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<210> 1

<211> 391

<212> PRT

<213> Achromobacter denitrificans

<400> 1

Met Ser Arg Leu Asp Arg Cys Leu Ser Val Arg Asp Phe Glu Arg Glu
1 5 10 15

Ala Arg Arg lle Met Pro Arg Cys Val Glu Gly Tyr Val Cys Gly Gly
20 25 30

Thr Glu Asp Gly Ala Ser Leu Ala Glu Ser Val Arg Ala Leu Gly Asp
35 40 45

Val Gly Phe Arg Pro Arg Gly Leu Arg Val Val Asp GIn Arg Asn Ser
50 55 60

Lys Val Glu Leu Tyr Gly GIn Thr Tyr Ala Met Pro Val Gly Phe Ala
65 70 75 80

Pro Thr Gly Phe Ser Ala lle Val Met His Glu Cys Asp Leu Ala Leu
85 90 95

Ala GIn Ala Ala GIn His Ala Glu Ile Pro Phe lle Ile Ser Gly Ala
100 105 110



Ser

Trp

Leu

145

Asp

Thr

His

Gly

Thr

225

Trp

Leu

Ser

Tyr

130

Gly

Thr

val

Pro

val

210

GIn

Glu

Lys

val

115

GIn

Arg

Cys

Pro

Arg

195

Pro

Asp

His

Gly

Gly Ala Asp

Gly

Cys
290

275

Ile

Pro

Ala

Leu

Val

Phe

180

Trp

Arg

Pro

Ile

Val

260

Gly

Ser

Leu

Tyr

Arg

Gly

165

Lys

Ser

Phe

Pro

Arg

245

Met

val

Pro

Glu

Leu

GIn

150

Ala

Met

Leu

Ser

Asn

230

Trp

His

e

Leu

Arg

Pro

135

Ala

Asn

Ser

Asn

Asn

215

Gly

Ile

Pro

Val

GIn
295

Leu

120

Gly

Glu

Arg

Ala

val

200

Leu

Phe

Arg

Asp

Ser

280

Ala

GlIn

Asn

Ile

Glu

Ser

185

Phe

Cys

Arg

Glu

Asp

265

Asn

Leu

GIn

Thr

Pro

Asn

170

Val

Met

Glu

Gly

Asn

250

Ala

His

Pro

Ala

Glu

val

155

Leu

val

Arg

Glu

Glu

235

Trp

Arg

Gly

Glu

Thr

Arg

140

Leu

GlIn

Leu

Thr

Ile

220

Arg

Pro

GlIn

Gly

Ile
300

Gly

125

e

Val

Arg

Asp

Leu

205

Gly

Asp

Gly

Ala

Arg

285

Val

Lys

Gly

val

Leu

Gly

190

Leu

Pro

Lys

Lys

Cys

270

GIn

Arg

Arg

Thr

Ala

175

Leu

Gly

Pro

Leu

Leu

255

val

Leu

Cys

Leu

Ile

160

Phe

Arg

Ser

Ile

Ser

240

Val

Ala

Asp

Ala Ala Vval



Pro Pro Gly Phe Pro Val Met Val Asp Gly Gly Phe Arg Arg Gly Ser
305 310 315 320

Asp Val Leu Lys Ala Val Ala Leu Gly Ala Arg Met Val Phe Thr Gly
325 330 335

Arg Pro GIn Leu Phe Gly Ala Ala Vval Gly Gly GIn Ala Gly lle Arg
340 345 350

Lys Val Ala Ala lle Phe Arg Ser Glu Ile Ser Thr Asp Leu Ala Leu
355 360 365

Leu Gly Cys Ser Ser Leu Ala Asp Val Thr Pro Asp Leu lle Ala Pro
370 375 380

Ile Arg Pro Ala Ser Pro Ala
385 390

<210> 2

<211> 1173

<212> DNA

<213> Achromobacter denitrificans

<400> 2
atgagccgge tggaccgetg cctgtcggty cgcgacttcy agcgcgagge geggegeatc
0

atgccgeget gegtcgaagg ctacgtctge ggecggcaccy aggacggege ttcgetggec
0

gagtcggtgc gegecctggg cgacgteggy ttccggecge gggggctgeg cgtagtggac
0

cagcgcaaca gcaaggtcga actctacggc cagacctacg ccatgecggt gggtttcgeg
0

cccaccggat tctccgecat cgtcatgcac gagtgcgacc tggegetgge gcaggecgeg
0

cagcacgccg agattccgtt catcatcagc ggcgcttcca gegtgecget ggaacgectg

12

18

24

30

36



cagcaggcca
0

atcggcagge
0

gacacctgcg
0

aagatgagcg
0

ttcatgcgea
0

ggcccgececa
0

tgggagcaca
0

atgcatcccg
0

aaccacggcg
0

gtggcggcegg
0

gacgtgctca
0

ttcgggacgg
0

gaaatctcga
0

ctgatcgcge
3

<210> 3
<211> 386
<212> PRT

€gggcaageg

tgttgggccg

taggcgcgaa

ccagcgtggt

cgctgetggg

tcacgcagga

tccgetggat

acgacgcgcg

gcegecaget

tgccgeecgg

aggcggtgge

cggtcggcegg

ccgacctgge

cgatacggcc

ctgctggtac

cctgcgecag

ccgcgagaac

actcgacggc

cagcggcgtg

cccacccaac

tcgcgagaac

ccaggectge

ggacggctge

atttccggtc

cctgggegeg

ccaggccgge

gctgctgggc

ggccagececg

caggcctatc

gccgagatcc

ctgcagcgec

ctgcggcatc

ccgegettet

ggctttcgeg

tggccgggea

gtggceggeg

atttcgcege

atggtcgacg

cgcatggtgt

atccgcaagg

tgcagcagec

gca

tgccgggcaa

cggtgctggt

tggccttcac

cgcgctggag

cgaatctttg

gcgaacgcga

agctggtget

ccgacggcegt

tgcaggcget

gcggattecg

tcaccggcag

tggccgegat

tggccgacgt

caccgaacgc

ggtcaccatc

cgtgccttte

cctgaacgtc

cgaggagatc

caagctgtcg

caagggcgtg

catcgtctcc

gcccgagatce

ccgeggeteg

gccgeagett

tttccgeage

cacgccggat

42

48

54

60

66

72

78

84

90

96

102

108

114

117



<213> Achromobacter denitrificans

<400> 3

Met

1

Lys

Glu

GIn

Val

65

Met

Lys

Thr

GIn

Arg

145

Pro

Asn Ser

Ala Val

Asp Cys
35

Phe Arg
50

Glu Leu

Gly Met

Ala Ala

Leu Ala

115

Gly Tyr
130

Leu Arg

Val Gly

Lys

Leu

20

Leu

Pro

Trp

Thr

Ser

100

Met

e

Ala

Ala

Lys

Pro

Thr

Arg

Gly

Ala

85

Glu

Glu

Pro

Asn

Asn
165

Leu

His

Leu

Gly

Arg

70

Met

Ala

Thr

Gly

Glu

150

Arg

Leu

Ala

GIn

Leu

55

GIn

Cys

Lys

Val

Asp

135

Val

Glu

Ser lle

Val Phe
25

Ala Asn
40

Val Gly

Tyr Arg

Arg His

Ile Pro

105

Arg GIn

120

Lys Asp

Asp Val

Asn Asn

Gly Asp
10

Gly Tyr

Arg Glu

Val Ala

His Pro
75

Arg Cys
90

Phe Val

Ala Asp

Val lle

Leu Val

155

GIn Arg
170

Tyr Glu

Val Asn

Ala Phe
45

GIn Arg
60

Phe Gly

Glu Trp

Leu Ser

Ala Asp

125

Glu Pro
140

val Thr

Asn Gly

Arg

Gly

30

Arg

Thr

Ile

Asp

Gly

110

Phe

Leu

Ile

Phe

Ala

15

Gly

Ser

GIn

Ala

Leu

95

Leu

Trp

Leu

Asp

Thr
175

Ala

Thr

Val

Ala

Pro

80

Ala

Ser

Tyr

Arg

Thr

160

Ile



Pro

Arg

Val

Thr

225

Trp

Leu

Gly

Gly

Gly

305

Asp

Arg

Arg

Phe

Trp

Pro

210

Glu

Ser

Lys

Leu

Ala

290

Pro

val

Pro

Ile

Lys

Ser

195

Arg

Glu

His

Gly

Asp

275

GIn

Asn

Leu

Phe

Ile
355

Phe

180

Ala

Phe

Pro

Leu

Val

260

Gly

Gly

Phe

Lys

Leu

340

Asp

Ser

Asn

Cys

Lys

Ala

245

Ala

val

Ala

Pro

Ala

325

Tyr

Ile

Gly Gly

Val Phe

Asn Val
215

Gly Gly
230

Trp Met

His Pro

Ile Vval

Leu Asp

295

Val Met

310

Ile Ala

Gly Ala

Leu Gly

Leu

Leu

200

val

Leu

Arg

Gly

Ser

280

Ala

val

Leu

Ser

Thr
360

Leu Trp
185

Arg Thr

Ala Asp

Arg Gly

Asp lle
250

Asp Ala
265

Asn His

Leu Pro

Asp Gly

Gly Ala

330

val Ala
345

Asp

Leu

Thr

Gly

235

Trp

GIn

Gly

Glu

Gly

315

Arg

Gly

Gly Leu

Leu Ser
205

Arg Gly
220

Arg Asp

Pro Gly

Leu Ala

Gly Arg

285

val Vval

300

Phe Arg

Met Val

GIn Ala

Glu Ile Asp Arg Asn

365

Arg

190

Asp

Tyr

Arg

Arg

Glu

270

GIn

Ala

Arg

Phe

Gly

350

Leu

His

Arg

Arg

Leu

Ile

255

GlIn

Leu

Ala

Gly

Leu

335

val

Gly

Pro

GIn

Ile

Asp

240

Val

Met

Asp

Val

Ala

320

Gly

Ala

Leu



Leu Gly Cys Arg Asp Leu Ala Glu Leu Gly Ser Asp Phe lle Vval Ser

370

Arg Pro
385

<210> 4
<211> 1158
<212> DNA

<213> Achromobacter denitrificans

<400> 4

375

380

atgaactcaa agaaactctt gtcgataggc gactacgagc gcgcggcecaa ggcggtcctg

0

ccgcacgegg tgttcggeta cgtcaacgge ggcaccgaag

0

aaccgcgagg
0

cgcacgcagg
0

atgggcatga
0

gaggcgaaaa
0

caggccgatg
0

ccgetgetge
0

cccgtgggeg
0

agcggeggec
0

cgcaccctge
0

ggctaccgca

cgttccgttc ggtccagttc

ccgtggaact ctggggaagg

ccgecatgtg ccgecaccge

ttccgttegt getcagegge

ccgatttctg gtaccagggc

ggcgeetgeg ggecaacgag

cgaaccgcga gaacaaccag

tgctctggga cgggetgegt

tttcggaccg gcaggtgecg

cgtccgegeg

caataccggc

tgcgaatggg

ctttccacgc

tacatccccg

gtcgacgtge

cgcaacggct

actgtctgac gctgcaagcc

gcetggtegg cgtegegeag

atcctttcgg gatcgegecc

acctggccaa ggccgegtca

tggccatgga aaccgtgege

gcgacaagga cgtcatcgaa

tggtcgtcac catcgacacg

tcaccattcc gttcaagttc

catccccget ggtccgecaa cgtgtttete

cgcttctgca acgtggtcge cgatacgege

tcaccgaaga acccaagggc ggectgegeg geggecgega ccggetggac

12

18

24

30

36

42

48

54

60

66

72



tggtcgeace tggectggat gegegacatc tggecgggec geatcgtect caagggegte
0

gcccatceeg gegacgegea getggcggaa caaatgggec tggacggegt catcgtcetec
0

aaccacggcg gacgccagct cgacggegeg cagggegece tggacgectt geccgaggtc
0

gtcgeegegg tgggeccgaa tttececggty atggtcgacy geggttttcg ccgeggegec
0

gacgtcctca aggccatcge getgggegeyg cgeatggtgt tcctgggecg cccctttcte
0

tacggcgegt ccgtggecgg acaggecgge gtggegegea tcatcgacat tttgggaacc
0

gaaatcgacc gcaacctggg gttgcttggg tgccgcgacc tggcggaget gggaagcegac
0

ttcatcgtgt cgcgeect
8

<210> 5

<211> 409

<212> PRT

<213> Achromobacter denitrificans

<400> 5
Met Thr Ser Ile Leu Pro Ser Val Thr Val Pro Gly Ser Ser Pro Ala

1 5 10 15

Glu Ala Ser Arg Pro Leu Pro Arg Ala Leu GIn Arg Met Leu Ser Leu
20 25 30

Asp Asp Phe Glu Ala Ala Ala Arg Arg Arg Leu Pro Arg Pro lle Phe
35 40 45

Gly Tyr Ile Ala Gly Ala Ala Glu Asp Asn GIn Ser Leu Arg Ser Asn
50 55 60

78

84

90

96

102

108

114

115



Arg

65

Val

Ser

Arg

Ala

Glu

145

Arg

Leu

Val

Trp

Thr

225

Arg

Glu Ala

Ser Arg

Pro Phe

Gly Asp
115

Ile Leu
130

Ala Pro

Ile Asp

Val Leu

Arg Thr
195

Asp Gly
210

Leu Leu

Gly Ala

Phe

Arg

Gly

100

Ile

Ser

Gly

Ala

Thr

180

Gly

Val

Lys

Pro

Gly

Ser

85

Ile

val

Gly

Thr

Leu

165

val

Phe

Thr

His

Ile
245

Arg

70

GIn

Ala

Leu

Thr

Trp

150

val

Asp

Ser

Arg

Gly

230

val

Tyr

GIn

Pro

Ala

Ser

135

Phe

Glu

e

Thr

Pro

215

Met

Ser

Ala

Thr

Met

Arg

120

Leu

GIn

Arg

Pro

Pro

200

Arg

Pro

Ala

Phe

Glu

Gly

105

Ala

e

Ala

Ala

Val

185

Leu

Trp

His

Ser

Ala

Leu

90

Ile

Ala

Pro

Tyr

Arg

170

Ser

Lys

Leu

Phe

Val
250

Pro

75

Phe

Ser

Arg

Leu

Leu

155

Arg

Ala

Pro

Ala

Glu

235

Leu

Arg

Gly

Ala

Glu

Glu

140

Pro

Ala

Asn

Ser

Gly

220

Asn

Arg

Val

Arg

Leu

GIn

125

Asp

Gly

Gly

Arg

Leu

205

Thr

Ser

Asp

Leu

Arg

Ser

110

Gly

val

Asp

Phe

Glu

190

Arg

Phe

Phe

Phe

val

Tyr

95

Thr

Ile

e

Pro

Glu

175

Asn

Leu

Leu

Ala

Ser
255

Asp

80

Ala

Tyr

Pro

Arg

GIn

160

Thr

Asn

Ala

Arg

Thr

240

Ala



Arg

Pro

Leu

Gly

305

Val

Arg

Val

Ala

Asn

385

Leu

Leu
260

Asp His

Gly Ala Leu

275

Ala Arg Ser

290

Arg GIn Leu

Val Ala

Ala

Ser
340

Arg Gly

Phe Val
355

Gly

Gly val Ala

370

Met Ala Met

Leu Ala Arg

<210> 6

<211>
<212>
<213>

1227
DNA

<400> 6

Asn

Ile

His

Asp

Ala

325

Asp

Arg

His

Leu

Glu
405

Trp Glu

lle Lys

Gly Ala
295

Gly Ala
310

Gly Asp

Val Leu

Pro Phe

Ala lle
375

Gly lle
390

Ser Leu

val
265

His

Gly lle

280

Asp Gly

Ile Ser
Thr

Met

Ala
345

Lys

Asn
360

Tyr
Gly Leu
Thr

Asn

Ala Asp

Achromobacter denitrificans

10

Ala Arg

Leu His

Val 1le

Pro Leu

315

Val Met

330

Leu Ala

Ala Ala

Leu Arg

Leu Arg
395

Ile

Pro

val

300

Arg

Met

Leu

Ala

Ala

380

Glu

Arg

GIn

285

Ser

Ala

Asp

Gly

Val

365

Glu

Met

Arg GIn Trp
270

Asp Ala Ala

Asn His Gly

Leu Pro Gly
320

Ser Gly lle
335

Ala Arg His
350

Gly Gly Glu

Ile Asp Arg

Asp Ala Gly
400



atgacatcca
0

ccgetgeege
0

cgcegectge
0

ctgcgcagea
0

gtgtcgegee
0

atcgcgecga
0

gccgeeegeg
0

gacgtgatcc
0

cgcatcgacg
0

gtggacatcc
0

ctcaagccca
0

acctttctgc
0

cgcggcegege
0

aactgggaac
0

atcctgcacc
0

tcgaaccacg
0

tccttecgte cgtcaccgtt

gcgegetgea acgeatgetg

cgcgeecgat cttcggetac

accgcgaggc cttcggeege

gcagccagca gaccgaactg

tgggcatcag cgcgetgteg

agcaaggcat cccggecatc

gcgaagcgec cggeacctgg

cgctggtcga acgcgegege

cggtgtcgge caatcgcgaa

gcctgegget ggectgggac

gcacgctget caagcacgge

ccatcgtcte ggccteggty

acgtggcceg catccgeegg

cgcaggacgc ggcgetggec

gcggecgeca getcgacgge

11

cccggeagea

tcgctggatg

atcgceggeg

tacgcgttcg

ttcggacgec

acctaccgcg

ctcagcggga

ttccaggect

cgcgeeggtt

aacaacgtgc

ggcgtcacge

atgccgceatt

ctgcgegact

caatggcccg

cgcagccacg

gcgatctcge

gccecgecga ggectegegg

atttcgaggc cgccgegege

cggccgaaga caaccagtcg

cgceecgegt getggtggac

gctacgectc geccttegge

gcgacatcgt gctggegege

cttcgctgat tccgctggaa

atctgccggg cgatccgeag

tcgaaaccct ggtgctgacg

gcaccggett ttccacgecg

gceegegetg gttggecgge

tcgagaattc cttcgccacg

tcagcgegeg cgaccacctg

gcgegetgat catcaaggge

gcgccgacgg cgtcatcgte

cgctgegege getgeccgge

12

18

24

30

36

42

48

54

60

66

72

78

84

90

96



12

gtggtcgegg ccgecggega catgacggty atgatggaca geggeatccg ccgeggeage
0

gacgtgctca aggccctgge getgggegeyg cgecacgtgt tcgtgggecg ccccttcaac
0

tatgcggegg cggtcggegg cgaggecgge gtggegeacg ccatcggect getgegegec
0

gagatcgacc gcaacatggc catgctggga atcaatacat tgcgcgaaat ggacgcaggc
0

ctgctggece gecgagagect ggcagat
7

<210> 7

<211> 364

<212> PRT

<213> Bacillus sphaericus

<400> 7
Met Glu lle Phe Lys Tyr Met Glu Lys Tyr Asp Tyr Glu GIn Leu Val

1 5 10 15

Phe Cys GIn Asp Glu Ala Ser Gly Leu Lys Ala Ile lle Ala lle His
20 25 30

Asp Thr Thr Leu Gly Pro Ala Leu Gly Gly Ala Arg Met Trp Thr Tyr
35 40 45

Ala Thr Glu Glu Asn Ala lle Glu Asp Ala Leu Arg Leu Ala Arg Gly
50 55 60

Met Thr Tyr Lys Asn Ala Ala Ala Gly Leu Asn Leu Gly Gly Gly Lys
65 70 75 80

Thr Val Ile Ile Gly Asp Pro Phe Lys Asp Lys Asn Glu Glu Met Phe
85 90 95

Arg Ala Leu Gly Arg Phe Ile GIn Gly Leu Asn Gly Arg Tyr lle Thr

102

108

114

120

122



Gly Glu Asp

Glu

Asn

145

Ala

Ser

His

Ile

Glu

225

Ala

Ala

Leu

Thr

130

Pro

Ala

val

Asn

Asp

210

Ile

Ile

Gly

His

115

Asn

Ser

Lys

GIn

Glu

195

Arg

Tyr

Leu

Ser

Glu
275

Gly Gly val

100

Val

Tyr

Pro

Glu

Gly

180

Gly

Val

Ser

Asn

Ala

260

Leu

Ile

Gly

val

val

Ala

165

Leu

Ala

val

GIn

Asp

245

Asn

Gly

Asn

Thr

Thr

Thr

150

Phe

Gly

Lys

Asn

Glu

230

Glu

Asn

Ile

Val

Thr

Gly

135

Ala

Gly

Asn

Leu

Asp

215

Val

Thr

GIn

Val

val

120

Ile

Tyr

Thr

val

val

200

Phe

Asp

Ile

Leu

Tyr
280

105

Thr

Ser

Gly

Asp

Ala

185

Val

Gly

Ile

Pro

GlIn

265

Ala

Ala Asp Glu

13

Asp

Pro

Val

Met

170

Tyr

Thr

Ala

Phe

GIn

250

Asp

Pro

Leu

Met

Ala

Tyr

155

Leu

Lys

Asp

Thr

Ser

235

Leu

Ser

Asp

Tyr

Asp Leu
125

Phe Gly
140

Arg Gly

Glu Gly

Leu Cys

Ile Asn

205

Ala Vval
220

Pro Cys

Lys Ala

Arg His

Tyr Val

285

Gly Tyr

110

Ile

Ser

Met

Arg

Glu

190

GIn

Ala

Ala

Lys

Gly

270

Ile

Asn

His

Ser

Lys

Thr

175

Tyr

Ala

Pro

Leu

Val

255

Asp

Asn

Arg

Glu

Gly

Ala

160

Ile

Leu

Ala

Asp

Gly

240

Ile

Tyr

Ala

Glu



290

14

295

Arg Ala Leu Lys Arg Val Asp Gly Ile Tyr Asp

305

310

315

Phe Glu Ile Ser Lys Arg Asp Ser lle Pro Thr

325

330

Arg Leu Ala Glu Glu Arg lle Ala Arg Val Ala

340

345

Phe Leu Lys Asn Glu Lys Asn lle Leu Asn Gly

355

<210> 8

<211> 1095
<212> DNA
<213>

<400> 8
atggaaatct tcaagtatat
0

gaagcatctg ggttaaaagc
0

ggtggtgctc gtatgtggac
0

ttagcacgcg ggatgacata
0

acggtcatta ttggggaccc
0

cgtttcattc aaggattaaa
0

acagatatgg atttaatcca
0

ggttcatcgg gtaatccttc
0

360

Bacillus sphaericus

ggaaaagtat gattatgaac

gattatcgct atccatgaca

ctacgcgaca gaagaaaatg

taaaaatgca gctgctggtt

atttaaagat aaaaacgaag

cggtcgctat attaccggty

tgaggaaaca aattacgtta

accagtaact gcttatggcg

300

Ser lle Glu Lys lle
320

Tyr Val Ala Ala Asn
335

Lys Ser Arg Ser GIn
350

Arg

aattggtatt ttgccaagac

caacacttgg accagcatta

cgattgagga tgcattaaga

taaaccttgg cggtggaaaa

aaatgttccg tgctttaggt

aagatgttgg tacaaccgta

caggtatatc gccagcgttt

tttatcgtgg catgaaagca

12

18

24

30

36

42

48



gcggcgaaag
0

ctaggaaacg
0

gtaacagata
0

gttgcacctg
0

gcaattttaa
0

aataaccaac
0

gcacctgact
0

tataatcgtg
0

tttgaaattt
0

gaacgtattg
0

ttgaacggec
5

<210> 9
<211> 30
<212> DNA
<213>

<220>
<223>

<400> 9

aagcatttgg

tagcttacaa

ttaaccaagc

atgaaatcta

atgacgaaac

tacaagattc

atgtcattaa

aacgagcgtt

ccaaacgtga

ctcgtgtage

gttaa

15

tacggatatg ctagaaggtc gtactatatc ggtacaaggg

gctttgcgag tatttacata

ggctattgat cgtgttgtca

ttcacaagaa gtcgatattt

gattccgcaa ttaaaagcaa

acgacatgga gattatttac

tgcaggtggt gtaataaatg

gaaacgtgta gatggtattt

tagtattcca acatatgttg

gaaatcgcgt agtcagttct

Artificial Sequence

ccatatgagc cggctggacc gctgectgte

0

atgaaggtgc

atgattttgg

tctcaccgtg

aagttattgc

acgagctagg

tcgcggacga

acgatagtat

cggcaaatcg

taaaaaatga

Designed oligonucleotide primer for PCR

aaaacttgta

cgctacagca

tgcacttgge

tggttctgct

cattgtttat

attatatggc

tgaaaaaatc

tttggcagaa

aaaaaatatt

54

60

66

72

78

84

90

96

102

108

109



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

<220>
<223>

<400>

16
10
31
DNA
Artificial Sequence

Designed oligonucleotide primer for PCR

10

ggatccctat gccgggetgg ccggecgtat c

1

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

<220>
<223>

<400>

11
32
DNA
Artificial Sequence

Designed oligonucleotide primer for PCR

11

ccatatgaac tcaaagaaac tcttgtcgat ag

2

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

<220>
<223>

<400>

12
31
DNA
Artificial Sequence

Designed oligonucleotide primer for PCR

12

ggatccctaa gggcgcgaca cgatgaagtc g

1

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

<220>
<223>

<400>

13
31
DNA
Artificial Sequence

Designed oligonucleotide primer for PCR

13



17

ccatatgaca tccatccttc cgtccgtcac c
1

<210> 14

<211> 31

<212> DNA

<213> Artificial Sequence

<220>
<223> Designed oligonucleotide primer for PCR

<400> 14
ggatccctaa tctgecagge tctcgeggge c
1

<210> 15

<211> 1176

<212> DNA

<213> Artificial Sequence

<220>
<223> Polynucleotide encoding Oxidase

<400> 15
atgtctcgec tggaccgetg tctgagegtt cgegatttty agegtgaage
0

atgccgeget gegtagaagg ttatgtgtgt ggtggtacgg aagatggtge
0

gagtctgtgc gcgegetggg cgatgtggge ttccgtecge gtggectgeg
0

cagcgcaatt ccaaagttga gctgtacggt cagacctacg cgatgccggt
0

cctactgget tctctgctat cgttatgcac gaatgcgatc tggccctgge
0

cagcatgcgg aaatcccttt tatcatctcc ggcgegtcca gegttccget
0

caacaggcaa ccggcaaacg ctgttggtat caggcgtacc tgccgggcaa
0

atcggtcgece tgctgggteg tetgegtcag gecgaaatec cggttctggt

ccgtcgtatt

atctctggceg

tgtagtggac

cggtttcgcg

ccaggcggea

ggaacgtctg

caccgaacgc

agttaccatc

12

18

24

30

36

42

48



18

0
gacacttgcg tcggtgctaa ccgcgagaac ctgcaacgec tggegttcac cgttccattc 54
0
aagatgtccg cgagcgtagt tctggacgge ctgcgecacce cgegttggag cctgaacgta 60
0
ttcatgcgta ctctgetggg ctctggtgtt ccgegtttca gcaacctgty cgaagaaatt 66
0
ggcccaccaa tcacccagga cccgccaaac ggcttcecgty gegaacgtga caaactgtct 72
0
tgggagcaca tccgttggat tcgtgaaaac tggcctggea aactggttct gaaaggegtg 78
0
atgcacccag acgatgcgcg tcaggcgtgt gttgcaggty ctgacggtgt gatcgttage 84
0
aatcatggtg gtcgtcagct ggatggctge atttctcecge tgcaagcact gccggaaatt 90
0
gtagctgetg tcccgecggg ctttecggty atggttgatyg geggtttecy tegtggttec 96
0

gatgtcctga aggctgttge tctgggeget cgtatggtgt ttacgggtcg tccgcagetg 102
0

ttcggtgeeg ctgtgggtgg tcaggetgge atccgtaaag tcgeggeaat tttecgttct 108
0

gaaatctcta ccgacctggc actgctgggt tgctcctccc tggcagatgt aactccggac 114
0

ctgattgcac cgatccgtcc ggccagcccg gcttaa 117
6

<210> 16

<211> 1161

<212> DNA

<213> Artificial Sequence

<220>
<223> Polynucleotide encoding Oxidase

<400> 16



atgaactcca
0

ccacacgcgg
0

aaccgtgaag
0

cgtactcagg
0

atgggtatga
0

gaagcgaaga
0

caggcagatg
0

ccgetgetge
0

ccggtgggty
0

tceggeggte
0

cgtactctge
0

ggctaccgta
0

tggtcccace
0

gcgeaccctg
0

aatcatggcg
0

gtcgeggetg
0

agaaactgct gtctatcggc

tattcggtta tgtgaacggt

cattccgtag cgtacaattt

cggtggaact gtggggtcgt

ccgctatgtg ccgtcatcge

tcectttegt actgtctggt

ccgacttctg gtatcaggge

gcegtctgeg cgccaacgaa

ctaaccgcga gaacaaccaa

tgctgtggga tggtctgegt

tgagcgaccg tcaggtgeca

tcactgaaga accgaaaggt

tggcgtggat gecgcgatatt

gtgacgcgea getggctgaa

gtcgtcaget ggatggegea

ttggtccgaa cttcecggte

19

gactacgaac gtgccgctaa agccgttctg

ggcaccgaag attgtctgac gctgcaagct

cgcccgegeg gtctggtagg tgtagcgeag

cagtaccgtc acccgttcgg tatcgccccg

tgcgaatggg atctggcaaa agctgcgage

ctgtccaccc tggctatgga aaccgttcge

tacattccgg gcgataaaga tgttatcgaa

gttgatgttc tggttgtgac tatcgacacc

cgcaacggct tcaccatccc gttcaaattc

cacccgegtt ggtctgcaaa tgtcttectg

cgtttttgca acgtagtggc ggacacccgt

ggcctgegtg gtggecgtga tcgectggat

tggccgggte gecatcgtect gaaaggegtt

cagatgggcc tggacggtgt gattgtgage

cagggtgctc tggacgetct gecggaggtt

atggttgacg gtggctttcg tcgtggegea

12

18

24

30

36

42

48

54

60

66

72

78

84

90

96



20

gacgttctga aagcaattgc gctgggtgceg cgtatggttt ttctgggtcy cccattectg

0

tacggcgcat ctgtggcggg ccaggetggt gtagcacgta tcattgacat tctgggeacy

0

gagatcgacc gtaacctggg cctgetggge tgtcgtgacc tggccgaget gggttctgac

0

tttatcgttt ctcgtccgta a

1

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

<220>
<223>

<400>

atgacctcta ttctgecttc tgttactgtt ccgggttctt

0

ccgetgecte gtgeactgca acgtatgety

0

cgtcgectge cgegeccgat tttcggttat

0

ctgcgtagca atcgcgaage gttcggeege

0

gtatcccgtc gttctcagca gactgaactg

0

attgcgccga tgggtatctc tgctctgage

0

gcggeecgtg aacagggtat cccagctatc

0

gacgtgattc gcgaagcacc gggcacctgg

0

cgcatcgacg cactggtcga gegegeccgt

0

17

1230

DNA

Artificial Sequence

Polynucleotide encoding Oxidase

17

tccetggacg

atcgcaggeg

tacgcattcg

ttcggecgte

acctaccgtg

ctgtccggta

ttccaagcat

cgtgcgggct

ctccggegga ggettctege

attttgaggc tgctgcacgt

ccgccgaaga taaccagtct

ctccgegtgt actggttgac

gttacgcgag cccgttcgge

gcgacatcgt actggctcgt

cgtctctgat tccgcetggaa

atctgccggg tgatccacag

tcgagactct ggtgctgacc

102

108

114

116

12

18

24

30

36

42

48

54



gttgacatcc
0

ctgaaaccga
0

acttttctgc
0

cgtggcgeac
0

aactgggaac
0

attctgcacc
0

tccaatcatg
0

gttgtggcag
0

gatgtcctga
0

tacgctgcetg
0

gaaattgacc
0

ctgctggege
0

<210> 18
<211> 25
<212> DNA
<213>

<220>
<223>

<400> 18
gccatggaaa

cggtctccge taaccgtgaa

gcetgegect ggeatgggat

gtaccctgct gaaacatggt

cgatcgtgag cgectecgty

acgttgctcg catccgtegt

ctcaggatgc cgctctggea

gtggccgtca getggatgge

ctgcgggtga tatgaccgty

aagctctggc gctgggtgec

cggttggtgg cgaagcgggc

gcaacatggc gatgctggge

gtgaatccct ggctgactaa

Artificial Sequence

tcttcaagta tatgg

21

aacaacgttc gcaccggctt

ggcgtaactc gtccgegttg

atgccgcact tcgaaaactc

ctgcgtgact ttagcgcacg

cagtggccgg gtgcactgat

cgttctcacg gtgctgatgg

gcgatctctc cactgcgtge

atgatggaca gcggtatccg

cgccatgttt tcgtgggtcg

gtagcccacg cgatcggtct

atcaacacgc tgcgcgaaat

Designed oligonucleotide primer for PCR

ctctaccccg

gctggcaggt

cttcgcgacc

tgaccacctg

cattaagggt

cgttatcgtt

gctgccaggt

tcgeggttet

cccgtttaac

gctgegtgec

ggatgcgggc

60

66

72

78

84

90

96

102

108

114

120

123



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

<220>
<223>

<400>

22

19
30
DNA
Artificial Sequence

Designed oligonucleotide primer for PCR

19

gggcecgggt taacggecgt tcaaaatatt

0

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

<220>
<223>

<400>

20
27
DNA
Artificial Sequence

Designed oligonucleotide primer for mutagenesis

20

gtcgctatat taccggtgaa gatgttg

7

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

<220>
<223>

<400>

21

27

DNA

Artificial Sequence

Designed oligonucleotide primer for mutagenesis

21

caacatcttc accggtaata tagcgac

7

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

<220>

22
26
DNA
Artificial Sequence



<223>

<400>

23
Designed oligonucleotide primer for mutagenesis

22

gatagtattc caacctatgt tgcggc

6

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

<220>
<223>

<400>

23
26
DNA
Artificial Sequence

Designed oligonucleotide primer for mutagenesis

23

gccgecaacat aggttggaat actatc

6

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

<220>
<223>

<400>

24
28
DNA
Artificial Sequence

Designed oligonucleotide primer for PCR

24

gggcatatgg aaatcttcaa gtatatgg

8

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

<220>
<223>

<400>

25
27
DNA
Artificial Sequence

Designed oligonucleotide primer for PCR

25

ggatccttaa cggccgttca aaatatt

7

<210>
<211>

26
1206



24

<212> DNA
<213> Artificial Sequence

<220>
<223> Polynucleotide encoding Formate Dehydrogenase

<400> 26
atggctaaga tcgtttgcgt tctgtacgat gacccggtta ccggttaccc taaaacttac
0

gcacgcgatg atctgccgaa aatcgaatge tatccggacg gccagaccct gecgacccca
0

cgtgcgattg acttccagec gggtgctcty ctgggtageg tatctggtga actgggtctg
0

cgtaaatacc tggaaagcaa cggccacgaa ctggtcgtta cctcttccaa agacggtgac
0

aattccgtac tggaccgtga actggcagat gcggaaattg ttatcagcca gecgttctgg
0

ccagcgtata tgacggctga acgtatcaag cgcgcgaaaa aactgaaaat gattgtgact
0

gcgggcattg getccgacca cacggatcty caagcagcga tggaacacgg tatcaccgtg
0

gcagaagtta cttactgcaa ctccaactcc gtggcggaac atgttatgat gaccaccctg
0

gctctggtac gtaactacct gecatcctac cagtgggtac tgaaaggtgg ttggaacatc
0

gcagattgtg ttgaacgttc ttacgatctg gaaggcatgc acgtcggtac tgtagcggec
0

ggtcgtattg gtctgegtgt tctgegecty atgaaacctt tcggtactca cctgcattat
0

ctggatcgtc accgectgec ggaatctgty gagaaagagc tgaacctgac ccaccacact
0

tctctggagt ccctggegaa agtgtgcgac gtggttacge tgaactgecc getgcacccy
0

gaaaccgaac acatgatcaa cgctgactcc ctgaaacatt ttaaacgcgg tgcgtacctg
0



25

atcaataccg cccgtggcaa actgtgtgac cgtgatgcecg tcgcggeage

0

ggccaactgg ccggctacgg cggcgacgtt tggtttccge agecggeacc

0

ccgtggegta geatgecgea ccacggtatg actccgeata ttagcggeac

0

gcccagacce gttacgcgge tggecacccge gagatcctgg aatgttattt

0

ccgatccgta acgaatatct gatcgtgcag aacggcaage tggctggtgt

0

agctattctg ctggtaacgc aactggcggc agcgaggaag ctgcacgttt

0

gcttaa
6

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

<220>
<223>

<400>

27
30
DNA
Artificial Sequence

Designed oligonucleotide primer for PCR

27

ccatatgtct cgcctggacc getgtctgag

0

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

<220>
<223>

<400>

28
28
DNA
Artificial Sequence

Designed oligonucleotide primer for PCR

28

ggatccttaa gccgggetgg ccggacgg

8

cctggaatct

ggcggatcat

ctctctgtct

cgagaaccgc

cggtgctcac

caagaaatct

90

96

102

108

114

120

120



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

<220>
<223>

<400>

26

29
31
DNA
Artificial Sequence

Designed oligonucleotide primer for PCR

29

ccatatgaac tccaagaaac tgctgtctat c

1

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

<220>
<223>

<400>

30
28
DNA
Artificial Sequence

Designed oligonucleotide primer for PCR

30

ggatccttac ggacgagaaa cgataaag

8

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

<220>
<223>

<400>

31
30
DNA
Artificial Sequence

Designed oligonucleotide primer for PCR

31

ccatatgacc tctattctgc cttctgttac

0

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

<220>
<223>

32
31
DNA
Artificial Sequence

Designed oligonucleotide primer for PCR



<400>

27

32

actcgaggtc agccagggat tcacgcgeca g

1

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

<220>
<223>

<400>

33

31

DNA

Artificial Sequence

Designed oligonucleotide primer for PCR

33

ccatatgagc acgtcagacg atatccataa c

1

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

<220>
<223>

<400>

34
32
DNA
Artificial Sequence

Designed oligonucleotide primer for PCR

34

actcgagcag caggtcgaaa cggtcgaggt tc

2

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

<220>
<223>

<400>

35
31
DNA
Artificial Sequence

Designed oligonucleotide primer for PCR

35

ccatatggct aagatcgttt gcgttctgta c

1

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

36
30
DNA
Artificial Sequence



28

<220>
<223> Designed oligonucleotide primer for PCR

<400> 36
actcgagagc agatttcttg aaacgtgcag
0

<210> 37

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Designed oligonucleotide primer for PCR

<400> 37
cggatccgag gaaacagacc atgg
4

<210> 38

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> Designed oligonucleotide primer for PCR

<400> 38
ctcagagtta acggccgttc aaaatatt
8

<210> 39

<211> 364

<212> PRT

<213> Bacillus sphaericus

<400> 39
Met Glu lle Phe Lys Tyr Met Glu Lys Tyr Asp Tyr Glu GIn Leu Val

1 5 10 15

Phe Cys GIn Asp Glu Ala Ser Gly Leu Lys Ala Ile lle Ala lle His
20 25 30



Asp

Ala

Met

65

Thr

Arg

Ala

Glu

Asn

145

Ala

Ser

His

Ile

Thr

Thr

50

Thr

val

Ala

Glu

Thr

130

Pro

Ala

val

Asn

Asp
210

Thr Leu
35

Glu Glu

Tyr Lys

Ile lle

Leu Gly
100

Asp Val
115

Asn Tyr

Ser Pro

Lys Glu

GIn Gly
180

Glu Gly
195

Arg Val

Gly

Asn

Asn

Gly

85

Arg

Gly

val

val

Ala

165

Leu

Ala

val

Pro

Ala

Ala

70

Asp

Phe

Thr

Thr

Thr

150

Phe

Gly

Lys

Asn

Ala

e

55

Ala

Pro

e

Thr

Gly

135

Ala

Gly

Asn

Leu

Asp
215

Leu

40

Glu

Ala

Phe

GIn

val

120

Ile

Tyr

Thr

val

val

200

Phe

29

Gly Gly Ala Arg

Asp

Gly

Lys

Gly

105

Thr

Ser

Gly

Asp

Ala

185

Val

Ala

Leu

Asp

90

Leu

Asp

Pro

Val

Met

170

Tyr

Thr

Leu

Asn

75

Lys

Asn

Met

Ala

Tyr

155

Leu

Lys

Asp

Gly Ala Thr

Arg

60

Leu

Asn

Gly

Asp

Phe

140

Arg

Glu

Leu

e

Ala
220

Met

45

Leu

Gly

Glu

Arg

Leu

125

Gly

Gly

Gly

Cys

Asn

205

Val

Trp

Ala

Gly

Glu

Tyr

110

Ile

Ser

Met

Arg

Glu

190

GIn

Ala

Thr

Arg

Gly

Met

95

e

His

Ser

Lys

Thr

175

Tyr

Ala

Pro

Tyr

Gly

Lys

80

Phe

Thr

Glu

Gly

Ala

160

Ile

Leu

Ala

Asp



30

Glu Ile Tyr Ser GIn Glu Val Asp Ile Phe Ser Pro Cys Ala Leu Gly
225 230 235 240

Ala Ile Leu Asn Asp Glu Thr lle Pro GIn Leu Lys Ala Lys Val lle
245 250 255

Ala Gly Ser Ala Asn Asn GIn Leu GIn Asp Ser Arg His Gly Asp Tyr
260 265 270

Leu His Glu Leu Gly Ile Val Tyr Ala Pro Asp Tyr Val lle Asn Ala
275 280 285

Gly Gly val Ile Asn Val Ala Asp Glu Leu Tyr Gly Tyr Asn Arg Glu
290 295 300

Arg Ala Leu Lys Arg Val Asp Gly Ile Tyr Asp Ser Ile Glu Lys lle
305 310 315 320

Phe Glu Ile Ser Lys Arg Asp Ser lle Pro Thr Tyr Val Ala Ala Asn
325 330 335

Arg Leu Ala Glu Glu Arg lle Ala Arg Val Ala Lys Ser Arg Ser GIn
340 345 350

Phe Leu Lys Asn Glu Lys Asn Ille Leu Asn Gly Arg
355 360

<210> 40

<211> 1095

<212> DNA

<213> Bacillus sphaericus

<400> 40
atggaaatct tcaagtatat ggaaaagtat gattatgaac aattggtatt ttgccaagac 6
0

gaagcatctg ggttaaaagc gattatcgct atccatgaca caacacttgg accagcatta 12



ggtggtgcte
0

ttagcacgcg
0

acggtcatta
0

cgtttcattc
0

acagatatgg
0

ggttcatcgg
0

gcggcgaaag
0

ctaggaaacg
0

gtaacagata
0

gttgcacctg
0

gcaattttaa
0

aataaccaac
0

gcacctgact
0

tataatcgtg
0

tttgaaattt
0

gaacgtattg

gtatgtggac

ggatgacata

ttggggaccc

aaggattaaa

atttaatcca

gtaatccttc

aagcatttgg

tagcttacaa

ttaaccaagc

atgaaatcta

atgacgaaac

tacaagattc

atgtcattaa

aacgagcgtt

ccaaacgtga

ctcgtgtage

ctacgcgaca

taaaaatgca

atttaaagat

cggtcgctat

tgaggaaaca

accagtaact

tacggatatg

gctttgcgag

ggctattgat

ttcacaagaa

gattccgcaa

acgacatgga

tgcaggtggt

gaaacgtgta

tagtattcca

gaaatcgcgt

31

gaagaaaatg

gctgctggtt

aaaaacgaag

attaccgctg

aattacgtta

gcttatggceg

ctagaaggtc

tatttacata

cgtgttgtca

gtcgatattt

ttaaaagcaa

gattatttac

gtaataaatg

gatggtattt

acatatgttg

agtcagttct

cgattgagga

taaaccttgg

aaatgttccg

aagatgttgg

caggtatatc

tttatcgtgg

gtactatatc

atgaaggtgc

atgattttgg

tctcaccgtg

aagttattgc

acgagctagg

tcgeggacga

acgatagtat

cggcaaatcg

taaaaaatga

tgcattaaga

cggtggaaaa

tgctttaggt

tacaaccgta

gccagegttt

catgaaagca

ggtacaaggg

aaaacttgta

cgctacagca

tgcacttggc

tggttctgct

cattgtttat

attatatggc

tgaaaaaatc

tttggcagaa

aaaaaatatt

18

24

30

36

42

48

54

60

66

72

78

84

90

96

102

108



ttgaacggcc gttaa

5

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

<400>

41
726
PRT

Escherichia coli

41

Met Ser Thr Ser Asp

1

Pro

Thr

His

Glu

65

Leu

Ala

Ser

Pro

Phe

Arg

Ser

50

Phe

Leu

Gly

Ile

Leu
130

His GIn Gly
20

Asp Trp Trp
35

Asn Arg Ser

Ser Lys Leu

Thr Glu Ser
85

Leu Phe lle
100

Asp Gly Arg
115

Asn Ser Trp

Asp lle

Gly His

Pro Asn

Asn Pro

55

Asp Tyr

70

GIn Pro

Arg Met

Gly Gly

Pro Asp
135

His

Asp

GIn

40

Leu

Tyr

Trp

Ala

Ala

120

Asn

32

Asn Thr
10

GIn Ser
25

Leu Arg

Gly Glu

Gly Leu

Trp Pro

90

Trp His
105

Gly Arg

val Ser

Thr Ala Thr

Ala Gly Ala

Val Asp Leu
45

Asp Phe Asp
60

Lys Lys Asp
75

Ala Asp Trp

Gly Ala Gly

Gly GIn GIn
125

Leu Asp Lys
140

Gly Lys
15

Gly Thr
30

Leu Asn

Tyr Arg

Leu Lys

Gly Ser

95

Thr Tyr
110

Arg Phe

Ala Arg

Cys

Thr

GIn

Lys

Ala

80

Tyr

Arg

Ala

Arg

109



Leu

145

Asp

Arg

Leu

Pro

Ile

225

Ala

Glu

His

Pro

Val

305

Thr

Leu Trp Pro

Leu Phe lle

Thr Phe Gly
180

Asp Val Asn
195

Glu Ala Leu
210

Tyr Val Asn

Ala Ala Ala

Glu Thr Val
260

Gly Ala Gly
275

Ile Glu Glu
290

Gly Ala Asp

Pro Thr GIn

Ile

Leu

165

Phe

Trp

Ala

Pro

Ile

245

Ala

Pro

GIn

Ala

Trp
325

33

Lys GIn Lys Tyr Gly GIn

150

Ala Gly Asn Val

Gly Ala Gly Arg
185

Gly Asp Glu Lys
200

Lys Ala Pro Leu
215

Glu Gly Pro Asp
230

Arg Ala Thr Phe

Leu Ile Ala Gly
265

Thr Ser Asn Val
280

Gly Leu Gly Trp
295

Ile Thr Ser Gly
310

Ser Asn Tyr Phe

Ala

170

Glu

Ala

Gly

His

Gly

250

Gly

Gly

Ala

Leu

Phe
330

155

Leu

Asp

Trp

Ala

Ser

235

Asn

His

Pro

Ser

Glu

315

Glu

Lys lle

Glu Asn

Val Trp

Leu Thr
205

Thr Glu
220

Gly Glu

Met Gly

Thr Leu

Asp Pro

285

Thr Tyr
300

Val Val

Asn Leu

Ser

Ser

Glu

190

Met

Pro

Met

Gly

270

Glu

Gly

Trp

Phe

Trp Ala
160

Gly Phe
175

Pro Asp

Arg His

Gly Leu

Leu Ser
240

Asn Asp
255

Lys Thr

Ala Ala

Ser Gly

Thr GIn

320

Lys Tyr
335



Glu

Val

Arg

Glu

385

Asn

Gly

Ile

Asp

Ser

465

Gly

GIn

Leu

Trp

Asp

Lys

370

Phe

Glu

Pro

Trp

Ile

450

Glu

Asp

Arg

Glu

val

Ala

355

Pro

Glu

Ala

Lys

GIn

435

e

Leu

Lys

Asp

Lys
515

GIn

340

Pro

Thr

Lys

Phe

Ser

420

Asp

Asp

Val

Arg

Trp

500

Ile

Thr

Glu

Met

Ile

Ala

405

Arg

Pro

Leu

Ser

Arg

e

Leu

Ser

390

Arg

Tyr

Leu

Lys

val
470

Ser

Ile

Val

375

Arg

Ala

Ile

Pro

Phe

455

Ala

Gly Gly Ala

485

Asp Val Asn

GIn Lys Glu

Pro

Pro

360

Thr

Arg

Trp

Gly

GIn

440

Ala

Trp

Asn

Ala

Ala

345

Asp

Asp

Phe

Phe

Pro

425

Pro

e

Ala

Gly

Ala
505

34

Gly Ala

Pro Phe

Leu Thr

Leu Asn
395

Lys Leu
410

Glu val

e Tyr

Ala Asp

Ser Ala
475

Ala Arg
490

Ala Val

Ile

Asp

Leu

380

Asp

Thr

Pro

Asn

Ser

460

Ser

Leu

Arg

Ser Gly Lys Ala Ser

520

GIn

Pro

365

Arg

Pro

His

Lys

Pro

445

Gly

Thr

Ala

Ala

Leu
525

Phe

350

Ser

Phe

GIn

Arg

Glu

430

Thr

Leu

Phe

Leu

Leu

510

Ala

Glu

Lys

Asp

Ala

Asp

415

Asp

Glu

Ser

Arg

Met

495

Pro

Asp

Ala

Lys

Pro

Phe

400

Met

Leu

GIn

Val

Gly

480

Pro

Val

Ile



Ile

Gly

545

GIn

Asp

Ser

Met

Gly

625

Asp

Asp

Val

Val

Lys
705

Val Leu
530

Leu Ser

Asp GIn

Gly Phe

Leu Leu
595

Thr Ala
610

Ser Lys

Phe Phe

Glu Ser

Lys Phe
675

Leu Arg
690

Phe Val

Ala

Ile

Thr

Arg

580

Ile

Leu

Asn

Val

Lys

660

Thr

Ala

Lys

Gly val Val
535

His Val Pro
550

Asp lle Glu
565

Asn Tyr Arg

Asp Lys Ala

Val Gly Gly
615

Gly Val Phe
630

Asn Leu Leu
645

Glu Leu Phe

Ala Ser Arg

Val Ala Glu
695

Asp Phe Val
710

35

Gly val Glu

Phe

Met

Ala

GIn

600

Met

Thr

Asp

Glu

Ala

680

val

Ala

Ala

Phe

Arg

585

GIn

Arg

Asp

Met

Gly

665

Asp

Tyr

Ala

Pro

Glu

570

Leu

Leu

Val

Arg

Arg

650

Arg

Leu

Ala

Trp

Lys

Gly

555

Leu

Asp

Thr

Leu

val

635

Tyr

Asp

val

Ser

val
715

Ala Ala
540

Arg Val

Leu Glu

Val Ser

Leu Thr
605

Gly Gly
620

Gly Vval

Glu Trp

Arg Glu

Phe Gly
685

Ser Asp
700

Lys val

Ser

Asp

Pro

Thr

590

Ala

Asn

Leu

Lys

Thr

670

Ser

Ala

Met

Ala

Ala

Ile

575

Thr

Pro

Phe

Ser

Ala

655

Gly

Asn

His

Asn

Ala

Arg

560

Ala

Glu

Glu

Asp

Asn

640

Thr

Glu

Ser

Glu

Leu
720



36

Asp Arg Phe Asp Leu Leu
725

<210> 42

<211> 2181

<212> DNA

<213> Escherichia coli

<400> 42

atgagcacgt cagacgatat ccataacacc acagccactg gcaaatgccc gttccatcag

0

ggcggtcacg accagagtgc gggggcggge acaaccactc gcgactggty gccaaatcaa

0

cttcgtgttg acctgttaaa ccaacattct aatcgttcta
0

gactaccgca aagaattcag caaattagat tactacggcc
0

ctgttgacag aatctcaacc gtggtggcca gccgactggg
0

attcgtatgg cctggcacgg cgcggggact taccgttcaa
0

ggtcgtggtc agcaacgttt tgcaccgctg aactcctgge
0

aaagcgcgtc gectgttgty geccaatcaaa cagaaatatg
0

gacctgttta tcctcgcggg taacgtggeg ctagaaaact
0

tttggtgceg gtcgtgaaga cgtctgggaa ccggatctgg
0

aaagcctgge tgactcaccg tcatccggaa gegetggega
0

gagatgggtc tgatttacgt taacccggaa ggcccggatc
0

gcggcageag ctatccgege gaccttcgge aacatgggea

acccactggg

tgaaaaaaga

gcagttacgc

tcgatggacg

cggataacgt

gtcagaaaat

ccggcettecg

atgttaactg

aagcaccgct

acagcggcga

tgaacgacga

tgaggacttt

tctgaaagcc

cggtctgttt

cggtggegeg

aagcctcgat

ctcctgggec

taccttcggt

gggtgatgaa

gggtgcaacc

accgctttct

agaaaccgtg

12

18

24

30

36

42

48

54

60

66

72

78



gcgctgattg
0

gtaggtcctg
0

tacggcagcg
0

acgccgacce
0

acccgcagcc
0

gatccgtttg
0

cgttttgate
0

aacgaagcct
0

cgctacatcg
0

ccgatctaca
0

ggtctgtctg
0

ggcgacaaac
0

gatgtgaacg
0

ggtaaagcct
0

gcaagcgeeg
0

caggatcaga

cgggtggtca

atccagaagc

gcgttggege

agtggagcaa

cggctggege

atccgtcgaa

ctgagttcga

ttgccegtge

ggccggaagt

acccgaccga

ttagtgagct

gcggtggtge

ccgeageegt

cgctggcgga

caggtttgag

ctgacattga

tacgctgggt

tgcaccgatt

agatgccatt

ctatttcttc

aatccagttc

gaaacgtaaa

gaagatctct

ctggttcaaa

gccgaaagaa

gcaggacatt

ggtatcggtg

caacggtgcg

tcgtgctctg

tatcatagtg

cattcatgta

gatgtttgag

37

aaaacccacg

gaagaacaag

acctctggtc

gagaacctgt

gaagcggtag

ccgacaatgc

cgtecgtttcc

ctgacgcaca

gatctgatct

atcgatctga

gcctgggeat

cgtctggcat

cctgttctgg

ctggctgatg

ccgtttgege

ctgctggage

gtgccggtec

gtttaggtty

tggaagtagt

tcaagtatga

acgcaccgga

tggtgaccga

tcaacgatcc

gggatatggg

ggcaagatcc

aattcgcgat

ctgcttctac

taatgccgea

agaaaatcca

tggttggtgt

cgggtcgegt

caattgctga

gacatcaaat

ggcgageact

ctggacccag

gtgggtacag

aattatcccg

cctgacgetg

gcaggcgttc

gccgaaatct

gctgecgeag

tgcggattct

cttccgtggt

gcgegactgg

gaaagagtct

tgagaaagcc

tgatgcgegt

cggtttccgt

84

90

96

102

108

114

120

126

132

138

144

150

156

162

168

174



aactatcgcg
0

caactgacgc
0

ggcaacttcg
0

gacttcttcg
0

gagctgttcg
0

gatctggtgt
0

gatgcccacg
0

gaccgtttcg
1

<210> 43

<211> 401
<212> PRT
<213>

<400> 43

ctcgtctgga cgtttccacc

tgaccgegee ggaaatgact

atggcagcaa aaacggcgtc

tgaacttgct ggatatgcgt

aaggccgtga ccgtgaaacc

ttggttctaa ctccgtectg

agaagtttgt taaagacttc

acctgctgta a

Bacillus sp.

38

accgagtcac

gcgetggtgg

ttcactgacc

tacgagtgga

ggcgaagtga

cgtgcggtgg

gtggcggeat

Met Ala Lys Ile Val Cys Val Leu Tyr Asp Asp

1

5

10

Pro Lys Thr Tyr Ala Arg Asp Asp Leu Pro Lys

20

25

Asp Gly GIn Thr Leu Pro Thr Pro Arg Ala lle

35

40

Ala Leu Leu Gly Ser Val Ser Gly Glu Leu Gly

50

55

tgctgatcga caaagcacag

gcggcatgeg tgtactgggt

gcgttggegt attgagcaat

aagcgaccga cgaatcgaaa

aatttacggc cagccgtgeg

cggaagttta cgccagtagc

gggtgaaagt gatgaacctc

Pro Val Thr Gly Tyr
15

Ile Glu Cys Tyr Pro
30

Asp Phe GIn Pro Gly
45

Leu Arg Lys Tyr Leu
60

180

186

192

198

204

210

216

218



Glu

65

Asn

GIn

Lys

Asp

Tyr

145

Ala

Gly

Met

Arg

Arg

225

Ser

Ser

Ser

Pro

Lys

Leu

130

Cys

Leu

Trp

His

Leu

210

Leu

Leu

Asn

Val

Phe

Leu

115

GIn

Asn

val

Asn

val

195

Met

Pro

Glu

Gly

Leu

Trp

100

Lys

Ala

Ser

Arg

e

180

Gly

Lys

Glu

Ser

His

Asp

85

Pro

Met

Ala

Asn

Asn

165

Ala

Thr

Pro

Ser

Leu
245

Glu

70

Arg

Ala

Ile

Met

Ser

150

Tyr

Asp

val

Phe

Val

230

Ala

Leu

Glu

Tyr

Val

Glu

135

Val

Leu

Cys

Ala

Gly

215

Glu

Lys

val

Leu

Met

Thr

120

His

Ala

Pro

val

Ala

200

Thr

Lys

val

val

Ala

Thr

105

Ala

Gly

Glu

Ser

Glu

185

Gly

His

Glu

Cys

39

Thr

90

Ala

Gly

e

His

Tyr

170

Arg

Arg

Leu

Leu

Asp
250

Ser

75

Ala

Glu

Ile

Thr

val

155

GIn

Ser

Ile

His

Asn

235

val

Ser

Glu

Arg

Gly

Val

140

Met

Trp

Tyr

Gly

Tyr

220

Leu

val

Lys

e

Ile

Ser

125

Ala

Met

Val

Asp

Leu

205

Leu

Thr

Thr

Asp

val

Lys

110

Asp

Glu

Thr

Leu

Leu

190

Arg

Asp

His

Leu

Gly

e

95

Arg

His

Val

Thr

Lys

175

Glu

val

Arg

His

Asn
255

Asp

80

Ser

Ala

Thr

Thr

Leu

160

Gly

Gly

Leu

His

Thr

240

Cys



Pro

His

Cys

Gly

305

Pro

Thr

Leu

Val

Gly

385

Ala

Leu His Pro Glu Thr Glu

260

Phe Lys Arg
275

Asp Arg Asp
290

Tyr Gly Gly

Trp Arg Ser

Ser Leu Ser
340

Glu Cys Tyr
355

GIn Asn Gly
370

Asn Ala Thr

<210> 44
<211> 20
<212> PRT

<213>

<220>

Gly Ala

Ala Vval

Asp Vval

310

Met Pro

325

Ala GIn

Phe Glu

Lys Leu

Gly Gly
390

Tyr

Ala

295

Trp

His

Thr

Asn

Ala

375

Ser

Artificial Sequence

His Met
265

Leu Ile
280

Ala Ala

Phe Pro

His Gly

Arg Tyr

345

Arg Pro
360

Gly Val

Glu Glu

40

Ile Asn Ala

Asn Thr Ala

Leu Glu Ser
300

GIn Pro Ala
315

Met Thr Pro
330

Ala Ala Gly

Ile Arg Asn

Gly Ala His
380

Ala Ala Arg
395

Asp

Arg

285

Gly

Pro

His

Thr

Glu

365

Ser

Phe

Ser

270

Gly

GIn

Ala

Ile

Arg

350

Tyr

Tyr

Lys

Leu

Lys

Leu

Asp

Ser

335

Glu

Leu

Ser

Lys

Lys

Leu

Ala

His

320

Gly

Ile

Ile

Ala

Ser
400



41
<223> Designed amino acid sequence
<400> 44

Met Gly Ser Ser His His His His His His Ser Ser Gly Leu Val Pro
1 5 10 15

Arg Gly Ser His
20

<210> 45

<211> 8

<212> PRT

<213> Artificial Sequence

<220>
<223> Designed amino acid sequence

<400> 45

Leu Glu His His His His His His
1 5



