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SEQUENCE LISTING

<110> GENOVIS AB
<120> Tools for Glycan Analysis
<130> N410969W0

<150> GB1708471.6
<151> 2017-05-26

<150> GB1708476.5
<151> 2017-05-26

<150> GB1806655.5
<151> 2018-04-24

<160> 13

<170> PatentIn version 3.5

<210> 1

<211> 419

<212> PRT

<213> Akkermansia muciniphila

<400> 1

Met Thr Trp Leu Leu Cys Gly Arg Gly Lys Trp Asn Lys Val Lys Arg
1 5 10 15

Met Met Asn Ser Val Phe Lys Cys Leu Met Ser Ala Val Cys Ala Val
20 25 30

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

Arg Ala Val Thr Val Phe Ser Ala Gly Glu Gly Asn Pro Tyr Ala Ser
50 55 60

Ile Arg Ile Pro Ala Leu Leu Ser Ile Gly Lys Gly Gln Leu Leu Ala
65 70 75 80

Phe Ala Glu Gly Arg Tyr Lys Asn Thr Asp Gln Gly Glu Asn Asp Ile
85 90 95

Ile Met Ser Val Ser Lys Asn Gly Gly Lys Thr Trp Ser Arg Pro Arg



Ala

Tyr

Ala

145

Glu

Ser

Gly

Ser

Phe

225

Ser

Glu

Arg

Gly

Asp
305

Ile

Asp

130

Gly

Lys

Trp

Val

Gly

210

Gly

Trp

Thr

His

Gly

290

Ser

Ala

115

Ala

Val

Cys

Thr

Asp

195

Ala

Lys

Lys

Ser

Trp

275

Glu

Thr

100

Lys

Lys

Lys

Ile

Lys

180

Ile

His

Trp

Leu

Ile

260

Gly

Thr

Gln

Ala

Thr

Glu

Arg

165

Pro

Met

Lys

Val

Gly

245

Ala

Ala

Trp

Asn

His

Arg

Arg

150

Asn

Gln

Ala

Gly

Ile

230

Gln

Glu

Gly

Gly

Ser
310

Gly

Thr

135

Gln

Phe

Glu

Ser

Arg

215

Ser

Pro

Thr

Asn

Gln

295

Leu

Ala

120

Val

Pro

Met

Ile

Gly

200

Leu

Cys

Thr

Asp

Cys

280

Val

Met

105

Thr

Thr

Asn

Ile

Thr

185

Pro

Val

Ile

Ala

Asn

265

Arg

Glu

Thr
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Phe

Val

Ile

Gln

170

Lys

Asn

Ile

Tyr

Asn

250

Gly

Arg

Asp

Tyr

Asn

Val

Pro

155

Ser

Thr

Ala

Pro

Ser

235

Met

Gly

Ile

Ala

Ser
315

Asn

Phe

140

Asp

Arg

Thr

Gly

Met

220

Asp

Lys

Val

Ala

Pro

300

Leu

Pro

125

Gln

Gly

Asn

Lys

Thr

205

Asn

Asp

Gly

Val

Trp

285

Glu

Ser

110

Cys

Arg

Trp

Gly

Arg

190

Gln

Glu

Gly

Met

Met

270

Ser

Leu

Asp

Pro

Tyr

Asp

Gly

175

Pro

Leu

Gly

Gly

Val

255

Val

Gln

Phe

Gln

Val

Pro

Asp

160

Ser

Ser

Lys

Pro

Lys

240

Asn

Ala

Asp

Cys

Pro
320



Ala Tyr Gly Gly Lys Ser Arg Ile
325

Arg Arg Ile Lys Gly Gln Val Ala
340

Trp Pro Val Lys Lys Leu Leu Gly
355 360

Leu Ala Met Val Glu Pro Gly Ile
370 375

Gln Glu His Ile Lys Lys Leu Lys
385 390

Leu Thr Asp Gly Glu Asp Thr Gly
405

Val Leu Lys

<210> 2

<211> 381

<212> PRT

<213> Akkermansia muciniphila

<400> 2
Gln Glu Glu Lys Thr Gly Phe Pro
1 5

Ser Ala Gly Glu Gly Asn Pro Tyr
20

Leu Ser Ile Gly Lys Gly Gln Leu
35 40

Lys Asn Thr Asp Gln Gly Glu Asn
50 55

Leu

Met

345

Glu

Val

Phe

Leu

Thr

Ala

25

Leu

Asp

Page 3

Phe

330

Ser

Gly

Gly

Val

Ala
410

Asp

10

Ser

Ala

Ile

Ser

Tyr

Gly

Val

Pro

395

Pro

Arg

Ile

Phe

Ile

Gly

Asp

Phe

Leu

380

Ile

Gly

Ala

Arg

Ala

Met
60

Pro

Asn

Ala

365

Tyr

Thr

Lys

Val

Ile

Glu

45

Ser

Ser

Gly

350

Tyr

Glu

Met

Lys

Thr

Pro

30

Gly

Val

Ala

335

Lys

Ser

Glu

Glu

Ala
415

Val

15

Ala

Arg

Ser

Gly

Thr

Ser

Asn

Trp

400

Pro

Phe

Leu

Tyr

Lys



Asn

65

Gly

Thr

Gln

Phe

Glu

145

Ser

Arg

Ser

Pro

Thr

225

Asn

Gln

Leu

Gly

Ala

Val

Pro

Met

130

Ile

Gly

Leu

Cys

Thr

210

Asp

Cys

Val

Met

Gly

Thr

Thr

Asn

115

Ile

Thr

Pro

Val

Ile

195

Ala

Asn

Arg

Glu

Thr

Lys

Phe

Val

100

Ile

Gln

Lys

Asn

Ile

180

Tyr

Asn

Gly

Arg

Asp

260

Tyr

Thr

Asn

85

Val

Pro

Ser

Thr

Ala

165

Pro

Ser

Met

Gly

Ile

245

Ala

Ser

Trp

70

Asn

Phe

Asp

Arg

Thr

150

Gly

Met

Asp

Lys

Val

230

Ala

Pro

Leu

Ser

Pro

Gln

Gly

Asn

135

Lys

Thr

Asn

Asp

Gly

215

Val

Trp

Glu

Ser

Arg

Cys

Arg

Trp

120

Gly

Arg

Gln

Glu

Gly

200

Met

Met

Ser

Leu

Asp

Pro

Pro

Tyr

105

Asp

Gly

Pro

Leu

Gly

185

Gly

Val

Val

Gln

Phe

265

Gln
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Arg

Val

90

Pro

Asp

Ser

Ser

Lys

170

Pro

Lys

Asn

Ala

Asp

250

Cys

Pro

Ala

75

Tyr

Ala

Glu

Ser

Gly

155

Ser

Phe

Ser

Glu

Arg

235

Gly

Asp

Ala

Ile

Asp

Gly

Lys

Trp

140

Val

Gly

Gly

Trp

Thr

220

His

Gly

Ser

Tyr

Ala

Ala

Val

Cys

125

Thr

Asp

Ala

Lys

Lys

205

Ser

Trp

Glu

Thr

Gly

Lys

Lys

Lys

110

Ile

Lys

Ile

His

Trp

190

Leu

Ile

Gly

Thr

Gln

270

Gly

Ala

Thr

95

Glu

Arg

Pro

Met

Lys

175

Val

Gly

Ala

Ala

Trp

255

Asn

Lys

His

80

Arg

Arg

Asn

Gln

Ala

160

Gly

Ile

Gln

Glu

Gly

240

Gly

Ser

Ser



Page 5
275 280 285

Arg Ile Leu Phe Ser Gly Pro Ser Ala Gly Arg Arg Ile Lys Gly Gln
290 295 300

Val Ala Met Ser Tyr Asp Asn Gly Lys Thr Trp Pro Val Lys Lys Leu
305 310 315 320

Leu Gly Glu Gly Gly Phe Ala Tyr Ser Ser Leu Ala Met Val Glu Pro
325 330 335

Gly Ile Val Gly Val Leu Tyr Glu Glu Asn Gln Glu His Ile Lys Lys
340 345 350

Leu Lys Phe Val Pro Ile Thr Met Glu Trp Leu Thr Asp Gly Glu Asp
355 360 365

Thr Gly Leu Ala Pro Gly Lys Lys Ala Pro Val Leu Lys
370 375 380

<210> 3

<211> 393

<212> PRT

<213> Artificial Sequence

<220>

<223> sialidase, Am@707 - with additional N terminal methionine and C

terminal linker + His6 tag
<400> 3
Met Gln Glu Glu Lys Thr Gly Phe Pro Thr Asp Arg Ala Val Thr Val
1 5 10 15

Phe Ser Ala Gly Glu Gly Asn Pro Tyr Ala Ser Ile Arg Ile Pro Ala
20 25 30

Leu Leu Ser Ile Gly Lys Gly Gln Leu Leu Ala Phe Ala Glu Gly Arg
35 40 45

Tyr Lys Asn Thr Asp Gln Gly Glu Asn Asp Ile Ile Met Ser Val Ser
50 55 60



Lys

65

His

Arg

Arg

Asn

Gln

145

Ala

Gly

Ile

Gln

Glu

225

Gly

Gly

Asn

Gly

Thr

Gln

Phe

130

Glu

Ser

Arg

Ser

Pro

210

Thr

Asn

Gln

Gly

Ala

Val

Pro

115

Met

Ile

Gly

Leu

Cys

195

Thr

Asp

Cys

Val

Gly

Thr

Thr

100

Asn

Ile

Thr

Pro

Val

180

Ile

Ala

Asn

Arg

Glu
260

Lys

Phe

85

Val

Ile

Gln

Lys

Asn

165

Ile

Tyr

Asn

Gly

Arg

245

Asp

Thr

70

Asn

Val

Pro

Ser

Thr

150

Ala

Pro

Ser

Met

Gly

230

Ile

Ala

Trp

Asn

Phe

Asp

Arg

135

Thr

Gly

Met

Asp

Lys

215

Val

Ala

Pro

Ser

Pro

Gln

Gly

120

Asn

Lys

Thr

Asn

Asp

200

Gly

Val

Trp

Glu

Arg

Arg

105

Trp

Gly

Arg

Gln

Glu

185

Gly

Met

Met

Ser

Leu
265
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Pro

Pro

90

Tyr

Asp

Gly

Pro

Leu

170

Gly

Gly

Val

Val

Gln

250

Phe

Arg

75

Val

Pro

Asp

Ser

Ser

155

Lys

Pro

Lys

Asn

Ala

235

Asp

Cys

Ala

Tyr

Ala

Glu

Ser

140

Gly

Ser

Phe

Ser

Glu

220

Arg

Gly

Asp

Ile

Asp

Gly

Lys

125

Trp

Val

Gly

Gly

Trp

205

Thr

His

Gly

Ser

Ala

Ala

Val

110

Cys

Thr

Asp

Ala

Lys

190

Lys

Ser

Trp

Glu

Thr
270

Lys

Lys

95

Lys

Ile

Ile

His

175

Leu

Ile

Gly

Thr

255

Gln

Ala

80

Thr

Glu

Arg

Pro

Met

160

Lys

Val

Gly

Ala

Ala

240

Trp

Asn



Ser

Ser

Gln

305

Leu

Pro

Lys

Asp

Gly
385

Leu

Arg

290

Val

Leu

Gly

Leu

Thr

370

Leu

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

<400>

Met

275

Ile

Ala

Gly

Ile

Lys

355

Gly

Glu

4
595
PRT

Thr

Leu

Met

Glu

Val

340

Phe

Leu

His

Tyr

Phe

Ser

Gly

325

Gly

Val

Ala

His

Ser

Ser

Tyr

310

Gly

Val

Pro

Pro

His
390

Leu

Gly

295

Asp

Phe

Leu

Ile

Gly
375

His

Ser

280

Pro

Asn

Ala

Tyr

Thr

360

Lys

His

Akkermansia muciniphila

4

Met Lys Asn Leu

1

Tyr Ala Gln Gln

20

Thr Pro Pro Ala

35

Glu Ile Arg His

50

Leu Phe Ala Leu

5

Lys Ala Ala Pro

Asp Ala Gly Arg

40

Tyr Ser Gly Thr

55

Asp

Ser

Gly

Tyr

Glu

345

Met

Lys

His

Leu

Val
25

Arg
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Gln

Ala

Lys

Ser

330

Glu

Glu

Ala

Thr

10

Pro

Leu

Lys

Pro

Gly

Thr

315

Ser

Asn

Trp

Pro

Gly

Glu

Ile

Glu

Ala

Arg

300

Trp

Leu

Gln

Leu

Val
380

Ser

Pro

Arg

Pro
60

Tyr

285

Arg

Pro

Ala

Glu

Thr

365

Leu

Phe

Glu

Val

45

Asp

Gly

Ile

Val

Met

His

350

Asp

Lys

Cys

Val

30

Asp

Tyr

Gly

Lys

Lys

Val

335

Ile

Gly

Gly

Cys

15

Val

Ser

Leu

Lys

Gly

Lys

320

Glu

Lys

Glu

Ser

Cys

Ala

Arg

Val



Ser

65

Tyr

Arg

Phe

Thr

Lys

145

Asn

Thr

Arg

Gly

Lys

225

Trp

Pro

Arg

Pro

Asn

Val

Asn

130

Asn

Lys

Lys

Asn

Val

210

Asp

Gln

Ser

Asp

Pro

Pro

Phe

115

Asp

Leu

Gly

Phe

Gly

195

Arg

Gly

Ala

Arg

Asn

Asn

Leu

100

Leu

Gly

Lys

Arg

His

180

Val

Trp

Thr

Phe

Phe
260

Gly

Tyr

85

Thr

Ser

Lys

Lys

Arg

165

Ile

Thr

Phe

Leu

Ser

245

Phe

Lys

70

Arg

Arg

Leu

Leu

150

Val

Ser

Ser

Asn

Trp

230

Lys

Gly

Thr

Gly

Glu

Gly

Glu

135

Gly

Ile

Asp

Pro

Asn

215

Ala

Asp

Thr

Trp

Ile

Phe

Gly

120

Glu

Gly

Val

Asp

Arg

200

Ala

Leu

Tyr

Leu

Glu

Pro

Ile

105

Leu

Asp

Ile

Pro

Gly

185

His

Val

Ala

Gly

Thr
265
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Met

Lys

90

Arg

Asp

Trp

Met

Phe

170

Gly

Glu

Glu

Arg

Glu

250

Met

Lys

75

Glu

Val

Gly

Lys

Arg

155

His

Leu

Ala

Ala

Thr

235

Thr

Asn

Ala

Ser

Gln

Lys

Asp

140

Thr

Asn

Thr

Arg

Thr

220

Ser

Trp

Thr

Ala

Pro

Pro

Trp

125

Pro

Pro

Met

Trp

Pro

205

Val

Gln

Ser

Leu

Pro

Ala

Ile

110

Leu

Glu

Val

Gly

His

190

Pro

Leu

Asp

Lys

Gly
270

Ala

Ile

95

Gly

Ala

Lys

Phe

Gly

175

Val

His

Glu

Gln

Pro

255

Arg

Gly

80

Val

Gly

Val

Arg

Val

160

Gly

Ser

Gln

Met

Ala

240

Glu

Leu



Asp

Glu

Arg

305

Tyr

Tyr

Met

Lys

Lys

385

Ile

Lys

Val

Ser

Gly
465

Asp

Asn

290

Asp

Gly

Ala

Val

Asn

370

Thr

His

Pro

Leu

Asn

450

Thr

Gly

275

Ala

Ser

Phe

Thr

Gln

355

His

Arg

Thr

Ser

Gln

435

Val

Thr

Thr

Thr

His

Arg

Leu

340

Leu

Arg

Ala

Tyr

Ala

420

Ile

Asp

Gly

Ile

Ala

His

Glu

325

Asp

Asp

Arg

Thr

Ile

405

Glu

Lys

Tyr

Leu

Val

Gly

Ile

310

Ile

Gly

Lys

Leu

Gln

390

Pro

Leu

Arg

Arg

Val
470

Ser

Asn

295

Ala

Ile

Pro

Asn

Val

375

Thr

Gln

Val

Leu

Asn

455

Lys

Leu

280

Gly

Met

Leu

Glu

Arg

360

Ile

Gly

Lys

Gln

Asp

440

Gly

Phe

Trp

Thr

Ser

Asp

Asp

345

Ile

Val

Lys

Lys

Asp

425

Asp

Gly

Arg
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Thr

Trp

Gly

Glu

330

Arg

Leu

Asp

Asp

Gly

410

Pro

Pro

Ala

Phe

Asn

Glu

Asp

315

His

Gly

Ile

Arg

Leu

395

His

Ser

Glu

Thr

Arg
475

Thr

Asp

300

Glu

Arg

Lys

Ser

Arg

380

Asp

Cys

Gly

Leu

Trp

460

Val

Met

285

Val

Gly

Asn

His

Leu

365

Trp

Ser

Ser

Gly

Val

445

Asn

Val

Ala

Phe

Lys

His

Gln

350

Gly

Val

Gln

Tyr

Thr

430

Asn

Phe

Asp

Leu

Thr

Thr

Pro

335

Ser

Gln

Gly

Trp

Asn

415

Lys

Glu

Pro

Gly

Pro

Asn

Trp

320

Gly

Glu

His

Ala

Thr

400

Arg

Lys

Lys

Asn

Glu
480



Page 10
Gln Ala Asp Asp Ser Gly Leu Gln Val Ser Leu Thr Asp Arg Leu Phe
485 490 495

Asn Ala Cys Asp Ser Thr Thr Lys Asp Tyr Ala Leu Phe Thr Phe Pro
500 505 510

Ile Arg Leu Lys Pro Ala Pro His Leu Leu Leu Gly Met Lys Lys Val
515 520 525

Pro Phe Thr Pro Gly Ala Trp His Glu Ile Ser Leu Leu Trp Gln Gly
530 535 540

Gly Gln Ala Val Val Ser Leu Asp Gly Lys Lys Ala Gly Thr Leu Lys
545 550 555 560

Met Ala Asn Lys Ser Pro Asn Gly Ala Ser Tyr Ile His Phe Ile Ser
565 570 575

Thr Gly Ser Gln Pro Asp Ala Gly Ile Leu Leu Asp Thr Val Asn Ala
580 585 590

Arg Val Lys
595

<210> 5

<211> 577

<212> PRT

<213> Akkermansia muciniphila

<400> 5
Gln Gln Lys Ala Ala Pro Val Pro Glu Pro Glu Val Val Ala Thr Pro
1 5 10 15

Pro Ala Asp Ala Gly Arg Gly Leu Ile Arg Val Asp Ser Arg Glu Ile
20 25 30

Arg His Tyr Ser Gly Thr Arg Lys Glu Pro Asp Tyr Leu Val Ser Arg
35 40 45

Asp Asn Gly Lys Thr Trp Glu Met Lys Ala Ala Pro Ala Gly Tyr Pro
50 55 60



Page 11

Pro Asn Tyr Gly Gly Ile Pro Lys Glu Ser Pro Ala Ile Val Arg Asn
65 70 75 80

Pro Leu Thr Arg Glu Phe Ile Arg Val Gln Pro Ile Gly Gly Phe Val
85 90 95

Phe Leu Ser Arg Gly Gly Leu Asp Gly Lys Trp Leu Ala Val Thr Asn
100 105 110

Asp Gly Lys Leu Glu Glu Asp Trp Lys Asp Pro Glu Lys Arg Lys Asn
115 120 125

Leu Lys Lys Leu Gly Gly Ile Met Arg Thr Pro Val Phe Val Asn Lys
130 135 140

Gly Arg Arg Val Ile Val Pro Phe His Asn Met Gly Gly Gly Thr Lys
145 150 155 160

Phe His Ile Ser Asp Asp Gly Gly Leu Thr Trp His Val Ser Arg Asn
165 170 175

Gly Val Thr Ser Pro Arg His Glu Ala Arg Pro Pro His Gln Gly Val
180 185 190

Arg Trp Phe Asn Asn Ala Val Glu Ala Thr Val Leu Glu Met Lys Asp
195 200 205

Gly Thr Leu Trp Ala Leu Ala Arg Thr Ser Gln Asp Gln Ala Trp Gln
210 215 220

Ala Phe Ser Lys Asp Tyr Gly Glu Thr Trp Ser Lys Pro Glu Pro Ser
225 230 235 240

Arg Phe Phe Gly Thr Leu Thr Met Asn Thr Leu Gly Arg Leu Asp Asp
245 250 255

Gly Thr Ile Val Ser Leu Trp Thr Asn Thr Met Ala Leu Pro Glu Asn
260 265 270



Ala

Ser

Phe

305

Thr

Gln

His

Arg

Thr

385

Ser

Gln

Val

Thr

Asp
465

Thr

His

290

Arg

Leu

Leu

Arg

Ala

370

Tyr

Ala

Ile

Asp

Gly

450

Asp

Ala

275

His

Glu

Asp

Asp

Arg

355

Thr

Ile

Glu

Lys

Tyr

435

Leu

Ser

Gly

Ile

Ile

Gly

Lys

340

Leu

Gln

Pro

Leu

Arg

420

Val

Gly

Asn

Ala

Ile

Pro

325

Asn

Val

Thr

Gln

Val

405

Leu

Asn

Lys

Leu

Gly

Met

Leu

310

Glu

Arg

Ile

Gly

Lys

390

Gln

Asp

Gly

Phe

Gln
470

Thr

Ser

295

Asp

Asp

Ile

Val

Lys

375

Lys

Asp

Asp

Gly

Arg

455

Val

Trp

280

Gly

Glu

Arg

Leu

Asp

360

Asp

Gly

Pro

Pro

Ala

440

Phe

Ser

Glu

Asp

His

Gly

Ile

345

Arg

Leu

His

Ser

Glu

425

Thr

Arg

Leu

Page 12

Asp Val Phe

Glu

Arg

Lys

330

Ser

Arg

Asp

Cys

Gly

410

Leu

Trp

Val

Thr

Gly

Asn

315

His

Leu

Trp

Ser

Ser

395

Gly

Val

Asn

Val

Asp
475

Lys

300

His

Gln

Gly

Val

Gln

380

Tyr

Thr

Asn

Phe

Asp

460

Arg

Thr

285

Thr

Pro

Ser

Gln

Gly

365

Trp

Asn

Lys

Glu

Pro

445

Gly

Leu

Asn

Trp

Gly

Glu

His

350

Ala

Thr

Arg

Lys

Lys

430

Asn

Glu

Phe

Arg

Tyr

Tyr

Met

335

Lys

Ile

Lys

Val

415

Ser

Gly

Gln

Asn

Asp

Gly

Ala

320

Val

Asn

Thr

His

Pro

400

Leu

Asn

Thr

Ala

Ala
480



Page 13
Cys Asp Ser Thr Thr Lys Asp Tyr Ala Leu Phe Thr Phe Pro Ile Arg
485 490 495

Leu Lys Pro Ala Pro His Leu Leu Leu Gly Met Lys Lys Val Pro Phe
500 505 510

Thr Pro Gly Ala Trp His Glu Ile Ser Leu Leu Trp Gln Gly Gly Gln
515 520 525

Ala Val Val Ser Leu Asp Gly Lys Lys Ala Gly Thr Leu Lys Met Ala
530 535 540

Asn Lys Ser Pro Asn Gly Ala Ser Tyr Ile His Phe Ile Ser Thr Gly
545 550 555 560

Ser Gln Pro Asp Ala Gly Ile Leu Leu Asp Thr Val Asn Ala Arg Val
565 570 575

Lys

<210> 6

<211> 589

<212> PRT

<213> Artificial Sequence

<220>
<223> sialidase, Am1757 - with additional N terminal methionine and C
terminal linker + His6 tag

<400> 6
Met Gln Gln Lys Ala Ala Pro Val Pro Glu Pro Glu Val Val Ala Thr
1 5 10 15

Pro Pro Ala Asp Ala Gly Arg Gly Leu Ile Arg Val Asp Ser Arg Glu
20 25 30

Ile Arg His Tyr Ser Gly Thr Arg Lys Glu Pro Asp Tyr Leu Val Ser
35 40 45

Arg Asp Asn Gly Lys Thr Trp Glu Met Lys Ala Ala Pro Ala Gly Tyr
50 55 60



Pro

65

Asn

Val

Asn

Asn

Lys

145

Lys

Asn

Val

Asp

Gln

225

Ser

Asp

Pro

Pro

Phe

Asp

Leu

130

Gly

Phe

Gly

Arg

Gly

210

Ala

Arg

Gly

Asn

Leu

Leu

Gly

115

Lys

Arg

His

Val

Trp

195

Thr

Phe

Phe

Thr

Tyr

Thr

Ser

100

Lys

Lys

Arg

Ile

Thr

180

Phe

Leu

Ser

Phe

Ile
260

Gly

Arg

85

Arg

Leu

Leu

Val

Ser

165

Ser

Asn

Trp

Lys

Gly

245

Val

Gly

70

Glu

Gly

Glu

Gly

Ile

150

Asp

Pro

Asn

Ala

Asp

230

Thr

Ser

Ile

Phe

Gly

Glu

Gly

135

Val

Asp

Arg

Ala

Leu

215

Tyr

Leu

Leu

Pro

Ile

Leu

Asp

120

Ile

Pro

Gly

His

Val

200

Ala

Gly

Thr

Trp

Lys

Arg

Asp

105

Trp

Met

Phe

Gly

Glu

185

Glu

Arg

Glu

Met

Thr
265
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Glu

Val

90

Gly

Lys

Arg

His

Leu

170

Ala

Ala

Thr

Thr

Asn

250

Asn

Ser Pro
75

Gln Pro

Lys Trp

Asp Pro

Thr Pro
140

Asn Met
155

Thr Trp

Arg Pro

Thr Val

Ser Gln

220

Trp Ser
235

Thr Leu

Thr Met

Ala

Ile

Leu

Glu

125

Val

Gly

His

Pro

Leu

205

Asp

Lys

Gly

Ala

Ile

Gly

Ala

110

Lys

Phe

Gly

Val

His

190

Glu

Gln

Pro

Arg

Leu
270

Val

Gly

95

Val

Arg

Val

Gly

Ser

175

Gln

Met

Ala

Glu

Leu

255

Pro

Arg

80

Phe

Thr

Lys

Asn

Thr

160

Arg

Gly

Lys

Trp

Pro

240

Asp

Glu



Asn

Asp

Gly

305

Ala

Val

Asn

Thr

His

385

Pro

Leu

Asn

Thr

Ala
465

Ala

Ser

290

Phe

Thr

Gln

His

Arg

370

Thr

Ser

Gln

Val

Thr

450

Asp

Thr

275

His

Arg

Leu

Leu

Arg

355

Ala

Tyr

Ala

Ile

Asp

435

Gly

Asp

Ala

His

Glu

Asp

Asp

340

Arg

Thr

Ile

Glu

Lys

420

Tyr

Leu

Ser

Gly

Ile

Ile

Gly

325

Lys

Leu

Gln

Pro

Leu

405

Arg

Arg

Val

Gly

Asn

Ala

Ile

310

Pro

Asn

Val

Thr

Gln

390

Val

Leu

Asn

Lys

Leu
470

Gly

Met

295

Leu

Glu

Arg

Ile

Gly

375

Lys

Gln

Asp

Gly

Phe

455

Gln

Thr

280

Ser

Asp

Asp

Ile

Val

360

Lys

Lys

Asp

Asp

Gly

440

Arg

Val

Trp

Gly

Glu

Arg

Leu

345

Asp

Asp

Gly

Pro

Pro

425

Ala

Phe

Ser
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Glu Asp Val

Asp

His

Gly

330

Ile

Arg

Leu

His

Ser

410

Glu

Thr

Arg

Leu

Glu

Arg

315

Lys

Ser

Arg

Asp

Cys

395

Gly

Leu

Trp

Val

Thr
475

Gly

300

Asn

His

Leu

Trp

Ser

380

Ser

Gly

Val

Asn

Val

460

Asp

Phe

285

Lys

His

Gln

Gly

Val

365

Gln

Tyr

Thr

Asn

Phe

445

Asp

Arg

Thr

Thr

Pro

Ser

Gln

350

Gly

Trp

Asn

Lys

Glu

430

Pro

Gly

Leu

Asn

Trp

Gly

Glu

335

His

Ala

Thr

Arg

Lys

415

Lys

Asn

Glu

Phe

Arg

Tyr

Tyr

320

Met

Lys

Lys

Ile

Lys

400

Val

Ser

Gly

Gln

Asn
480



Ala

Arg

Phe

Gln

Ala

545

Gly

Val

Cys

Leu

Thr

Ala

530

Asn

Ser

Lys

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

<400>

Asp

Lys

Pro

515

Val

Lys

Gln

Gly

7
2122
PRT

Ser

Pro

500

Gly

Val

Ser

Pro

Ser
580

Thr

485

Ala

Ala

Ser

Pro

Asp

565

Gly

Thr

Pro

Trp

Leu

Asn

550

Ala

Leu

Lys

His

His

Asp

535

Gly

Gly

Glu

Streptococcus oralis

7

Met Asp Lys Arg Phe

1

5

Phe Thr Leu Gly Val

Ala

20

Ser Pro Val Leu

35

Leu Pro Ser Glu Leu

His
65

50

Asp Phe Asp Lys

Phe

Ala

Ala

Ala

Glu
70

Glu

Ser

Asp

Asp

55

Ala

Asp

Leu

Glu

520

Gly

Ala

Ile

His

Lys

Val

Gln

40

Leu

Ala

Tyr

Leu

505

Ile

Lys

Ser

Leu

His
585

Arg

Met

25

Ala

Asp

Ala
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Ala Leu Phe

490

Leu

Ser

Lys

Tyr

Leu

570

His

Cys

10

Ile

Arg

Lys

Gln

Gly

Leu

Ala

Ile

555

Asp

His

Lys

Gly

Val

Lys

Asn
75

Met

Leu

Gly

540

His

Thr

His

Phe

Ala

Gly

Ala

60

Pro

Thr

Lys

Trp

525

Thr

Phe

Val

His

Ser

Thr

Ser

45

Ser

Gly

Phe

Lys

510

Gln

Leu

Ile

Asn

Ile

Phe

30

Thr

Asp

Ser

Pro

495

Val

Gly

Lys

Ser

Ala
575

Arg

15

Phe

Asp

Glu

Ala

Ile

Pro

Gly

Met

Thr

560

Arg

Lys

Ala

Asn

Gly

Glu
80
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Thr Thr Glu Gly Pro Gln Thr Glu Glu Glu Leu Leu Ala Gln Glu Lys
85 90 95

Glu Lys Ser Glu Lys Pro Ser Asn Leu Pro Lys Glu Leu Glu Asp Lys
100 105 110

Leu Glu Lys Ala Glu Asp Asn Gly Arg Glu Val Asp Lys Asp Gln Leu
115 120 125

Ala Gln Asp Thr Gly Lys Leu Val Pro Glu Asp Val Ala Lys Thr Thr
130 135 140

Asn Gly Glu Leu Asn Tyr Gly Ala Thr Val Lys Ile Lys Thr Pro Ser
145 150 155 160

Gly Glu Gly Ser Gly Ile Val Val Ala Lys Asp Leu Val Leu Thr Val
165 170 175

Ser His Asn Phe Ile Lys Asp Ser Gln Glu Gly Asn Ile Arg Lys Val
180 185 190

Val Asp Asn Asp Gln Gly Asp Gly Asp Ile Tyr Ser Ile Ser Tyr Pro
195 200 205

Gly Leu Pro Asp Val Lys Phe Ser Lys Lys Asp Ile Ile His Trp Asp
210 215 220

Arg Glu Gly Tyr Leu Lys Gly Phe Lys Asn Asp Leu Ala Leu Val Arg
225 230 235 240

Leu Arg Thr Val Leu Glu Asn Thr Pro Val Glu Val Thr Lys Lys Pro
245 250 255

Val Val Lys Lys Ile Gly Asp Lys Leu His Val Phe Gly Tyr Pro Glu
260 265 270

Gly Lys Leu Asn Pro Ile Val Asn Thr Thr Val Asp Phe Ala Glu Pro
275 280 285
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Tyr Gly Glu Gly Val Gln Gly Ile Gly Tyr Gln Gly Gly Lys Pro Gly
290 295 300

Ala Ser Gly Gly Gly Ile Phe Asp Thr Glu Gly Lys Leu Val Gly Val
305 310 315 320

His Gln Asn Gly Val Val Gly Lys Arg Ser Gly Gly Ile Leu Phe Ser
325 330 335

Pro Ala Gln Leu Lys Trp Ile Gln Asp His Met Gln Gly Ile Ser Ser
340 345 350

Val Lys Pro Ala Asp Leu Glu Glu Lys Glu Lys Pro Ala Glu Glu Lys
355 360 365

Pro Lys Glu Asp Lys Pro Ala Ala Ala Lys Pro Glu Thr Pro Lys Ala
370 375 380

Val Thr Pro Glu Trp Gln Thr Val Ala Asn Lys Glu Gln Gln Gly Thr
385 390 395 400

Val Thr Ile Arg Glu Glu Lys Gly Val Arg Tyr Asn Gln Leu Ser Ser
405 410 415

Thr Ala Gln Asn Asp Asn Asp Gly Lys Pro Ala Leu Phe Glu Lys Gln
420 425 430

Gly Leu Thr Val Asp Ala Asn Gly Asn Ala Thr Val Asp Leu Thr Phe
435 440 445

Lys Asp Asp Ser Glu Lys Gly Lys Ser Arg Phe Gly Val Phe Leu Lys
450 455 460

Phe Lys Asp Thr Lys Asn Asn Val Phe Val Gly Tyr Asp Gln Gly Gly
465 470 475 480

Trp Phe Trp Glu Tyr Lys Thr Pro Gly Asn Ser Thr Trp Tyr Lys Gly
485 490 495
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Asn Arg Val Ala Ala Pro Glu Pro Gly Ser Val Asn Arg Leu Ser Ile
500 505 510

Thr Leu Lys Ser Asp Gly Gln Leu Asn Ala Ser Asn Asn Asp Val Asn
515 520 525

Leu Phe Asp Thr Val Thr Leu Pro Gly Ala Val Asn Glu Asn Leu Lys
530 535 540

Asn Glu Lys Lys Ile Leu Leu Lys Ala Gly Thr Tyr Ser Asn Asp Arg
545 550 555 560

Thr Val val Ser Val Lys Thr Asp Asn Gln Glu Gly Val Lys Ala Asp
565 570 575

Asp Thr Pro Ala Gln Lys Glu Thr Gly Pro Ala Val Asp Asp Ser Lys
580 585 590

Val Thr Tyr Asp Thr Ile Gln Ser Lys Val Leu Lys Ala Val Ile Asp
595 600 605

Gln Ala Phe Pro Arg Val Lys Glu Tyr Thr Leu Asn Gly His Thr Leu
610 615 620

Pro Gly Gln Val Gln Gln Phe Asn Gln Val Phe Ile Asn Asn His Arg
625 630 635 640

Ile Thr Pro Glu Val Thr Tyr Lys Lys Ile Asn Glu Thr Thr Ala Glu
645 650 655

Tyr Leu Met Lys Leu Arg Asp Asp Ala His Leu Ile Asn Ala Glu Met
660 665 670

Thr Val Arg Leu Gln Val Val Asp Asn Gln Leu His Phe Asp Val Thr
675 680 685

Lys Ile Val Asn His Asn Gln Val Thr Pro Gly Gln Lys Ile Asp Asp
690 695 700

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

Ser Val Ser Ser Asp Gln Ala Gly Ala Lys Phe Asp Gly Ala Thr Met
725 730 735

Ser Asn Asn Thr His Val Ser Gly Asp Asp His Ile Asp Val Thr Asn
740 745 750

Pro Met Lys Asp Leu Ala Lys Gly Tyr Met Tyr Gly Phe Val Ser Thr
755 760 765

Asp Lys Leu Ala Ala Gly Val Trp Ser Asn Ser Gln Asn Ser Tyr Gly
770 775 780

Gly Gly Ser Asn Asp Trp Thr Arg Leu Thr Ala Tyr Lys Glu Thr Val
785 790 795 800

Gly Asn Ala Asn Tyr Val Gly Ile His Ser Ser Glu Trp Gln Trp Glu
805 810 815

Lys Ala Tyr Lys Gly Ile Val Phe Pro Glu Tyr Thr Lys Glu Leu Pro
820 825 830

Ser Ala Lys Val Val Ile Thr Glu Asp Ala Asn Ala Asp Asn Lys Val
835 840 845

Asp Trp Gln Asp Gly Ala Ile Ala Tyr Arg Ser Ile Met Asn Asn Pro
850 855 860

Gln Gly Trp Glu Lys Val Lys Asp Ile Thr Ala Tyr Arg Ile Ala Met
865 870 875 880

Asn Phe Gly Ser Gln Ala Gln Asn Pro Phe Leu Met Thr Leu Asp Gly
885 890 895

Ile Lys Lys Ile Asn Leu His Thr Asp Gly Leu Gly Gln Gly Val Leu
900 905 910

Leu Lys Gly Tyr Gly Ser Glu Gly His Asp Ser Gly His Leu Asn Tyr
915 920 925
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Ala Asp Ile Gly Lys Arg Ile Gly Gly Val Glu Asp Phe Lys Thr Leu
930 935 940

Ile Glu Lys Ala Lys Lys Tyr Gly Ala His Leu Gly Ile His Val Asn
945 950 955 960

Ala Ser Glu Thr Tyr Pro Glu Ser Lys Tyr Phe Asn Glu Asn Ile Leu
965 970 975

Arg Lys Asn Pro Asp Gly Ser Tyr Ser Tyr Gly Trp Asn Trp Leu Asp
980 985 990

Gln Gly Ile Asn Ile Asp Ala Ala Tyr Asp Leu Ala His Gly Arg Leu
995 1000 1005

Ala Arg Trp Glu Asp Leu Lys Lys Lys Leu Gly Glu Gly Leu Asp
1010 1015 1020

Phe Ile Tyr Val Asp Val Trp Gly Asn Gly Gln Ser Gly Asp Asn
1025 1030 1035

Gly Ala Trp Ala Thr His Val Leu Ala Lys Glu Ile Asn Lys Gln
1040 1045 1050

Gly Trp Arg Phe Ala Ile Glu Trp Gly His Gly Gly Glu Tyr Asp
1055 1060 1065

Ser Thr Phe Gln His Trp Ala Ala Asp Leu Thr Tyr Gly Gly Tyr
1070 1075 1080

Thr Asn Lys Gly Ile Asn Ser Ala Ile Thr Arg Phe 1Ile Arg Asn
1085 1090 1095

His Gln Lys Asp Ser Trp Val Gly Asp Tyr Arg Ser Tyr Gly Gly
1100 1105 1110

Ala Ala Asn Tyr Pro Leu Leu Gly Gly Tyr Ser Met Lys Asp Phe
1115 1120 1125



Glu

Leu

Val

Gly

Asp

Val

Arg

Asp

Tyr

Asp

Gly

Thr

Lys

Gly
1130

Phe
1145

Ser
1160

Ser
1175

Ala
1190

Asn
1205

Val
1220

Ala
1235

Phe
1250

Trp
1265

Lys
1280

Leu
1295

Gln
1310

Trp

Ala

Lys

Thr

Ala

Ser

Ile

Asn

Asn

Ala

Thr

Asp

Thr

Gln

His

Trp

Tyr

Gly

Pro

Gln

Gly

Thr

Asn

Glu

Leu

Asn

Gly

Asp

Glu

Lys

Asn

Gln

Asp

Lys

Gln

Ser

Glu

Leu

Pro

Arg

Val

Asn

Trp

Lys

Tyr

Gly

Lys

Ala

Lys

Gln

Ala

Glu

Ser
1135

Met
1150

Gly
1165

Thr
1180

Val
1195

Arg
1210

Ser
1225

Leu
1240

Gly
1255

Val
1270

Glu
1285

Asn
1300

Met
1315

Asp

Thr

Thr

Pro

Val

Glu

Ala

Pro

Ala

Tyr

Leu

Gln

Ser
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Tyr Asn

Lys Tyr

Pro Val

Glu Met

Val Thr

Arg Thr

Tyr Leu

Thr Glu

Thr Thr

Leu Tyr

Thr Val

Pro Tyr

Trp Ser

Gly

Phe

Thr

Lys

Arg

Val

Thr

Lys

Trp

Lys

Thr

Val

Glu

Tyr
1140

Gln
1155

Met
1170

Val
1185

Lys
1200

Thr
1215

Pro
1230

Glu
1245

Thr
1260

Leu
1275

Asp
1290

Leu
1305

Gly
1320

Val

His

Thr

Glu

Ser

Leu

Trp

Lys

Leu

Thr

Gly

Tyr

Met

Thr

Phe

Asp

Leu

Asn

Asn

Asn

Met

Pro

Asp

Lys

Arg

His

Asn

Thr

Asn

Val

Asp

Gly

Trp

Ser

Gln

Ile

Ser

Ile



Tyr

Ser

Asn

Thr

Tyr

Val

Leu

Glu

Ala

Leu

Arg

Thr

Gly

Asn

Asp
1325

Gly
1340

Glu
1355

Gln
1370

Val
1385

Asn
1400

Ala
1415

Asn
1430

Phe
1445

Ser
1460

Thr
1475

Gly
1490

Ile
1505

Arg

Gln

Asp

Met

Lys

Gly

Thr

Leu

Ala

Phe

Arg

Phe

Gln

Phe

Thr

Gly

Ala

Leu

Leu

Val

Gly

Asn

Thr

Thr

Glu

Glu

Gly

Pro

His

Phe

Ser

Arg

Thr

Asp

Glu

Tyr

Val

Thr

Ala

Asn

Thr

Phe

Leu

Asn

Lys

Ile

Gly

Asn

Lys

Ile

Asp

Gly

Gly

Asn

Phe

Val

Ser

Ser
1330

Ala
1345

Gln
1360

Leu
1375

Arg
1390

Glu
1405

Lys
1420

Asp
1435

Ser
1450

Asp
1465

Ser
1480

Lys
1495

Val
1510

Glu

Glu

Gly

Lys

Ser

Val

Ala

Thr

Asp

Glu

Ser

Gln

Gly

Lys
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Thr

Ile

Asn

Pro

Asn

Thr

Tyr

Ser

Val

Ala

Met

Asp

Gly

His

Leu

Val

Lys

Asn

Ala

Thr

Ala

Tyr

Ser

Thr

Tyr

Phe

Val

Asp

Lys

Lys

Ser

Thr

Lys

Tyr

His

Phe

Asn

Tyr

Gly

Glu

Glu

Pro

His
1335

Ser
1350

Lys
1365

Lys
1380

Ala
1395

Thr
1410

Asn
1425

Gln
1440

Val
1455

Phe
1470

Asp
1485

Asn
1500

Gly
1515

Tyr

Trp

Gln

Val

Tyr

Ser

Asn

Asn

Asn

Thr

Asp

Lys

Val

Val

Thr

Thr

Gly

Ser

Ala

Ile

Lys

Arg

Met

Leu

Glu

His

Ala

Glu

Gln

Ile

Ala

Leu

Val

Thr

Ser

Arg

Tyr

Thr

Ile

Asp

Gln

Asp

Arg



Gly

Ser

Gln

Arg

Phe

Gln

Asp

Glu

Ser

Tyr

Leu

Pro

Leu

1520

Trp
1535

Leu
1550

Thr
1565

Val
1580

Val
1595

Ala
1610

Ser
1625

Thr
1640

Asn
1655

Asn
1670

Thr
1685

Thr
1700

Lys
1715

Asn

Lys

Ile

Thr

Val

Ser

Lys

Gly

Thr

Asp

Gly

Val

Glu

Gly

Thr

Pro

Phe

Gly

Asn

Lys

Asp

Arg

Phe

Lys

Ala

Ala

Lys

Asn

Gln

Glu

Lys

Leu

Ala

Thr

Gly

Met

Met

Met

Val

Lys

Gly

Asn

Tyr

Gly

Glu

Lys

Trp

Asp

Met

Leu

Thr

Phe

1525

Val
1540

Leu
1555

Phe
1570

Glu
1585

Glu
1600

Met
1615

Lys
1630

Val
1645

Ala
1660

Asp
1675

Thr
1690

Asn
1705

Asn
1720

Asp

Val

Arg

Ala

Phe

His

Val

Gly

Gly

Asn

Glu

Tyr

Leu

Page

Asp

Ser

Phe

Gly

Gln

Glu

Thr

Ile

Gly

Leu

Asn

Thr

Ser

Val

Arg

Glu

Ser

Ser

Leu

Phe

Tyr

Asn

Gln

Ala

Gln

24

Ile

Arg

Ala

Asp

Gly

Pro

Leu

Ser

Ala

Ile

Leu

Glu

Ala

1530

Glu
1545

Asn
1560

Gly
1575

Asn
1590

Arg
1605

Asn
1620

Val
1635

Thr
1650

Asn
1665

Glu
1680

Lys
1695

Ser
1710

Asp
1725

Gly

Leu

Lys

Thr

Arg

Thr

Thr

Gly

Phe

Glu

Asn

Met

Asp

Asn

Val

Thr

Tyr

Gly

Trp

Gly

Asn

Arg

Ile

Tyr

Asp

Asp

Trp

Tyr

Tyr

Ala

Thr

Thr

Ala

Ala

Gly

Thr

Leu

Ala

Ile



Ser

Lys

Phe

Asn

Asn

Pro

Ser

Ser

Asn

Lys

Lys

Ala

Lys

Val
1730

Asn
1745

Glu
1760

Ala
1775

Gly
1790

Thr
1805

Asn
1820

Gly
1835

Lys
1850

Ile
1865

Tyr
1880

Glu
1895

Ala
1910

Glu

Ala

Ser

Phe

Gly

Glu

Gly

Lys

Pro

Val

Gln

Thr

Gln

Glu

Leu

Leu

Asp

Asp

Ile

Asn

Glu

Lys

Leu

Ser

Pro

Lys

Ala

Val

Asp

Gly

Val

Thr

Leu

His

Asp

Thr

Ala

Leu

Leu

Arg

Gln

Ala

Asn

Gly

Gly

Arg

Thr

Ile

Gly

Ala

Asp

Thr

Ala
1735

Lys
1750

Pro
1765

Val
1780

Lys
1795

Leu
1810

Asp
1825

Phe
1840

Asp
1855

Thr
1870

Glu
1885

Leu
1900

Asp
1915

Glu

Lys

Ala

Ser

Pro

Arg

Val

Asn

Phe

Lys

Leu

Ser

Lys

Page

Ile Ala

Thr Ala

Gln Pro

Ser Leu

Ala Thr

Tyr Val

Lys Leu

Val Thr

Gly Lys

Thr Tyr

Ile Phe

Gly Tyr

Asp Asn

25

Lys

Leu

Gly

Trp

Met

Pro

Val

Asp

Thr

Gly

Thr

Glu

Gln

Ile
1740

Val
1755

Glu
1770

His
1785

Val
1800

Arg
1815

Val
1830

Trp
1845

Ile
1860

Asp
1875

Arg
1890

Ala
1905

Glu
1920

Glu

Ala

Gly

Thr

Leu

Ala

Thr

Pro

Lys

Gly

Pro

Ala

Glu

Ala

Glu

Leu

Ser

Lys

Ser

Asp

Asn

Ala

Gly

Gln

Leu

Val

Leu

Asp

Glu

Trp

Glu

Asp

Glu

Asn

Lys

Asp

Val

Ala

Ala



Ser

Thr

Lys

Glu

Val

Gly

Tyr

Pro

Glu

Ala

Pro

Leu

Ala

Val
1925

Glu
1940

Asp
1955

Glu
1970

Asn
1985

Gly
2000

Lys
2015

Glu
2030

Lys
2045

Ala
2060

Val
2075

Pro
2090

Ser
2105

Gln

Arg

Ser

Gln

Ala

Val

Gly

Tyr

Pro

Pro

Ala

Ala

Val

Ala

Met

Ala

Pro

Thr

Asn

Gly

Lys

Ala

Thr

Asp

Thr

Ser

Ser

Val

Thr

Pro

Glu

Ala

Ala

Gly

Tyr

Val

Thr

Gly

Ile

Met

Ala

Lys

Val

Ala

Val

Asn

Gly

Thr

Glu

Lys

Glu

Ala

Lys
1930

Tyr
1945

Pro
1960

Leu
1975

Ala
1990

Gln
2005

Ala
2020

Ala
2035

Gly
2050

Lys
2065

Thr
2080

His
2095

Leu
2110

Tyr

Phe

Asp

Asp

Val

Ala

Val

Asn

Val

Pro

Pro

Ser

Ser
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Ala Thr

Ala Asp

Ala Pro

Val Pro

His Glu

Leu Val

Leu Ala

Ala Val

Leu Ala

Glu Tyr

Gly Ala

Ser Glu

Ala Ala

Asp

Tyr

Thr

Glu

Val

His

Ala

Glu

Thr

Pro

Lys

Val

Val

Asn
1935

Leu
1950

Ser
1965

Phe
1980

Pro
1995

Glu
2010

Ala
2025

Ala
2040

Ala
2055

Leu
2070

Asp
2085

Ala
2100

Leu
2115

His

Asn

Ser

Lys

Glu

Leu

Asn

Leu

Gly

Thr

Glu

Leu

Ala

Leu

Gln

Lys

Gly

Phe

Pro

Glu

Val

Asp

Pro

Glu

Phe

Thr

Leu

Leu

Gly

Gly

Lys

Glu

Val

Asn

Gln

Ser

Lys

Leu

Lys
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Arg Lys Glu Glu
2120

<210> 8

<211> 2084

<212> PRT

<213> Streptococcus oralis

<400> 8
Asp Gln Ala Arg Val Gly Ser Thr Asp Asn Leu Pro Ser Glu Leu Ala
1 5 10 15

Asp Leu Asp Lys Lys Ala Ser Asp Glu Gly His Asp Phe Asp Lys Glu
20 25 30

Ala Ala Ala Gln Asn Pro Gly Ser Ala Glu Thr Thr Glu Gly Pro Gln
35 40 45

Thr Glu Glu Glu Leu Leu Ala Gln Glu Lys Glu Lys Ser Glu Lys Pro
50 55 60

Ser Asn Leu Pro Lys Glu Leu Glu Asp Lys Leu Glu Lys Ala Glu Asp
65 70 75 80

Asn Gly Arg Glu Val Asp Lys Asp Gln Leu Ala Gln Asp Thr Gly Lys
85 90 95

Leu Val Pro Glu Asp Val Ala Lys Thr Thr Asn Gly Glu Leu Asn Tyr
100 105 110

Gly Ala Thr Val Lys Ile Lys Thr Pro Ser Gly Glu Gly Ser Gly Ile
115 120 125

Val Vval Ala Lys Asp Leu Val Leu Thr Val Ser His Asn Phe Ile Lys
130 135 140

Asp Ser Gln Glu Gly Asn Ile Arg Lys Val Val Asp Asn Asp Gln Gly
145 150 155 160

Asp Gly Asp Ile Tyr Ser Ile Ser Tyr Pro Gly Leu Pro Asp Val Lys
165 170 175
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Phe Ser Lys Lys Asp Ile Ile His Trp Asp Arg Glu Gly Tyr Leu Lys
180 185 190

Gly Phe Lys Asn Asp Leu Ala Leu Val Arg Leu Arg Thr Val Leu Glu
195 200 205

Asn Thr Pro Val Glu Val Thr Lys Lys Pro Val Val Lys Lys Ile Gly
210 215 220

Asp Lys Leu His Val Phe Gly Tyr Pro Glu Gly Lys Leu Asn Pro Ile
225 230 235 240

Val Asn Thr Thr Val Asp Phe Ala Glu Pro Tyr Gly Glu Gly Val Gln
245 250 255

Gly Ile Gly Tyr Gln Gly Gly Lys Pro Gly Ala Ser Gly Gly Gly Ile
260 265 270

Phe Asp Thr Glu Gly Lys Leu Val Gly Val His Gln Asn Gly Val Val
275 280 285

Gly Lys Arg Ser Gly Gly Ile Leu Phe Ser Pro Ala Gln Leu Lys Trp
290 295 300

Ile Gln Asp His Met Gln Gly Ile Ser Ser Val Lys Pro Ala Asp Leu
305 310 315 320

Glu Glu Lys Glu Lys Pro Ala Glu Glu Lys Pro Lys Glu Asp Lys Pro
325 330 335

Ala Ala Ala Lys Pro Glu Thr Pro Lys Ala Val Thr Pro Glu Trp Gln
340 345 350

Thr Val Ala Asn Lys Glu Gln Gln Gly Thr Val Thr Ile Arg Glu Glu
355 360 365

Lys Gly Val Arg Tyr Asn Gln Leu Ser Ser Thr Ala Gln Asn Asp Asn
370 375 380



Asp

385

Asn

Gly

Asn

Thr

Glu

465

Gln

Leu

Leu

Thr

Glu

545

Gln

Lys

Gly

Gly

Lys

Val

Pro

450

Pro

Leu

Pro

Lys

Asp

530

Thr

Ser

Glu

Lys

Asn

Ser

Phe

435

Gly

Gly

Asn

Gly

Ala

515

Asn

Gly

Lys

Tyr

Pro

Ala

Arg

420

Val

Asn

Ser

Ala

Ala

500

Gly

Gln

Pro

Val

Thr
580

Ala

Thr

405

Phe

Gly

Ser

Val

Ser

485

Val

Thr

Glu

Ala

Leu

565

Leu

Leu

390

Val

Gly

Tyr

Thr

Asn

470

Asn

Asn

Tyr

Gly

Val

550

Lys

Asn

Phe

Asp

Val

Asp

Trp

455

Arg

Asn

Glu

Ser

Val

535

Asp

Ala

Gly

Glu

Leu

Phe

Gln

440

Tyr

Leu

Asp

Asn

Asn

520

Lys

Asp

Val

His

Lys

Thr

Leu

425

Gly

Ser

Val

Leu

505

Asp

Ala

Ser

Ile

Thr
585
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Gln

Phe

410

Lys

Gly

Gly

Ile

Asn

490

Lys

Arg

Asp

Lys

Asp

570

Leu

Gly Leu
395

Lys Asp

Phe Lys

Trp Phe

Asn Arg
460

Thr Leu
475

Leu Phe

Asn Glu

Thr Val

Asp Thr

540

Val Thr
555

Gln Ala

Pro Gly

Thr

Asp

Asp

Trp

445

Val

Lys

Asp

Lys

Val

525

Pro

Tyr

Phe

Gln

Val

Ser

Thr

430

Glu

Ala

Ser

Thr

Lys

510

Ser

Ala

Asp

Pro

Val
590

Asp

Glu

415

Lys

Tyr

Ala

Asp

Val

495

Ile

Val

Gln

Thr

Arg

575

Gln

Ala

400

Lys

Asn

Lys

Pro

Gly

480

Thr

Leu

Lys

Lys

Ile

560

Val

Gln



Phe

Tyr

Asp

625

Val

Gln

Thr

Ala

Ser

705

Lys

Val

Thr

Gly

Val

785

Thr

Asn

Lys

610

Asp

Asp

Val

Ile

Gly

690

Gly

Gly

Trp

Arg

Ile

770

Phe

Glu

Gln

595

Lys

Ala

Asn

Thr

Ser

675

Ala

Asp

Tyr

Ser

Leu

755

His

Pro

Asp

Val

Ile

His

Gln

Pro

660

Phe

Lys

Asp

Met

Asn

740

Thr

Ser

Glu

Ala

Phe

Asn

Leu

Leu

645

Gly

Leu

Phe

His

Tyr

725

Ser

Ala

Ser

Tyr

Asn

Ile

Glu

Ile

630

His

Gln

Gly

Asp

Ile

710

Gly

Gln

Tyr

Glu

Thr

790

Ala

Asn

Thr

615

Asn

Phe

Lys

Asn

Gly

695

Asp

Phe

Asn

Lys

Trp

775

Lys

Asp

Asn

600

Thr

Ala

Asp

Ile

Ala

680

Ala

Val

Val

Ser

Glu

760

Gln

Glu

Asn

His

Ala

Glu

Val

Asp

665

Leu

Thr

Thr

Ser

Tyr

745

Thr

Trp

Leu

Lys

Page 30

Arg Ile Thr

Glu

Met

Thr

650

Asp

Val

Met

Asn

Thr

730

Gly

Val

Glu

Pro

Val

Tyr

Thr

635

Lys

Glu

Ser

Ser

Pro

715

Asp

Gly

Gly

Lys

Ser

795

Asp

Leu

620

Val

Ile

Arg

Val

Asn

700

Met

Lys

Gly

Asn

Ala

780

Ala

Trp

Pro

605

Met

Arg

Val

Lys

Ser

685

Asn

Lys

Leu

Ser

Ala

765

Tyr

Lys

Gln

Glu

Lys

Leu

Asn

Leu

670

Ser

Thr

Asp

Ala

Asn

750

Asn

Lys

Val

Asp

Val

Leu

Gln

His

655

Leu

Asp

His

Leu

Ala

735

Asp

Tyr

Gly

Val

Gly

Thr

Arg

Val

640

Asn

Ser

Gln

Val

Ala

720

Gly

Trp

Val

Ile

Ile

800

Ala
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805 810 815

Ile Ala Tyr Arg Ser Ile Met Asn Asn Pro Gln Gly Trp Glu Lys Val
820 825 830

Lys Asp Ile Thr Ala Tyr Arg Ile Ala Met Asn Phe Gly Ser Gln Ala
835 840 845

Gln Asn Pro Phe Leu Met Thr Leu Asp Gly Ile Lys Lys Ile Asn Leu
850 855 860

His Thr Asp Gly Leu Gly Gln Gly Val Leu Leu Lys Gly Tyr Gly Ser
865 870 875 880

Glu Gly His Asp Ser Gly His Leu Asn Tyr Ala Asp Ile Gly Lys Arg
885 890 895

Ile Gly Gly Val Glu Asp Phe Lys Thr Leu Ile Glu Lys Ala Lys Lys
900 905 910

Tyr Gly Ala His Leu Gly Ile His Val Asn Ala Ser Glu Thr Tyr Pro
915 920 925

Glu Ser Lys Tyr Phe Asn Glu Asn Ile Leu Arg Lys Asn Pro Asp Gly
930 935 940

Ser Tyr Ser Tyr Gly Trp Asn Trp Leu Asp Gln Gly Ile Asn Ile Asp
945 950 955 960

Ala Ala Tyr Asp Leu Ala His Gly Arg Leu Ala Arg Trp Glu Asp Leu
965 970 975

Lys Lys Lys Leu Gly Glu Gly Leu Asp Phe Ile Tyr Val Asp Val Trp
980 985 990

Gly Asn Gly Gln Ser Gly Asp Asn Gly Ala Trp Ala Thr His Val Leu
995 1000 1005

Ala Lys Glu Ile Asn Lys Gln Gly Trp Arg Phe Ala 1Ile Glu Trp
1010 1015 1020



Gly

Asp

Ile

Asp

Gly

Tyr

Lys

Pro

Glu

Val

Arg

Tyr

Thr

His
1025

Leu
1040

Thr
1055

Tyr
1070

Tyr
1085

Asn
1100

Tyr
1115

Val
1130

Met
1145

Thr
1160

Thr
1175

Leu
1190

Glu
1205

Gly

Thr

Arg

Arg

Ser

Gly

Phe

Thr

Lys

Arg

Val

Thr

Lys

Gly

Tyr

Phe

Ser

Met

Tyr

Gln

Met

Val

Lys

Thr

Pro

Glu

Glu

Gly

Ile

Tyr

Lys

Val

His

Thr

Glu

Ser

Leu

Trp

Lys

Tyr

Gly

Arg

Gly

Asp

Thr

Phe

Asp

Leu

Asn

Asn

Asn

Met

Asp
1030

Tyr
1045

Asn
1060

Gly
1075

Phe
1090

Asn
1105

Thr
1120

Asn
1135

Val
1150

Asp
1165

Gly
1180

Trp
1195

Tyr
1210

Ser

Thr

His

Ala

Glu

Leu

Val

Gly

Asp

Val

Arg

Asp

Tyr

Page

Thr Phe

Asn Lys

Gln Lys

Ala Asn

Gly Trp

Phe Ala

Ser Lys

Ser Thr

Ala Ala

Asn Ser

Val Ile

Ala Asn

Phe Asn

32

Gln

Gly

Asp

Tyr

Gln

His

Trp

Tyr

Gly

Pro

Gln

Gly

Thr

His
1035

Ile
1050

Ser
1065

Pro
1080

Gly
1095

Asp
1110

Glu
1125

Lys
1140

Asn
1155

Gln
1170

Asp
1185

Lys
1200

Gln
1215

Trp

Asn

Trp

Leu

Arg

Val

Asn

Trp

Lys

Tyr

Gly

Lys

Ala

Ala

Ser

Val

Leu

Ser

Met

Gly

Thr

Val

Arg

Ser

Leu

Gly

Ala

Ala

Gly

Gly

Asp

Thr

Thr

Pro

Val

Glu

Ala

Pro

Ala



Thr

Leu

Thr

Pro

Trp

Thr

Ile

Asn

Pro

Asn

Thr

Tyr

Ser

Thr
1220

Tyr
1235

Val
1250

Tyr
1265

Ser
1280

Leu
1295

Val
1310

Lys
1325

Asn
1340

Ala
1355

Thr
1370

Ala
1385

Tyr
1400

Trp

Lys

Thr

Val

Glu

Lys

Lys

Ser

Thr

Lys

Tyr

His

Phe

Thr

Leu

Asp

Leu

Gly

His

Ser

Lys

Lys

Ala

Thr

Asn

Gln

Leu

Thr

Gly

Tyr

Met

Trp

Gln

Val

Tyr

Ser

Asn

Asn

Asn

Pro

Asp

Lys

Arg

His

Thr

Gly

Ser

Ala

Ile

Lys

Arg

Met

Ser
1225

Gln
1240

Ile
1255

Ser
1270

Ile
1285

Ile
1300

Ala
1315

Leu
1330

Val
1345

Thr
1360

Ser
1375

Arg
1390

Tyr
1405

Asp

Gly

Thr

Lys

Tyr

Ser

Asn

Thr

Tyr

Val

Leu

Glu

Ala

Page

Trp Ala

Lys Thr

Leu Asp

Gln Thr

Asp Gln

Gly Asp

Glu Met

Gln Lys

Val Gly

Asn Thr

Ala Leu

Asn Ala

Phe Phe

33

Asn

Glu

Leu

Asn

Gly

Ala

Leu

Leu

Val

Gly

Asn

Thr

Thr

Ser
1230

Glu
1245

Leu
1260

Pro
1275

Phe
1290

Ser
1305

Arg
1320

Thr
1335

Asp
1350

Glu
1365

Tyr
1380

Val
1395

Thr
1410

Lys

Gln

Ala

Glu

Asn

Lys

Ile

Gly

Asn

Lys

Ile

Asp

Gly

Val

Glu

Asn

Met

Ser

Ala

Gln

Leu

Arg

Glu

Lys

Asp

Ser

Tyr

Leu

Gln

Ser

Gly

Glu

Gly

Lys

Ser

Val

Ala

Thr

Asp



Val

Ala

Met

Asp

Gly

His

Asp

Ser

Phe

Gly

Gln

Glu

Thr

Ile

Ser
1415

Thr
1430

Tyr
1445

Phe
1460

Val
1475

Asp
1490

Val
1505

Arg
1520

Glu
1535

Ser
1550

Ser
1565

Leu
1580

Phe
1595

Tyr

Asn

Tyr

Gly

Glu

Glu

Pro

Ile

Arg

Ala

Asp

Gly

Pro

Leu

Ser

Val

Phe

Asp

Asn

Gly

Tyr

Glu

Asn

Gly

Asn

Arg

Asn

Val

Thr

Thr

Asp

Lys

Val

Val

Thr

Gly

Leu

Lys

Thr

Arg

Thr

Thr

Gly

Leu

Glu

His

Ala

Glu

Gln

Asn

Val

Thr

Tyr

Gly

Trp

Gly

Asn

Thr
1420

Ile
1435

Asp
1450

Gln
1465

Asp
1480

Arg
1495

Trp
1510

Tyr
1525

Tyr
1540

Ala
1555

Thr
1570

Thr
1585

Ala
1600

Ala

Leu

Arg

Thr

Gly

Asn

Gly

Ser

Gln

Arg

Phe

Gln

Asp

Glu

Ser

Page

Ser

Thr

Gly

Ile

Arg

Trp

Leu

Thr

Val

Val

Ala

Ser

Thr

Asn

Arg

Phe

Gln

Phe

Thr

Asn

Lys

Ile

Thr

Val

Ser

Lys

Gly

Thr

34
Glu

Glu

Gly

Pro

His

Gly

Thr

Pro

Phe

Gly

Asn

Lys

Asp

Arg

Ala
1425

Asn
1440

Thr
1455

Phe
1470

Leu
1485

Lys
1500

Asn
1515

Gln
1530

Glu
1545

Lys
1560

Leu
1575

Ala
1590

Thr
1605

Gly

Asn

Phe

Val

Ser

Lys

Gly

Asn

Tyr

Gly

Glu

Lys

Trp

Asp

Asp

Ser

Lys

Val

Glu

Val

Leu

Phe

Glu

Glu

Met

Lys

Val

Ala

Glu

Ser

Gln

Gly

Lys

Asp

Val

Arg

Ala

Phe

His

Val

Gly

Gly



Gly

Leu

Asn

Thr

Ser

Ile

Thr

Gln

Ser

Ala

Tyr

Lys

Val

1610

Asn
1625

Gln
1640

Ala
1655

Lys
1670

Gln
1685

Ala
1700

Ala
1715

Pro
1730

Leu
1745

Thr
1760

Val
1775

Leu
1790

Thr
1805

Ala

Ile

Leu

Glu

Ala

Lys

Leu

Gly

Trp

Met

Pro

Val

Asp

Asn

Glu

Lys

Ser

Asp

Ile

Val

Glu

His

Val

Arg

Val

Trp

Phe

Glu

Asn

Met

Asp

Glu

Ala

Gly

Thr

Leu

Ala

Thr

Pro

Arg

Ile

Tyr

Asp

Asp

Ala

Glu

Leu

Ser

Lys

Ser

Asp

Asn

1615

Gly
1630

Thr
1645

Leu
1660

Ala
1675

Ile
1690

Leu
1705

Asp
1720

Glu
1735

Trp
1750

Glu
1765

Asp
1780

Glu
1795

Asn
1810

Tyr

Leu

Pro

Leu

Ser

Lys

Phe

Asn

Asn

Pro

Ser

Ser

Asn
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Asn

Thr

Thr

Lys

Val

Asn

Glu

Ala

Gly

Thr

Asn

Gly

Lys

Asp

Gly

Val

Glu

Glu

Ala

Ser

Phe

Gly

Glu

Gly

Pro

Phe

Lys

Ala

Ala

Glu

Leu

Leu

Asp

Asp

Ile

Asn

Glu

Lys

1620

Met
1635

Met
1650

Met
1665

Val
1680

Ala
1695

Val
1710

Asp
1725

Gly
1740

Val
1755

Thr
1770

Leu
1785

His
1800

Asp
1815

Met

Leu

Thr

Phe

Arg

Gln

Ala

Asn

Gly

Gly

Arg

Thr

Ile

Asp

Thr

Asn

Asn

Ala

Lys

Pro

Val

Lys

Leu

Asp

Phe

Asp

Asn

Glu

Tyr

Leu

Glu

Lys

Ala

Ser

Pro

Arg

Val

Asn

Phe



Gly

Thr

Ile

Gly

Asp

Ala

Ala

Ala

Val

His

Leu

Leu

Ala

Lys
1820

Tyr
1835

Phe
1850

Tyr
1865

Asn
1880

Thr
1895

Asp
1910

Pro
1925

Pro
1940

Glu
1955

Val
1970

Ala
1985

Val
2000

Thr

Gly

Thr

Glu

Gln

Asp

Tyr

Thr

Glu

Val

His

Ala

Glu

Ile

Asp

Arg

Ala

Glu

Asn

Leu

Ser

Phe

Pro

Glu

Ala

Ala

Lys

Gly

Pro

Ala

Glu

His

Asn

Ser

Lys

Glu

Leu

Asn

Leu

Ala

Gly

Gln

Leu

Val

Leu

Gln

Lys

Gly

Phe

Pro

Glu

Val

Lys
1825

Asp
1840

Val
1855

Ala
1870

Ala
1885

Leu
1900

Leu
1915

Gly
1930

Gly
1945

Lys
1960

Glu
1975

Val
1990

Asn
2005

Lys

Lys

Ala

Lys

Ser

Thr

Lys

Glu

Val

Gly

Tyr

Pro

Glu

Page 36

Ile Val Leu

Tyr

Glu

Ala

Val

Glu

Asp

Glu

Asn

Gly

Lys

Glu

Lys

Gln

Thr

Gln

Gln

Arg

Ser

Gln

Ala

Val

Gly

Tyr

Pro

Ser

Pro

Lys

Ala

Met

Ala

Pro

Thr

Asn

Gly

Lys

Ala

Thr
1830

Ala
1845

Leu
1860

Leu
1875

Ser
1890

Val
1905

Thr
1920

Pro
1935

Glu
1950

Ala
1965

Ala
1980

Gly
1995

Tyr
2010

Gly

Ala

Asp

Thr

Met

Ala

Lys

Val

Ala

Val

Asn

Gly

Thr

Thr

Glu

Leu

Asp

Lys

Tyr

Pro

Leu

Ala

Gln

Ala

Ala

Gly

Lys

Leu

Ser

Lys

Tyr

Phe

Asp

Asp

Val

Ala

Val

Asn

Val



Leu

Glu

Gly

Ser

Ala

Ala
201

Tyr
203

Ala
204

Glu
206

Ala
207

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

<400>

5

%]

5

%]

5

9

2
P

Streptococcus

9

Thr

Pro

Lys

Val

Val

053
RT

Asp Gln Ala

1

Asp

Ala

Thr

Ser

65

Asn

Leu

Leu

Ala

Glu

50

Asn

Gly

Val

Asp

Ala

35

Glu

Leu

Arg

Pro

Ala Gly

Leu Thr

Asp Glu

Ala Leu

Leu Ala

Arg

Lys

20

Gln

Glu

Pro

Glu

Glu

Val

Lys

Asn

Leu

Lys

Val

85

Asp

Asp

Pro

Glu

Phe

Thr

ora

Gly

Ala

Pro

Leu

Glu

70

Asp

Val

Gln

Ala

2020

Ser

Pro

2035

Lys

Leu

2050

Leu

Ala

2065

Lys

Arg

2080

lis

Ser

Ser

Gly

Ala

55

Leu

Lys

Ala

Thr

Asp

Ser

40

Gln

Glu

Asp

Lys

Asp

Glu

25

Ala

Glu

Asp

Gln

Thr

Page 37

Ala Pro

Val Ala

Pro Ala

Ser Val

Lys Glu

Asn

10

Gly

Glu

Lys

Lys

Leu

90

Thr

Leu

His

Thr

Glu

Leu

75

Ala

Asn

Thr

Asp

Thr

Ser

2025

Thr

2040

2055

Ile

2070

Glu

Pro

Asp

Thr

Lys

60

Glu

Gln

Gly

Ser

Phe

Glu

45

Ser

Lys

Asp

Glu

Val Glu

Lys

Gly Glu

Ala

Glu

Asp

30

Gly

Glu

Ala

Thr

Leu

Lys Pro

Thr Pro

His Ser

Leu Ser

Leu

15

Lys

Pro

Lys

Glu

Gly

95

Asn

Ala

Glu

Gln

Pro

Asp

80

Lys

Tyr
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100 105 110

Gly Ala Thr Val Lys Ile Lys Thr Pro Ser Gly Glu Gly Ser Gly Ile
115 120 125

Val VvVal Ala Lys Asp Leu Val Leu Thr Val Ser His Asn Phe Ile Lys
130 135 140

Asp Ser Gln Glu Gly Asn Ile Arg Lys Val Val Asp Asn Asp Gln Gly
145 150 155 160

Asp Gly Asp Ile Tyr Ser Ile Ser Tyr Pro Gly Leu Pro Asp Val Lys
165 170 175

Phe Ser Lys Lys Asp Ile Ile His Trp Asp Arg Glu Gly Tyr Leu Lys
180 185 190

Gly Phe Lys Asn Asp Leu Ala Leu Val Arg Leu Arg Thr Val Leu Glu
195 200 205

Asn Thr Pro Val Glu Val Thr Lys Lys Pro Val Val Lys Lys Ile Gly
210 215 220

Asp Lys Leu His Val Phe Gly Tyr Pro Glu Gly Lys Leu Asn Pro Ile
225 230 235 240

Val Asn Thr Thr Val Asp Phe Ala Glu Pro Tyr Gly Glu Gly Val Gln
245 250 255

Gly Ile Gly Tyr Gln Gly Gly Lys Pro Gly Ala Ser Gly Gly Gly Ile
260 265 270

Phe Asp Thr Glu Gly Lys Leu Val Gly Val His Gln Asn Gly Val Val
275 280 285

Gly Lys Arg Ser Gly Gly Ile Leu Phe Ser Pro Ala Gln Leu Lys Trp
290 295 300

Ile Gln Asp His Met Gln Gly Ile Ser Ser Val Lys Pro Ala Asp Leu
305 310 315 320
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Glu Glu Lys Glu Lys Pro Ala Glu Glu Lys Pro Lys Glu Asp Lys Pro
325 330 335

Ala Ala Ala Lys Pro Glu Thr Pro Lys Ala Val Thr Pro Glu Trp Gln
340 345 350

Thr Val Ala Asn Lys Glu Gln Gln Gly Thr Val Thr Ile Arg Glu Glu
355 360 365

Lys Gly Val Arg Tyr Asn Gln Leu Ser Ser Thr Ala Gln Asn Asp Asn
370 375 380

Asp Gly Lys Pro Ala Leu Phe Glu Lys Gln Gly Leu Thr Val Asp Ala
385 390 395 400

Asn Gly Asn Ala Thr Val Asp Leu Thr Phe Lys Asp Asp Ser Glu Lys
405 410 415

Gly Lys Ser Arg Phe Gly Val Phe Leu Lys Phe Lys Asp Thr Lys Asn
420 425 430

Asn Val Phe Val Gly Tyr Asp Gln Gly Gly Trp Phe Trp Glu Tyr Lys
435 440 445

Thr Pro Gly Asn Ser Thr Trp Tyr Lys Gly Asn Arg Val Ala Ala Pro
450 455 460

Glu Pro Gly Ser Val Asn Arg Leu Ser Ile Thr Leu Lys Ser Asp Gly
465 470 475 480

Gln Leu Asn Ala Ser Asn Asn Asp Val Asn Leu Phe Asp Thr Val Thr
485 490 495

Leu Pro Gly Ala Val Asn Glu Asn Leu Lys Asn Glu Lys Lys Ile Leu
500 505 510

Leu Lys Ala Gly Thr Tyr Ser Asn Asp Arg Thr Val Val Ser Val Lys
515 520 525



Thr

Glu

545

Gln

Lys

Phe

Tyr

Asp

625

Val

Gln

Thr

Ala

Ser

705

Lys

Asp

530

Thr

Ser

Glu

Asn

Lys

610

Asp

Asp

Val

Ile

Gly

690

Gly

Gly

Asn

Gly

Lys

Tyr

Gln

595

Lys

Ala

Asn

Thr

Ser

675

Ala

Asp

Tyr

Gln

Pro

Val

Thr

580

Val

Ile

His

Gln

Pro

660

Phe

Lys

Asp

Met

Glu

Ala

Leu

565

Leu

Phe

Asn

Leu

Leu

645

Gly

Leu

Phe

His

Tyr
725

Gly

Val

550

Lys

Asn

Ile

Glu

Ile

630

His

Gln

Gly

Asp

Ile

710

Gly

Val
535

Asp

Ala

Gly

Asn

Thr

615

Asn

Phe

Lys

Asn

Gly

695

Asp

Phe

Lys

Asp

Val

His

Asn

600

Thr

Ala

Asp

Ile

Ala

680

Ala

Val

Val

Ala

Ser

Ile

Thr

585

His

Ala

Glu

Val

Asp

665

Leu

Thr

Thr

Ser
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Asp Asp Thr

Lys

Asp

570

Leu

Arg

Glu

Met

Thr

650

Asp

Val

Met

Asn

Thr
730

Val

555

Gln

Pro

Ile

Tyr

Thr

635

Lys

Glu

Ser

Ser

Pro

715

Asp

540

Thr

Ala

Gly

Thr

Leu

620

Val

Ile

Arg

Val

Asn

700

Met

Lys

Pro

Tyr

Phe

Gln

Pro

605

Met

Arg

Val

Lys

Ser

685

Asn

Lys

Leu

Ala

Asp

Pro

Val

590

Glu

Lys

Leu

Asn

Leu

670

Ser

Thr

Asp

Ala

Gln

Thr

Arg

575

Gln

Val

Leu

Gln

His

655

Leu

Asp

His

Leu

Ala
735

Lys

Ile

560

Val

Gln

Thr

Arg

Val

640

Asn

Ser

Gln

Val

Ala

720

Gly



Val

Thr

Gly

Val

785

Thr

Ile

Lys

Gln

His

865

Glu

Ile

Tyr

Glu

Ser

Trp

Arg

Ile

770

Phe

Glu

Ala

Asp

Asn

850

Thr

Gly

Gly

Gly

Ser

930

Tyr

Ser

Leu

755

His

Pro

Asp

Tyr

Ile

835

Pro

Asp

His

Gly

Ala

915

Lys

Ser

Asn

740

Thr

Ser

Glu

Ala

Arg

820

Thr

Phe

Gly

Asp

Val

900

His

Tyr

Tyr

Ser

Ala

Ser

Tyr

Asn

805

Ser

Ala

Leu

Leu

Ser

885

Glu

Leu

Phe

Gly

Gln

Tyr

Glu

Thr

790

Ala

Ile

Tyr

Met

Gly

870

Asp

Gly

Asn

Trp

Asn

Lys

Trp

775

Lys

Asp

Met

Arg

Thr

855

Gln

His

Phe

Ile

Glu

935

Asn

Ser

Glu

760

Gln

Glu

Asn

Asn

Ile

840

Leu

Gly

Leu

Lys

His

920

Asn

Trp

Tyr

745

Thr

Trp

Leu

Lys

Asn

825

Ala

Asp

Val

Asn

Thr

905

Val

Ile

Leu
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Gly Gly Gly

Val

Glu

Pro

Val

810

Pro

Met

Gly

Leu

Tyr

890

Leu

Asn

Leu

Asp

Gly

Lys

Ser

795

Asp

Gln

Asn

Ile

Leu

875

Ala

Ile

Ala

Arg

Gln

Asn

Ala

780

Ala

Trp

Gly

Phe

Lys

860

Lys

Asp

Glu

Ser

Lys

940

Gly

Ser

Ala
765

Tyr

Lys

Gln

Trp

Gly

845

Lys

Gly

Ile

Lys

Glu

925

Asn

Ile

Asn

750

Asn

Lys

Val

Asp

Glu

830

Ser

Ile

Tyr

Gly

Ala

910

Thr

Pro

Asn

Asp

Tyr

Gly

Val

Gly

815

Lys

Gln

Asn

Gly

Lys

895

Lys

Tyr

Asp

Ile

Trp

Val

Ile

Ile

800

Ala

Val

Ala

Leu

Ser

880

Arg

Lys

Pro

Gly

Asp



945

Ala

Lys

Gly

Ala

Gly

Asp

Ile

Asp

Gly

Tyr

Lys

Pro

Glu

Page 42
950 955 960

Ala Tyr Asp Leu Ala His Gly Arg Leu Ala Arg Trp Glu Asp Leu
965 970 975

Lys Lys Leu Gly Glu Gly Leu Asp Phe Ile Tyr Val Asp Val Trp
980 985 990

Asn Gly Gln Ser Gly Asp Asn Gly Ala Trp Ala Thr His Val Leu
995 1000 1005

Lys Glu Ile Asn Lys Gln Gly Trp Arg Phe Ala 1Ile Glu Trp
1010 1015 1020

His Gly Gly Glu Tyr Asp Ser Thr Phe Gln His Trp Ala Ala
1025 1030 1035

Leu Thr Tyr Gly Gly Tyr Thr Asn Lys Gly Ile Asn Ser Ala
1040 1045 1050

Thr Arg Phe Ile Arg Asn His Gln Lys Asp Ser Trp Val Gly
1055 1060 1065

Tyr Arg Ser Tyr Gly Gly Ala Ala Asn Tyr Pro Leu Leu Gly
1070 1075 1080

Tyr Ser Met Lys Asp Phe Glu Gly Trp Gln Gly Arg Ser Asp
1085 1090 1095

Asn Gly Tyr Val Thr Asn Leu Phe Ala His Asp Val Met Thr
1100 1105 1110

Tyr Phe Gln His Phe Thr Val Ser Lys Trp Glu Asn Gly Thr
1115 1120 1125

Val Thr Met Thr Asp Asn Gly Ser Thr Tyr Lys Trp Thr Pro
1130 1135 1140

Met Lys Val Glu Leu Val Asp Ala Ala Gly Asn Lys Val Val
1145 1150 1155



Val

Arg

Tyr

Thr

Thr

Leu

Thr

Pro

Trp

Thr

Ile

Asn

Pro

Thr
1160

Thr
1175

Leu
1190

Glu
1205

Thr
1220

Tyr
1235

Val
1250

Tyr
1265

Ser
1280

Leu
1295

Val
1310

Lys
1325

Asn
1340

Arg

Val

Thr

Lys

Trp

Lys

Thr

Val

Glu

Lys

Lys

Ser

Thr

Lys

Thr

Pro

Glu

Thr

Leu

Asp

Leu

Gly

His

Ser

Lys

Lys

Ser

Leu

Trp

Lys

Leu

Thr

Gly

Tyr

Met

Trp

Gln

Val

Tyr

Asn

Asn

Asn

Met

Pro

Asp

Lys

Arg

His

Thr

Gly

Ser

Ala

Asp
1165

Gly
1180

Trp
1195

Tyr
1210

Ser
1225

Gln
1240

Ile
1255

Ser
1270

Ile
1285

Ile
1300

Ala
1315

Leu
1330

Val
1345

Val

Arg

Asp

Tyr

Asp

Gly

Thr

Lys

Tyr

Ser

Asn

Thr

Tyr
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Asn

Val

Ala

Phe

Trp

Lys

Leu

Gln

Asp

Gly

Glu

Gln

Val

Ser

Ile

Asn

Asn

Ala

Thr

Asp

Thr

Gln

Asp

Met

Lys

Gly

Pro

Gln

Gly

Thr

Asn

Glu

Leu

Asn

Gly

Ala

Leu

Leu

Val

Gln
1170

Asp
1185

Lys
1200

Gln
1215

Ser
1230

Glu
1245

Leu
1260

Pro
1275

Phe
1290

Ser
1305

Arg
1320

Thr
1335

Asp
1350

Tyr

Gly

Lys

Ala

Lys

Gln

Ala

Glu

Asn

Lys

Ile

Gly

Asn

Arg

Ser

Leu

Gly

Val

Glu

Asn

Met

Ser

Ala

Gln

Leu

Arg

Glu

Ala

Pro

Ala

Tyr

Leu

Gln

Ser

Gly

Glu

Gly

Lys

Ser



Asn

Thr

Tyr

Ser

Val

Ala

Met

Asp

Gly

His

Asp

Ser

Phe

Ala
1355

Thr
1370

Ala
1385

Tyr
1400

Ser
1415

Thr
1430

Tyr
1445

Phe
1460

Val
1475

Asp
1490

Val
1505

Arg
1520

Glu
1535

Lys

Tyr

His

Phe

Asn

Tyr

Gly

Glu

Glu

Pro

Ile

Arg

Ala

Ala

Thr

Asn

Gln

Val

Phe

Asp

Asn

Gly

Tyr

Glu

Asn

Gly

Ser

Asn

Asn

Asn

Thr

Asp

Lys

Val

Val

Thr

Gly

Leu

Lys

Ile

Lys

Arg

Met

Leu

Glu

His

Ala

Glu

Gln

Asn

Val

Thr

Thr
1360

Ser
1375

Arg
1390

Tyr
1405

Thr
1420

Ile
1435

Asp
1450

Gln
1465

Asp
1480

Arg
1495

Trp
1510

Tyr
1525

Tyr
1540

Val

Leu

Glu

Ala

Leu

Arg

Thr

Gly

Asn

Gly

Ser

Gln

Arg
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Asn Thr Gly

Ala

Asn

Phe

Ser

Thr

Gly

Ile

Arg

Trp

Leu

Thr

Val

Leu

Ala

Phe

Arg

Phe

Gln

Phe

Thr

Asn

Lys

Ile

Thr

Asn

Thr

Thr

Glu

Glu

Gly

Pro

His

Gly

Thr

Pro

Phe

Glu
1365

Tyr
1380

Val
1395

Thr
1410

Ala
1425

Asn
1440

Thr
1455

Phe
1470

Leu
1485

Lys
1500

Asn
1515

Gln
1530

Glu
1545

Lys

Ile

Asp

Gly

Gly

Asn

Phe

Val

Ser

Lys

Gly

Asn

Tyr

Glu

Lys

Asp

Ser

Asp

Ser

Lys

Val

Glu

Val

Leu

Phe

Glu

Val

Ala

Thr

Asp

Glu

Ser

Gln

Gly

Lys

Asp

Val

Arg

Ala



Gly

Gln

Glu

Thr

Ile

Gly

Leu

Asn

Thr

Ser

Ile

Thr

Gln

Ser

Ser
1550

Ser
1565

Leu
1580

Phe
1595

Tyr
1610

Asn
1625

Gln
1640

Ala
1655

Lys
1670

Gln
1685

Ala
1700

Ala
1715

Pro
1730

Leu

Asp

Gly

Pro

Leu

Ser

Ala

Ile

Leu

Glu

Ala

Lys

Leu

Gly

Trp

Asn

Arg

Asn

Val

Thr

Asn

Glu

Lys

Ser

Asp

Ile

Val

Glu

His

Thr

Arg

Thr

Thr

Gly

Phe

Glu

Asn

Met

Asp

Glu

Ala

Gly

Thr

Tyr

Gly

Trp

Gly

Asn

Arg

Ile

Tyr

Asp

Asp

Ala

Glu

Leu

Ser

Ala
1555

Thr
1570

Thr
1585

Ala
1600

Ala
1615

Gly
1630

Thr
1645

Leu
1660

Ala
1675

Ile
1690

Leu
1705

Asp
1720

Glu
1735

Trp

Phe

Gln

Asp

Glu

Ser

Tyr

Leu

Pro

Leu

Ser

Lys

Phe

Asn

Asn
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Val Val Gly

Ala

Ser

Thr

Asn

Asn

Thr

Thr

Lys

Val

Asn

Glu

Ala

Gly

Ser

Lys

Gly

Thr

Asp

Gly

Val

Glu

Glu

Ala

Ser

Phe

Gly

Asn

Lys

Asp

Arg

Phe

Lys

Ala

Ala

Glu

Leu

Leu

Asp

Asp

Lys
1560

Leu
1575

Ala
1590

Thr
1605

Gly
1620

Met
1635

Met
1650

Met
1665

Val
1680

Ala
1695

Val
1710

Asp
1725

Gly
1740

Val

Glu

Lys

Trp

Asp

Met

Leu

Thr

Phe

Arg

Gln

Ala

Asn

Gly

Glu

Met

Lys

Val

Ala

Asp

Thr

Asn

Asn

Ala

Lys

Pro

Val

Lys

Phe

His

Val

Gly

Gly

Asn

Glu

Tyr

Leu

Glu

Lys

Ala

Ser

Pro



Ala

Tyr

Lys

Val

Gly

Thr

Ile

Gly

Asp

Ala

Ala

Ala

Val

1745

Thr
1760

Val
1775

Leu
1790

Thr
1805

Lys
1820

Tyr
1835

Phe
1850

Tyr
1865

Asn
1880

Thr
1895

Asp
1910

Pro
1925

Pro
1940

Met

Pro

Val

Asp

Thr

Gly

Thr

Glu

Gln

Asp

Tyr

Thr

Glu

Val

Arg

Val

Trp

Ile

Asp

Arg

Ala

Glu

Asn

Leu

Ser

Phe

Leu

Ala

Thr

Pro

Lys

Gly

Pro

Ala

Glu

His

Asn

Ser

Lys

Lys

Ser

Asp

Asn

Ala

Gly

Gln

Leu

Val

Leu

Gln

Lys

Gly

1750

Glu
1765

Asp
1780

Glu
1795

Asn
1810

Lys
1825

Asp
1840

Val
1855

Ala
1870

Ala
1885

Leu
1900

Leu
1915

Gly
1930

Gly
1945

Pro

Ser

Ser

Asn

Lys

Lys

Ala

Lys

Ser

Thr

Lys

Glu

Val

Page

Thr

Asn

Gly

Lys

Ile

Tyr

Glu

Ala

Val

Glu

Asp

Glu

Asn

Glu

Gly

Pro

Val

Gln

Thr

Gln

Gln

Arg

Ser

Gln

Ala

46

Ile

Asn

Glu

Lys

Leu

Ser

Pro

Lys

Ala

Met

Ala

Pro

Thr

1755

Thr
1770

Leu
1785

His
1800

Asp
1815

Thr
1830

Ala
1845

Leu
1860

Leu
1875

Ser
1890

Val
1905

Thr
1920

Pro
1935

Glu
1950

Gly

Arg

Thr

Ile

Gly

Ala

Asp

Thr

Met

Ala

Lys

Val

Ala

Leu

Asp

Phe

Asp

Thr

Glu

Leu

Asp

Lys

Tyr

Pro

Leu

Ala

Arg

Val

Asn

Phe

Lys

Leu

Ser

Lys

Tyr

Phe

Asp

Asp

Val
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His Glu Val Pro Glu Phe Lys Gly Gly Val Asn Ala Val Gln Ala
1955 1960 1965

Leu Val His Glu Leu Pro Glu Tyr Lys Gly Gly Ala Asn Ala Val
1970 1975 1980

Leu Ala Ala Ala Asn Glu Val Pro Glu Tyr Lys Gly Gly Ala Asn
1985 1990 1995

Ala Val Glu Ala Leu Val Asn Glu Lys Pro Ala Tyr Thr Gly Val
2000 2005 2010

Leu Ala Thr Ala Gly Asp Gln Ala Ala Pro Thr Val Glu Lys Pro
2015 2020 2025

Glu Tyr Pro Leu Thr Pro Ser Pro Val Ala Asp Thr Lys Thr Pro
2030 2035 2040

Gly Ala Lys Asp Glu Glu Lys Leu Pro Ala
2045 2050

<210> 10

<211> 2065

<212> PRT

<213> Artificial Sequence

<220>

<223> 0-glycosidase from S. oralis with additional N terminal Met, C

<400>

terminal GSGLE-His6tag, and signal sequence and C terminal
element of LPXTG cell wall anchor motif removed

10

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

1

5 10 15

Ala Asp Leu Asp Lys Lys Ala Ser Asp Glu Gly His Asp Phe Asp Lys

20 25 30

Glu Ala Ala Ala Gln Asn Pro Gly Ser Ala Glu Thr Thr Glu Gly Pro

35 40 45



Gln

Pro

65

Asp

Lys

Tyr

Ile

Lys

145

Gly

Lys

Lys

Glu

Gly

225

Ile

Thr

50

Ser

Asn

Leu

Gly

Val

130

Asp

Asp

Phe

Gly

Asn

210

Asp

Val

Glu

Asn

Gly

Val

Ala

115

Val

Ser

Gly

Ser

Phe

195

Thr

Lys

Asn

Glu

Leu

Arg

Pro

100

Thr

Ala

Gln

Asp

Lys

180

Lys

Pro

Leu

Thr

Glu

Pro

Glu

85

Glu

Val

Lys

Glu

Ile

165

Lys

Asn

Val

His

Thr
245

Leu

Lys

70

Val

Asp

Lys

Asp

Gly

150

Tyr

Asp

Asp

Glu

Val

230

Val

Leu

55

Glu

Asp

Val

Ile

Leu

135

Asn

Ser

Ile

Leu

Val

215

Phe

Asp

Ala

Leu

Lys

Ala

Lys

120

Val

Ile

Ile

Ile

Ala

200

Thr

Gly

Phe

Gln

Glu

Asp

Lys

105

Thr

Leu

Arg

Ser

His

185

Leu

Tyr

Ala
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Glu Lys Glu

Asp

Gln

90

Thr

Pro

Thr

Lys

Tyr

170

Trp

Val

Lys

Pro

Glu
250

Lys

75

Leu

Thr

Ser

Val

Val

155

Pro

Asp

Arg

Pro

Glu

235

Pro

60

Leu

Ala

Asn

Gly

Ser

140

Val

Gly

Arg

Leu

Val

220

Gly

Tyr

Lys

Glu

Gln

Gly

Glu

125

His

Asp

Leu

Glu

Arg

205

Val

Lys

Gly

Ser

Lys

Asp

Glu

110

Gly

Asn

Asn

Pro

Gly

190

Thr

Lys

Leu

Glu

Glu

Ala

Thr

95

Leu

Ser

Phe

Asp

Asp

175

Tyr

Val

Asn

Gly
255

Lys

Glu

80

Gly

Asn

Gly

Ile

Gln

160

Val

Leu

Leu

Ile

Pro

240

Val
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Gln Gly Ile Gly Tyr Gln Gly Gly Lys Pro Gly Ala Ser Gly Gly Gly
260 265 270

Ile Phe Asp Thr Glu Gly Lys Leu Val Gly Val His Gln Asn Gly Val
275 280 285

Val Gly Lys Arg Ser Gly Gly Ile Leu Phe Ser Pro Ala Gln Leu Lys
290 295 300

Trp Ile Gln Asp His Met Gln Gly Ile Ser Ser Val Lys Pro Ala Asp
305 310 315 320

Leu Glu Glu Lys Glu Lys Pro Ala Glu Glu Lys Pro Lys Glu Asp Lys
325 330 335

Pro Ala Ala Ala Lys Pro Glu Thr Pro Lys Ala Val Thr Pro Glu Trp
340 345 350

Gln Thr Val Ala Asn Lys Glu Gln Gln Gly Thr Val Thr Ile Arg Glu
355 360 365

Glu Lys Gly Val Arg Tyr Asn Gln Leu Ser Ser Thr Ala Gln Asn Asp
370 375 380

Asn Asp Gly Lys Pro Ala Leu Phe Glu Lys Gln Gly Leu Thr Val Asp
385 390 395 400

Ala Asn Gly Asn Ala Thr Val Asp Leu Thr Phe Lys Asp Asp Ser Glu
405 410 415

Lys Gly Lys Ser Arg Phe Gly Val Phe Leu Lys Phe Lys Asp Thr Lys
420 425 430

Asn Asn Val Phe Val Gly Tyr Asp Gln Gly Gly Trp Phe Trp Glu Tyr
435 440 445

Lys Thr Pro Gly Asn Ser Thr Trp Tyr Lys Gly Asn Arg Val Ala Ala
450 455 460

Pro Glu Pro Gly Ser Val Asn Arg Leu Ser Ile Thr Leu Lys Ser Asp



Page 50
465 470 475 480

Gly Gln Leu Asn Ala Ser Asn Asn Asp Val Asn Leu Phe Asp Thr Val
485 490 495

Thr Leu Pro Gly Ala Val Asn Glu Asn Leu Lys Asn Glu Lys Lys Ile
500 505 510

Leu Leu Lys Ala Gly Thr Tyr Ser Asn Asp Arg Thr Val Val Ser Val
515 520 525

Lys Thr Asp Asn Gln Glu Gly Val Lys Ala Asp Asp Thr Pro Ala Gln
530 535 540

Lys Glu Thr Gly Pro Ala Val Asp Asp Ser Lys Val Thr Tyr Asp Thr
545 550 555 560

Ile Gln Ser Lys Val Leu Lys Ala Val Ile Asp Gln Ala Phe Pro Arg
565 570 575

Val Lys Glu Tyr Thr Leu Asn Gly His Thr Leu Pro Gly Gln Val Gln
580 585 590

Gln Phe Asn Gln Val Phe Ile Asn Asn His Arg Ile Thr Pro Glu Val
595 600 605

Thr Tyr Lys Lys Ile Asn Glu Thr Thr Ala Glu Tyr Leu Met Lys Leu
610 615 620

Arg Asp Asp Ala His Leu Ile Asn Ala Glu Met Thr Val Arg Leu Gln
625 630 635 640

Val Val Asp Asn Gln Leu His Phe Asp Val Thr Lys Ile Val Asn His
645 650 655

Asn Gln Val Thr Pro Gly Gln Lys Ile Asp Asp Glu Arg Lys Leu Leu
660 665 670

Ser Thr Ile Ser Phe Leu Gly Asn Ala Leu Val Ser Val Ser Ser Asp
675 680 685



Gln

Val

705

Ala

Gly

Trp

Val

Ile

785

Ile

Ala

Val

Ala

Leu

865

Ser

Ala

690

Ser

Lys

Val

Thr

Gly

770

Val

Thr

Ile

Lys

Gln

850

His

Glu

Gly

Gly

Gly

Trp

Arg

755

Ile

Phe

Glu

Ala

Asp

835

Asn

Thr

Gly

Ala

Asp

Tyr

Ser

740

Leu

His

Pro

Asp

Tyr

820

Ile

Pro

Asp

His

Lys

Asp

Met

725

Asn

Thr

Ser

Glu

Ala

805

Arg

Thr

Phe

Gly

Asp
885

Phe

His

710

Tyr

Ser

Ala

Ser

Tyr

790

Asn

Ser

Ala

Leu

Leu

870

Ser

Asp

695

Ile

Gly

Gln

Tyr

Glu

775

Thr

Ala

Ile

Tyr

Met

855

Gly

Gly

Gly

Asp

Phe

Asn

Lys

760

Trp

Lys

Asp

Met

Arg

840

Thr

Gln

His

Ala

Val

Val

Ser

745

Glu

Gln

Glu

Asn

Asn

825

Ile

Leu

Gly

Leu
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Thr Met Ser

Thr

Ser

730

Tyr

Thr

Trp

Leu

Lys

810

Asn

Ala

Asp

Val

Asn
890

Asn

715

Thr

Gly

Val

Glu

Pro

795

Val

Pro

Met

Gly

Leu

875

Tyr

700

Pro

Asp

Gly

Gly

Lys

780

Ser

Asp

Gln

Asn

Ile

860

Leu

Ala

Asn

Met

Lys

Gly

Asn

765

Ala

Ala

Trp

Gly

Phe

845

Lys

Lys

Asp

Asn

Lys

Leu

Ser

750

Ala

Tyr

Lys

Gln

Trp

830

Gly

Lys

Gly

Ile

Thr

Asp

Ala

735

Asn

Asn

Lys

Val

Asp

815

Glu

Ser

Ile

Tyr

Gly
895

His

Leu

720

Ala

Asp

Tyr

Gly

Val

800

Gly

Lys

Gln

Asn

Gly

880

Lys
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Arg Ile Gly Gly Val Glu Asp Phe Lys Thr Leu Ile Glu Lys Ala Lys
900 905 910

Lys Tyr Gly Ala His Leu Gly Ile His Val Asn Ala Ser Glu Thr Tyr
915 920 925

Pro Glu Ser Lys Tyr Phe Asn Glu Asn Ile Leu Arg Lys Asn Pro Asp
930 935 940

Gly Ser Tyr Ser Tyr Gly Trp Asn Trp Leu Asp Gln Gly Ile Asn Ile
945 950 955 960

Asp Ala Ala Tyr Asp Leu Ala His Gly Arg Leu Ala Arg Trp Glu Asp
965 970 975

Leu Lys Lys Lys Leu Gly Glu Gly Leu Asp Phe Ile Tyr Val Asp Val
980 985 990

Trp Gly Asn Gly Gln Ser Gly Asp Asn Gly Ala Trp Ala Thr His Val
995 1000 1005

Leu Ala Lys Glu Ile Asn Lys Gln Gly Trp Arg Phe Ala Ile Glu
1010 1015 1020

Trp Gly His Gly Gly Glu Tyr Asp Ser Thr Phe Gln His Trp Ala
1025 1030 1035

Ala Asp Leu Thr Tyr Gly Gly Tyr Thr Asn Lys Gly 1Ile Asn Ser
1040 1045 1050

Ala Ile Thr Arg Phe Ile Arg Asn His Gln Lys Asp Ser Trp Val
1055 1060 1065

Gly Asp Tyr Arg Ser Tyr Gly Gly Ala Ala Asn Tyr Pro Leu Leu
1070 1075 1080

Gly Gly Tyr Ser Met Lys Asp Phe Glu Gly Trp Gln Gly Arg Ser
1085 1090 1095



Asp

Thr

Thr

Pro

Val

Glu

Ala

Pro

Ala

Tyr

Leu

Gln

Ser

Gly

Tyr
1100

Lys
1115

Pro
1130

Glu
1145

Val
1160

Arg
1175

Tyr
1190

Thr
1205

Thr
1220

Leu
1235

Thr
1250

Pro
1265

Trp
1280

Thr

Asn

Tyr

Val

Met

Thr

Thr

Leu

Glu

Thr

Tyr

Val

Tyr

Ser

Leu

Gly

Phe

Thr

Lys

Arg

Val

Thr

Lys

Trp

Lys

Thr

Val

Glu

Lys

Tyr

Gln

Met

Val

Lys

Thr

Pro

Glu

Thr

Leu

Asp

Leu

Gly

His

Val

His

Thr

Glu

Ser

Leu

Trp

Lys

Leu

Thr

Gly

Tyr

Met

Trp

Thr
1105

Phe
1120

Asp
1135

Leu
1150

Asn
1165

Asn
1180

Asn
1195

Met
1210

Pro
1225

Asp
1240

Lys
1255

Arg
1270

His
1285

Thr

Asn

Thr

Asn

Val

Asp

Gly

Trp

Tyr

Ser

Gln

Ile

Ser

Ile

Ile

Page

Leu

Val

Gly

Asp

Val

Arg

Asp

Tyr

Asp

Gly

Thr

Lys

Tyr

Ser

Phe

Ser

Ser

Ala

Asn

Val

Ala

Phe

Trp

Lys

Leu

Gln

Asp

Gly

53
Ala

Lys

Thr

Ala

Ser

Ile

Asn

Asn

Ala

Thr

Asp

Thr

Gln

Asp

His
1110

Trp
1125

Tyr
1140

Gly
1155

Pro
1170

Gln
1185

Gly
1200

Thr
1215

Asn
1230

Glu
1245

Leu
1260

Asn
1275

Gly
1290

Ala

Asp

Glu

Lys

Asn

Gln

Asp

Lys

Gln

Ser

Glu

Leu

Pro

Phe

Ser

Val

Asn

Trp

Lys

Tyr

Gly

Lys

Ala

Lys

Gln

Ala

Glu

Asn

Lys

Met

Gly

Thr

Val

Arg

Ser

Leu

Gly

Val

Glu

Asn

Met

Ser

Ala



Glu

Gly

Lys

Ser

Val

Ala

Thr

Asp

Glu

Ser

Gln

Gly

Lys

1295

Ile
1310

Asn
1325

Pro
1340

Asn
1355

Thr
1370

Tyr
1385

Ser
1400

Val
1415

Ala
1430

Met
1445

Asp
1460

Gly
1475

His
1490

Val

Lys

Asn

Ala

Thr

Ala

Tyr

Ser

Thr

Tyr

Phe

Val

Asp

Lys

Ser

Thr

Lys

Tyr

His

Phe

Asn

Tyr

Gly

Glu

Glu

Pro

Ser

Lys

Lys

Ala

Thr

Asn

Gln

Val

Phe

Asp

Asn

Gly

Tyr

Gln

Val

Tyr

Ser

Asn

Asn

Asn

Thr

Asp

Lys

Val

Val

Thr

1300

Gly
1315

Ser
1330

Ala
1345

Ile
1360

Lys
1375

Arg
1390

Met
1405

Leu
1420

Glu
1435

His
1450

Ala
1465

Glu
1480

Gln
1495

Ala

Leu

Val

Thr

Ser

Arg

Tyr

Thr

Ile

Asp

Gln

Asp

Arg

Page

Asn

Thr

Tyr

Val

Leu

Glu

Ala

Leu

Arg

Thr

Gly

Asn

Gly

Glu

Gln

Val

Asn

Ala

Asn

Phe

Ser

Thr

Gly

Ile

Arg

Trp

Met

Lys

Gly

Thr

Leu

Ala

Phe

Arg

Phe

Gln

Phe

Thr

Asn

1305

Leu
1320

Leu
1335

Val
1350

Gly
1365

Asn
1380

Thr
1395

Thr
1410

Glu
1425

Glu
1440

Gly
1455

Pro
1470

His
1485

Gly
1500

Arg

Thr

Asp

Glu

Tyr

Val

Thr

Ala

Asn

Thr

Phe

Leu

Lys

Ile

Gly

Asn

Lys

Ile

Asp

Gly

Gly

Asn

Phe

Val

Ser

Lys

Gln

Leu

Arg

Glu

Lys

Asp

Ser

Asp

Ser

Lys

Val

Glu

Val



Asp

Val

Arg

Ala

Phe

His

Val

Gly

Gly

Asn

Glu

Tyr

Leu

Asp
1505

Ser
1520

Phe
1535

Gly
1550

Gln
1565

Glu
1580

Thr
1595

Ile
1610

Gly
1625

Leu
1640

Asn
1655

Thr
1670

Ser
1685

Val

Arg

Glu

Ser

Ser

Leu

Phe

Tyr

Asn

Gln

Ala

Lys

Gln

Ile

Arg

Ala

Asp

Gly

Pro

Leu

Ser

Ala

Ile

Leu

Glu

Ala

Glu

Asn

Gly

Asn

Arg

Asn

Val

Thr

Asn

Glu

Lys

Ser

Asp

Gly

Leu

Lys

Thr

Arg

Thr

Thr

Gly

Phe

Glu

Asn

Met

Asp

Asn
1510

Val
1525

Thr
1540

Tyr
1555

Gly
1570

Trp
1585

Gly
1600

Asn
1615

Arg
1630

Ile
1645

Tyr
1660

Asp
1675

Asp
1690

Trp

Tyr

Tyr

Ala

Thr

Thr

Ala

Ala

Gly

Thr

Leu

Ala

Ile
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Ser Leu

Gln Thr

Arg Val

Phe Val

Gln Ala

Asp Ser

Glu Thr

Ser Asn

Tyr Asn

Leu Thr

Pro Thr

Leu Lys

Ser Val

Lys

Ile

Thr

Val

Ser

Lys

Gly

Thr

Asp

Gly

Val

Glu

Glu

Thr
1515

Pro
1530

Phe
1545

Gly
1560

Asn
1575

Lys
1590

Asp
1605

Arg
1620

Phe
1635

Lys
1650

Ala
1665

Ala
1680

Glu
1695

Asn

Gln

Glu

Lys

Leu

Ala

Thr

Gly

Met

Met

Met

Val

Ala

Gly

Asn

Tyr

Gly

Glu

Lys

Trp

Asp

Met

Leu

Thr

Phe

Arg

Leu

Phe

Glu

Glu

Met

Lys

Val

Ala

Asp

Thr

Asn

Asn

Ala



Glu

Lys

Ala

Ser

Pro

Arg

Val

Asn

Phe

Lys

Leu

Ser

Lys

Ile
1700

Thr
1715

Gln
1730

Ser
1745

Ala
1760

Tyr
1775

Lys
1790

Val
1805

Gly
1820

Thr
1835

Ile
1850

Gly
1865

Asp
1880

Ala

Ala

Pro

Leu

Thr

Val

Leu

Thr

Lys

Tyr

Phe

Tyr

Asn

Lys

Leu

Gly

Trp

Met

Pro

Val

Asp

Thr

Gly

Thr

Glu

Gln

Ile

Val

Glu

His

Val

Arg

Val

Trp

Ile

Asp

Arg

Ala

Glu

Glu

Ala

Gly

Thr

Leu

Ala

Thr

Pro

Lys

Gly

Pro

Ala

Glu

Ala
1705

Glu
1720

Leu
1735

Ser
1750

Lys
1765

Ser
1780

Asp
1795

Asn
1810

Ala
1825

Gly
1840

Gln
1855

Leu
1870

Val
1885

Leu

Asp

Glu

Trp

Glu

Asp

Glu

Asn

Lys

Asp

Val

Ala

Ala
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Lys Asn

Phe Glu

Asn Ala

Asn Gly

Pro Thr

Ser Asn

Ser Gly

Asn Lys

Lys Ile

Lys Tyr

Ala Glu

Lys Ala

Ser Val

Ala

Ser

Phe

Gly

Glu

Gly

Lys

Pro

Val

Gln

Thr

Gln

Gln

Leu
1710

Leu
1725

Asp
1740

Asp
1755

Ile
1770

Asn
1785

Glu
1800

Lys
1815

Leu
1830

Ser
1845

Pro
1860

Lys
1875

Ala
1890

Val

Asp

Gly

Val

Thr

Leu

His

Asp

Thr

Ala

Leu

Leu

Ser

Gln

Ala

Asn

Gly

Gly

Arg

Thr

Ile

Gly

Ala

Asp

Thr

Met

Lys

Pro

Val

Lys

Leu

Asp

Phe

Asp

Thr

Glu

Leu

Asp

Lys



Tyr Ala Thr Asp Asn His Leu
1895 1900
Phe Ala Asp Tyr Leu Asn Gln
1910 1915
Asp Ala Pro Thr Ser Ser Lys
1925 1930
Asp Val Pro Glu Phe Lys Gly
1940 1945
Val His Glu Val Pro Glu Phe
1955 1960
Ala Leu Val His Glu Leu Pro
1970 1975
Val Leu Ala Ala Ala Asn Glu
1985 1990
Asn Ala Val Glu Ala Leu Val
2000 2005
Val Leu Ala Thr Ala Gly Asp
2015 2020
Pro Glu Tyr Pro Leu Thr Pro
2030 2035
Pro Gly Ala Lys Asp Glu Glu
2045 2050
Glu His His His His His His
2060 2065
<21e> 11
<211> 361
<212> PRT

<213> Akkermansia muciniphila

Leu

Leu

Gly

Gly

Lys

Glu

Val

Asn

Gln

Ser

Lys
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Thr Glu

Lys Asp

Glu Glu

Val Asn

Gly Gly

Tyr Lys

Pro Glu

Glu Lys

Ala Ala

Pro Val

Leu Pro

Arg

Ser

Gln

Ala

Val

Gly

Tyr

Pro

Pro

Ala

Ala

Met
1905

Ala
1920

Pro
1935

Thr
1950

Asn
1965

Gly
1980

Lys
1995

Ala
2010

Thr
2025

Asp
2040

Gly
2055

Val

Thr

Pro

Glu

Ala

Ala

Gly

Tyr

Val

Thr

Ser

Ala

Lys

Val

Ala

Val

Asn

Gly

Thr

Glu

Lys

Gly

Tyr

Pro

Leu

Ala

Gln

Ala

Ala

Gly

Lys

Thr

Leu



<400>

11

Glu Val Thr

1

Thr

Pro

Gln

Ser

65

Tyr

Gly

Asp

Asp

Met

145

His

Gly

His

Ala

Val

Gln

50

Phe

Lys

Trp

Arg

Glu

130

Gly

Leu

Gly

Gln

Arg

Pro

35

Phe

Gly

Ala

Lys

Lys

115

Lys

Arg

Gly

Met

Thr
195

Val

Gln

20

Asp

Tyr

Leu

Lys

Ala

100

Lys

Asn

Asn

Gln

Ala

180

Ala

Pro

Leu

Tyr

Gly

Asp

Asn

85

Ala

Ser

Gly

Cys

Lys

165

His

Ser

Asp

Asn

Glu

Lys

Ile

70

Pro

Gln

Gln

Pro

Phe

150

Thr

Glu

Asp

Ala

Ile

Arg

Glu

55

Lys

Ala

Glu

His

Asp

135

Ala

Arg

Leu

Gly

Leu

Val

Arg

40

Met

Ser

Ala

Leu

Thr

120

Asn

Leu

Glu

Gly

Lys
200

Lys

Tyr

25

Leu

Gln

Pro

His

Asp

105

Leu

Pro

Asp

Gly

His

185

Lys
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Asp Arg Ile

10

Phe

Ser

Arg

Gly

Tyr

90

Glu

Ile

Gly

Tyr

Arg

170

Gly

Tyr

Leu

Glu

His

Arg

75

Pro

Phe

Ile

Gly

Pro

155

Leu

Leu

Gly

Leu

Gly

60

Val

Tyr

Phe

Met

Val

140

Ala

Leu

Asn

Thr

Ala

Ser

Leu

45

Tyr

Asn

Glu

Lys

Pro

125

Pro

Phe

Thr

Leu

Ala
205

Leu

Asp

30

Leu

Gly

Ile

Asn

Ala

110

Thr

Phe

Asp

Lys

Pro

190

Leu

Lys

15

Thr

Tyr

Ala

Ile

Gly

95

His

Trp

Tyr

Ile

Trp

175

His

Met

Lys

Glu

Leu

Arg

Glu

80

Gly

Pro

Asn

Gly

Lys

160

Asn

Gly



Ser

Ser

225

Gln

Ile

Pro

Ala

Lys

305

Gly

Asn

Gln

Gly

210

Cys

Gln

Ser

Gln

Val

290

Lys

Leu

Gly

Asp

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

<220>
<223>

<400>

Asn

Ala

Phe

Phe

Thr

275

Asn

Ser

Asn

Leu

Tyr

355

12
371
PRT

Tyr

Leu

Tyr

Lys

260

Val

Gln

Gly

Asn

His

340

Arg

Thr

Leu

Glu

245

Gly

Lys

Asp

Lys

Asn

325

Met

Asp

Phe

Asp

230

Gly

Asp

Ala

Tyr

Phe

310

Glu

Gln

Gly

Gly

215

Ala

Lys

Gln

Leu

Asp

295

Ser

Phe

Lys

Ser

Artificial Sequence

0-glycoprotein-specific endoprotease (LS)

12

Thr

Cys

Pro

Ile

Asn

280

Ala

Met

Arg

His

Lys
360

Ser

Glu

Glu

Leu

265

Val

Val

Lys

Ile

Phe

345

Ser
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Pro Thr Phe

Val

Val

250

Val

Tyr

Ser

Ile

Ser

330

Thr

Phe

235

Glu

Ser

Ile

Phe

Asp

315

Leu

Phe

220

Ser

Val

Gly

Gln

Ser

300

Lys

Met

His

Leu

Val

Gly

Asn

Asp

285

Arg

Lys

Phe

Trp

Thr

Thr

Asp

Tyr

270

Pro

Arg

Glu

Ile

Asp
350

Pro

Pro

Val

255

Lys

Pro

Leu

Leu

Leu

335

Ala

Ala

Ser

240

Ala

Ser

Tyr

Gly

Glu

320

Ala

Leu

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

1

5

10

15



Lys

Glu

Leu

Arg

65

Glu

Gly

Pro

Asn

Gly

145

Lys

Tyr

Asn

Gly

Thr

Pro

Gln

50

Ser

Tyr

Gly

Asp

Asp

130

Met

His

Gly

His

Ser
210

Ala

Val

35

Gln

Phe

Lys

Trp

Arg

115

Glu

Gly

Leu

Gly

Gln

195

Gly

Arg

20

Pro

Phe

Gly

Ala

Lys

100

Lys

Lys

Arg

Gly

Met

180

Thr

Asn

Gln

Asp

Tyr

Leu

Lys

85

Ala

Lys

Asn

Asn

Gln

165

Ala

Ala

Tyr

Leu

Tyr

Gly

Asp

70

Asn

Ala

Ser

Gly

Cys

150

Lys

His

Ser

Thr

Asn

Glu

Lys

55

Ile

Pro

Gln

Gln

Pro

135

Phe

Thr

Glu

Asp

Phe
215

Ile

Arg

40

Glu

Lys

Ala

Glu

His

120

Asp

Ala

Arg

Leu

Gly

200

Gly

Val

25

Arg

Met

Ser

Ala

Leu

105

Thr

Asn

Leu

Glu

Gly

185

Lys

Thr
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Tyr Phe Leu

Leu

Gln

Pro

His

90

Asp

Leu

Pro

Asp

Gly

170

His

Lys

Ser

Ser

Arg

Gly

75

Tyr

Glu

Ile

Gly

Tyr

155

Arg

Gly

Tyr

Pro

Glu

His

60

Arg

Pro

Phe

Ile

Gly

140

Pro

Leu

Leu

Gly

Thr
220

Gly

Leu

45

Gly

Val

Tyr

Phe

Met

125

Val

Ala

Leu

Asn

Thr

205

Phe

Ser

30

Leu

Tyr

Asn

Glu

Lys

110

Pro

Pro

Phe

Thr

Leu

190

Ala

Leu

Asp

Leu

Gly

Ile

Asn

95

Ala

Thr

Phe

Asp

Lys

175

Pro

Leu

Thr

Thr

Tyr

Ala

Ile

80

Gly

His

Trp

Tyr

Ile

160

Trp

His

Met

Pro
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Ala Ser Cys Ala Leu Leu Asp Ala Cys Glu Val Phe Ser Val Thr Pro
225 230 235 240

Ser Gln Gln Phe Tyr Glu Gly Lys Pro Glu Val Glu Val Gly Asp Val
245 250 255

Ala Ile Ser Phe Lys Gly Asp Gln Ile Leu Val Ser Gly Asn Tyr Lys
260 265 270

Ser Pro Gln Thr Val Lys Ala Leu Asn Val Tyr Ile Gln Asp Pro Pro
275 280 285

Tyr Ala Val Asn Gln Asp Tyr Asp Ala Val Ser Phe Ser Arg Arg Leu
290 295 300

Gly Lys Lys Ser Gly Lys Phe Ser Met Lys Ile Asp Lys Lys Glu Leu
305 310 315 320

Glu Gly Leu Asn Asn Asn Glu Phe Arg Ile Ser Leu Met Phe Ile Leu
325 330 335

Ala Asn Gly Leu His Met Gln Lys His Phe Thr Phe His Trp Asp Ala
340 345 350

Leu Gln Asp Tyr Arg Asp Gly Ser Lys Ser Gly Ser Gly His His His
355 360 365

His His His
370

<210> 13

<211> 6198

<212> DNA

<213> Artificial Sequence

<220>

<223> Nucleotide encoding 0O-glycosidase from S. oralis (additional N
terminal Met, C terminal GSGLE-His6tag, and signal sequence and C
terminal element of LPXTG cell wall anchor motif removed)

<400> 13
atggaccaag cgcgtgtggg tagcaccgat aacctgccga gcgagectgge ggatctggac



aagaaagcga
agcgcggaaa
aagagcgaga
gacaacggtc
gaggatgttg
accccgagceg
cacaacttca
ggcgatggtg
aaagatatca
ctggtgcgtc
gttaagaaaa
atcgtgaaca
tatcaaggtg
gttggegtgc
gcgcaactga
ctggaagaga
aagccggaaa
caaggtaccg
gcgcaaaacg
gcgaacggca
cgtttcggceg
caaggcggtt
cgtgtggegg
ggccagctga
gcggtgaacg

aacgaccgta

gcgacgaagg
ccaccgaagg
agccgagcaa
gtgaagtgga
cgaaaaccac
gcgagggtag
ttaaggatag
acatctacag
tccactggga
tgcgtaccgt
ttggtgacaa
ccaccgttga
gcaaaccggg
accagaacgg
agtggattca
aagagaagcc
ccccgaaagc
ttaccatccg
ataacgacgg
acgcgaccgt
tttttctgaa
ggttctggga
cgccggaacc
acgcgagcaa
aaaacctgaa

ccgtggttag

ccacgatttt
tccgcagacc
cctgccgaaa
taaagaccag
caacggtgaa
cggtattgtg
ccaggaaggt
cattagctat
ccgtgagggt
tctggaaaac
gctgcacgtg
tttcgcggaa
cgcgageggt
tgtggttggc
ggaccacatg
ggcggaagag
ggttaccccg
tgaagagaaa
caagccggceg
ggatctgacc
attcaaggac
gtataagacc
gggtagcgtg
caacgatgtg
gaacgagaag

cgttaagacc
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gacaaagagg
gaggaagagc
gaactggagg
ctggcgcaag
ctgaactacg
gttgcgaagg
aatatccgta
ccgggectge
tacctgaaag
accccggttg
tttggttatc
ccgtacggcg
ggcggtatct
aaacgtagcg
caaggtatca
aaaccgaagg
gagtggcaaa
ggcgtgegtt
ctgtttgaga
ttcaaggacg
accaaaaaca
ccgggtaaca
aaccgtctga
aacctgttcg
aaaatcctgc

gataaccagg

cggeggegea
tgctggcgca
ataaactgga
acaccggcaa
gcgcgaccgt
acctggtgct
aagtggttga
cggacgttaa
gcttcaagaa
aggtgaccaa
cggagggcaa
agggtgttca
ttgacaccga
gcggtattct
gcagcgtgaa
aagacaagcc
ccgtggcgaa
acaaccagct
aacagggtct
atagcgaaaa
acgtttttgt
gcacctggta
gcattaccct
acaccgttac
tgaaagcggg

aaggtgtgaa

gaacccgggt
agaaaaagag
aaaggcggag
gctggtgecg
taaaattaag
gaccgttagc
taacgaccaa
gttcagcaag
cgatctggcg
gaaaccggtg
actgaacccg
gggcattggt
aggcaagctg
gttcagcccg
accggcggat
ggcgegeeecs
caaggaacag
gagcagcacc
gaccgttgac
aggcaagagc
gggttacgat
caagggtaac
gaaaagcgac
cctgeccgggt
cacctacagc

agcggacgat

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



accccggegc
attcagagca
accctgaacg
aaccaccgta
ctgatgaagc
gtggttgata
ccgggtcaaa
gcgectggtta
aacaacaccc
gcgaagggtt
aacagccaaa
gaaaccgttg
gcgtacaagg
atcaccgagg
cgtagcatca
atcgcgatga
aagaaaatta
agcgagggtc
gtggaagact
cacgttaacg
aaaaacccgg
gatgcggcgt
ctgggtgaag
aacggtgcgt
gcgatcgaat
ctgacctacg

aaccaccaga

aaaaggaaac
aagtgctgaa
gtcacaccct
tcaccccgga
tgcgtgacga
accaactgca
agattgacga
gcgtgageag
acgttagcgg
acatgtatgg
acagctacgg
gtaacgcgaa
gtatcgtgtt
atgcgaacgc
tgaacaaccc
actttggtag
acctgcacac
atgacagcgg
ttaagaccct
cgagcgaaac
acggtagcta
acgacctggc

gcctggattt

gggcgaccca

ggggccacgsg

gtggctatac

aagatagctg

cggtccggeg
ggcggttatc
gccgggtceag
agtgacctat
tgcgcacctg
cttcgacgtg
tgagcgtaaa
cgatcaagcg
tgacgatcac
ctttgttagc
cggtggcagc
ctacgtgggc
cccggaatat
ggacaacaaa
gcaaggctgg
ccaggcgcaa
cgatggcctg
tcacctgaac
gattgagaaa
ctacccggag
cagctatggc
gcatggccgt
tatctatgtt
tgtgetggeg
tggcgagtac
caacaagggt

ggttggcgac
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gtggacgata

gatcaagcgt
gttcagcaat
aagaaaatta
atcaacgcgg
accaaaattg
ctgctgagca
ggtgcgaagt
atcgatgtga
accgacaagc
aacgattgga
attcacagca
accaaggagc
gtggattggc
gaaaaagtta
aacccgttcc
ggtcagggcg
tacgcggata
gcgaagaaat
agcaagtatt
tggaactggc
ctggcgegtt
gacgtgtggg
aaagagatta
gacagcacct
atcaacagcg

taccgtagct

gcaaggttac
ttccgecgtgt
ttaaccaagt
acgaaaccac
aaatgaccgt
ttaaccacaa
ccatcagctt
ttgatggtgc
ccaacccgat
tggcggcegss
cccgtctgac
gcgaatggca
tgccgagcgc
aggacggtgc
aggacattac
tgatgaccct
ttctgctgaa
tcggtaaacg
acggtgcgca
tcaacgaaaa
tggatcaggg

gggaggacct

gtaacggtca
acaagcaagg
tccagcactg

cgattacccg

atggtggcgc

ctacgacacc
gaaagagtat
gttcattaac
cgcggagtac
gcgtctgcag
ccaggttacc
tctgggcaac
gaccatgagc
gaaagacctg
tgtgtggagc
cgcgtataaa
gtgggagaaa
gaaagtggtt
gattgcgtac
cgcgtatcgt
ggacggcatc

gggttatggt

tattggtggc
cctgggcatc
cattctgcgt
tatcaacatt
gaagaaaaag
gagcggtgat
ttggegtttt
ggcggeggat
tttcatccgt

ggcgaactac

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240



ccgectgetgg
aacggttatg
accgttagca
aagtggaccc
acccgtaaaa
ggtcgtgtga
aaaaagctgc
acctggaccc
cagggcaaga
ctggcgaacc
agcgagggta
attagcggcg
cgtatccaag
aacaccaagt
accgttaaca
tacatcaaag
tacttccaga
accctgagcc
aacaacagca
ttcgaaaacg
gacaaccgta
aaaaaggtgg
cgtcgtaacc
taccgtgtga
aaaggcgaat

ctgccgaaca

gtggctatag
ttaccaacct
aatgggaaaa
cggaaatgaa
gcaacgatgt
tccaagacgg
cgaccgaaaa
tgccgagcga
ccgaggagca
agccgtacgt
tgcacatcta
atgcgagcaa
gcaacaaaag
acgcggttta
ccggtgaaaa
cgtatgcgca
acatgtatgc
gtgaagcggg
gcatgtacgg
ttgcgcaagg
cccacctgag
acgatgttat
tggtgtacca
cctttgaata
tccagagcgg

cctggaccga

catgaaggac
gttcgcgcac
cggtaccccg
agtggagctg
gaacagcccg
cagcgcgtat
agagaagatg
ctgggcgaac
agaactgacc
tctgtatcgt
cgaccaaggt
ggcggagatc
caaggttagc
tgtgggegtt
agaggtgacc
caacaaccgt
gttctttacc
cgatgaggcg
tgataagcac
tatcttcccg
cgagaagcac
tgagggtaac
gaccatcccg
tgaggcgggc
tcgtcgtggc

tagcaaaaag
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tttgagggtt
gacgtgatga
gtgaccatga
gttgacgcgg
cagtaccgtg
ctgaccccgt
tactatttta
agcaaggttt
gtgaccgatg
agcaagcaaa
ttcaacagcg
gtgaaaagcc
ctgacccaga
gacaaccgta
acctacacca
cgtgagaacg
accggtagcg
acctattttg
gacaccggtc
tttgttgtgg
gatccgtaca
tggagcctga
caaaacttcc
agcgacaaca

acccaagcga

gcgaaaaagg

gg8Caaggccg

ccaagtactt
ccgataacgg
cgggtaacaa
agcgtaccgt
ggaactggga
acacccaagc
acctgtataa
gcaaaattac
ccaacccgga
gcaccctgaa
agggtgcgaa
agctgaccgg
gcaacgcgaa
acaagagcct
cgaccgtgga
acgtgagcaa
acgaaattcg
agggcacctt
gtggcgtgga
cccagecgtgg
aaaccaacgg
gttttgaggc
cctatgcgtt
gcaacctgga

tgaccttcct

tagcgattac
tcagcacttc
cagcacctat
ggtggttgtg
taccctgaac
tgcgaacggt
gggtgegacc
actgaccgat
cctggacctg
aatgagctgg
acactggacc
cgaaatgctg
tctgaaaccg
agcgagcatt
ggcgctgaac
cgataccagc
cgttaccctg
taccttcgag
taaacaagat
aggcgttgag
ttggaacggc

cctggttagc

gggcaagacc
tgttgtgggt
aatgcacgag

ggttaccggt

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800



gcggaaaccg
ggtgatgegg
caaatcgaag
ctgccgaccg
gttttcaacc
gcgaagattg
gattttgaga
ggtaacgtta
accatggtgc
gatagcaacg
cacaccttta
aaaaccatta
gacaaatatc
ctggatctga
aaccaggaag
ctgaccgaac
accaaaccgg
ccggagttta
aagggtggcg
gcgaacgegsg
gtggaagcgc
caggcggcgc
accaaaaccc

Ccaccaccacc

gtgacacctg
gtggcaacgc
agattaccct
ttgcgatgac
tgagccaggc
aggcgctgaa
gcctggatgc
gcagcctgtg
tgaaagaacc
gcaacctgceg
acgtgaccga
aggcgaaaaa
agagcgeggc
gcggttacga
aggtggcgag
gtatggttgc
atgcgccgac
aaggtggegt
tgaacgcggt
ttctggecggc
tggttaacga
cgaccgtgga
cgggtgcgaa

accactga

ggtgggtatc

gaactttcgt

gaccggcaag
caactacacc
ggacgatgac
aaacgcgctg
gccggegeaa
gcacaccagc
gaccgagatc
tgacgttaag
ctggccgaac
gatcgttctg
ggagctgatc
agcggcecgctg
cgttcaagcg
gtacttcgcg
cagcagcaag
gaacgcgacc
tcaggcgctg
ggcgaacgaa
gaaaccggcg

aaaaccggag

agatgaagag
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tacagcaccg

ggctataacg
atgctgaccg
aaggaaagca
atcagcgtgg
gttcagaaaa
ccgggtgaag
tggaacggtg
accggtctgc
ctggttgtga
aacaacaaac
accggtacca
tttacccgtc
gcgaaagcegce
agcatgaaat
gattatctga
ggtgaagaac
gaggcegscees
gttcacgaac
gtgccggagt
tataccggtg

tacccgctga

aagctgccgg

gcaacgcgag
atttcatgat
aaaacgcgct
tggacgcgct
aagaggcegceg
agaccgcgct
gcctggagaa
gcgatgttgg
gttatgtgcc
ccgatgaaag
cgaaggatat
agacctacgg
cgcaagtggc
agaagctgac
atgcgaccga
accaactgaa
agccgccggt
tgcacgaagt
tgccggagta
acaagggtgg
ttctggcgac

ccccgagecc

cgggtagegg

caacacccgt
ggacaacctg
gaaaaactat
gaaagaggcg
tgcggaaatc
ggttgcggaa
cgcgttcgac
caagccggceg
gcgtgegagc
cggtaaagag
tgacttcggc
cgatggtggc
ggaaaccccg
cgataaggac
caaccacctg
ggatagcgceg
gctggatgtt
tccggagttc
taaaggtggc
cgcgaacgceg
cgegggegac
ggttgcggac

cctcgagcac

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6198



