glu Ile Asp

Leu Val Asn

His Pro Tyr

915
Lys Tyr
930

Trp

Asn Phe

945

Leu

191
390
DNA

<210>
<211>
<212>
<213>
<400> 191
atgagcaacg
gccgacggcea
gtgtttgttg
gccgaatcgg
gtaaacgacg
tggatcttta
gcatacgaag

<210>
<211>
<212>
<213>
<400>

192
129
PRT

192

Val
740

Gln
Pro Phe
Met Met

Asn Ala

Ile

Gly

Gly

Asn

Glu Gly

Ala
760

Ser

Ala

778
A el

Glu

Tyr Ile

790

Thr
805

Tyr

Arg Pro

820

Arg Leu

Ala Gly

Leu Asp

Gly

Leu

Ile

Thr

Arg

Arg Asp

Lys Glu

Asp Tyr

840
Leu Met
855

Phe Ile

870

val
885

Gln

Ala
900

Pro
Ser Arg
Thr

Pro

Cys Ser

Lys

His

Glu

Val

Cys

Ala Gly

Ile Gln

vVal Ala

920

Lys
935

Arg

Val Pro

950

taccagcaga
cttacaccgt
acctgccgga
taaaagcggc
cactgagcga
aaatcaaagc
cattgttaga

Escherichia coli K12

actgaaatac
tggtattacc
agtgggcgca
gtcagacatt
ttcceccggaa
cagcgatgaa
agacgagtaa

Escherichia coli K12

158

Met
745

Leu Thr

Ser Ile Leu

Gly Leu Lys

Ala Ser Arg

795
val

Gly Arg

810

Glu
825

Thr Gly

Gly Phe His

vVal Glu Pro

Ala Met

875

Asp

Val Trp Pro

890
Glu

Ser Leu

905
val

Phe Pro

Leu Asp Asp

Glu
955

Ile Ser

agcaaagaac
gaacatgctc
acggttagcg
tatgcgccag
ctggtgaaca
agcgaactgg

Met Ser Asn Val Pro Ala Glu Leu Lys Tyr Ser

1

5

10

Arg Gln Gly

750

Ile
765

Pro Ser

Lys Ala Ser

780

Leu Gln Asp

Ala His Glu

Ile Glu

830

Ser

Ala Pro Thr

845

Thr
860

Glu Ser

Leu Ala Ile

Leu Glu Asp

Val Ala Glu

210
Ala

Gly val

925

Val
240

Tyr Gly

Tyr Gln

acgaatggct
aggagctgtt
cgggcgatga
taagcggtga
gcgaaccgta
aatcactgct

Lys Glu His

Ala Vval

Trp Met
Gln Vval

Phe
800

Ala

Cys Ile

815

Leu Asp

Met Ser

Glu Ser

Ala
880

Arg

Asn Pro

895

Trp Ala

Ala Asp

Asp Arg

gcgtaaagaa
aggcgatatg
ctgcgecggtt
aatcgtggcg
tgcaggcggce
ggatgcgacc

Glu Txp
15

60
120
180
240
300
360
390



159

Leu Arg Lys Glu Ala Asp Gly Thr Tyr Thr Val
20 25
Ala Gln Glu Leu Leu Gly Asp Met Val Phe Val
35 40
Gly Ala Thr val Ser Ala Gly Asp Asp Cys Ala
50 55
Lys Ala Ala Ser Asp Ile Tyr Ala Pro Val Ser
65 70 75
val Asn Asp Ala Leu Ser Asp Ser Pro Glu Leu
85 90
Tyr Ala Gly Gly Trp Ile Phe Lys Ile Lys Ala
100 105
Leu Glu Ser Leu Leu Asp Ala Thr Ala Tyr Glu
115 120
Glu
<210> 193
<211> 1095
<212> DNA
<213> Escherichia coli K12
<400> 193
atggcacaac agactccttt gtacgaacaa cacacgcttt
ttccacggct ggatgatgcc gctgcattac ggttcgcaaa
cgtaccgatg ccggaatgtt tgatgtgtca catatgacca
cgcacccggg agtttctgeg ttatctgetg gcgaacgatg
ggcaaagccce tttactcggg gatgttgaat gcctctggcg
gtctactact ttactgaaga tttcttccgce ctcgttgtta
gacctctcct ggattaccca acacgctgaa cctttcggca
gacctttcca tgattgccgt gcaagggccg aatgcgcagg
aatgacgccc agcgtcaggc ggtggaaggg atgaaaccgt
gatctgttta ttgccaccac tggttatacc ggtgaagcgg
aatgaaaaag cggccgattt ctggegtgcg ctggtggaag
ttgggcgcge gtgacacgct gcgtctggaa gcgggcatga
gacgaaacca tctctccttt agccgccaac atgggctgga
gatcgtgact ttatcggtcg tgaagccctg gaagtgcagc
ctggttggtc tggtgatgac cgaaaaaggc gtgctgcgta
accgatgcgc agggcaacca gcatgaaggc attatcacca
ctgggttaca gcattgcgct ggcgcgcgtg ccggaaggta
caaattcgca accgtgaaat gccggttaaa gtgacaaaac
aaagccgtcg cgtga
<210> 194
<211> 364
<212> PRT
<213> Escherichia coli K12
<400> 194
Met Ala Gln Gln Thr Pro Leu Tyr Glu Gln His
1 5 10
Arg Met Val Asp Phe His Gly Trp Met Met Pro
20 25
Gln Ile Asp Glu His His Ala Val Arg Thr Asp
35 40

Ile Thr

30

Gly

Leu Pro

45

Asp

vVal Ala Glu

Gly Glu Ile

val Asn Ser

Glu
110

Ser Asp

Ala Leu Leu

125

gcggcgcetceg
tcgacgaaca
tcgtcgatct
tggcgaagct
gtgtgataga
actccgccac
tcgaaattac
caaaagctgc
tctttggcgt
gctatgaaat
cgggtgttaa
atctttatgg
ccatcgcctg
gtgagcatgg
atgaactgcc
gcggtacttt
ttggcgaaac
ctgtttttgt

Thr Leu Cys

Leu His Tyr

30

Ala Gly
45

Met

Glu His

Glu Vval

Ser Val

vVal Ala

80

Glu
95

Pro

Ser Glu

Glu Asp

catggtggat
tcatgcggta
tcgcggcagce
caccaaaagc
tgacctcatc
ccgcgaaaaa
cgttcgtgat
cacactgttt
gcaggcgggc
tgcgectgceccce
gccatgtggc
tcaggagatg
ggaaccggca
tacagaaaaa
ggtacgcttt
ctccccgacyg
ggcgattgtg
gcgtaacggc

Gly Ala
15

Gly Ser

Phe Asp

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

1020
1080
1095



Val

Phe

65

Gly

Asp

Val

Ala

Ile

145

Asn

Val

Ala

Arg

Asp

225

Asp

Trp

Gln

Lys

Gly

305

Leu

Thr

Lys

Ser

50

Leu

Lys

Asp

Asn

Glu

130

Ala

Asp

Gln

Gly

Ala

210

Thr

Glu

Glu

Arg

Gly

290

Asn

Gly

Ala

Pro

His

Arg

Ala

Leu

Ser

115

Pro

Val

Ala

Ala

Tyr

195

Leu

Leu

Thr

Pro

Glu

275

Val

Gln

Tyr

Ile

vVal
355

Met

Tyr

Leu

Ile

100

Ala

Phe

Gln

Gln

Gly

180

Glu

Val

Arg

Ile

Ala

260

His

Leu

His

Ser

Val

340

Phe

Thr

Leu

Tyr

85

Val

Thr

Gly

Gly

Arg

165

Asp

Ile

Glu

Leu

Ser

245

Asp

Gly

Arg

Glu

Ile

325

Gln

vVal

Ile

Leu

70

Ser

Tyr

Arg

Ile

Pro

150

Gln

Leu

Ala

Ala

Glu

230

Pro

Arg

Thr

Asn

Gly

310

Ala

Ile

Arg

Val

55

Ala

Gly

Tyr

Glu

Glu

135

Asn

Ala

Phe

Leu

Gly

215

Ala

Leu

Asp

Glu

Glu

295

Ile

Leu

Arg

Asn

Asp

Asn

Met

Phe

Lys

120

Ile

Ala

Val

Ile

Pro

200

val

Gly

Ala

Phe

Lys

280

Leu

Ile

Ala

Asn

Gly
360

Leu

Asp

Leu

Thr

105

Asp

Thr

Gln

Glu

Ala

185

Asn

Lys

Met

Ala

Ile

265

Leu

Pro

Thr

Arg

Arg

345

Lys

160

Arg Gly

val Ala

75

Asn Ala
90

Glu Asp

Leu Ser

Val Arg

Ala Lys

155

Gly Met
170

Thr Thr

Glu Lys

Pro Cys

Asn Leu
235

Asn Met
250

Gly Arg

val Gly

val Arg

Ser Gly

315

val Pro
330

Glu Met

Ala Val

Ser

60

Lys

Ser

Phe

Trp

Asp

140

Ala

Lys

Gly

Ala

Gly

220

Tyr

Gly

Glu

Leu

Phe

300

Thr

Glu

Pro

Ala

Arg

Leu

Gly

Phe

Ile

125

Asp

Ala

Pro

Tyr

Ala

205

Leu

Gly

Trp

Ala

Val

285

Thr

Phe

Gly

Val

Thr

Thr

Gly

Arg

110

Thr

Leu

Thr

Phe

Thr

190

Asp

Gly

Gln

Thr

Leu

270

Met

Asp

Ser

Ile

Lys
350

Arg

Lys

val

Leu

Gln

Ser

Leu

Phe

175

Gly

Phe

Ala

Glu

Ile

255

Glu

Thr

Ala

Pro

Gly

335

val

Glu

Ser

80

Ile

val

His

Met

Phe

160

Gly

Glu

Trp

Arg

Met

240

Ala

val

Glu

Gln

Thxr

320

Glu

Thr



