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Lys
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145

Asn

Asp
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Trp
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Leu
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Ala
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Lys
290

Leu

Asn

Lys
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Asn
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275

Thr
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Met

100

Asn

Leu

Asp
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Thr

180
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Gly

Asp

Ile

Gly

260

Thr

Glu

Gln

85

Lys

Leu

Asp

Tyr

Phe
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Asp

Lys

Tyr

Pro

Lys

245

Val

Asp
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Lys
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Gly
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Asp

Asn

Asp

Lys

Tyr
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Thr

Gly
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Asn

Asn

Gly
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Met
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Asn

Pro

Asp

Leu
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Thr

Glu

Met

Gly
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Thr
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Ile

120

Lys

Ile

Lys

Asn

Ile
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Tyr

Asp

Ala

Glu

Lys

280

Ala
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Glu
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Lys

Glu

Leu

Ile
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Ala
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Tyr
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Lys

265

Thr
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Ile

Lys

Met
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Pro
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Glu
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Leu
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Trp
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300
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Arg
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Glu
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Trp
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Glu
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Leu
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Val
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Ala
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Asn

Asn

Ile

110
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Phe

Glu

Glu
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Glu
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Thr
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Thr
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Thr
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Asn
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Gln

305
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Gly

Arg
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Leu
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Asn
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Asn
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Asn
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Ile
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Thr
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Thr
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Leu
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Tyr
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Asp
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Asn
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Asn
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Thr

Asn

Lys

Val
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Lys
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Val

Glu

Thr
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Asp

Gly

Lys
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Lys

Thr

Asn
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Gly

Arg

Ile

Pro

Lys

675

Tyr

Leu

Ala

Asn

Glu
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Lys

Leu

Asn
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Thr

Glu

Tyr

Ile

Glu
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Asp

Leu

Asp

His

Thr

740

Ala

Asp

Glu

565

Phe

Thr

Thr
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Gln

Ser
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Glu

Lys
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Tyr

Leu

Ser

550

Arg

Asp

Asn

Lys
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Lys

Gly

Ser

Asn
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Ile

Ile

Asp

Leu

Gly

Asp

Gln

Ile

615

Ser

Ile

Tyr

Asn

Leu

695

Glu

Tyr

Asn

Tyr

Lys

Met

Tyr

Asp

600

Lys

Gly

Lys

Thr

Ile

680
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Thr

Asn

Asn
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Lys
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Leu

Pro
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Thr
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Thr

Glu
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Ser
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Glu
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Thr
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Leu

Leu
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Asn

Thr
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Glu

Ile
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Ala Ser Ile Gly Glu Thr Ile Ile Asp Asp Lys Asn Tyr Tyr Phe Asn
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900 905 910

Lys Tyr Phe Ala Pro Ala Asn Thr Leu Asp Glu Asn Leu Glu Gly Glu
915 920 925

Ala TIle Asp Phe Thr Gly Lys Leu Ile Ile Asp Glu Asn Ile Tyr Tyr
930 935 940

Phe Asp Asp Asn Tyr Arg Gly Ala Val Glu Trp Lys Glu Leu Asp Gly
945 950 955 960

Glu Met His Tyr Phe Ser Pro Glu Thr Gly Lys Ala Phe Lys Gly Leu
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Asn Gln Ile Gly Asp Tyr Lys Tyr Tyr Phe Asn Ser Asp Gly Val Met
980 985 990

Gln Lys Gly Phe Val Ser Ile Asn Asp Asn Lys His Tyr Phe Asp Asp
995 1000 1005
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Phe

Thr

Gly

Phe

Val

Glu

Gly

Val

Ile

Asp

Gly

Tyr

Asp

Gly
1010

Tyr
1025

Glu
1040

Asn
1055

Asn
1070

Gly
1085

Asp
1100

Gln
1115

Thr
1130

Glu
1145

Asp
1160

Tyr
1175

Gly
1190

Val
1205

Val

Phe

Asp

Glu

Asn

Trp

Thr

Tyr

Ile

Ser

Asn

Lys

Gln

Tyr

Met
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Ala

Tyr

Asn
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Tyr
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Tyr
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Glu

Phe
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Ile
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Phe
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Val

Ile
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Phe
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Asn

Lys
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Tyr

Leu

Ala

Asn

Lys

Gln

Val

Ala

Glu

Gly

Gly
1015

Gly
1030

Tyr
1045

Glu
1060

Tyr
1075

Glu
1090

Tyr
1105

Asp
1120

Val
1135

Asn
1150

Gln
1165

Pro
1180

Tyr
1195

Glu
1210

Tyr

Glu

Phe

Ile

Phe

Asp

Ile

Asp

Phe

Ile

Ile

Ala

Ser

Thr

Thr

Met

Ala

Ser

Asp

Gly

Gly

Gly

Tyr

Asp

Gly

Asn

Gly

Tyr

Glu

Gln

His

Tyr

Asp

Ser

Leu

Ile

Phe

Asp

Val

Thr

Leu

Thr

Ile

Ile

His

Ser

Ser

Lys

Ser

Met

Ser

Asn

Phe

Val

Val

Ile

Asp
1020

Gly
1035

Asn
1050

Gly
1065

Phe
1080

Tyr
1095

Leu
1110

Gln
1125

Asp
1140

Tyr
1155

Asp
1170

Asn
1185

Arg
1200

Glu
1215

Gly

Val

Glu

Ile

Thr

Tyr

Ile

Val

Ser

Phe

Thr

Asp

Val

Thr

Lys

Phe

Asp

Leu

Ala

Phe

Asn

Gly

Gly

Tyr

Ser

Asn

Gly

Gly

His

Asn

Leu

Asn

Val

Asp

Asp

Phe

Ile

Ile

Asp

Ile

Glu

Trp



Ile

Glu

Lys

Ser

Gln

Glu

Phe

Gly

Arg

Ile

Leu

Pro

Asn

Leu

Thr

Tyr
1220

Thr
1235

Tyr
1250

Phe
1265

Phe
1280

Asp
1295

Lys
1310

Glu
1325

Tyr
1340

Ile
1355

Val
1370

Asn
1385

Ile
1400

Asn
1415

Gly
1430

Asp

Lys

Tyr

Glu

Gly

Gly

Tyr

Ser

Tyr

Asp

Ile

Gly

Glu

Gly

Trp

Met

Lys

Phe

Asn

Tyr

Val

Phe

Ile

Phe

Gly

Ser

Phe

Gly

Lys

Gln

Glu

Ala

Asp

Asn

Ile

Met

Ala

Asn

Thr

Glu

Glu

Glu

Gln

Lys

Thr

Asn

Cys

Glu

Asn

Asn

Gln

His

Tyr

Asp

Glu

Ser

Tyr

Ala

Tyr

Ile

Glu
1225

Lys
1240

Lys
1255

Tyr
1270

Ile
1285

Ile
1300

Gln
1315

Thr
1330

Glu
1345

Tyr
1360

Arg
1375

Phe
1390

Ile
1405

Tyr
1420

Asp
1435

Ser

Gly

Gly

Tyr

Glu

Gly

Asn

Gly

Tyr

Tyr

Met

Ala

Val

Phe

Gly

Asp

Ile

Ile

Phe

Asp

Val

Thr

Trp

Ile

Phe

Val

Pro

Tyr

Asp

Lys

Lys

Asn

Met

Asn

Lys

Phe

Leu

Leu

Ala

Asp

Thr

Ala

Gln

Asn

Lys

Tyr

Leu

Arg

Glu

Met

Asn

Asp

Asp

Ala

Pro

Gly

Asn

Asn

Asp

Tyr

Tyr
1230

Ile
1245

Thr
1260

Asn
1275

Phe
1290

Thr
1305

Glu
1320

Leu
1335

Thr
1350

Asp
1365

Val
1380

Thr
1395

Lys
1410

Ser
1425

Tyr
1440

Phe

Asp

Gly

Gly

Tyr

Pro

Asn

Asp

Gly

Thr

Phe

His

Phe

Lys

Phe

Asn

Asp

Leu

Glu

Phe

Asp

Phe

Glu

Ser

Ala

Lys

Asn

Leu

Ala

Asn

Pro

Ile

Ile

Met

Gly

Gly

Glu

Lys

Val

Gln

Gly

Asn

Thr

Val

Leu



Asn

Lys

Gln

Ile

Phe

Asn

Ile

Asn

Gly

Thr

Tyr

Ile

Gln

Pro

Thr
1445

Tyr
1460

Thr
1475

Ala
1490

Asn
1505

Gly
1520

Glu
1535

Gly
1550

Leu
1565

Ala
1580

Tyr
1595

Ile
1610

Ile
1625

Ala
1640

Ala

Tyr

Ile

Ser

Thr

Phe

Gly

Lys

Arg

Val

Phe

Ser

Gly

Asn

Glu

Phe

Asp

Thr

Asp

Glu

Gln

Lys

Thr

Ala

Asn

Gly

Val

Thr

Ala

Asn

Gly

Gly

Gly

Tyr

Ala

Tyr

Ile

Val

Thr

Lys

Phe

Asp

Ala

Leu

Lys

Tyr

Ile

Phe

Ile

Tyr

Asp

Thr

Asn

His

Lys

Ala

Thr
1450

Asn
1465

Lys
1480

Thr
1495

Met
1510

Ala
1525

Leu
1540

Phe
1555

Gly
1570

Gly
1585

Thr
1600

Phe
1615

Gly
1630

Asn
1645

Gly

Thr

Tyr

Ser

Gln

Pro

Tyr

Gly

Lys

Trp

Ser

Tyr

Pro

Asn

Trp

Ala

Tyr

Ile

Ile

Ala

Gln

Ser

Lys

Gln

Ile

Phe

Asp

Ile

Gln

Glu

Phe

Asn

Gly

Asn

Asn

Asp

Tyr

Thr

Ala

Asn

Gly

Glu

Thr

Ala

Asn

Gly

Val

Thr

Lys

Ser

Tyr

Ile

Ser

Thr

Phe

Gly

Ile
1455

Ala
1470

Thr
1485

Lys
1500

Phe
1515

Asp
1530

Phe
1545

Lys
1560

Phe
1575

Asn
1590

Thr
1605

Asp
1620

Glu
1635

Gln
1650

Asp

Thr

Asn

His

Lys

Ala

Leu

Ala

Asn

Gly

Gly

Gly

Tyr

Ala

Gly

Gly

Thr

Phe

Gly

Asn

Thr

Val

Thr

Lys

Tyr

Ile

Phe

Ile

Lys

Trp

Phe

Tyr

Pro

Asn

Leu

Thr

Asn

Lys

Thr

Met

Ala

Arg



Tyr Gln Asn Arg Phe Leu Tyr Leu His Asp Asn Ile Tyr Tyr Phe
1655 1660 1665

Gly Asn Asn Ser Lys Ala Ala Thr Gly Trp Val Thr Ile Asp Gly
1670 1675 1680

Asn Arg Tyr Tyr Phe Glu Pro Asn Thr Ala Met Gly Ala Asn Gly
1685 1690 1695

Tyr Lys Thr Ile Asp Asn Lys Asn Phe Tyr Phe Arg Asn Gly Leu
1700 1705 1710

Pro Gln Ile Gly Val Phe Lys Gly Ser Asn Gly Phe Glu Tyr Phe
1715 1720 1725

Ala Pro Ala Asn Thr Asp Ala Asn Asn Ile Glu Gly Gln Ala Ile
1730 1735 1740

Arg Tyr Gln Asn Arg Phe Leu His Leu Leu Gly Lys Ile Tyr Tyr
1745 1750 1755

Phe Gly Asn Asn Ser Lys Ala Val Thr Gly Trp GIn Thr Ile Asn
1760 1765 1770

Gly Lys Val Tyr Tyr Phe Met Pro Asp Thr Ala Met Ala Ala Ala
1775 1780 1785

Gly Gly Leu Phe Glu Ile Asp Gly Val Ile Tyr Phe Phe Gly Val
1790 1795 1800

Asp Gly Val Lys Ala Pro Gly 1Ile Tyr Gly Met Glu Ile Val Asn Glu
1805 1810 1 5

Asp Ile Leu Pro Asn Asn Gly Leu Met Gly Tyr Tyr Phe Thr Asp Glu
10 15 20

His Phe Lys Asp Leu Lys Leu Met Ala Pro Ile Lys Asp Gly Asn Leu
25 30 35

Lys Phe Glu Glu Lys Lys Val Asp Lys Leu Leu Asp Lys Asp Lys Ser
40 45 50

Asp Val Lys Ser Ile Arg Trp Thr Gly Arg Ile Ile Pro Ser Lys Asp
55 60 65 70



Gly

Asn

Gly

Ser

Met

135

Asn

Pro

Asp

Leu

Lys

215

Thr

Glu

Met

Gly

Glu

Thr

Lys

Ile

120

Lys

Ile

Lys

Asn

Ile

200

Tyr

Asp

Ala

Glu

Lys
280

Tyr

Glu

Glu

105

Asp

Lys

Glu

Leu

Ile

185

Ala

Val

Tyr

Arg

Lys

265

Thr

Thr

Ser

90

Tyr

Asn

Ile

Lys

Met

170

Pro

Val

Ser

Glu

Asp

250

Leu

Val

Leu

75

Thr

Lys

Leu

Ile

Asp

155

Ser

Asp

Asn

Lys

235

Pro

Ile

Ser

Ser

Ile

Val

Ser

Pro

140

Asp

Asp

Ser

Trp

Tyr

220

Ala

Leu

Ile

Arg

Thr

Ser

Arg

Ser

125

Glu

Pro

Trp

Tyr

Glu

205

Leu

Ser

Val

Ser

Ala
285

Asp

Asn

Ile

110

Pro

Glu

Phe

Glu

Glu

190

Asp

Glu

Gly

Ala

Thr

270

Thr

Arg

Thr

95

Glu

Asn

Asn

Ile

Asp

175

Arg

Ser

Ser

Ser

Ala

255

Asn

Thr

Asp

80

Leu

Leu

Leu

Leu

Pro

160

Glu

Asn

Phe

Asn

Phe

240

Tyr

Glu

Asn

10

Asp

Lys

Gln

Tyr

Phe

145

Asn

Asp

Gly

Ala

Thr

225

Asp

Pro

His

Ser

Val

Val

Asp

Trp

130

Leu

Asn

Leu

Tyr

Glu

210

Ala

Lys

Ile

Ala

Lys
290

Leu

Asn

Lys

115

Glu

Arg

Asn

Asp

Thr

195

Gln

Gly

Ala

Val

Ser

275

Thr

Met

Met

100

Asn

Leu

Asp

Phe

Thr

180

Ile

Gly

Asp

Ile

Gly

260

Thr

Glu

Gln

85

Lys

Leu

Asp

Tyr

Phe

165

Asp

Lys

Tyr

Pro

Lys

245

Val

Asp

Ser

Val

Lys

Gly

Gly

Ser

150

Asp

Asn

Asp

Lys

Tyr

230

Thr

Gly

Gln

Asn



Thr

295

Asn

Gln

Gly

Thr

Gly

375

Asn

Ala

Tyr

Thr

Ile

455

Ser

Arg

Glu

Lys

Ala

Val

Asp

Glu

Ala

360

Asp

Leu

Leu

Asp

Thr

440

Val

Ile

Arg

Leu

Asp
520

Gly

Thr

Ser

Ser

345

Pro

Thr

Ser

Asn

Gln

425

Gln

Thr

Ser

Val

Thr

505

Gly

Val

Thr

Asn

330

Ala

Met

Leu

Pro

Thr

410

Leu

Val

Glu

Ala

Thr

490

Ile

Leu

Ser

Asn

315

Gly

Tyr

Tyr

Ser

Gly

395

Met

Lys

Ser

Gly

Ser

475

Ala

Gly

Leu

Val

300

Tyr

Glu

Ile

Lys

Thr

380

Asp

Asp

Lys

Asn

460

Ile

Lys

Glu

Tyr

Asn

Ser

Ser

Asn

Val

365

Ile

Thr

Gln

Leu

Asn

445

Ser

Ile

Asn

Ala

Phe
525

Val

His

Trp

Ala

350

Thr

Lys

Tyr

Phe

Asp

430

Phe

Trp

Leu

Leu

Ile

510

Asn

Gly

Thr

Asn

335

Asn

Pro

Ala

Pro

Ser

415

Ala

Gly

Ser

Asp

Gln

495

Glu

Asp

Tyr

Thr

320

Thr

Val

Thr

Gln

Lys

400

Ser

Gly

Thr

Asp

Thr

480

Asp

Lys

Ile

11

Gln

305

Asp

Gly

Arg

Thr

Glu

385

Lys

Arg

Lys

Lys

Tyr

465

Glu

Pro

Ala

Pro

Asn

Asn

Leu

Tyr

Asn

370

Asn

Gly

Leu

Gln

Asn

450

Ile

Asn

Glu

Phe

Ile
530

Gly

Ser

Ser

Tyr

355

Leu

Gln

Leu

Ile

Ile

435

Ser

Ser

Glu

Asp

Gly

515

Asp

Phe

Thr

Ile

340

Asn

Val

Ile

Ser

Pro

420

Lys

Ser

Gln

Ser

Lys

500

Ala

Glu

Thr

Ala

325

Asn

Thr

Leu

Gly

Pro

405

Ile

Leu

Gly

Ile

Tyr

485

Thr

Thr

Ser

Ala

310

Val

Lys

Gly

Asp

Asn

390

Leu

Asn

Glu

Gln

Asp

470

Glu

Pro

Lys

Cys



Val

535

Leu

Gly

Asp

Gln

Ile

615

Ser

Ile

Tyr

Asn

Leu

695

Glu

Tyr

Asn

Glu

Lys

Met

Tyr

Asp

600

Lys

Gly

Lys

Thr

Ile

680

Ser

Val

Phe

Gly

Leu

Thr

Asn

Asn

585

Gly

Ile

Tyr

Ala

Lys

665

Glu

Ile

Lys

Ala

Met
745

Ile

Leu

Ile

570

Asn

Leu

Pro

Ser

Lys

650

Phe

Ile

Thr

Ile

Asp

730

Tyr

Phe

Ser

555

Leu

Tyr

Gln

Met

Lys

635

Glu

Ser

Thr

Glu

Pro

715

Leu

Phe

Asp

540

Asp

Ile

Xaa

Gly

Ser

620

Asp

Glu

Tyr

Leu

Leu

700

Thr

Asn

Ala

Asp

Lys

Lys

Ser

Ser

605

Glu

Pro

Lys

Glu

Ile

685

Asn

Asp

Phe

Pro

Asn

Lys

Thr

Thr

590

Ala

Leu

Leu

Thr

Phe

670

Gly

Ser

Gln

Asn

Thr
750

Thr

Ile

Pro

575

Trp

Asn

Lys

Thr

Asp

655

Glu

Ser

Thr

Glu

Pro

735

Gln

Ala

Tyr

560

Thr

Ser

Lys

Pro

Ser

640

Tyr

Thr

Gly

Pro

Ile

720

Ser

Thr

12

Asn

545

Asn

Tyr

Asn

Leu

Tyr

625

Asn

Leu

Thr

Thr

Glu

705

Met

Thr

Asn

Lys

Val

Phe

Val

Asn

610

Lys

Ser

Val

Glu

Thr

690

Ile

Asp

Gly

Lys

Ile

Lys

Thr

Asn

595

Gly

Arg

Ile

Pro

Lys

675

Tyr

Leu

Ala

Asn

Glu
755

Lys

Leu

Asn

580

Thr

Glu

Tyr

Ile

Glu

660

Asp

Leu

Asp

His

Thr

740

Ala

Asp

Glu

565

Phe

Thr

Thr

Val

Val

645

Gln

Ser

Asp

Glu

Lys

725

Tyr

Leu

Ser

550

Arg

Asp

Asn

Lys

Phe

630

Lys

Gly

Ser

Asn

Pro

710

Ile

Ile

Asp



Tyr

Lys

775

Pro

Gly

Thr

Val

Pro

855

Tyr

Ile

Thr

Asn

Lys

935

Gly

Pro

Lys

Ile

760

Asp

Asn

Gly

Pro

Ser

840

Val

Tyr

Ile

Gly

Thr

920

Leu

Ala

Glu

Tyr

Gln

Ile

Gln

Glu

Asp

825

Gly

Asn

Phe

Asp

Val

905

Leu

Ile

Val

Thr

Tyr
985

Lys

Gly

Pro

Asn

810

Asp

Leu

Asn

Asn

Asp

890

Phe

Asp

Ile

Glu

Gly

970

Phe

Tyr

Thr

Lys

795

Ile

Arg

Ile

Leu

Pro

875

Lys

Ser

Glu

Asp

Trp

955

Lys

Asn

Arg

Lys

780

Thr

Met

Glu

Tyr

Ile

860

Ile

Asn

Thr

Asn

Glu

940

Lys

Ala

Ser

Val

765

Asp

Asn

Thr

Leu

Ile

845

Thr

Asn

Tyr

Glu

Leu

925

Asn

Glu

Phe

Asp

Glu

Lys

Tyr

Tyr

Leu

830

Asn

Gly

Gly

Tyr

Asp

910

Glu

Ile

Leu

Lys

Gly
990

Ala

Glu

Val

Lys

815

Val

Asp

Phe

Gly

Phe

895

Gly

Gly

Tyr

Asp

Gly

975

Val

Thr

Met

Asn

800

Lys

Leu

Ser

Val

Ala

880

Asn

Phe

Glu

Tyr

Gly

960

Leu

Met

13

Leu

Arg

785

Leu

Leu

Ser

Leu

Thr

865

Ala

Gln

Lys

Ala

Phe

945

Glu

Asn

Gln

Gln

770

Asn

Arg

Arg

Val

Tyr

850

Val

Ser

Ser

Tyr

Ile

930

Asp

Met

Gln

Lys

Tyr

Tyr

Ser

Ile

Asp

835

Tyr

Gly

Ile

Gly

Phe

915

Asp

Asp

His

Ile

Gly
995

Ser

Leu

Tyr

Tyr

820

Ala

Phe

Asp

Gly

Val

900

Ala

Phe

Asn

Tyr

Gly

980

Phe

Gly

Gly

Phe

805

Ala

Ser

Lys

Asp

Glu

885

Leu

Pro

Thr

Tyr

Phe

965

Asp

Val

Phe

Asp

790

Thr

Ile

Met

Pro

Lys

870

Thr

Gln

Ala

Gly

Arg

950

Ser

Tyr

Ser



Ile

Val

Asn

Lys

Glu

Tyr

Leu

Ala

Asn

Lys

Gln

Val

Ala

Glu

Asn
1000

Gly
1015

Gly
1030

Tyr
1045

Glu
1060

Tyr
1075

Glu
1090

Tyr
1105

Asp
1120

Val
1135

Asn
1150

Gln
1165

Pro
1180

Tyr
1195

Asp

Tyr

Glu

Phe

Ile

Phe

Asp

Ile

Asp

Phe

Ile

Ile

Ala

Ser

Asn

Thr

Met

Ala

Ser

Asp

Gly

Gly

Gly

Tyr

Asp

Gly

Asn

Gly

Lys

Glu

Gln

His

Tyr

Asp

Ser

Leu

Ile

Phe

Asp

Val

Thr

Leu

His

Ile

Ile

His

Ser

Ser

Lys

Ser

Met

Ser

Asn

Phe

Val

Val

Tyr
1005

Asp
1020

Gly
1035

Asn
1050

Gly
1065

Phe
1080

Tyr
1095

Leu
1110

Gln
1125

Asp
1140

Tyr
1155

Asp
1170

Asn
1185

Arg
1200

Phe

Gly

Val

Glu

Ile

Thr

Tyr

Ile

Val

Ser

Phe

Thr

Asp

Val

Asp

Lys

Phe

Asp

Leu

Ala

Phe

Asn

Gly

Tyr

Ser

Asn

Gly

Asp

His

Asn

Leu

Asn

Val

Asp

Asp

Phe

Ile

Ile

Asp

Ile

Glu

14

Ser

Phe

Thr

Gly

Phe

Val

Glu

Gly

Val

Ile

Asp

Gly

Tyr

Asp

Gly
1010

Tyr
1025

Glu
1040

Asn
1055

Asn
1070

Gly
1085

Asp
1100

Gln
1115

Thr
1130

Glu
1145

Asp
1160

Tyr
1175

Gly
1190

Val
1205

Val

Phe

Asp

Glu

Asn

Trp

Thr

Tyr

Ile

Ser

Asn

Lys

Gln

Tyr

Met

Ala

Gly

Glu

Lys

Lys

Ala

Tyr

Asn

Gly

Gly

Tyr

Ala

Tyr

Lys

Glu

Phe

Gly

Ile

Asp

Glu

Phe

Asp

Val

Ile

Phe

Val

Phe



Gly

Asn

Cys

Glu

Asn

Asn

Gln

His

Tyr

Asp

Glu

Ser

Tyr

Ala

Tyr

Glu
1210

Glu
1225

Lys
1240

Lys
1255

Tyr
1270

Ile
1285

Ile
1300

Gln
1315

Thr
1330

Glu
1345

Tyr
1360

Arg
1375

Phe
1390

Ile
1405

Tyr
1420

Thr

Ser

Gly

Gly

Tyr

Glu

Gly

Asn

Gly

Tyr

Tyr

Met

Ala

Val

Phe

Tyr

Asp

Ile

Ile

Phe

Asp

Val

Thr

Trp

Ile

Phe

Val

Pro

Tyr

Asp

Thr

Lys

Asn

Met

Asn

Lys

Phe

Leu

Leu

Ala

Asp

Thr

Ala

Gln

Asn

Ile

Tyr

Leu

Arg

Glu

Met

Asn

Asp

Asp

Ala

Pro

Gly

Asn

Asn

Asp

Glu
1215

Tyr
1230

Ile
1245

Thr
1260

Asn
1275

Phe
1290

Thr
1305

Glu
1320

Leu
1335

Thr
1350

Asp
1365

Val
1380

Thr
1395

Lys
1410

Ser
1425

Thr

Phe

Asp

Gly

Gly

Tyr

Pro

Asn

Asp

Gly

Thr

Phe

His

Phe

Lys

Gly

Asn

Asp

Leu

Glu

Phe

Asp

Phe

Glu

Ser

Ala

Lys

Asn

Leu

Ala

Trp

Pro

Ile

Ile

Met

Gly

Gly

Glu

Lys

Val

Gln

Gly

Asn

Thr

Val

15

Ile

Glu

Lys

Ser

Gln

Glu

Phe

Gly

Arg

Ile

Leu

Pro

Asn

Leu

Thr

Tyr
1220

Thr
1235

Tyr
1250

Phe
1265

Phe
1280

Asp
1295

Lys
1310

Glu
1325

Tyr
1340

Ile
1355

Val
1370

Asn
1385

Ile
1400

Asn
1415

Gly
1430

Asp

Lys

Tyr

Glu

Gly

Gly

Tyr

Ser

Tyr

Asp

Ile

Gly

Glu

Gly

Trp

Met

Lys

Phe

Asn

Tyr

Val

Phe

Ile

Phe

Gly

Ser

Phe

Gly

Lys

Gln

Glu

Ala

Asp

Asn

Ile

Met

Ala

Asn

Thr

Glu

Glu

Glu

Gln

Lys

Thr



Ile

Ala

Leu

Lys

Tyr

Ile

Phe

Ile

Tyr

Asp

Thr

Asn

His

Lys

Asp
1435

Thr
1450

Asn
1465

Lys
1480

Thr
1495

Met
1510

Ala
1525

Leu
1540

Phe
1555

Gly
1570

Gly
1585

Thr
1600

Phe
1615

Gly
1630

Gly

Gly

Thr

Tyr

Ser

Gln

Pro

Tyr

Gly

Lys

Trp

Ser

Tyr

Pro

Lys

Trp

Ala

Tyr

Ile

Ile

Ala

Gln

Ser

Lys

Gln

Ile

Phe

Asp

Lys

Gln

Glu

Phe

Asn

Gly

Asn

Asn

Asp

Tyr

Thr

Ala

Asn

Gly

Tyr

Thr

Ala

Asn

Gly

Val

Thr

Lys

Ser

Tyr

Ile

Ser

Thr

Phe

Tyr
1440

Ile
1455

Ala
1470

Thr
1485

Lys
1500

Phe
1515

Asp
1530

Phe
1545

Lys
1560

Phe
1575

Asn
1590

Thr
1605

Asp
1620

Glu
1635

Phe

Asp

Thr

Asn

His

Lys

Ala

Leu

Ala

Asn

Gly

Gly

Gly

Tyr

Asn

Gly

Gly

Thr

Phe

Gly

Asn

Thr

Val

Thr

Lys

Tyr

Ile

Phe

Leu

Lys

Trp

Phe

Tyr

Pro

Asn

Leu

Thr

Asn

Lys

Thr

Met

Ala

16

Asn

Lys

Gln

Ile

Phe

Asn

Ile

Asn

Gly

Thr

Tyr

Ile

Gln

Pro

Thr
1445

Tyr
1460

Thr
1475

Ala
1490

Asn
1505

Gly
1520

Glu
1535

Gly
1550

Leu
1565

Ala
1580

Tyr
1595

Ile
1610

Ile
1625

Ala
1640

Ala

Tyr

Ile

Ser

Thr

Phe

Gly

Lys

Arg

Val

Phe

Ser

Gly

Asn

Glu

Phe

Asp

Thr

Asp

Glu

Gln

Lys

Thr

Ala

Asn

Gly

Val

Thr

Ala

Asn

Gly

Gly

Gly

Tyr

Ala

Tyr

Ile

Val

Thr

Lys

Phe

Asp



Ala

Leu

Ala

Glu

Asn

Phe

Asp

Phe

Lys

Phe

Ile

Pro

Asn
1645

Tyr
1660

Ala
1675

Pro
1690

Lys
1705

Lys
1720

Ala
1735

Leu
1750

Ala
1765

Met
1780

Asp
1795

Gly
1810

<210> 2

<211>
<212>
<213>

<220>

<221>
<222>
<223>

Asn

Leu

Thr

Asn

Asn

Gly

Asn

His

Val

Pro

Gly

Ile

835
PRT
Clostridium difficile

Ile

His

Gly

Thr

Phe

Ser

Asn

Leu

Thr

Asp

Val

Tyr

Glu

Asp

Trp

Ala

Tyr

Asn

Ile

Leu

Gly

Thr

Ile

Gly

misc feature
(588) ..(588)
Xaa can be any naturally occurring amino acid

Gly

Asn

Val

Met

Phe

Gly

Glu

Gly

Trp

Ala

Tyr

Gln
1650

Ile
1665

Thr
1680

Gly
1695

Arg
1710

Phe
1725

Gly
1740

Lys
1755

Gln
1770

Met
1785

Phe
1800

Ala

Tyr

Ile

Ala

Asn

Glu

Gln

Ile

Thr

Ala

Phe

Ile

Tyr

Asp

Asn

Gly

Tyr

Ala

Tyr

Ile

Ala

Gly

Arg

Phe

Gly

Gly

Leu

Phe

Ile

Tyr

Asn

Ala

Val

17

Tyr

Gly

Asn

Tyr

Pro

Ala

Arg

Phe

Gly

Asp

Gln
1655

Asn
1670

Arg
1685

Lys
1700

Gln
1715

Pro
1730

Tyr
1745

Gly
1760

Lys
1775

Gly
1790

Gly
1805

Asn

Asn

Tyr

Thr

Ile

Ala

Gln

Asn

Val

Leu

Val

Arg

Ser

Tyr

Ile

Gly

Asn

Asn

Asn

Tyr

Phe

Lys

Phe

Lys

Phe

Asp

Val

Thr

Arg

Ser

Tyr

Glu

Ala



<400>

Met Glu Ile

1

Tyr

Ile

Leu

Ile

65

Asp

Lys

Gln

Tyr

Phe

145

Asn

Asp

Gly

Ala

Tyr

Lys

Asp

Ile

Val

Val

Asp

Trp

130

Leu

Asn

Leu

Tyr

Glu
210

Phe

Asp

Lys

Pro

Leu

Asn

Lys

115

Glu

Arg

Asn

Asp

Thr

195

Gln

Val

Thr

20

Gly

Asp

Ser

Met

Met

100

Asn

Leu

Asp

Phe

Thr

180

Ile

Gly

Asn

Asp

Asn

Lys

Lys

Gln

85

Lys

Leu

Asp

Tyr

Phe

165

Asp

Lys

Tyr

Glu

Glu

Leu

Ser

Asp

Val

Lys

Gly

Gly

Ser

150

Asp

Asn

Asp

Lys

Asp

His

Lys

Asp

55

Gly

Asn

Gly

Ser

Met

135

Asn

Pro

Asp

Leu

Lys
215

Ile

Phe

Phe

40

Val

Glu

Thr

Lys

Ile

120

Lys

Ile

Lys

Asn

Ile

200

Tyr

Leu

Lys

25

Glu

Lys

Tyr

Glu

Glu

105

Asp

Lys

Glu

Leu

Ile

185

Ala

Val

Pro

10

Asp

Glu

Ser

Thr

Ser

90

Tyr

Asn

Ile

Lys

Met

170

Pro

Val

Ser

18

Asn

Leu

Lys

Ile

Leu

75

Thr

Lys

Leu

Ile

Asp

155

Ser

Asp

Lys

Asn

Asn

Lys

Lys

Arg

Ser

Ile

Val

Ser

Pro

140

Asp

Asp

Ser

Trp

Tyr
220

Gly

Leu

Val

45

Trp

Thr

Ser

Arg

Ser

125

Glu

Pro

Trp

Tyr

Glu

205

Leu

Leu

Met

30

Asp

Thr

Asp

Asn

Ile

110

Pro

Glu

Phe

Glu

Glu

190

Asp

Glu

Met

15

Ala

Lys

Gly

Arg

Thr

95

Glu

Asn

Asn

Ile

Asp

175

Arg

Ser

Ser

Pro

Leu

Arg

Asp

Leu

Leu

Leu

Leu

Pro

160

Glu

Asn

Phe

Asn



Thr

225

Asp

Pro

His

Ser

Gln

305

Asp

Gly

Arg

Thr

Glu

385

Lys

Arg

Lys

Lys

Ala

Lys

Ile

Ala

Lys

290

Asn

Asn

Leu

Tyr

Asn

370

Asn

Gly

Leu

Gln

Asn

Gly

Ala

Val

Ser

275

Thr

Gly

Ser

Ser

Tyr

355

Leu

Gln

Leu

Ile

Ile

435

Ser

Asp

Ile

Gly

260

Thr

Glu

Phe

Thr

Ile

340

Asn

Val

Ile

Ser

Pro

420

Lys

Ser

Pro

Lys

245

Val

Asp

Ser

Thr

Ala

325

Asn

Thr

Leu

Gly

Pro

405

Ile

Leu

Gly

Tyr

230

Thr

Gly

Gln

Asn

Ala

310

Val

Lys

Gly

Asp

Asn

390

Leu

Asn

Glu

Gln

Thr

Glu

Met

Gly

Thr

295

Asn

Gln

Gly

Thr

Gly

375

Asn

Ala

Tyr

Thr

Ile

Asp

Ala

Glu

Lys

280

Ala

Val

Asp

Glu

Ala

360

Asp

Leu

Leu

Asp

Thr

440

Val

Tyr

Arg

Lys

265

Thr

Gly

Thr

Ser

Ser

345

Pro

Thr

Ser

Asn

Gln

425

Gln

Thr

Glu

Asp

250

Leu

Val

Val

Thr

Asn

330

Ala

Met

Leu

Pro

Thr

410

Leu

Val

Glu

19

Lys

235

Pro

Ile

Ser

Ser

Asn

315

Gly

Tyr

Tyr

Ser

Gly

395

Met

Lys

Ser

Gly

Ala

Leu

Ile

Arg

Val

300

Tyr

Glu

Ile

Lys

Thr

380

Asp

Asp

Lys

Gly

Asn

Ser

Val

Ser

Ala

285

Asn

Ser

Ser

Asn

Val

365

Ile

Thr

Gln

Leu

Asn

445

Ser

Gly

Ala

Thr

270

Thr

Val

His

Trp

Ala

350

Thr

Lys

Tyr

Phe

Asp

430

Phe

Trp

Ser

Ala

255

Asn

Thr

Gly

Thr

Asn

335

Asn

Pro

Ala

Pro

Ser

415

Ala

Gly

Ser

Phe

240

Glu

Asn

Tyr

Thr

320

Thr

Val

Thr

Gln

Lys

400

Ser

Gly

Thr

Asp



Tyr

465

Glu

Pro

Ala

Pro

Asn

545

Asn

Tyr

Asn

Leu

Tyr

625

Asn

Leu

Thr

450

Ile

Asn

Glu

Phe

Ile

530

Lys

Val

Phe

Val

Asn

610

Lys

Ser

Val

Glu

Ser

Glu

Asp

Gly

515

Asp

Ile

Lys

Thr

Asn

595

Gly

Arg

Ile

Pro

Lys
675

Gln

Ser

Lys

500

Ala

Glu

Lys

Leu

Asn

580

Thr

Glu

Tyr

Ile

Glu

660

Asp

Ile

Tyr

485

Thr

Thr

Ser

Asp

Glu

565

Phe

Thr

Thr

Val

Val

645

Gln

Ser

Asp

470

Glu

Pro

Lys

Cys

Ser

550

Arg

Asp

Asn

Lys

Phe

630

Lys

Gly

Ser

455

Ser

Arg

Glu

Lys

Val

535

Leu

Gly

Asp

Gln

Ile

615

Ser

Ile

Tyr

Asn

Ile

Arg

Leu

Asp

520

Glu

Lys

Met

Tyr

Asp

600

Lys

Gly

Lys

Thr

Ile
680

Ser

Val

Thr

505

Gly

Leu

Thr

Asn

Asn

585

Gly

Ile

Tyr

Ala

Lys

665

Glu

Ala

Thr

490

Ile

Leu

Ile

Leu

Ile

570

Asn

Leu

Pro

Ser

Lys

650

Phe

Ile

20

Ser

475

Ala

Gly

Leu

Phe

Ser

555

Leu

Tyr

Gln

Met

Lys

635

Glu

Ser

Thr

460

Ile

Lys

Glu

Tyr

Asp

540

Asp

Ile

Xaa

Gly

Ser

620

Asp

Glu

Tyr

Leu

Ile

Asn

Ala

Phe

525

Asp

Lys

Lys

Ser

Ser

605

Glu

Pro

Lys

Glu

Ile
685

Leu

Leu

Ile

510

Asn

Asn

Lys

Thr

Thr

590

Ala

Leu

Leu

Thr

Phe

670

Gly

Asp

Gln

495

Glu

Asp

Thr

Ile

Pro

575

Trp

Asn

Lys

Thr

Asp

655

Glu

Ser

Thr

480

Asp

Lys

Ile

Ala

Tyr

560

Thr

Ser

Lys

Pro

Ser

640

Tyr

Thr

Gly



Thr Thr
690

Glu Ile
705

Met Asp

Thr Gly

Asn Lys

Leu Gln
770

Arg Asn
785

Leu Arg

Leu Arg

Ser Val

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

<400>

3
5

Tyr

Leu

Ala

Asn

Glu

755

Tyr

Tyr

Ser

Ile

Asp
835

36

PRT

Clostridium difficile

3

Leu

Asp

His

Thr

740

Ala

Ser

Leu

Tyr

Tyr
820

Asp

Glu

Lys

725

Tyr

Leu

Gly

Gly

Phe

805

Ala

Asn

Pro

710

Ile

Ile

Asp

Phe

Asp

790

Thr

Ile

Leu

695

Glu

Tyr

Asn

Tyr

Lys

775

Pro

Gly

Thr

Ser

Val

Phe

Gly

Ile

760

Asp

Asn

Gly

Pro

Met Val Ser Gly Leu Ile Tyr Ile

1

5

Pro Pro Val Asn Asn Leu Ile Thr

20

Ile

Lys

Ala

Met

745

Gln

Ile

Gln

Glu

Asp
825

Asn

Gly
25

Thr

Ile

Asp

730

Tyr

Lys

Gly

Pro

Asn

810

Asp

Asp
10

Phe

Glu

Pro

715

Leu

Phe

Tyr

Thr

Lys

795

Ile

Arg

Ser

Val

Leu

700

Thr

Asn

Ala

Arg

Lys

780

Thr

Met

Glu

Leu

Thr

Lys Tyr Tyr Phe Asn Pro Ile Asn Gly Gly Ala Ala

35

40

21

Asn

Asp

Phe

Pro

Val

765

Asp

Asn

Thr

Leu

Tyr

Val

Ser
45

Ser Thr

Gln Glu

Asn Pro
735

Thr Gln
750

Glu Ala

Lys Glu

Tyr Val

Tyr Lys
815

Leu Val
830

Tyr Phe
15

Gly Asp
30

Ile Gly

Pro

Ile

720

Ser

Thr

Thr

Met

Asn

800

Lys

Leu

Lys

Asp

Glu



Thr

Gln

65

Ala

Gly

Arg

Ser

Tyr

145

Ser

Val

Gly

Phe

Ser

225

Asp

Lys

Ile

50

Thr

Asn

Lys

Gly

Pro

130

Lys

Ile

Gly

Glu

Ala

210

Tyr

Ser

Tyr

Ile

Gly

Thr

Leu

Ala

115

Glu

Tyr

Asn

Tyr

Met

195

His

Ser

Phe

Tyr

Asp

Val

Leu

Ile

100

Val

Thr

Tyr

Asp

Thr

180

Gln

His

Gly

Thr

Phe
260

Asp

Phe

Asp

85

Ile

Glu

Gly

Phe

Asn

165

Glu

Ile

Asn

Ile

Ala

245

Asp

Lys

Ser

70

Glu

Asp

Trp

Lys

Asn

150

Lys

Ile

Gly

Glu

Leu

230

Val

Glu

Asn

55

Thr

Asn

Glu

Lys

Ala

135

Ser

His

Asp

Val

Asp

215

Asn

Val

Asp

Tyr

Glu

Leu

Asn

Glu

120

Phe

Asp

Tyr

Gly

Phe

200

Leu

Phe

Gly

Thr

Tyr

Asp

Glu

Ile

105

Leu

Lys

Gly

Phe

Lys

185

Asn

Gly

Asn

Trp

Ala
265

Phe

Gly

Gly

90

Tyr

Asp

Gly

Val

Asp

170

His

Thr

Asn

Asn

Lys

250

Glu

22

Asn

Phe

75

Glu

Tyr

Gly

Leu

Met

155

Asp

Phe

Glu

Glu

Lys

235

Asp

Ala

Gln

60

Lys

Ala

Phe

Glu

Asn

140

Gln

Ser

Tyr

Asp

Glu

220

Ile

Leu

Tyr

Ser

Tyr

Ile

Asp

Met

125

Gln

Lys

Gly

Phe

Gly

205

Gly

Tyr

Glu

Ile

Gly

Phe

Asp

Asp

110

His

Ile

Gly

Val

Ala

190

Phe

Glu

Tyr

Asp

Gly
270

Val

Ala

Phe

95

Asn

Tyr

Gly

Phe

Met

175

Glu

Lys

Glu

Phe

Gly

255

Leu

Leu

Pro

80

Thr

Tyr

Phe

Asp

Val

160

Asn

Tyr

Ile

Asp

240

Ser

Ser



Leu

Val

Gly

305

Ile

Gly

Gly

Tyr

Met

385

Ala

Glu

Tyr

Glu

Val

465

Leu

Asp

Ile

Gly

290

Ile

Asp

Tyr

Gln

Tyr

370

Glu

Cys

Lys

Tyr

Asp

450

Phe

Asp

Leu

Asn

275

Phe

Ile

Asp

Lys

Ala

355

Phe

Asn

Lys

Gly

Phe

435

Lys

Asn

Glu

Asp

Asp

Val

Glu

Asn

Tyr

340

Val

Gly

Glu

Gly

Ile

420

Asn

Met

Thr

Asn

Glu
500

Gly

Thr

Ser

Gly

325

Phe

Glu

Glu

Ser

Ile

405

Met

Glu

Phe

Pro

Phe

485

Lys

Gln

Ile

Gly

310

Ile

Ala

Tyr

Thr

Asp

390

Asn

Arg

Asn

Tyr

Asp

470

Glu

Arg

Tyr

Asn

295

Val

Val

Pro

Ser

Tyr

375

Lys

Leu

Thr

Gly

Phe

455

Gly

Gly

Tyr

Tyr

280

Asp

Gln

Gln

Ala

Gly

360

Thr

Tyr

Ile

Gly

Glu

440

Gly

Phe

Glu

Tyr

Phe

Lys

Asn

Ile

Asn

345

Leu

Ile

Tyr

Asp

Leu

425

Met

Glu

Lys

Ser

Phe
505

Asn

Val

Ile

Gly

330

Thr

Val

Glu

Phe

Asp

410

Ile

Gln

Asp

Tyr

Ile

490

Thr

23

Asp

Phe

Asp

315

Val

Val

Arg

Thr

Asn

395

Ile

Ser

Phe

Gly

Phe

475

Asn

Asp

Asp

Tyr

300

Asp

Phe

Asn

Val

Gly

380

Pro

Lys

Phe

Gly

Val

460

Ala

Tyr

Glu

Gly

285

Phe

Asn

Asp

Asp

Gly

365

Trp

Glu

Tyr

Glu

Tyr

445

Met

His

Thr

Tyr

Ile

Ser

Tyr

Thr

Asn

350

Glu

Ile

Thr

Tyr

Asn

430

Ile

Gln

Gln

Gly

Ile
510

Met

Asp

Phe

Ser

335

Ile

Asp

Tyr

Lys

Phe

415

Asn

Asn

Ile

Asn

Trp

495

Ala

Gln

Ser

Tyr

320

Asp

Tyr

Val

Asp

Lys

400

Asp

Asn

Ile

Gly

Thr

480

Leu

Ala



Thr Gly Ser Val Ile Ile Asp Gly Glu Glu Tyr Tyr Phe Asp Pro Asp

515

520

Thr Ala Gln Leu Val Ile Ser Glu

530

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

<400>

4
438
PRT

Clostridium difficile

Met Val Thr

1

Pro

Gln

Asp

Tyr

65

Asp

Gly

Phe

Phe

Gly

145

Gly

Ala

Asn

Ser

50

Phe

Gly

Trp

Ile

Asn

130

Phe

Gln

Asn

Lys

35

Lys

Asn

Lys

Gln

Ala

115

Thr

Glu

Ala

Gly

Thr

20

Phe

Ala

Leu

Lys

Thr

100

Ser

Asp

Tyr

Ile

Val

His

Leu

Val

Asn

Tyr

85

Ile

Thr

Gly

Phe

Leu

Phe

Asn

Thr

Thr

Thr

70

Tyr

Asp

Gly

Ile

Ala

150

Tyr

535

Lys

Asn

Leu

Gly

55

Ala

Phe

Gly

Tyr

Met

135

Pro

Gln

Gly

Asn

Asn

40

Trp

Glu

Asn

Lys

Thr

120

Gln

Ala

Asn

Pro

Ile

25

Gly

Gln

Ala

Leu

Lys

105

Ser

Ile

Asn

Lys

Asn

10

Glu

Lys

Thr

Ala

Asn

90

Tyr

Ile

Gly

Thr

Phe

24

Gly

Gly

Lys

Ile

Thr

75

Thr

Tyr

Asn

Val

Asp

155

Leu

Phe

Gln

Tyr

Asp

60

Gly

Ala

Phe

Gly

Phe

140

Ala

Thr

525

Glu

Ala

Tyr

45

Gly

Trp

Glu

Asn

Lys

125

Lys

Asn

Leu

Tyr

Ile

30

Phe

Lys

Gln

Ala

Thr

110

His

Gly

Asn

Asn

Phe

15

Val

Asp

Lys

Thr

Ala

95

Asn

Phe

Pro

Ile

Gly

Ala

Tyr

Asn

Tyr

Ile

80

Thr

Thr

Tyr

Asn

Glu

160

Lys



Lys

Ile

Thr

Thr

225

Tyr

Asp

Glu

Asn

Thr

305

Ala

Gly

Phe

Arg

Gly
385

Tyr

Asp

Gly

210

Ser

Phe

Gly

Gly

Ile

290

Ile

Asn

Leu

Ala

Tyr

370

Asn

Tyr

Gly

195

Trp

Ile

Asn

Phe

Gln

275

Tyr

Asp

Gly

Pro

Pro

355

Gln

Asn

Phe

180

Gln

Ala

Thr

Glu

260

Ala

Tyr

Gly

Tyr

Gln

340

Ala

Asn

Ser

165

Gly

Lys

Thr

Ser

Asp

245

Tyr

Ile

Phe

Asn

Lys

325

Ile

Asn

Arg

Lys

Ser

Tyr

Ile

Thr

230

Gly

Phe

Arg

Gly

Arg

310

Thr

Gly

Thr

Phe

Ala
390

Asp

Tyr

Asn

215

Gly

Ile

Ala

Tyr

Asn

295

Tyr

Ile

Val

Asp

Leu

375

Val

Ser

Phe

200

Gly

Tyr

Met

Pro

Gln

280

Asn

Tyr

Asp

Phe

Ala

360

His

Thr

Lys

185

Asn

Lys

Thr

Gln

Ala

265

Asn

Ser

Phe

Asn

Lys

345

Asn

Leu

Gly

170

Ala

Thr

Lys

Ile

Ile

250

Asn

Arg

Lys

Glu

Lys

330

Gly

Asn

Leu

Trp

25

Val

Asn

Tyr

Ile

235

Gly

Thr

Phe

Ala

Pro

315

Asn

Ser

Ile

Gly

Gln
395

Thr

Thr

Tyr

220

Ser

Val

Asp

Leu

Ala

300

Asn

Phe

Asn

Glu

Lys

380

Thr

Gly

Ala

205

Phe

Gly

Phe

Ala

Tyr

285

Thr

Thr

Tyr

Gly

Gly

365

Ile

Ile

Leu

190

Val

Asn

Lys

Lys

Asn

270

Leu

Gly

Ala

Phe

Phe

350

Gln

Tyr

Asn

175

Arg

Ala

Thr

His

Gly

255

Asn

His

Trp

Met

Arg

335

Glu

Ala

Tyr

Gly

Thr

Val

Asn

Phe

240

Pro

Ile

Asp

Val

Gly

320

Asn

Tyr

Ile

Phe

Lys
400



Val Tyr Tyr Phe Met Pro Asp Thr Ala Met Ala Ala Ala Gly Gly Leu

405

410

415

Phe Glu Ile Asp Gly Val Ile Tyr Phe Phe Gly Val Asp Gly Val Lys

420

Ala Pro Gly Ile Tyr Gly

435

<210> 5
<211>
<212>
<213>

DNA

<220>
<223>

<220>
<221>
<222>
<223>

<400> 5
atggaaatcg

gatgagcact
gaggaaaaga
tggaccggca
gatgtcttga
aagaagggaa
gacaacctct
gaggaaaact
aacaacaact
gataacgaca
gctgtgaagt
ttggagtcga
gataaggcta

gtcggtatgg

acagtttcaa

5442

misc feature
(1763) ..(1763)
n is a, ¢, g,

tcaacgaaga
tcaaggacct
aggtcgataa
gaatcatccc
tgcaggtgaa
aggagtacaa
cctctccaaa
tgttcctgcg
tcttcgatcc
acatccctga
gggaggactc
acacagctgg
tcaagaccga
agaagttgat

gagccaccac

Artificial Sequence

or t

catcctgccg
gaagctcatg
gctgctcgac
atccaaggat
caccgaatcg
ggtgcgcatc
cctctactgg
tgactacagc
caagctgatg
cagctacgag
cttcgccgaa
tgacccctac
ggctagggac
catcagcact

taactcgaag

425

Triple toxin vaccine BV1470

aacaacggtt
gctcctatca
aaggataaga
ggagagtaca
actatctcca
gaactgcaag
gagttggatg
aacatcgaaa
tctgactggg
cgcaacggat
cagggttaca
accgactacg
ccactcgtcg
aacgaacacg

accgagtcca

26

430

tgatgggcta
aggacggaaa
gcgacgttaa
ctctctctac
acactctgaa
ataagaacct
gcatgaagaa
aggacgatcc
aggacgaaga
acactatcaa
agaagtacgt
aaaaggcctc
ctgcttaccc
cttcaactga

acactgctgg

ctacttcacc
cctgaagttc
gtcaatcagg
agaccgtgac
ggtgaacatg
cggttctatc
gatcatcccg
cttcatccct
tctcgacacc
ggatctcatc
ctcaaactac
cggctctttce
catcgtggga

ccagggcaag

cgtttccgtg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900



aacgtcggcet
gataactcca
aacaagggcg
cccatgtaca
atcaaggctc
aagggattgt
atcaactacg
caagtctccg
agctggtcag
gagaacgaat
acaccggaac
ggcttgctgt
gataacactg
aacgtgaagc
ttcgacgatt
ggactgcaag
gaactgaagc
aactcaatca
cagggctaca
gaaatcaccc
aactcgactc
atggacgctc
tacatcaacg
cagaagtacc
gacaaggaga
ctgagatcat
gctatcaccc
ggtctcatct

acaggtttcg

accagaacgg
ccgctgtgcea
aaagcgctta
aggtgacccc
aggagaacca
caccactggc
atcaactcaa
gtaacttcgg
attacatctc
cctacgagcg
tgaccatcgg
acttcaacga
ctaacaagat
tcgagagggg
acaacaacta
gttcggccaa
cgtacaagag
tcgtgaagat
ctaagttctc
tcatcggcag
ccgaaatcct
acaagatcta
gcatgtactt
gtgtcgaagc
tgaggaacta
acttcactgg
ctgacgaccg
acatcaacga

ttaccgtggg

attcaccgcc
agactctaac
catcaacgcc
taccactaac
aatcggaaac
cctcaacact
gaagttggac
caccaagaac
acaaatcgac
tcgcgtgacce
cgaggccatc
tatccctatc
caaggattcc
tatgaacatc
ccnttctacce
caagctcaac
atacgtgttc
caaggctaag
ttacgagttc
cggaacaacc
ggacgagccc
cttcgccgac
cgctcctaca
cactctccaa
cttgggtgac
tggcgagaac
tgaactcttg
ctcgttgtac

cgacgataag

aacgttacaa
ggagagagct
aacgtccgcet
ctcgtcttgg
aacctcagcc
atggaccagt
gctggcaagc
tcgtccggcece
tcgatctccg
gctaagaact
gaaaaggctt
gacgagtcct
ctgaagacac
ttgatcaaga
tggagcaacg
ggcgagacca
tcaggctact
gaggaaaaga
gaaaccactg
tacttggaca
gaagtcaaga
ctgaacttca
caaaccaaca
tactccggtt
ccaaaccagc
atcatgacat
gttttgtccg
tacttcaagc

tactacttca

27

ccaactactc
ggaacactgg
actacaacac
atggagacac
ccggtgacac
tcagctcaag
agatcaagct
agatcgttac
cctctatcat
tgcaggaccc
tcggtgccac
gcgttgaact
tctctgacaa
cccccactta
tcaacactac
agatcaagat
cgaaggaccc
ccgactacct
agaaggactc
acctgtcaat
tccctaccga
acccctctac
aggaggccct
tcaaggatat
cgaagaccaa
acaagaagct
tggacgctag
cccctgtgaa

acccaatcaa

gcacactaca
tctgtctatc
tggcacagcc
actgtctacc
ataccctaag
gttgatcccg
ggagacaacc
tgaaggaaac
cctggacaca
cgaggacaag
caagaaggac
gatcttcgac
gaagatctac
cttcacaaac
aaaccaggac
cccaatgagc
actcactagc
ggtccccgag
tagcaacatc
caccgagttg
tcaggagatc
tggaaacaca
ggactacatc
cggcacaaag
ctacgtgaac
gcgtatctac
catggtcagc

caacctgatc

cggtggcgct

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640



gcctccatcg
ctccaaactg
ttggacgaaa
aacatctact
gagatgcact
gactacaagt
gacaacaagc
ggcaagcact
gatggtttca
atcagctact
accgctgtgg
actgctgaag
gatggcatca
tccggtatca
aacggaatcg
gccaacaccg
gttggagaag
gacatggaga
ggtatcaacc
ggcctcatct
ggttacatca
ggtgttttca
aacttcgagg
tacttcaccg
tacttcgacc
ttcaagggtc
gaaggtcaag
tttgacaacg

ttcaatctga

gcgagaccat
gtgtgttctc
acctggaggg
acttcgacga
acttctctcc
actacttcaa
actacttcga
tctacttcgce
agtacttcgc
caggcatcct
tcggatggaa
cctacatcgg
tgcaagtcgg
tcgagtctgg
tgcaaatcgg
tgaacgacaa
acgtgtacta
acgaatctga
tgatcgacga
cattcgaaaa
acatcgagga
acactccaga
gagaatccat
acgaatacat
cggatacagc
ccaacggctt
ctatcgtcta
attctaaggc

acactgccga

catcgacgat
aacagaggac
tgaagccatc
taactaccgc
agaaaccggc
ctcggatggce
cgattccggt
tgagaacgga
ccaccacaac
gaacttcaac
ggacctggag
cctgtcgcetc
attcgttacc
cgtccagaac
tgtcttcgac
catctacgga
cttcggcgag
caagtactac
tatcaagtac
caacaactac
caagatgttc
cggcttcaag
caactacact
cgctgccact
ccagctggtce
cgagtacttc
ccaaaacaag
cgttactggce

ggctgccacc

aagaactact
ggtttcaagt
gacttcactg
ggtgctgtgg
aaggccttca
gtgatgcaaa
gttatgaaag
gaaatgcaga
gaagatttgg
aacaagatct
gatggtagca
atcaacgacg
atcaacgaca
atcgacgata
acaagcgatg
caggctgtgg
acctacacta
ttcaaccctg
tacttcgatg
tacttcaacg
tacttcggag
tacttcgctc
ggttggttgg
ggctccgtca
atctctgaat
gctcccgceca
ttcttgaccc

tggcaaacaa

ggttggcaga

28

acttcaacca
acttcgctcc
gcaagttgat
agtggaagga
agggattgaa
agggattcgt
tgggctacac
tcggtgtctt
gcaacgagga
actacttcga
agtactactt
gacagtacta
aggtgttcta
actacttcta
gctacaagta
agtactcagg
tcgaaactgg
agacaaagaa
aaaagggtat
agaacggaga
aagatggtgt
accaaaacac
acctggatga
tcatcgacgg
ctagaatggt
acactcacaa
tgaacggcaa
tcgacggaaa

ctatcgatgg

gagcggagtt
ggccaacacc
catcgatgag
actcgacggc
ccagatcggt
ctccatcaac
agagatcgac
caacactgaa
aggagaggaa
tgactctttc
cgacgaggat
cttcaacgac
cttctcggat
catcgacgat
cttcgctccce
cctggtccgt
atggatctac
ggcctgcaag
catgcgcacc
aatgcaattc
catgcagatc
actcgacgag
gaagaggtac
agaggaatac
gaccggtgtc
caacaacatc
gaagtattat
gaagtattat

caagaagtac

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380



tactttaacc
tactatttta
catttttatt
ttcgaatact
taccaaaaca
gccgtcactg
gttgctgtga
tcaatcgctt
ggcatcatgc
aacactgatg
ctccacgaca
atcgatggta
acaatcgaca
ggatcaaacg
caagctatca
aacaactcga
ccagacaccg
ttcggcgttg
<210> 6

<211>

<212>
<213>

DNA

<220>
<221>
<222>
<223>

<400> ©
atggaaatcg

gatgagcact
gaggaaaaga
tggaccggca

gatgtcttga

2505

tcaacactgc
acacaaacac
tcaacaccga
tcgctceccgge
agttcctcac
gactgaggac
ccggctggea
cgaccggtta
aaatcggtgt
ctaacaacat
acatctacta
accgttacta
acaagaactt
gtttcgagta
ggtaccaaaa
aggccgttac
ctatggctgc

atggagtgaa

misc feature
(1763) ..(1763)
n is a, ¢, g,

tcaacgaaga
tcaaggacct
aggtcgataa
gaatcatccc

tgcaggtgaa

cgaagctgcc
cttcatcgcect
tggaatcatg
taacacagac
tttgaacggc
aatcgatggc
gactatcaac
cactatcatc
cttcaagggc
cgagggacag
cttcggcaac
cttcgagccc
ctacttccgce
cttcgctcct
cagattcctg
tggttggcag
cgctggtggce

ggctccgggt

Clostridium difficile

or t

catcctgccg
gaagctcatg
gctgctcgac
atccaaggat

caccgaatcg

acaggatggc
tctactggct
cagatcggtg
gctaacaaca
aagaagtact
aagaagtact
ggaaagaagt
tctggcaagc
cccgatggcet
gctatccgtt
aactcaaagg
aacactgcca
aacggtctcc
gccaacaccg
cacctgctcg
acaatcaacg
ctcttcgaaa

atctacggct

aacaacggtt
gctcctatca
aaggataaga
ggagagtaca

actatctcca

29

aaaccatcga
acacaagcat
tgttcaaggg
tcgagggcca
attttggcectc
actttaatac
attatttcaa
atttttattt
tcgaatactt
accaaaaccg
ctgccacagg
tgggtgctaa
cacagatcgg
acgccaacaa
gcaagatcta
gcaaggtgta
tcgacggcgt

aa

tgatgggcta
aggacggaaa
gcgacgttaa
ctctctctac

acactctgaa

cggcaagaag
caacggaaag
accaaacggt
ggctatcttg
tgacagcaag
taacacagcc
taccaacact
taacaccgac
cgcccecgcet
cttcctgtac
atgggtgacc
cggctacaag
cgtcttcaag
catcgagggc
ctacttcgga
ctacttcatg

gatctacttc

ctacttcacc
cctgaagttc
gtcaatcagg
agaccgtgac

ggtgaacatg

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5442

60

120

180

240

300



aagaagggaa
gacaacctct
gaggaaaact
aacaacaact
gataacgaca
gctgtgaagt
ttggagtcga
gataaggcta
gtcggtatgg
acagtttcaa
aacgtcggcet
gataactcca
aacaagggcg
cccatgtaca
atcaaggctc
aagggattgt
atcaactacg
caagtctccg
agctggtcag
gagaacgaat
acaccggaac
ggcttgctgt
gataacactg
aacgtgaagc
ttcgacgatt
ggactgcaag
gaactgaagc
aactcaatca

cagggctaca

aggagtacaa
cctctccaaa
tgttcctgeg
tcttcgatcce
acatccctga
gggaggactc
acacagctgg
tcaagaccga
agaagttgat
gagccaccac
accagaacgg
ccgctgtgcea
aaagcgctta
aggtgacccc
aggagaacca
caccactggc
atcaactcaa
gtaacttcgg
attacatctc
cctacgagceg
tgaccatcgg
acttcaacga
ctaacaagat
tcgagagggg
acaacaacta
gttcggccaa
cgtacaagag
tcgtgaagat

ctaagttctc

ggtgcgcatc
cctctactgg
tgactacagc
caagctgatg
cagctacgag
cttcgccgaa
tgacccctac
ggctagggac
catcagcact
taactcgaag
attcaccgcce
agactctaac
catcaacgcc
taccactaac
aatcggaaac
cctcaacact
gaagttggac
caccaagaac
acaaatcgac
tcgcgtgacc
cgaggccatc
tatccctatc
caaggattcc
tatgaacatc
ccnttctacce
caagctcaac
atacgtgttc
caaggctaag

ttacgagttc

gaactgcaag
gagttggatg
aacatcgaaa
tctgactggg
cgcaacggat
cagggttaca
accgactacg
ccactcgtcg
aacgaacacg
accgagtcca
aacgttacaa
ggagagagct
aacgtccgcet
ctcgtcttgg
aacctcagcc
atggaccagt
gctggcaagc
tcgtccggcece
tcgatctccg
gctaagaact
gaaaaggctt
gacgagtcct
ctgaagacac
ttgatcaaga
tggagcaacg
ggcgagacca
tcaggctact
gaggaaaadga

gaaaccactg

30

ataagaacct
gcatgaagaa
aggacgatcc
aggacgaaga
acactatcaa
agaagtacgt
aaaaggcctc
ctgcttaccc
cttcaactga
acactgctgg
ccaactactc
ggaacactgg
actacaacac
atggagacac
ccggtgacac
tcagctcaag
agatcaagct
agatcgttac
cctctatcat
tgcaggaccc
tcggtgccac
gcgttgaact
tctctgacaa
cccccactta
tcaacactac
agatcaagat
cgaaggaccce
ccgactacct

agaaggactc

cggttctatc
gatcatcccg
cttcatccct
tctcgacacc
ggatctcatc
ctcaaactac
cggctctttc
catcgtggga
ccagggcaag
cgtttcecgtg
gcacactaca
tctgtctatc
tggcacagcc
actgtctacc
ataccctaag
gttgatcccg
ggagacaacc
tgaaggaaac
cctggacaca
cgaggacaag
caagaaggac
gatcttcgac
gaagatctac
cttcacaaac
aaaccaggac
cccaatgagc
actcactagc
ggtccccgag

tagcaacatc

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040



gaaatcaccc
aactcgactc
atggacgctc
tacatcaacg
cagaagtacc
gacaaggaga
ctgagatcat
gctatcaccc
<210> 7

<211>

<212>
<213>

DNA
<400> 7

atggtcagcg
aacctgatca
ggtggcgctg
agcggagttc
gccaacacct
atcgatgaga
ctcgacggcg
cagatcggtg
tccatcaacg
gagatcgacg
aacactgaag
ggagaggaaa
gactctttca
gacgaggata
ttcaacgacg
ttctcggatt

atcgacgata

1608

tcatcggcag
ccgaaatcct
acaagatcta
gcatgtactt
gtgtcgaagc
tgaggaacta
acttcactgg

ctgacgaccg

gtctcatcta
caggtttcgt
cctccatcgg
tccaaactgg
tggacgaaaa
acatctacta
agatgcacta
actacaagta
acaacaagca
gcaagcactt
atggtttcaa
tcagctactc
ccgctgtggt
ctgctgaagc
atggcatcat
ccggtatcat

acggaatcgt

cggaacaacc
ggacgagccc
cttcgccgac
cgctcctaca
cactctccaa
cttgggtgac
tggcgagaac

tgaactcttg

Clostridium difficile

catcaacgac
taccgtgggce
cgagaccatc
tgtgttctca
cctggagggt
cttcgacgat
cttctctcca
ctacttcaac
ctacttcgac
ctacttcgct
gtacttcgcc
aggcatcctg
cggatggaag
ctacatcggce
gcaagtcgga
cgagtctggce

gcaaatcggt

tacttggaca
gaagtcaaga
ctgaacttca
caaaccaaca
tactccggtt
ccaaaccagc
atcatgacat

gttttgtccg

tcgttgtact
gacgataagt
atcgacgata
acagaggacg
gaagccatcg
aactaccgcg
gaaaccggca
tcggatggceg
gattccggtg
gagaacggag
caccacaacg
aacttcaaca
gacctggagg
ctgtcgctca
ttcgttacca
gtccagaaca

gtcttcgaca

31

acctgtcaat
tccctaccga
acccctctac
aggaggccct
tcaaggatat
cgaagaccaa
acaagaagct

tggac

acttcaagcc
actacttcaa
agaactacta
gtttcaagta
acttcactgg
gtgctgtgga
aggccttcaa
tgatgcaaaa
ttatgaaagt
aaatgcagat
aagatttggg
acaagatcta
atggtagcaa
tcaacgacgg
tcaacgacaa
tcgacgataa

caagcgatgg

caccgagttg
tcaggagatc
tggaaacaca
ggactacatc
cggcacaaag
ctacgtgaac

gcgtatctac

ccctgtgaac
cccaatcaac
cttcaaccag
cttcgctcecceg
caagttgatc
gtggaaggaa
gggattgaac
gggattcgtc
gggctacaca
cggtgtcttc
caacgaggaa
ctacttcgat
gtactacttc
acagtactac
ggtgttctac
ctacttctac

ctacaagtac

2100

2160

2220

2280

2340

2400

2460

2505

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020



ttcgctceccg
ctggtccgtg
tggatctacg
gcctgcaagg
atgcgcaccg
atgcaattcg
atgcagatcg
ctcgacgaga
aagaggtact
gaggaatact
<210> 8

<211>

<212>
<213>

DNA
<400> 8

atggtgaccg
cacaacaaca
ggcaagaagt
ggaaagaagt
gatggcaaga
atcgacggca
agcatcaacg
aagggaccaa
ggccaggcta
ggctctgaca
aatactaaca
ttcaatacca
tattttaaca
tacttcgccc

aaccgcttcc

acaggatggg

1317

ccaacaccgt
ttggagaaga
acatggagaa
gtatcaacct
gcctcatctc
gttacatcaa
gtgttttcaa
acttcgaggg
acttcaccga

acttcgaccc

gtgtcttcaa
acatcgaagg
attattttga
attatttcaa
agtactactt
agaagtacta
gaaagcattt
acggtttcga
tcttgtacca
gcaaggccgt
cagccgttgce
acacttcaat
ccgacggcat
ccgctaacac
tgtacctcca

tgaccatcga

gaacgacaac
cgtgtactac
cgaatctgac
gatcgacgat
attcgaaaac
catcgaggac
cactccagac
agaatccatc
cgaatacatc

ggatacagcc

Clostridium difficile

gggtcccaac
tcaagctatc
caacgattct
tctgaacact
taacctcaac
ttttaacaca
ttatttcaac
atacttcgcect
aaacaagttc
cactggactg
tgtgaccggce
cgcttcgacc
catgcaaatc
tgatgctaac
cgacaacatc

tggtaaccgt

atctacggac
ttcggcgaga
aagtactact
atcaagtact
aacaactact
aagatgttct
ggcttcaagt
aactacactg
gctgccactg

cagctggtca

ggcttcgagt
gtctaccaaa
aaggccgtta
gccgaggcetg
actgccgaag
aacaccttca
accgatggaa
ccggctaaca
ctcactttga
aggacaatcg
tggcagacta
ggttacacta
ggtgtcttca
aacatcgagg
tactacttcg

tactacttcg

32

aggctgtgga
cctacactat
tcaaccctga
acttcgatga
acttcaacga
acttcggaga
acttcgctca
gttggttgga
gctccgtcat

tctctgaa

acttcgctcc
acaagttctt
ctggctggca
ccaccggttg
ctgccacagg
tcgcttctac
tcatgcagat
cagacgctaa
acggcaagaa
atggcaagaa
tcaacggaaa
tcatctctgg
agggccccga
gacaggctat
gcaacaactc

agcccaacac

gtactcaggc
cgaaactgga
gacaaagaag
aaagggtatc
gaacggagaa
agatggtgtc
ccaaaacaca
cctggatgag

catcgacgga

cgccaacact
gaccctgaac
aacaatcgac
gcagactatc
atggcaaacc
tggctacaca
cggtgtgttc
caacatcgag
gtactatttt
gtactacttt
gaagtattat
caagcatttt
tggcttcgaa
ccgttaccaa
aaaggctgcc

tgccatgggt

1080

1140

1200

1260

1320

1380

1440

1500

1560

1608

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960



gctaacggct
atcggcgtcet
aacaacatcg
atctactact
gtgtactact
ggcgtgatct
<210> 9

<211>

<212>
<213>

PRT

<220>
<223>

<220>
<221>
<222>
<223>

<400> 9

Met Glu Ile

1

Tyr Tyr

Ile Lys
Leu

Asp

Ile
65

Ile
Val

Asp

Lys Val

1820

Phe

Asp

Lys

Pro

Leu

Asn

acaagacaat
tcaagggatc
agggccaagc
tcggaaacaa
tcatgccaga

acttcttcgg

misc feature
(595) .. (595)
Xaa can be any naturally

Val Asn

Thr
20

Asp

Gly Asn

Asp Lys

Ser Lys

Met Gln

85

Met
100

Lys

Glu

Glu

Leu

Ser

Asp

Val

Lys

cgacaacaag
aaacggtttc
tatcaggtac
ctcgaaggcec
caccgctatg

cgttgatgga

Artificial Sequence

Asp Ile

Phe

His

Phe
40

Lys

Asp Val

55

Gly Glu

Thr

Asn

Gly Lys

aacttctact
gagtacttcg
caaaacagat
gttactggtt
gctgccgctg

gtgaaggctc

Triple toxin vaccine BV1420

occurring amino

Pro Asn

10

Leu

Lys Leu

25

Asp

Glu Glu Lys

Lys Ser Ile

Thr Leu

75

Tyr

Glu Ser Thr

90

Glu
105

Tyr Lys

33

tccgcaacgg
ctcctgccaa
tcctgcacct
ggcagacaat
gtggcctctt

cgggtatcta

acid

Asn Gly Leu

Met
30

Lys Leu

Val
45

Lys Asp

Arg Trp Thr

Ser Thr Asp

Ile Ser Asn

Val Ile

110

Arg

tctcccacag
caccgacgcc
gctcggcaag
caacggcaag
cgaaatcgac

cggctaa

Met
15

Ala Pro

Leu

Lys

Arg

Arg

Asp

Thr
95

Leu

Glu Leu

1020

1080

1140

1200

1260

1317



Gln

Tyr

Phe

145

Asn

Arg

Ile

Ala

Val

225

Glu

Asp

Leu

Val

Val

305

Thr

Asn

Asp

Trp

130

Leu

Asn

Met

Pro

Val

210

Ser

Lys

Pro

Ile

Ser

290

Ser

Asn

Gly

Lys

115

Glu

Arg

Asn

Ser

Asp

195

Lys

Asn

Ala

Leu

Ile

275

Arg

Val

Tyr

Glu

Asn

Leu

Asp

Phe

Asp

180

Ser

Trp

Tyr

Ser

Val

260

Ser

Ala

Asn

Ser

Ser
340

Leu

Asp

Tyr

Phe

165

Trp

Tyr

Glu

Leu

Gly

245

Ala

Thr

Thr

Val

His

325

Trp

Gly

Gly

Ser

150

Asp

Glu

Glu

Asp

Glu

230

Ser

Ala

Asn

Thr

Gly

310

Thr

Asn

Ser

Met

135

Asn

Pro

Asp

Arg

Ser

215

Ser

Phe

Tyr

Glu

Asn

295

Tyr

Thr

Thr

Ile

120

Lys

Ile

Lys

Glu

Asn

200

Phe

Asn

Asp

Pro

His

280

Ser

Gln

Asp

Gly

Asp

Lys

Glu

Leu

Asp

185

Gly

Ala

Thr

Lys

Ile

265

Ala

Lys

Asn

Asn

Leu
345

Asn

Ile

Lys

Arg

170

Leu

Tyr

Glu

Ala

Ala

250

Val

Ser

Thr

Gly

Ser

330

Ser

34

Leu

Ile

Asp

155

Ala

Asp

Thr

Gln

Gly

235

Ile

Gly

Thr

Glu

Phe

315

Thr

Ile

Ser

Pro

140

Asp

Arg

Thr

Ile

Gly

220

Asp

Lys

Val

Asp

Ser

300

Thr

Ala

Asn

Ser

125

Glu

Pro

Arg

Asp

Lys

205

Tyr

Pro

Thr

Gly

Gln

285

Asn

Ala

Val

Lys

Pro

Glu

Phe

Arg

Asn

190

Asp

Lys

Tyr

Glu

Met

270

Gly

Thr

Asn

Gln

Gly
350

Asn

Asn

Ile

Lys

175

Asp

Leu

Lys

Asp

Ala

255

Glu

Lys

Ala

Val

Asp

335

Glu

Leu

Leu

Pro

160

Lys

Asn

Ile

Tyr

Tyr

240

Arg

Lys

Thr

Gly

Thr

320

Ser

Ser



Ala

Met

Leu

385

Pro

Thr

Leu

Val

Glu

465

Ala

Thr

Ile

Leu

Ile

545

Leu

Tyr

Tyr

370

Ser

Gly

Met

Lys

Ser

450

Gly

Ser

Ala

Gly

Leu

530

Phe

Ser

Ile

355

Lys

Thr

Asp

Asp

Lys

435

Gly

Asn

Ile

Lys

Glu

515

Tyr

Asp

Asp

Asn

Val

Ile

Thr

Gln

420

Leu

Asn

Ser

Ile

Asn

500

Ala

Phe

Asp

Lys

Ala

Thr

Lys

Tyr

405

Phe

Asp

Phe

Trp

Leu

485

Leu

Ile

Asn

Asn

Lys
565

Asn

Pro

Ala

390

Pro

Ser

Ala

Gly

Ser

470

Asp

Gln

Glu

Asp

Thr

550

Ile

Val

Thr

375

Gln

Lys

Ser

Gly

Thr

455

Asp

Thr

Asp

Lys

Ile

535

Ala

Tyr

Arg

360

Thr

Glu

Lys

Arg

Lys

440

Lys

Tyr

Glu

Pro

Ala

520

Pro

Asn

Asn

Tyr

Asn

Asn

Gly

Leu

425

Gln

Asn

Ile

Asn

Glu

505

Phe

Ile

Lys

Val

Tyr

Leu

Gln

Leu

410

Ile

Ile

Ser

Ser

Glu

490

Asp

Gly

Asp

Ile

Lys
570

35

Asn

Val

Ile

395

Ser

Pro

Lys

Ser

Gln

475

Ser

Lys

Ala

Glu

Lys

555

Leu

Thr

Leu

380

Gly

Pro

Ile

Leu

Gly

460

Ile

Tyr

Thr

Thr

Ser

540

Asp

Glu

Gly

365

Asp

Asn

Leu

Asn

Glu

445

Gln

Asp

Glu

Pro

Lys

525

Cys

Ser

Arg

Thr

Gly

Asn

Ala

Tyr

430

Thr

Ile

Ser

Arg

Glu

510

Lys

Val

Leu

Gly

Ala

Asp

Leu

Leu

415

Asp

Thr

Val

Ile

Arg

495

Leu

Asp

Glu

Lys

Met
575

Pro

Thr

Ser

400

Asn

Gln

Gln

Thr

Ser

480

Val

Thr

Gly

Leu

Thr

560

Asn



Ile

Asn

Leu

Pro

625

Ser

Lys

Phe

Ile

Thr

705

Ile

Asp

Tyr

Lys

Gly

785

Pro

Leu

Tyr

Gln

610

Met

Lys

Glu

Ser

Thr

690

Glu

Pro

Leu

Phe

Tyr

770

Thr

Lys

Ile

Xaa

595

Gly

Ser

Asp

Glu

Tyr

675

Leu

Leu

Thr

Asn

Ala

755

Arg

Lys

Thr

Lys

580

Ser

Ser

Glu

Pro

Lys

660

Glu

Ile

Asn

Asp

Phe

740

Pro

Val

Asp

Asn

Thr

Thr

Ala

Leu

Leu

645

Thr

Phe

Ser

Gln

725

Asn

Thr

Glu

Lys

Tyr
805

Pro

Trp

Asn

Lys

630

Thr

Asp

Glu

Ser

Thr

710

Glu

Pro

Gln

Ala

Glu

790

Val

Thr

Ser

Lys

615

Pro

Ser

Tyr

Thr

Gly

695

Pro

Ile

Ser

Thr

Thr

775

Met

Asn

Tyr

Asn

600

Leu

Tyr

Asn

Leu

Thr

680

Thr

Glu

Met

Thr

Asn

760

Leu

Arg

Leu

Phe

585

Val

Asn

Lys

Ser

Val

665

Glu

Thr

Ile

Asp

Gly

745

Lys

Gln

Asn

Arg

Thr

Asn

Gly

Arg

Ile

650

Pro

Lys

Tyr

Leu

Ala

730

Asn

Glu

Tyr

Tyr

Ser
810

36

Asn

Thr

Glu

Tyr

635

Ile

Glu

Asp

Leu

Asp

715

His

Thr

Ala

Ser

Leu

795

Tyr

Phe

Thr

Thr

620

Val

Val

Gln

Ser

Asp

700

Glu

Lys

Tyr

Leu

Gly

780

Gly

Phe

Asp

Asn

605

Lys

Phe

Lys

Gly

Ser

685

Asn

Pro

Ile

Ile

Asp

765

Phe

Asp

Thr

Asp

590

Gln

Ile

Ser

Ile

Tyr

670

Asn

Leu

Glu

Tyr

Asn

750

Tyr

Lys

Pro

Gly

Tyr

Asp

Lys

Gly

Lys

655

Thr

Ile

Ser

Val

Phe

735

Gly

Ile

Asp

Asn

Gly
815

Asn

Gly

Ile

Tyr

640

Ala

Lys

Glu

Ile

Lys

720

Ala

Met

Gln

Ile

Gln

800

Glu



Asn Ile Met Thr Tyr Lys Lys Leu Arg Ile Tyr Ala Ile Thr Pro Asp
820 825 830

Asp Arg Glu Leu Leu Val Leu Ser Val Asp Ala Ser Met Val Ser Gly
835 840 845

Leu Ile Tyr Ile Asn Asp Ser Leu Tyr Tyr Phe Lys Pro Pro Val Asn
850 855 860

Asn Leu Ile Thr Gly Phe Val Thr Val Gly Asp Asp Lys Tyr Tyr Phe
865 870 875 880

Asn Pro Ile Asn Gly Gly Ala Ala Ser Ile Gly Glu Thr Ile TIle Asp
885 890 895

Asp Lys Asn Tyr Tyr Phe Asn Gln Ser Gly Val Leu Gln Thr Gly Val
900 905 910

Phe Ser Thr Glu Asp Gly Phe Lys Tyr Phe Ala Pro Ala Asn Thr Leu
915 920 925

Asp Glu Asn Leu Glu Gly Glu Ala Ile Asp Phe Thr Gly Lys Leu Ile
930 935 940

Ile Asp Glu Asn Ile Tyr Tyr Phe Asp Asp Asn Tyr Arg Gly Ala Val
945 950 955 960

Glu Trp Lys Glu Leu Asp Gly Glu Met His Tyr Phe Ser Pro Glu Thr
965 970 975

Gly Lys Ala Phe Lys Gly Leu Asn Gln Ile Gly Asp Tyr Lys Tyr Tyr
980 985 990

Phe Asn Ser Asp Gly Val Met Gln Lys Gly Phe Val Ser 1Ile Asn Asp
995 1000 1005

Asn Lys His Tyr Phe Asp Asp Ser Gly Val Met Lys Val Gly Tyr
1010 1015 1020

Thr Glu Ile Asp Gly Lys His Phe Tyr Phe Ala Glu Asn Gly Glu
1025 1030 1035

37



Met

Ala

Ser

Asp

Gly

Gly

Gly

Tyr

Asp

Gly

Asn

Gly

Tyr

Asp

Ile

Gln
1040

His
1055

Tyr
1070

Asp
1085

Ser
1100

Leu
1115

Ile
1130

Phe
1145

Asp
1160

Val
1175

Thr
1190

Leu
1205

Thr
1220

Lys
1235

Asn
1250

Ile

His

Ser

Ser

Lys

Ser

Met

Ser

Asn

Phe

Val

Val

Ile

Tyr

Leu

Gly

Asn

Gly

Phe

Tyr

Leu

Gln

Asp

Tyr

Asp

Asn

Arg

Glu

Tyr

Ile

Val

Glu

Ile

Thr

Tyr

Ile

Val

Ser

Phe

Thr

Asp

Val

Thr

Phe

Asp

Phe

Asp

Leu

Ala

Phe

Asn

Gly

Gly

Tyr

Ser

Asn

Gly

Gly

Asn

Asp

Asn
1045

Leu
1060

Asn
1075

Val
1090

Asp
1105

Asp
1120

Phe
1135

Ile
1150

Ile
1165

Asp
1180

Ile
1195

Glu
1210

Trp
1225

Pro
1240

Ile
1255

Thr

Gly

Phe

Val

Glu

Gly

Val

Ile

Asp

Gly

Tyr

Asp

Ile

Glu

Lys

Glu

Asn

Asn

Gly

Asp

Gln

Thr

Glu

Asp

Tyr

Gly

Val

Tyr

Thr

Tyr

Asp

Glu

Asn

Trp

Thr

Tyr

Ile

Ser

Asn

Lys

Gln

Tyr

Asp

Lys

Tyr

38

Gly

Glu

Lys

Lys

Ala

Tyr

Asn

Gly

Gly

Tyr

Ala

Tyr

Met

Lys

Phe

Phe
1050

Gly
1065

Ile
1080

Asp
1095

Glu
1110

Phe
1125

Asp
1140

Val
1155

Ile
1170

Phe
1185

Val
1200

Phe
1215

Glu
1230

Ala
1245

Asp
1260

Lys

Glu

Tyr

Leu

Ala

Asn

Lys

Gln

Val

Ala

Glu

Gly

Asn

Cys

Glu

Tyr

Glu

Tyr

Glu

Tyr

Asp

Val

Asn

Gln

Pro

Tyr

Glu

Glu

Lys

Lys

Phe

Ile

Phe

Asp

Ile

Asp

Phe

Ile

Ile

Ala

Ser

Thr

Ser

Gly

Gly



Ile

Phe

Asp

Val

Thr

Trp

Ile

Phe

Val

Pro

Tyr

Asp

Lys

Trp

Met
1265

Asn
1280

Lys
1295

Phe
1310

Leu
1325

Leu
1340

Ala
1355

Asp
1370

Thr
1385

Ala
1400

Gln
1415

Asn
1430

Lys
1445

Gln
1460

Arg

Glu

Met

Asn

Asp

Asp

Ala

Pro

Gly

Asn

Asn

Asp

Tyr

Thr

Thr

Asn

Phe

Thr

Glu

Leu

Thr

Asp

Val

Thr

Lys

Ser

Tyr

Ile

Gly

Gly

Tyr

Pro

Asn

Asp

Gly

Thr

Phe

His

Phe

Lys

Phe

Asp

Leu

Glu

Phe

Asp

Phe

Glu

Ser

Ala

Lys

Asn

Leu

Ala

Asn

Gly

Ile
1270

Met
1285

Gly
1300

Gly
1315

Glu
1330

Lys
1345

Val
1360

Gln
1375

Gly
1390

Asn
1405

Thr
1420

Val
1435

Leu
1450

Lys
1465

Ser

Gln

Glu

Phe

Gly

Arg

Ile

Leu

Pro

Asn

Leu

Thr

Asn

Lys

Phe

Phe

Asp

Lys

Glu

Tyr

Ile

Val

Asn

Ile

Asn

Gly

Thr

Tyr

Glu

Gly

Gly

Tyr

Ser

Tyr

Asp

Ile

Glu

Trp

Ala

Tyr

39

Asn

Tyr

Val

Phe

Ile

Phe

Gly

Ser

Phe

Gly

Lys

Gln

Glu

Phe

Asn
1275

Ile
1290

Met
1305

Ala
1320

Asn
1335

Thr
1350

Glu
1365

Glu
1380

Glu
1395

Gln
1410

Lys
1425

Thr
1440

Ala
1455

Asn
1470

Asn

Asn

Gln

His

Tyr

Asp

Glu

Ser

Tyr

Ala

Tyr

Ile

Ala

Leu

Tyr

Ile

Ile

Gln

Thr

Glu

Tyr

Arg

Phe

Ile

Tyr

Asp

Thr

Asn

Tyr

Glu

Gly

Asn

Gly

Tyr

Tyr

Met

Ala

Val

Phe

Gly

Gly

Thr



Ala

Tyr

Ile

Ile

Ala

Gln

Ser

Lys

Gln

Ile

Phe

Asp

Ile

His

Gly

Glu
1475

Phe
1490

Asn
1505

Gly
1520

Asn
1535

Asn
1550

Asp
1565

Tyr
1580

Thr
1595

Ala
1610

Asn
1625

Gly
1640

Glu
1655

Asp
1670

Trp
1685

Ala

Asn

Gly

Val

Thr

Lys

Ser

Tyr

Ile

Ser

Thr

Phe

Gly

Asn

Val

Ala

Thr

Lys

Phe

Asp

Phe

Lys

Phe

Asn

Thr

Asp

Glu

Gln

Ile

Thr

Thr

Asn

His

Lys

Ala

Leu

Ala

Asn

Gly

Gly

Gly

Tyr

Ala

Tyr

Ile

Gly

Thr

Phe

Gly

Asn

Thr

Val

Thr

Lys

Tyr

Ile

Phe

Ile

Tyr

Asp

Trp
1480

Phe
1495

Tyr
1510

Pro
1525

Asn
1540

Leu
1555

Thr
1570

Asn
1585

Lys
1600

Thr
1615

Met
1630

Ala
1645

Arg
1660

Phe
1675

Gly
1690

Gln

Ile

Phe

Asn

Ile

Asn

Gly

Thr

Tyr

Ile

Gln

Pro

Tyr

Gly

Asn

Thr

Ala

Asn

Gly

Glu

Gly

Leu

Ala

Tyr

Ile

Ile

Ala

Gln

Asn

Arg

Ile

Ser

Thr

Phe

Gly

Lys

Arg

Val

Phe

Ser

Gly

Asn

Asn

Asn

Tyr

40

Asp

Thr

Asp

Glu

Gln

Lys

Thr

Ala

Asn

Gly

Val

Thr

Arg

Ser

Tyr

Gly
1485

Gly
1500

Gly
1515

Tyr
1530

Ala
1545

Tyr
1560

Ile
1575

Val
1590

Thr
1605

Lys
1620

Phe
1635

Asp
1650

Phe
1665

Lys
1680

Phe
1695

Lys

Tyr

Ile

Phe

Ile

Tyr

Asp

Thr

Asn

His

Lys

Ala

Leu

Ala

Glu

Lys

Thr

Met

Ala

Leu

Phe

Gly

Gly

Thr

Phe

Gly

Asn

Tyr

Ala

Pro

Tyr

Ser

Gln

Pro

Tyr

Gly

Lys

Trp

Ser

Tyr

Pro

Asn

Leu

Thr

Asn



Thr Ala Met Gly Ala Asn Gly Tyr Lys Thr Ile Asp Asn Lys Asn
1700 1705 1710

Phe Tyr Phe Arg Asn Gly Leu Pro Gln Ile Gly Val Phe Lys Gly
1715 1720 1725

Ser Asn Gly Phe Glu Tyr Phe Ala Pro Ala Asn Thr Asp Ala Asn
1730 1735 1740

Asn Ile Glu Gly Gln Ala Ile Arg Tyr Gln Asn Arg Phe Leu His
1745 1750 1755

Leu Leu Gly Lys Ile Tyr Tyr Phe Gly Asn Asn Ser Lys Ala Val
1760 1765 1770

Thr Gly Trp Gln Thr Ile Asn Gly Lys Val Tyr Tyr Phe Met Pro
1775 1780 1785

Asp Thr Ala Met Ala Ala Ala Gly Gly Leu Phe Glu 1Ile Asp Gly
1790 1795 1800

Val Ile Tyr Phe Phe Gly Val Asp Gly Val Lys Ala Pro Gly Ile
1805 1810 1815

Tyr Gly
1820

<210> 10

<211> 842

<212> PRT

<213> Clostridium difficile

<220>
<221> misc_ feature
<222>  (595)..(595)

<223> Xaa can be any naturally occurring amino acid
<400> 10
Met Glu Ile Val Asn Glu Asp Ile Leu Pro Asn Asn Gly Leu Met Gly

1 5 10 15

Tyr Tyr Phe Thr Asp Glu His Phe Lys Asp Leu Lys Leu Met Ala Pro
20 25 30

41



Ile

Leu

Ile

65

Asp

Lys

Gln

Tyr

Phe

145

Asn

Arg

Ile

Ala

Val

225

Glu

Asp

Lys

Asp

50

Ile

Val

Val

Asp

Trp

130

Leu

Asn

Met

Pro

Val

210

Ser

Lys

Pro

Asp

35

Lys

Pro

Leu

Asn

Lys

115

Glu

Arg

Asn

Ser

Asp

195

Lys

Asn

Ala

Leu

Gly

Asp

Ser

Met

Met

100

Asn

Leu

Asp

Phe

Asp

180

Ser

Trp

Tyr

Ser

Val

Asn

Lys

Lys

Gln

85

Lys

Leu

Asp

Tyr

Phe

165

Trp

Tyr

Glu

Leu

Gly

245

Ala

Leu

Ser

Asp

70

Val

Lys

Gly

Gly

Ser

150

Asp

Glu

Glu

Asp

Glu

230

Ser

Ala

Lys

Asp

55

Gly

Asn

Gly

Ser

Met

135

Asn

Pro

Asp

Arg

Ser

215

Ser

Phe

Tyr

Phe

40

Val

Glu

Thr

Lys

Ile

120

Lys

Ile

Lys

Glu

Asn

200

Phe

Asn

Asp

Pro

Glu

Lys

Tyr

Glu

Glu

105

Asp

Lys

Glu

Leu

Asp

185

Gly

Ala

Thr

Lys

Ile

Glu

Ser

Thr

Ser

90

Tyr

Asn

Ile

Lys

Arg

170

Leu

Tyr

Glu

Ala

Ala

250

Val

42

Lys

Ile

Leu

75

Thr

Lys

Leu

Ile

Asp

155

Ala

Asp

Thr

Gln

Gly

235

Ile

Gly

Lys

Arg

60

Ser

Ile

Val

Ser

Pro

140

Asp

Arg

Thr

Ile

Gly

220

Asp

Lys

Val

Val

45

Trp

Thr

Ser

Arg

Ser

125

Glu

Pro

Arg

Asp

Lys

205

Tyr

Pro

Thr

Gly

Asp

Thr

Asp

Asn

Ile

110

Pro

Glu

Phe

Arg

Asn

190

Asp

Lys

Tyr

Glu

Met

Lys

Gly

Arg

Thr

95

Glu

Asn

Asn

Ile

Lys

175

Asp

Leu

Lys

Asp

Ala

255

Glu

Leu

Arg

Asp

Leu

Leu

Leu

Leu

Pro

160

Lys

Asn

Ile

Tyr

Tyr

240

Arg

Lys



Leu

Val

Val

305

Thr

Asn

Ala

Met

Leu

385

Pro

Thr

Leu

Val

Glu

465

Ala

Ile

Ser

290

Ser

Asn

Gly

Tyr

Tyr

370

Ser

Gly

Met

Lys

Ser

450

Gly

Ser

Ile

275

Arg

Val

Tyr

Glu

Ile

355

Lys

Thr

Asp

Asp

Lys

435

Gly

Asn

Ile

260

Ser

Ala

Asn

Ser

Ser

340

Asn

Val

Ile

Thr

Gln

420

Leu

Asn

Ser

Ile

Thr

Thr

Val

His

325

Trp

Ala

Thr

Lys

Tyr

405

Phe

Asp

Phe

Trp

Leu
485

Asn

Thr

Gly

310

Thr

Asn

Asn

Pro

Ala

390

Pro

Ser

Ala

Gly

Ser

470

Asp

Glu

Asn

295

Tyr

Thr

Thr

Val

Thr

375

Gln

Lys

Ser

Gly

Thr

455

Asp

Thr

His

280

Ser

Gln

Asp

Gly

Arg

360

Thr

Glu

Lys

Arg

Lys

440

Lys

Tyr

Glu

265

Ala

Lys

Asn

Asn

Leu

345

Tyr

Asn

Asn

Gly

Leu

425

Gln

Asn

Ile

Asn

Ser

Thr

Gly

Ser

330

Ser

Tyr

Leu

Gln

Leu

410

Ile

Ile

Ser

Ser

Glu
490

43

Thr

Glu

Phe

315

Thr

Ile

Asn

Val

Ile

395

Ser

Pro

Lys

Ser

Gln

475

Ser

Asp

Ser

300

Thr

Ala

Asn

Thr

Leu

380

Gly

Pro

Ile

Leu

Gly

460

Ile

Tyr

Gln

285

Asn

Ala

Val

Lys

Gly

365

Asp

Asn

Leu

Asn

Glu

445

Gln

Asp

Glu

270

Gly

Thr

Asn

Gln

Gly

350

Thr

Gly

Asn

Ala

Tyr

430

Thr

Ile

Ser

Arg

Lys

Ala

Val

Asp

335

Glu

Ala

Asp

Leu

Leu

415

Asp

Thr

Val

Ile

Arg
495

Thr

Thr

320

Ser

Ser

Pro

Thr

Ser

400

Asn

Gln

Gln

Thr

Ser

480

Val



Thr

Ile

Leu

Ile

545

Leu

Ile

Asn

Leu

Pro

625

Ser

Lys

Phe

Ile

Thr

705

Ile

Ala

Gly

Leu

530

Phe

Ser

Leu

Tyr

Gln

610

Met

Lys

Glu

Ser

Thr

690

Glu

Pro

Lys

Glu

515

Tyr

Asp

Asp

Ile

Xaa

595

Gly

Ser

Asp

Glu

Tyr

675

Leu

Leu

Thr

Asn

500

Ala

Phe

Asp

Lys

Lys

580

Ser

Ser

Glu

Pro

Lys

660

Glu

Ile

Asn

Asp

Leu

Ile

Asn

Asn

Lys

565

Thr

Thr

Ala

Leu

Leu

645

Thr

Phe

Gly

Ser

Gln

Gln

Glu

Asp

Thr

550

Ile

Pro

Trp

Asn

Lys

630

Thr

Asp

Glu

Ser

Thr

710

Glu

Asp

Lys

Ile

535

Ala

Tyr

Thr

Ser

Lys

615

Pro

Ser

Tyr

Thr

Gly

695

Pro

Ile

Pro

Ala

520

Pro

Asn

Asn

Tyr

Asn

600

Leu

Tyr

Asn

Leu

Thr

680

Thr

Glu

Met

Glu

505

Phe

Ile

Lys

Val

Phe

585

Val

Asn

Lys

Ser

Val

665

Glu

Thr

Ile

Asp

Asp

Gly

Asp

Ile

Lys

570

Thr

Asn

Gly

Arg

Ile

650

Pro

Lys

Tyr

Leu

Ala

44

Lys

Ala

Glu

Lys

555

Leu

Asn

Thr

Glu

Tyr

635

Ile

Glu

Asp

Leu

Asp

715

His

Thr

Thr

Ser

540

Asp

Glu

Phe

Thr

Thr

620

Val

Val

Gln

Ser

Asp

700

Glu

Lys

Pro

Lys

525

Cys

Ser

Arg

Asp

Asn

605

Lys

Phe

Lys

Gly

Ser

685

Asn

Pro

Ile

Glu

510

Lys

Val

Leu

Gly

Asp

590

Gln

Ile

Ser

Ile

Tyr

670

Asn

Leu

Glu

Tyr

Leu

Asp

Glu

Lys

Met

575

Tyr

Asp

Lys

Gly

Lys

655

Thr

Ile

Ser

Val

Phe

Thr

Gly

Leu

Thr

560

Asn

Asn

Gly

Ile

Tyr

640

Ala

Lys

Glu

Ile

Lys

720

Ala



Asp

Tyr

Lys

Gly

785

Pro

Asn

Asp

Leu

Phe

Tyr

770

Thr

Lys

Ile

Arg

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

<400>

725

Asn Phe Asn
740

Ala Pro Thr
755

Arg Val Glu

Lys Asp Lys

Thr Asn Tyr
805

Met Thr Tyr
820

Glu Leu Leu
835

11
536
PRT

Clostridium difficile

11

Met Val Ser Gly Leu

1

Pro

Lys

Thr

Gln
65

Pro

Tyr

Ile

50

Thr

Val Asn Asn

20

Tyr Phe Asn

Ile Asp Asp

Gly Val Phe

Pro

Gln

Ala

Glu

790

Val

Lys

Val

Ile

Leu

Pro

Lys

Ser
70

Ser

Thr

Thr

775

Met

Asn

Lys

Leu

Tyr

Ile

Ile

Asn

55

Thr

Thr

Asn

760

Leu

Arg

Leu

Leu

Ser
840

Ile

Thr

Asn

40

Tyr

Glu

Gly

745

Lys

Gln

Asn

Arg

Arg

825

Val

Asn

Gly

Gly

Tyr

Asp

730

Asn

Glu

Tyr

Tyr

Ser

810

Ile

Asp

Asp

10

Phe

Gly

Phe

Gly

45

Thr

Ala

Ser

Leu

795

Tyr

Tyr

Ser

Val

Ala

Asn

Phe
75

Tyr

Leu

Gly

780

Gly

Phe

Ala

Leu

Thr

Ala

Gln

60

Lys

Ile

Asp

765

Phe

Asp

Thr

Ile

Tyr

Val

Ser

45

Ser

Tyr

Asn

750

Tyr

Lys

Pro

Gly

Thr
830

Tyr

Gly

Ile

Gly

Phe

735

Ile

Asp

Asn

Gly

815

Pro

Phe

15

Asp

Gly

Val

Ala

Met

Gln

Ile

Gln

800

Glu

Asp

Lys

Asp

Glu

Leu

Pro
80



Ala

Gly

Arg

Ser

Tyr

145

Ser

Val

Gly

Phe

Ser

225

Asp

Lys

Leu

Val

Gly
305

Asn

Lys

Gly

Pro

130

Lys

Ile

Gly

Glu

Ala

210

Tyr

Ser

Tyr

Ile

Gly

290

Ile

Thr

Leu

Ala

115

Glu

Tyr

Asn

Tyr

Met

195

His

Ser

Phe

Tyr

Asn

275

Phe

Ile

Leu

Ile

100

Val

Thr

Tyr

Asp

Thr

180

Gln

His

Thr

Phe

260

Asp

Val

Glu

Asp

85

Ile

Glu

Gly

Phe

Asn

165

Glu

Ile

Asn

Ile

Ala

245

Asp

Gly

Thr

Ser

Glu

Asp

Trp

Lys

Asn

150

Lys

Ile

Glu

Leu

230

Val

Glu

Gln

Ile

Gly
310

Asn

Glu

Lys

Ala

135

Ser

His

Asp

Val

Asp

215

Asn

Val

Asp

Tyr

Asn

295

Val

Leu

Asn

Glu

120

Phe

Asp

Tyr

Gly

Phe

200

Leu

Phe

Gly

Thr

Tyr

280

Asp

Gln

Glu

Ile

105

Leu

Lys

Gly

Phe

Lys

185

Asn

Gly

Asn

Trp

Ala

265

Phe

Lys

Asn

Gly

90

Tyr

Asp

Gly

Val

Asp

170

His

Thr

Asn

Asn

Lys

250

Glu

Asn

Val

Ile

46

Glu

Tyr

Gly

Leu

Met

155

Asp

Phe

Glu

Glu

Lys

235

Asp

Ala

Asp

Phe

Asp
315

Ala

Phe

Glu

Asn

140

Gln

Ser

Tyr

Asp

Glu

220

Ile

Leu

Tyr

Asp

Tyr

300

Asp

Ile

Asp

Met

125

Gln

Lys

Gly

Phe

Gly

205

Gly

Tyr

Glu

Ile

Gly

285

Phe

Asn

Asp

Asp

110

His

Ile

Gly

Val

Ala

190

Phe

Glu

Tyr

Asp

Gly

270

Ile

Ser

Tyr

Phe

95

Asn

Tyr

Gly

Phe

Met

175

Glu

Lys

Glu

Phe

Gly

255

Leu

Met

Asp

Phe

Thr

Tyr

Phe

Asp

Val

160

Lys

Asn

Tyr

Ile

Asp

240

Ser

Ser

Gln

Ser

Tyr
320



Ile

Gly

Gly

Tyr

Met

385

Ala

Glu

Tyr

Glu

Val

465

Leu

Asp

Thr

Thr

Asp

Tyr

Gln

Tyr

370

Glu

Cys

Lys

Tyr

Asp

450

Phe

Asp

Leu

Gly

Ala
530

Asp

Lys

Ala

355

Phe

Asn

Lys

Gly

Phe

435

Lys

Asn

Glu

Asp

Ser

515

Gln

Asn

Tyr

340

Val

Gly

Glu

Gly

Ile

420

Asn

Met

Thr

Asn

Glu

500

Val

Leu

Gly

325

Phe

Glu

Glu

Ser

Ile

405

Met

Glu

Phe

Pro

Phe

485

Lys

Ile

Val

Ile

Ala

Tyr

Thr

Asp

390

Asn

Arg

Asn

Tyr

Asp

470

Glu

Arg

Ile

Ile

Val

Pro

Ser

Tyr

375

Lys

Leu

Thr

Gly

Phe

455

Gly

Gly

Tyr

Asp

Ser
535

Gln

Ala

Gly

360

Thr

Tyr

Ile

Gly

Glu

440

Gly

Phe

Glu

Tyr

Gly

520

Glu

Ile

Asn

345

Leu

Ile

Tyr

Asp

Leu

425

Met

Glu

Lys

Ser

Phe

505

Glu

Gly

330

Thr

Val

Glu

Phe

Asp

410

Ile

Gln

Asp

Tyr

Ile

490

Thr

Glu

47

Val

Val

Arg

Thr

Asn

395

Ile

Ser

Phe

Gly

Phe

475

Asn

Asp

Tyr

Phe

Asn

Val

Gly

380

Pro

Lys

Phe

Gly

Val

460

Ala

Tyr

Glu

Tyr

Asp

Asp

Gly

365

Trp

Glu

Tyr

Glu

Tyr

445

Met

His

Thr

Tyr

Phe
525

Thr

Asn

350

Glu

Ile

Thr

Tyr

Asn

430

Ile

Gln

Gln

Gly

Ile

510

Asp

Ser

335

Ile

Asp

Tyr

Lys

Phe

415

Asn

Asn

Ile

Asn

Trp

495

Ala

Pro

Asp

Tyr

Val

Asp

Lys

400

Asp

Asn

Ile

Gly

Thr

480

Leu

Ala

Asp



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

<400>

12
438
PRT

Clostridium difficile

12

Met Val Thr

1

Pro

Gln

Asp

Tyr

65

Asp

Gly

Phe

Phe

Gly

145

Gly

Lys

Ile

Ala

Asn

Ser

50

Phe

Gly

Trp

Ile

Asn

130

Phe

Gln

Tyr

Asp

Asn

Lys

Lys

Asn

Lys

Gln

Ala

115

Thr

Glu

Ala

Tyr

Gly
195

Gly

Thr

20

Phe

Ala

Leu

Lys

Thr

100

Ser

Asp

Tyr

Ile

Phe

180

Lys

Val

His

Leu

Val

Asn

Tyr

85

Ile

Thr

Gly

Phe

Leu

165

Gly

Lys

Phe

Asn

Thr

Thr

Thr

70

Tyr

Asp

Gly

Ile

Ala

150

Tyr

Ser

Tyr

Lys

Asn

Leu

Gly

55

Ala

Phe

Gly

Tyr

Met

135

Pro

Gln

Asp

Tyr

Gly

Asn

Asn

40

Trp

Glu

Asn

Lys

Thr

120

Gln

Ala

Asn

Ser

Phe
200

Pro

Ile

25

Gly

Gln

Ala

Leu

Lys

105

Ser

Ile

Asn

Lys

Lys

185

Asn

Asn

10

Glu

Lys

Thr

Ala

Asn

90

Tyr

Ile

Gly

Thr

Phe

170

Ala

Thr

48

Gly

Gly

Lys

Ile

Thr

75

Thr

Tyr

Asn

Val

Asp

155

Leu

Val

Asn

Phe

Gln

Tyr

Asp

Gly

Ala

Phe

Gly

Phe

140

Ala

Thr

Thr

Thr

Glu

Ala

Tyr

45

Gly

Trp

Glu

Asn

Lys

125

Lys

Asn

Leu

Gly

Ala
205

Tyr

Ile

30

Phe

Lys

Gln

Ala

Thr

110

His

Gly

Asn

Asn

Leu

190

Val

Phe

15

Val

Asp

Lys

Thr

Ala

95

Asn

Phe

Pro

Ile

Gly

175

Arg

Ala

Ala

Tyr

Asn

Tyr

Ile

80

Thr

Thr

Tyr

Asn

Glu

160

Lys

Thr

Val



Thr

Thr

225

Tyr

Asp

Glu

Asn

Thr

305

Ala

Gly

Phe

Arg

Gly

385

Val

Phe

Ala

Gly

210

Ser

Phe

Gly

Gly

Ile

290

Ile

Asn

Leu

Ala

Tyr

370

Asn

Tyr

Glu

Pro

Trp

Ile

Asn

Phe

Gln

275

Tyr

Asp

Gly

Pro

Pro

355

Gln

Asn

Tyr

Ile

Gly

Gln

Ala

Thr

Glu

260

Ala

Tyr

Gly

Tyr

Gln

340

Ala

Asn

Ser

Phe

Asp

420

Ile

Thr

Ser

Asp

245

Tyr

Ile

Phe

Asn

Lys

325

Ile

Asn

Arg

Lys

Met

405

Gly

Tyr

Ile

Thr

230

Gly

Phe

Arg

Gly

Arg

310

Thr

Gly

Thr

Phe

Ala

390

Pro

Val

Gly

Asn

215

Gly

Ile

Ala

Tyr

Asn

295

Tyr

Ile

Val

Asp

Leu

375

Val

Asp

Ile

Gly

Tyr

Met

Pro

Gln

280

Asn

Tyr

Asp

Phe

Ala

360

His

Thr

Thr

Tyr

Lys

Thr

Gln

Ala

265

Asn

Ser

Phe

Asn

Lys

345

Asn

Leu

Gly

Ala

Phe
425

Lys

Ile

Ile

250

Asn

Arg

Lys

Glu

Lys

330

Gly

Asn

Leu

Trp

Met

410

Phe

49

Tyr

Ile

235

Gly

Thr

Phe

Ala

Pro

315

Asn

Ser

Ile

Gly

Gln

395

Ala

Gly

Tyr

220

Ser

Val

Asp

Leu

Ala

300

Asn

Phe

Asn

Glu

Lys

380

Thr

Ala

Val

Phe

Gly

Phe

Ala

Tyr

285

Thr

Thr

Tyr

Gly

Gly

365

Ile

Ile

Ala

Asp

Asn

Lys

Lys

Asn

270

Leu

Gly

Ala

Phe

Phe

350

Gln

Tyr

Asn

Gly

Gly
430

Thr

His

Gly

255

Asn

His

Trp

Met

Arg

335

Glu

Ala

Tyr

Gly

Gly

415

Val

Asn

Phe

240

Pro

Ile

Asp

Val

Gly

320

Asn

Tyr

Ile

Phe

Lys

400

Leu

Lys



435

<210> 13
<211>
<212>
<213>

DNA

<220>
<223>

<220>
<221>
<222>
<223>

<400> 13
atggaaatcg

gatgagcact
gaggaaaaga
tggaccggca
gatgtcttga
aagaagggaa
gacaacctct
gaggaaaact
aacaacaact
tgggaggacg
ggatacacta
tacaagaagt
tacgaaaagg
gtcgctgcett
cacgcttcaa
tccaacactg
acaaccaact
agctggaaca

cgctactaca

ttggatggag

5466

misc feature
(1787)..(1787)
n is a, ¢, g,

tcaacgaaga
tcaaggacct
aggtcgataa
gaatcatccc
tgcaggtgaa
aggagtacaa
cctctccaaa
tgttcctgeg
tcttcgatcce
aagatctcga
tcaaggatct
acgtctcaaa
cctcecggcetce
accccatcgt
ctgaccaggg
ctggcgtttce
actcgcacac
ctggtctgtc
acactggcac

acacactgtc

Artificial Sequence

or t

catcctgccg
gaagctcatg
gctgctcgac
atccaaggat
caccgaatcg
ggtgcgcatc
cctctactgg
tgactacagc
caagctgcgce
caccgataac
catcgctgtg
ctacttggag
tttcgataag
gggagtcggt
caagacagtt
cgtgaacgtc
tacagataac
tatcaacaag
agcccccatg

taccatcaag

Triple toxin vaccine BV1470

aacaacggtt
gctcctatca
aaggataaga
ggagagtaca
actatctcca
gaactgcaag
gagttggatg
aacatcgaaa
gctcgcecgcece
gacaacatcc
aagtgggagg
tcgaacacag
gctatcaaga
atggagaagt
tcaagagcca
ggctaccaga
tccaccgctg
ggcgaaagcg
tacaaggtga

gctcaggaga

50

tgatgggcta
aggacggaaa
gcgacgttaa
ctctctctac
acactctgaa
ataagaacct
gcatgaagaa
aggacgatcc
gcaagaagcg
ctgacagcta
actccttcgce
ctggtgaccc
ccgaggctag
tgatcatcag
ccactaactc
acggattcac
tgcaagactc
cttacatcaa
cccctaccac

accaaatcgg

ctacttcacc
cctgaagttc
gtcaatcagg
agaccgtgac
ggtgaacatg
cggttctatc
gatcatcccg
cttcatccct
catgtctgac
cgagcgcaac
cgaacagggt
ctacaccgac
ggacccactc
cactaacgaa
gaagaccgag
cgccaacgtt
taacggagag
cgccaacgtc
taacctcgtc

aaacaacctc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200



agccccggtg
cagttcagct
aagcagatca
ggccagatcg
tccgectcta
aacttgcagg
gctttcggtg
tcctgegttag
acactctctg
aagaccccca
aacgtcaaca
accaagatca
tactcgaagg
aagaccgact
actgagaagg
gacaacctgt
aagatcccta
ttcaacccct
aacaaggagg
ggtttcaagg
cagccgaaga
acatacaaga
tccgtggacg
aagccccctg
ttcaacccaa
tactacttca
aagtacttcg

actggcaagt

gtggagtgga

acacataccc
caaggttgat
agctggagac
ttactgaagg
tcatcctgga
accccgagga
ccaccaagaa
aactgatctt
acaagaagat
cttacttcac
ctacaaacca
agatcccaat
acccactcac
acctggtccc
actctagcaa
caatcaccga
ccgatcagga
ctactggaaa
ccctggacta
atatcggcac
ccaactacgt
agctgcgtat
ctagcatggt
tgaacaacct
tcaacggtgg
accagagcgg
ctccggccaa
tgatcatcga

aggaactcga

taagaaggga
cccgatcaac
aacccaagtc
aaacagctgg
cacagagaac
caagacaccg
ggacggcttg
cgacgataac
ctacaacgtg
aaacttcgac
ggacggactg
gagcgaactg
tagcaactca
cgagcagggce
catcgaaatc
gttgaactcg
gatcatggac
cacatacatc
catccagaag
aaaggacaag
gaacctgaga
ctacgctatc
cagcggtctc
gatcacaggt
cgctgcctcecc
agttctccaa
caccttggac

tgagaacatc

cggcgagatg

ttgtcaccac
tacgatcaac
tccggtaact
tcagattaca
gaatcctacg
gaactgacca
ctgtacttca
actgctaaca
aagctcgaga
gattacaaca
caaggttcgg
aagccgtaca
atcatcgtga
tacactaagt
accctcatcg
actcccgaaa
gctcacaaga
aacggcatgt
taccgtgtcg
gagatgagga
tcatacttca
acccctgacg
atctacatca
ttcgttaccg
atcggcgaga
actggtgtgt
gaaaacctgg
tactacttcg

cactacttct

51

tggccctcaa
tcaagaagtt
tcggcaccaa
tctcacaaat
agcgtcgegt
tcggcgaggce
acgatatccc
agatcaagga
ggggtatgaa
actaccnttc
ccaacaagct
agagatacgt
agatcaaggc
tctcttacga
gcagcggaac
tcctggacga
tctacttcgce
acttcgctcc
aagccactct
actacttggg
ctggtggcga
accgtgaact
acgactcgtt
tgggcgacga
ccatcatcga
tctcaacaga
agggtgaagc
acgataacta

ctccagaaac

cactatggac
ggacgctggc
gaactcgtcc
cgactcgatc
gaccgctaag
catcgaaaag
tatcgacgag
ttccectgaag
catcttgatc
tacctggagce
caacggcgag
gttctcaggc
taaggaggaa
gttcgaaacc
aacctacttg
gcccgaagtce
cgacctgaac
tacacaaacc
ccaatactcc
tgacccaaac
gaacatcatg
cttggttttg
gtactacttc
taagtactac
cgataagaac
ggacggtttc
catcgacttc
ccgcggtgct

cggcaaggcc

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940



ttcaagggat
caaaagggat
aaagtgggct
cagatcggtg
ttgggcaacg
atctactact
agcaagtact
gacggacagt
gacaaggtgt
gataactact
gatggctaca
gtggagtact
actatcgaaa
cctgagacaa
gatgaaaagg
aacgagaacg
ggagaagatg
gctcaccaaa
ttggacctgg
gtcatcatcg
gaatctagaa
gccaacactc
accctgaacg
acaatcgacg
cagactatcg
tggcaaacca
ggctacacaa
ggtgtgttca

aacatcgagg

tgaaccagat
tcgtctccat
acacagagat
tcttcaacac
aggaaggaga
tcgatgactc
acttcgacga
actacttcaa
tctacttctc
tctacatcga
agtacttcgc
caggcctggt
ctggatggat
agaaggcctg
gtatcatgcg
gagaaatgca
gtgtcatgca
acacactcga
atgagaagag
acggagagga
tggtgaccgg
acaacaacaa
gcaagaagta
gaaagaagta
atggcaagaa
tcgacggcaa
gcatcaacgg
agggaccaaa

gccaggctat

cggtgactac
caacgacaac
cgacggcaag
tgaagatggt
ggaaatcagc
tttcaccgct
ggatactgct
cgacgatggc
ggattccggt
cgataacgga
tcccgceccaac
ccgtgttgga
ctacgacatg
caagggtatc
caccggcctce
attcggttac
gatcggtgtt
cgagaacttc
gtactacttc
atactacttc
tgtcttcaag
catcgaaggt
ttattttgac
ttatttcaat
gtactacttt
gaagtactat
aaagcatttt
cggtttcgaa

cttgtaccaa

aagtactact
aagcactact
cacttctact
ttcaagtact
tactcaggca
gtggtcggat
gaagcctaca
atcatgcaag
atcatcgagt
atcgtgcaaa
accgtgaacg
gaagacgtgt
gagaacgaat
aacctgatcg
atctcattcg
atcaacatcg
ttcaacactc
gagggagaat
accgacgaat
gacccggata
ggtcccaacg
caagctatcg
aacgattcta
ctgaacactg
aacctcaaca
tttaacacaa
tatttcaaca
tacttcgctc

aacaagttcc

52

tcaactcgga
tcgacgattc
tcgctgagaa
tcgcccacca
tcctgaactt
ggaaggacct
tcggecctgtce
tcggattcgt
ctggcgtcca
tcggtgtctt
acaacatcta
actacttcgg
ctgacaagta
acgatatcaa
aaaacaacaa
aggacaagat
cagacggctt
ccatcaacta
acatcgctgce
cagcccagct
gcttcgagta
tctaccaaaa
aggccgttac
ccgaggctgc
ctgccgaagc
acaccttcat
ccgatggaat
cggctaacac

tcactttgaa

tggcgtgatg
cggtgttatg
cggagaaatg
caacgaagat
caacaacaag
ggaggatggt
gctcatcaac
taccatcaac
gaacatcgac
cgacacaagc
cggacaggct
cgagacctac
ctacttcaac
gtactacttc
ctactacttc
gttctacttc
caagtacttc
cactggttgg
cactggctcc
ggtcatctct
cttcgctccc
caagttcttg
tggctggcaa
caccggttgg
tgccacagga
cgcttctact
catgcagatc
agacgctaac

cggcaagaag

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680



tactattttg
tactacttta
aagtattatt
aagcattttt
ggcttcgaat
cgttaccaaa
aaggctgcca
gccatgggtg
ctcccacaga
accgacgcca
ctcggcaaga
aacggcaagg
gaaatcgacg
ggctaa
<210> 14
<211>

<212>
<213>

DNA

<220>
<221>
<222>
<223>

<400> 14
atggaaatcg

gatgagcact
gaggaaaaga
tggaccggca
gatgtcttga
aagaagggaa
gacaacctct
gaggaaaact

aacaacaact

2529

gctctgacag
atactaacac
tcaataccaa
attttaacac
acttcgcccc
accgcttcct
caggatgggt
ctaacggcta
tcggecgtcett
acaacatcga
tctactactt
tgtactactt

gcgtgatcta

misc feature
(1787)..(1787)
n is a, ¢, g,

tcaacgaaga
tcaaggacct
aggtcgataa
gaatcatccc
tgcaggtgaa
aggagtacaa
cctctccaaa
tgttcctgcg

tcttcgatcce

caaggccgtce
agccgttgcet
cacttcaatc
cgacggcatc
cgctaacact
gtacctccac
gaccatcgat
caagacaatc
caagggatca
gggccaagct
cggaaacaac
catgccagac

cttcttcggce

Clostridium difficile

or t

catcctgccg
gaagctcatg
gctgctcgac
atccaaggat
caccgaatcg
ggtgcgcatc
cctctactgg
tgactacagc

caagctgcgc

actggactga
gtgaccggct
gcttcgaccg
atgcaaatcg
gatgctaaca
gacaacatct
ggtaaccgtt
gacaacaaga
aacggtttcg
atcaggtacc
tcgaaggccg
accgctatgg

gttgatggag

aacaacggtt
gctcctatca
aaggataaga
ggagagtaca
actatctcca
gaactgcaag
gagttggatg
aacatcgaaa

gctcgcegec

53

ggacaatcga
ggcagactat
gttacactat
gtgtcttcaa
acatcgaggg
actacttcgg
actacttcga
acttctactt
agtacttcgc
aaaacagatt
ttactggttg
ctgccgctgg

tgaaggctcc

tgatgggcta
aggacggaaa
gcgacgttaa
ctctctctac
acactctgaa
ataagaacct
gcatgaagaa
aggacgatcc

gcaagaagcg

tggcaagaag
caacggaaag
catctctggce
gggccccgat
acaggctatc
caacaactca
gcccaacact
ccgcaacggt
tcctgccaac
cctgcacctg
gcagacaatc
tggcctcttce

gggtatctac

ctacttcacc
cctgaagttc
gtcaatcagg
agaccgtgac
ggtgaacatg
cggttctatc
gatcatcccg
cttcatccct

catgtctgac

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5466

60

120

180

240

300

360

420

480

540



tgggaggacg
ggatacacta
tacaagaagt
tacgaaaagg
gtcgctgctt
cacgcttcaa
tccaacactg
acaaccaact
agctggaaca
cgctactaca
ttggatggag
agccccggtg
cagttcagct
aagcagatca
ggccagatcg
tccgectcta
aacttgcagg
gctttcggtg
tcctgegttag
acactctctg
aagaccccca
aacgtcaaca
accaagatca
tactcgaagg
aagaccgact
actgagaagg
gacaacctgt
aagatcccta

ttcaacccct

aagatctcga
tcaaggatct
acgtctcaaa
cctcecggcetce
accccatcgt
ctgaccaggg
ctggcgtttc
actcgcacac
ctggtctgtc
acactggcac
acacactgtc
acacataccc
caaggttgat
agctggagac
ttactgaagg
tcatcctgga
accccgagga
ccaccaagaa
aactgatctt
acaagaagat
cttacttcac
ctacaaacca
agatcccaat
acccactcac
acctggtccc
actctagcaa
caatcaccga
ccgatcagga

ctactggaaa

caccgataac
catcgctgtg
ctacttggag
tttcgataag
gggagtcggt
caagacagtt
cgtgaacgtc
tacagataac
tatcaacaag
agcccccatg
taccatcaag
taagaaggga
cccgatcaac
aacccaagtc
aaacagctgg
cacagagaac
caagacaccg
ggacggcttg
cgacgataac
ctacaacgtg
aaacttcgac
ggacggactg
gagcgaactg
tagcaactca
cgagcagggc
catcgaaatc
gttgaactcg
gatcatggac

cacatacatc

gacaacatcc
aagtgggagg
tcgaacacag
gctatcaaga
atggagaagt
tcaagagcca
ggctaccaga
tccaccgcectg
ggcgaaagcg
tacaaggtga
gctcaggaga
ttgtcaccac
tacgatcaac
tccggtaact
tcagattaca
gaatcctacg
gaactgacca
ctgtacttca
actgctaaca
aagctcgaga
gattacaaca
caaggttcgg
aagccgtaca
atcatcgtga
tacactaagt
accctcatcg
actcccgaaa
gctcacaaga

aacggcatgt

54

ctgacagcta
actccttcgce
ctggtgaccc
ccgaggctag
tgatcatcag
ccactaactc
acggattcac
tgcaagactc
cttacatcaa
cccctaccac
accaaatcgg
tggccctcaa
tcaagaagtt
tcggcaccaa
tctcacaaat
agcgtcgegt
tcggcgaggce
acgatatccc
agatcaagga
ggggtatgaa
actaccnttc
ccaacaagct
agagatacgt
agatcaaggc
tctcttacga
gcagcggaac
tcctggacga
tctacttcgce

acttcgctcc

cgagcgcaac
cgaacagggt
ctacaccgac
ggacccactc
cactaacgaa
gaagaccgag
cgccaacgtt
taacggagag
cgccaacgtc
taacctcgtc
aaacaacctc
cactatggac
ggacgctggc
gaactcgtcc
cgactcgatc
gaccgctaag
catcgaaaag
tatcgacgag
ttccectgaag
catcttgatc
tacctggagce
caacggcgag
gttctcaggc
taaggaggaa
gttcgaaacc
aacctacttg
gcccgaagtc
cgacctgaac

tacacaaacc

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280



aacaaggagg
ggtttcaagg
cagccgaaga
acatacaaga
tccgtggac

<210> 15

<211>

<212>
<213>

DNA
<400> 15

atggtcagcg
aacctgatca
ggtggcgctg
agcggagttc
gccaacacct
atcgatgaga
ctcgacggcg
cagatcggtg
tccatcaacg
gagatcgacg
aacactgaag
ggagaggaaa
gactctttca
gacgaggata
ttcaacgacg
ttctcggatt
atcgacgata
ttcgctceccg
ctggtccgtg

tggatctacg

1608

ccctggacta
atatcggcac
ccaactacgt

agctgcgtat

gtctcatcta
caggtttcgt
cctccatcgg
tccaaactgg
tggacgaaaa
acatctacta
agatgcacta
actacaagta
acaacaagca
gcaagcactt
atggtttcaa
tcagctactc
ccgctgtggt
ctgctgaagc
atggcatcat
ccggtatcat
acggaatcgt
ccaacaccgat
ttggagaaga

acatggagaa

catccagaag
aaaggacaag
gaacctgaga

ctacgctatc

Clostridium difficile

catcaacgac
taccgtgggce
cgagaccatc
tgtgttctca
cctggagggt
cttcgacgat
cttctctcca
ctacttcaac
ctacttcgac
ctacttcgct
gtacttcgcc
aggcatcctg
cggatggaag
ctacatcggc
gcaagtcgga
cgagtctggc
gcaaatcggt
gaacgacaac
cgtgtactac

cgaatctgac

taccgtgtcg
gagatgagga
tcatacttca

acccctgacg

tcgttgtact
gacgataagt
atcgacgata
acagaggacg
gaagccatcg
aactaccgcg
gaaaccggca
tcggatggeg
gattccggtg
gagaacggag
caccacaacg
aacttcaaca
gacctggagg
ctgtcgctca
ttcgttacca
gtccagaaca
gtcttcgaca
atctacggac
ttcggcgaga

aagtactact

55

aagccactct

actacttggg

ctggtggcga

accgtgaact

acttcaagcc
actacttcaa
agaactacta
gtttcaagta
acttcactgg
gtgctgtgga
aggccttcaa
tgatgcaaaa
ttatgaaagt
aaatgcagat
aagatttggg
acaagatcta
atggtagcaa
tcaacgacgg
tcaacgacaa
tcgacgataa
caagcgatgg
aggctgtgga
cctacactat

tcaaccctga

ccaatactcc
tgacccaaac
gaacatcatg

cttggttttg

ccctgtgaac
cccaatcaac
cttcaaccag
cttcgctccg
caagttgatc
gtggaaggaa
gggattgaac
gggattcgtc
gggctacaca
cggtgtcttc
caacgaggaa
ctacttcgat
gtactacttc
acagtactac
ggtgttctac
ctacttctac
ctacaagtac
gtactcaggc
cgaaactgga

gacaaagaag

2340

2400

2460

2520

2529

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200



gcctgcaagg
atgcgcaccg
atgcaattcg
atgcagatcg
ctcgacgaga
aagaggtact
gaggaatact
<210> 16

<211>

<212>
<213>

DNA
<400> 16

atggtgaccg
cacaacaaca
ggcaagaagt
ggaaagaagt
gatggcaaga
atcgacggca
agcatcaacg
aagggaccaa
ggccaggcta
ggctctgaca
aatactaaca
ttcaatacca
tattttaaca
tacttcgccce
aaccgcttcc
acaggatggg
gctaacggct
atcggcgtct

aacaacatcg

1317

gtatcaacct
gcctcatctc
gttacatcaa
gtgttttcaa
acttcgaggg
acttcaccga

acttcgaccc

gtgtcttcaa
acatcgaagg
attattttga
attatttcaa
agtactactt
agaagtacta
gaaagcattt
acggtttcga
tcttgtacca
gcaaggccgt
cagccgttgce
acacttcaat
ccgacggcat
ccgctaacac
tgtacctcca
tgaccatcga
acaagacaat

tcaagggatc

agggccaagc

gatcgacgat
attcgaaaac
catcgaggac
cactccagac
agaatccatc
cgaatacatc

ggatacagcc

Clostridium difficile

gggtcccaac
tcaagctatc
caacgattct
tctgaacact
taacctcaac
ttttaacaca
ttatttcaac
atacttcgcet
aaacaagttc
cactggactg
tgtgaccggc
cgcttcgacc
catgcaaatc
tgatgctaac
cgacaacatc
tggtaaccgt
cgacaacaag
aaacggtttc

tatcaggtac

atcaagtact
aacaactact
aagatgttct
ggcttcaagt
aactacactg
gctgccactg

cagctggtca

ggcttcgagt
gtctaccaaa
aaggccgtta
gccgaggctg
actgccgaag
aacaccttca
accgatggaa
ccggctaaca
ctcactttga
aggacaatcg
tggcagacta
ggttacacta
ggtgtcttca
aacatcgagg
tactacttcg
tactacttcg
aacttctact
gagtacttcg

caaaacagat

56

acttcgatga
acttcaacga
acttcggaga
acttcgctca
gttggttgga
gctccgtcat

tctctgaa

acttcgcectcc
acaagttctt
ctggctggca
ccaccggttg
ctgccacagg
tcgcttctac
tcatgcagat
cagacgctaa
acggcaagaa
atggcaagaa
tcaacggaaa
tcatctctgg
agggccccga
gacaggctat
gcaacaactc
agcccaacac
tccgcaacgg
ctcctgccaa

tcctgcacct

aaagggtatc
gaacggagaa
agatggtgtc
ccaaaacaca
cctggatgag

catcgacgga

cgccaacact
gaccctgaac
aacaatcgac
gcagactatc
atggcaaacc
tggctacaca
cggtgtgttc
caacatcgag
gtactatttt
gtactacttt
gaagtattat
caagcatttt
tggcttcgaa
ccgttaccaa
aaaggctgcc
tgccatgggt
tctcccacag
caccgacgcce

gctcggcaag

1260

1320

1380

1440

1500

1560

1608

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140



atctactact tcggaaacaa ctcgaaggcc gttactggtt ggcagacaat caacggcaag 1200

gtgtactact tcatgccaga caccgctatg gctgccgctg gtggcctctt cgaaatcgac 1260
ggcgtgatct acttcttcgg cgttgatgga gtgaaggctc cgggtatcta cggctaa 1317
<210> 17

<211> 2307

<212> PRT

<213> Artificial Sequence

<220>
<223> Triple toxin vaccine BV1512

<220>
<221> misc_ feature
<222> (588)..(588)

<223> Xaa can be any naturally occurring amino acid
<400> 17

Met Glu Ile Val Asn Glu Asp Ile Leu Pro Asn Asn Gly Leu Met Gly
1 5 10 15

Tyr Tyr Phe Thr Asp Glu His Phe Lys Asp Leu Lys Leu Met Ala Pro
20 25 30

Ile Lys Asp Gly Asn Leu Lys Phe Glu Glu Lys Lys Val Asp Lys Leu

Leu Asp Lys Asp Lys Ser Asp Val Lys Ser Ile Arg Trp Thr Gly Arg

Ile Ile Pro Ser Lys Asp Gly Glu Tyr Thr Leu Ser Thr Asp Arg Asp
65 70 75 80

Asp Val Leu Met Gln Val Asn Thr Glu Ser Thr Ile Ser Asn Thr Leu
85 90 95

Lys Val Asn Met Lys Lys Gly Lys Glu Tyr Lys Val Arg Ile Glu Leu
100 105 110

Gln Asp Lys Asn Leu Gly Ser Ile Asp Asn Leu Ser Ser Pro Asn Leu
115 120 125

Tyr Trp Glu Leu Asp Gly Met Lys Lys Ile Ile Pro Glu Glu Asn Leu
130 135 140

57



Phe

145

Asn

Asp

Gly

Ala

Thr

225

Asp

Pro

His

Ser

Gln

305

Asp

Gly

Arg

Leu

Asn

Leu

Tyr

Glu

210

Ala

Lys

Ile

Ala

Lys

290

Asn

Asn

Leu

Tyr

Arg

Asn

Asp

Thr

195

Gln

Gly

Ala

Val

Ser

275

Thr

Gly

Ser

Ser

Tyr
355

Asp

Phe

Thr

180

Ile

Gly

Asp

Ile

Gly

260

Thr

Glu

Phe

Thr

Ile

340

Asn

Tyr

Phe

165

Asp

Lys

Tyr

Pro

Lys

245

Val

Asp

Ser

Thr

Ala

325

Asn

Thr

Ser

150

Asp

Asn

Asp

Lys

Tyr

230

Thr

Gly

Gln

Asn

Ala

310

Val

Lys

Gly

Asn

Pro

Asp

Leu

Lys

215

Thr

Glu

Met

Gly

Thr

295

Asn

Gln

Gly

Thr

Ile

Lys

Asn

Ile

200

Tyr

Asp

Ala

Glu

Lys

280

Ala

Val

Asp

Glu

Ala
360

Glu

Leu

Ile

185

Ala

Val

Tyr

Arg

Lys

265

Thr

Gly

Thr

Ser

Ser

345

Pro

Lys

Met

170

Pro

Val

Ser

Glu

Asp

250

Leu

Val

Val

Thr

Asn

330

Ala

Met

58

Asp

155

Ser

Asp

Lys

Asn

Lys

235

Pro

Ile

Ser

Ser

Asn

315

Gly

Tyr

Tyr

Asp

Asp

Ser

Trp

Tyr

220

Ala

Leu

Ile

Arg

Val

300

Tyr

Glu

Ile

Lys

Pro

Trp

Tyr

Glu

205

Leu

Ser

Val

Ser

Ala

285

Asn

Ser

Ser

Asn

Val
365

Phe

Glu

Glu

190

Asp

Glu

Gly

Ala

Thr

270

Thr

Val

His

Trp

Ala

350

Thr

Ile

Asp

175

Arg

Ser

Ser

Ser

Ala

255

Asn

Thr

Gly

Thr

Asn

335

Asn

Pro

Pro

160

Glu

Asn

Phe

Asn

Phe

240

Tyr

Glu

Asn

Tyr

Thr

320

Thr

Val

Thr



Thr

Glu

385

Lys

Arg

Lys

Lys

Tyr

465

Glu

Pro

Ala

Pro

Asn

545

Asn

Tyr

Asn

Asn

370

Asn

Gly

Leu

Gln

Asn

450

Ile

Asn

Glu

Phe

Ile

530

Lys

Val

Phe

Val

Leu

Gln

Leu

Ile

Ile

435

Ser

Ser

Glu

Asp

Gly

515

Asp

Ile

Lys

Thr

Asn
595

Val

Ile

Ser

Pro

420

Lys

Ser

Gln

Ser

Lys

500

Ala

Glu

Lys

Leu

Asn

580

Thr

Leu

Gly

Pro

405

Ile

Leu

Gly

Ile

Tyr

485

Thr

Thr

Ser

Asp

Glu

565

Phe

Thr

Asp

Asn

390

Leu

Asn

Glu

Gln

Asp

470

Glu

Pro

Lys

Cys

Ser

550

Arg

Asp

Asn

Gly

375

Asn

Ala

Tyr

Thr

Ile

455

Ser

Arg

Glu

Lys

Val

535

Leu

Gly

Asp

Gln

Asp

Leu

Leu

Asp

Thr

440

Val

Ile

Arg

Leu

Asp

520

Glu

Lys

Met

Tyr

Asp
600

Thr

Ser

Asn

Gln

425

Gln

Thr

Ser

Val

Thr

505

Gly

Leu

Thr

Asn

Asn

585

Gly

Leu

Pro

Thr

410

Leu

Val

Glu

Ala

Thr

490

Ile

Leu

Ile

Leu

Ile

570

Asn

Leu

59

Ser

Gly

395

Met

Lys

Ser

Gly

Ser

475

Ala

Gly

Leu

Phe

Ser

555

Leu

Tyr

Gln

Thr

380

Asp

Asp

Lys

Gly

Asn

460

Ile

Lys

Glu

Tyr

Asp

540

Asp

Ile

Xaa

Gly

Ile

Thr

Gln

Leu

Asn

445

Ser

Ile

Asn

Ala

Phe

525

Asp

Lys

Lys

Ser

Ser
605

Lys

Tyr

Phe

Asp

430

Phe

Trp

Leu

Leu

Ile

510

Asn

Asn

Lys

Thr

Thr

590

Ala

Ala

Pro

Ser

415

Ala

Gly

Ser

Asp

Gln

495

Glu

Asp

Thr

Ile

Pro

575

Trp

Asn

Gln

Lys

400

Ser

Gly

Thr

Asp

Thr

480

Asp

Lys

Ile

Ala

Tyr

560

Thr

Ser

Lys



Leu

Tyr

625

Asn

Leu

Thr

Thr

Glu

705

Met

Thr

Asn

Leu

Arg

785

Leu

Leu

Asn

610

Lys

Ser

Val

Glu

Thr

690

Ile

Asp

Gly

Lys

Gln

770

Asn

Arg

Arg

Gly

Arg

Ile

Pro

Lys

675

Tyr

Leu

Ala

Asn

Glu

755

Tyr

Tyr

Ser

Ile

Glu

Tyr

Ile

Glu

660

Asp

Leu

Asp

His

Thr

740

Ala

Ser

Leu

Tyr

Tyr
820

Thr

Val

Val

645

Gln

Ser

Asp

Glu

Lys

725

Tyr

Leu

Gly

Gly

Phe

805

Ala

Lys

Phe

630

Lys

Gly

Ser

Asn

Pro

710

Ile

Ile

Asp

Phe

Asp

790

Thr

Ile

Ile

615

Ser

Ile

Tyr

Asn

Leu

695

Glu

Tyr

Asn

Tyr

Lys

775

Pro

Gly

Thr

Lys

Gly

Lys

Thr

Ile

680

Ser

Val

Phe

Gly

Ile

760

Asp

Asn

Gly

Pro

Ile

Tyr

Ala

Lys

665

Glu

Ile

Lys

Ala

Met

745

Gln

Ile

Gln

Glu

Asp
825

Pro

Ser

Lys

650

Phe

Ile

Thr

Ile

Asp

730

Tyr

Lys

Gly

Pro

Asn

810

Asp

60

Met

Lys

635

Glu

Ser

Thr

Glu

Pro

715

Leu

Phe

Tyr

Thr

Lys

795

Ile

Arg

Ser

620

Asp

Glu

Tyr

Leu

Leu

700

Thr

Asn

Ala

Arg

Lys

780

Thr

Met

Glu

Glu

Pro

Lys

Glu

Ile

685

Asn

Asp

Phe

Pro

Val

765

Asp

Asn

Thr

Leu

Leu

Leu

Thr

Phe

670

Gly

Ser

Gln

Asn

Thr

750

Glu

Lys

Tyr

Tyr

Leu
830

Lys

Thr

Asp

655

Glu

Ser

Thr

Glu

Pro

735

Gln

Ala

Glu

Val

Lys

815

Val

Pro

Ser

640

Tyr

Thr

Gly

Pro

Ile

720

Ser

Thr

Thr

Met

Asn

800

Lys

Leu



Ser Val Asp Ala Ser Met Gln Glu Ile Arg Asn Asn Ser Asn Ser Ser
835 840 845

Asp Ile Glu Leu Glu Glu Lys Val Met Leu Thr Glu Cys Glu Ile Asn
850 855 860

Val Ile Ser Asn Ile Asp Thr Gln Ile Val Glu Glu Arg Ile Glu Glu
865 870 875 880

Ala Lys Asn Leu Thr Ser Asp Ser Ile Asn Tyr Ile Lys Asp Glu Phe
885 890 895

Lys Leu Ile Glu Ser Ile Ser Asp Ala Leu Cys Asp Leu Lys Gln Gln
900 905 910

Asn Glu Leu Glu Asp Ser His Phe Ile Ser Phe Glu Asp Ile Ser Glu
915 920 925

Thr Asp Glu Gly Phe Ser Ile Arg Phe Ile Asn Lys Glu Thr Gly Glu
930 935 940

Ser Ile Phe Val Glu Thr Glu Lys Thr Ile Phe Ser Glu Tyr Ala Asn
945 950 955 960

His Ile Thr Glu Glu Ile Ser Lys Ile Lys Gly Thr Ile Phe Asp Thr
965 970 975

Val Asn Gly Lys Leu Val Lys Lys Val Asn Leu Asp Thr Thr His Glu
980 985 990

Val Asn Thr Leu Asn Ala Ala Phe Phe Ile Gln Ser Leu Ile Glu Tyr
995 1000 1005

Asn Ser Ser Lys Glu Ser Leu Ser Asn Leu Ser Val Ala Met Lys
1010 1015 1020

Val Gln Val Tyr Ala Gln Leu Phe Ser Thr Gly Leu Asn Thr Ile
1025 1030 1035

Thr Asp Ala Ala Lys Val Val Glu Leu Val Ser Thr Ala Leu Asp
1040 1045 1050

Glu Thr TIle Asp Leu Leu Pro Thr Leu Ser Glu Gly Leu Pro Ile
1055 1060 1065

61



Ile

Glu

Ala

Ala

Leu

Val

Asp

Thr

Ile

Cys

Asp

Glu

Glu

Asn

Ala
1070

Leu
1085

Lys
1100

Ile
1115

Leu
1130

Asn
1145

Tyr
1160

Leu
1175

Ser
1190

Glu
1205

Asp
1220

Pro
1235

Leu
1250

Arg
1265

Thr

Ser

Ile

Ile

Val

Asn

Phe

Leu

Glu

Ile

Ile

His

Asp

Val

Ile

Glu

Gly

Thr

Pro

Glu

Lys

Asp

Ile

Trp

Asp

Leu

Leu

Phe

Ile

Thr

Ile

Ser

Leu

Leu

His

Asp

Asp

Arg

His

Ser

Ser

Ala

Asp

Ser

Met

Ser

Ala

Val

Val

Lys

Phe

Met

Phe

Ile

Lys

Trp

Gly
1075

Asp
1090

Ala
1105

Leu
1120

Gly
1135

Leu
1150

Ser
1165

Ile
1180

Asn
1195

Glu
1210

Phe
1225

Tyr
1240

Asp
1255

Glu
1270

Val

Pro

Val

Gly

Ile

Arg

Leu

Met

Asn

Gly

Ser

Asp

Leu

Thr

Ser

Leu

Asn

Ile

Ser

Asp

Val

Met

Asn

Gly

Ala

Val

Met

Gly

Leu

Leu

Leu

Ala

Ala

Lys

Glu

Pro

Ser

Ser

Pro

Leu

Val

Trp

62

Gly

Arg

Thr

Ser

Gly

Ala

Thr

Gln

Ile

Ser

Glu

Leu

Thr

Ala
1080

Gln
1095

Thr
1110

Gly
1125

Ile
1140

Thr
1155

Glu
1170

Asp
1185

Val
1200

His
1215

Ile
1230

Val
1245

Pro
1260

Pro
1275

Ala

Glu

Ala

Phe

Pro

Lys

Gly

Asp

Leu

Thr

Thr

Gln

Asn

Gly

Ile

Ile

Thr

Ser

Ser

Val

Val

Leu

Gly

Val

Tyr

Lys

Ala

Leu

Lys

Glu

Thr

Ile

Leu

Val

Phe

Val

Lys

Thr

Arg

Glu

Pro

Arg



Ser

Asn

Asp

Ile

Ile

Tyr

Met

Asp

Ile

Ile

Ser

Ser

Ser

Met

Phe

Leu
1280

Tyr
1295

Ala
1310

Arg
1325

Ile
1340

Gly
1355

Gly
1370

Val
1385

Lys
1400

Glu
1415

Gly
1430

Ile
1445

Lys
1460

Leu
1475

Asn
1490

Glu

Glu

Leu

Ile

Thr

Ser

Ile

Asp

Lys

Glu

Glu

Leu

Ser

Asn

Ser

Asn

Gly

Ile

Asn

Thr

Gly

Asn

Asn

Gly

Asn

Val

Glu

Tyr

Ser

Glu

Asp

Glu

Thr

Leu

Glu

Gly

Ile

Val

Asp

Lys

Asn

Gly

Lys

Asn

Leu

Gly

Phe

Thr

Asp

Tyr

Thr

Glu

Val

Leu

Ile

Ile

Leu

His

Gln

Thr
1285

Tyr
1300

Leu
1315

Ser
1330

Ile
1345

Tyr
1360

Leu
1375

Arg
1390

Ile
1405

Ile
1420

Ser
1435

Asn
1450

Leu
1465

Ile
1480

Lys
1495

Lys

Trp

Lys

Asn

Arg

Ala

Ser

Asp

Glu

Leu

Asn

Ala

Ile

Gln

Asn

Leu

Arg

Pro

Thr

Glu

Leu

Glu

Val

Gly

Asn

Gly

Ile

Ser

Gln

Ile

Leu

Tyr

Arg

Arg

Lys

Ser

Ser

Thr

Ile

Ser

Phe

Ile

Gly

Lys

Pro

63

Asp

Phe

Tyr

Ser

Leu

Leu

Asp

Ile

Leu

His

Val

Glu

Glu

Ile

Tyr

Arg
1290

Ala
1305

Glu
1320

Phe
1335

Ser
1350

Ser
1365

Val
1380

Glu
1395

Ser
1410

Glu
1425

Ser
1440

Val
1455

Leu
1470

Asp
1485

Ser
1500

Ile

Phe

Asp

Ile

Tyr

Gln

Trp

Ser

Thr

Ile

Leu

Asp

Lys

Tyr

Phe

Arg

Ile

Thr

Val

Ser

Tyr

Ile

Asp

Leu

Asn

Thr

Leu

Ile

Ile

Val

Asp

Ala

Asn

Pro

Phe

Asn

Ile

Lys

Ser

Phe

Phe

Leu

Leu

Gly

Asp



Ser

Gly

Val

Asn

Leu

Leu

Leu

Lys

Ser

Ile

Ser

Gln

Leu

Asp

Glu
1505

Leu
1520

Tyr
1535

Leu
1550

Thr
1565

Thr
1580

Asp
1595

Gly
1610

Met
1625

Lys
1640

Ile
1655

Pro
1670

Tyr
1685

Leu
1700

Gly

Phe

Met

Lys

Gly

Leu

Glu

Asn

Asn

Phe

Gly

Tyr

Val

Asp

Lys

Val

Asp

Asp

Tyr

Gln

Ser

Thr

Ile

Ile

Gln

Phe

Gly

Asp

Glu

Ser

Asp

Val

Tyr

Asp

Gly

Asn

Lys

Leu

Phe

Ile

Asn

Ser

Asn

Glu

Ser

Lys

Leu

Glu

Val

Thr

Ser

Asp

Glu

Lys

Arg

Gly

Gly
1510

Leu
1525

Lys
1540

Val
1555

Lys
1570

Lys
1585

Ala
1600

Ser
1615

Ile
1630

Ala
1645

Phe
1660

Phe
1675

Gln
1690

Asp
1705

Phe

Pro

Pro

Ile

Asp

Thr

Glu

Asp

Phe

Asn

Ile

Asn

Asn

Ile

Ile

Asp

Ser

Thr

Asp

Ile

Ile

Ser

Val

Phe

Cys

Thr

Met

Ser

Asn

Val

Phe

Lys

Ile

Lys

Leu

Leu

Asn

Ile

Asp

Leu

Ile

Ser

64

Gly

Val

Gly

Asp

Lys

Leu

Lys

Met

Phe

Ile

Glu

Glu

Val

Thr

Ser
1515

Leu
1530

Tyr
1545

Asn
1560

Ile
1575

Asn
1590

Phe
1605

Ser
1620

Leu
1635

Ser
1650

Asn
1665

Thr
1680

Glu
1695

Val
1710

Thr

Ile

Tyr

Val

Ser

Ser

Met

Phe

Gln

Gly

Asp

Asn

Pro

Ile

Lys

Ser

Ser

Asn

Leu

Val

Asn

Leu

Ser

Thr

Asn

Tyr

Asn

Asn

Glu

Lys

Asn

Ile

Ser

His

Arg

Glu

Asn

Thr

Ile

Thr

Tyr

Phe



Ser

Val

Val

Ala

Ser

Met

Phe

Phe

Leu

Asp

Asn

Asn

Ile

Asn

Gly

Gln
1715

Ile
1730

Tyr
1745

Asn
1760

Ile
1775

Ser
1790

Val
1805

Asn
1820

Ser
1835

Leu
1850

Phe
1865

Gly
1880

Glu
1895

Gly
1910

Trp
1925

Lys

Ser

Glu

Tyr

Arg

Thr

Asn

Phe

Phe

Gly

Gly

Phe

Gly

Lys

Gln

Tyr

Pro

Thr

Ile

Tyr

Ser

Val

Ser

Thr

Leu

Met

Glu

Gln

Lys

Thr

Leu

Asn

Asn

Asn

Val

Glu

Phe

Asp

Pro

Val

Ser

Tyr

Ala

Tyr

Ile

Tyr

Ile

Asn

Glu

Trp

Glu

Lys

Lys

Ser

Ser

Arg

Phe

Ile

Tyr

Asp

Gly
1720

Tyr
1735

Thr
1750

Lys
1765

Ser
1780

Asn
1795

Asp
1810

Gln
1825

Tyr
1840

Leu
1855

Met
1870

Ala
1885

Val
1900

Phe
1915

Gly
1930

Ile

Thr

Tyr

Ile

Asn

Lys

Lys

Asp

Tyr

Tyr

Val

Pro

Tyr

Asp

Lys

Asp

Asp

Pro

Asn

Asp

Val

Thr

Val

Glu

Asn

Thr

Ala

Gln

Asn

Lys

Ser

Glu

Glu

Val

Gly

Ser

Leu

Pro

Asp

Glu

Gly

Asn

Asn

Asp

Tyr

65

Cys

Ile

Val

Asn

Asn

Gln

Ala

Val

Gly

Lys

Val

Thr

Lys

Ser

Tyr

Val
1725

Asn
1740

Ile
1755

Ile
1770

Asp
1785

Val
1800

Asn
1815

Ser
1830

Leu
1845

Phe
1860

Phe
1875

His
1890

Phe
1905

Lys
1920

Phe
1935

Asn

Ile

Val

Asn

Phe

Lys

Lys

Glu

Ile

Tyr

Lys

Asn

Leu

Ala

Asn

Lys

Thr

Leu

Asp

Ile

Ile

Leu

Ile

Gly

Ile

Gly

Asn

Thr

Val

Leu

Val

Pro

Asp

Leu

Leu

Arg

Ser

Ile

Tyr

Asn

Pro

Asn

Leu

Thr

Asn



Thr

Tyr

Thr

Ala

Asn

Gly

Glu

Gly

Leu

Ala

Tyr

Ile

Ile

Ala

Ala
1940

Tyr
1955

Ile
1970

Ser
1985

Thr
2000

Phe
2015

Gly
2030

Lys
2045

Arg
2060

Val
2075

Phe
2090

Ser
2105

Gly
2120

Asn
2135

Glu

Phe

Asp

Thr

Asp

Glu

Gln

Lys

Thr

Ala

Asn

Gly

Val

Thr

Ala

Asn

Gly

Gly

Gly

Tyr

Ala

Tyr

Ile

Val

Thr

Lys

Phe

Asp

Ala

Leu

Lys

Tyr

Ile

Phe

Ile

Tyr

Asp

Thr

Asn

His

Lys

Ala

Thr

Asn

Lys

Thr

Met

Ala

Leu

Phe

Gly

Gly

Thr

Phe

Gly

Asn

Gly
1945

Thr
1960

Tyr
1975

Ser
1990

Gln
2005

Pro
2020

Tyr
2035

Gly
2050

Lys
2065

Trp
2080

Ser
2095

Tyr
2110

Pro
2125

Asn
2140

Trp

Ala

Tyr

Ile

Ile

Ala

Gln

Ser

Lys

Gln

Ile

Phe

Asp

Ile

Gln

Glu

Phe

Asn

Gly

Asn

Asn

Asp

Tyr

Thr

Ala

Asn

Gly

Glu

Thr

Ala

Asn

Gly

Val

Thr

Lys

Ser

Tyr

Ile

Ser

Thr

Phe

Gly

66

Ile

Ala

Thr

Lys

Phe

Asp

Phe

Lys

Phe

Asn

Thr

Asp

Glu

Gln

Asp
1950

Thr
1965

Asn
1980

His
1995

Lys
2010

Ala
2025

Leu
2040

Ala
2055

Asn
2070

Gly
2085

Gly
2100

Gly
2115

Tyr
2130

Ala
2145

Gly

Gly

Thr

Phe

Gly

Asn

Thr

Val

Thr

Lys

Tyr

Ile

Phe

Ile

Lys

Trp

Phe

Tyr

Pro

Asn

Leu

Thr

Asn

Lys

Thr

Met

Ala

Arg

Lys

Gln

Ile

Phe

Asn

Ile

Asn

Gly

Thr

Tyr

Ile

Gln

Pro

Tyr



Gln Asn Arg Phe Leu Tyr Leu His Asp Asn Ile Tyr Tyr Phe Gly
2150 2155 2160

Asn Asn Ser Lys Ala Ala Thr Gly Trp Val Thr Ile Asp Gly Asn
2165 2170 2175

Arg Tyr Tyr Phe Glu Pro Asn Thr Ala Met Gly Ala Asn Gly Tyr
2180 2185 2190

Lys Thr Ile Asp Asn Lys Asn Phe Tyr Phe Arg Asn Gly Leu Pro
2195 2200 2205

Gln Ile Gly Val Phe Lys Gly Ser Asn Gly Phe Glu Tyr Phe Ala
2210 2215 2220

Pro Ala Asn Thr Asp Ala Asn Asn Ile Glu Gly Gln Ala Ile Arg
2225 2230 2235

Tyr Gln Asn Arg Phe Leu His Leu Leu Gly Lys Ile Tyr Tyr Phe
2240 2245 2250

Gly Asn Asn Ser Lys Ala Val Thr Gly Trp Gln Thr Ile Asn Gly
2255 2260 2265

Lys Val Tyr Tyr Phe Met Pro Asp Thr Ala Met Ala Ala Ala Gly
2270 2275 2280

Gly Leu Phe Glu Ile Asp Gly Val Ile Tyr Phe Phe Gly Val Asp
2285 2290 2295

Gly Val Lys Ala Pro Gly Ile Tyr Gly

2300 2305
<210> 18
<211> 835
<212> PRT

<213> Clostridium difficile

<220>
<221> misc_ feature
<222> (588)..(588)

<223> Xaa can be any naturally occurring amino acid
<400> 18

Met Glu Ile Val Asn Glu Asp Ile Leu Pro Asn Asn Gly Leu Met Gly

67



Tyr

Ile

Leu

Ile

65

Asp

Lys

Gln

Tyr

Phe

145

Asn

Asp

Gly

Ala

Thr
225

Tyr

Lys

Asp

Ile

Val

Val

Asp

Trp

130

Leu

Asn

Leu

Tyr

Glu

210

Ala

Phe

Asp

Lys

Pro

Leu

Asn

Lys

115

Glu

Arg

Asn

Asp

Thr

195

Gln

Gly

Thr

20

Gly

Asp

Ser

Met

Met

100

Asn

Leu

Asp

Phe

Thr

180

Ile

Gly

Asp

Asp

Asn

Lys

Lys

Gln

85

Lys

Leu

Asp

Tyr

Phe

165

Asp

Lys

Tyr

Pro

Glu

Leu

Ser

Asp

Val

Lys

Gly

Gly

Ser

150

Asp

Asn

Asp

Lys

Tyr
230

His

Lys

Asp

Gly

Asn

Gly

Ser

Met

135

Asn

Pro

Asp

Leu

Lys

215

Thr

Phe

Phe

40

Val

Glu

Thr

Lys

Ile

120

Lys

Ile

Lys

Asn

Ile

200

Tyr

Asp

Lys

25

Glu

Lys

Tyr

Glu

Glu

105

Asp

Lys

Glu

Leu

Ile

185

Ala

Val

Tyr

10

Asp

Glu

Ser

Thr

Ser

90

Tyr

Asn

Ile

Lys

Met

170

Pro

Val

Ser

Glu

68

Leu

Lys

Ile

Leu

75

Thr

Lys

Leu

Ile

Asp

155

Ser

Asp

Lys

Asn

Lys
235

Lys

Lys

Arg

Ser

Ile

Val

Ser

Pro

140

Asp

Asp

Ser

Trp

Tyr

220

Ala

Leu

Val

45

Trp

Thr

Ser

Arg

Ser

125

Glu

Pro

Trp

Tyr

Glu

205

Leu

Ser

Met

30

Asp

Thr

Asp

Asn

Ile

110

Pro

Glu

Phe

Glu

Glu

190

Asp

Glu

Gly

15

Ala

Lys

Gly

Arg

Thr

95

Glu

Asn

Asn

Ile

Asp

175

Arg

Ser

Ser

Ser

Pro

Leu

Arg

Asp

Leu

Leu

Leu

Leu

Pro

160

Glu

Asn

Phe

Asn

Phe
240



Asp

Pro

His

Ser

Gln

305

Asp

Gly

Arg

Thr

Glu

385

Lys

Arg

Lys

Lys

Tyr

Lys

Ile

Ala

Lys

290

Asn

Asn

Leu

Tyr

Asn

370

Asn

Gly

Leu

Gln

Asn

450

Ile

Ala

Val

Ser

275

Thr

Gly

Ser

Ser

Tyr

355

Leu

Gln

Leu

Ile

Ile

435

Ser

Ser

Ile

Gly

260

Thr

Glu

Phe

Thr

Ile

340

Asn

Val

Ile

Ser

Pro

420

Lys

Ser

Gln

Lys

245

Val

Asp

Ser

Thr

Ala

325

Asn

Thr

Leu

Gly

Pro

405

Ile

Leu

Gly

Ile

Thr

Gly

Gln

Asn

Ala

310

Val

Lys

Gly

Asp

Asn

390

Leu

Asn

Glu

Gln

Asp

Glu

Met

Gly

Thr

295

Asn

Gln

Gly

Thr

Gly

375

Asn

Ala

Tyr

Thr

Ile

455

Ser

Ala

Glu

Lys

280

Ala

Val

Asp

Glu

Ala

360

Asp

Leu

Leu

Asp

Thr

440

Val

Ile

Arg

Lys

265

Thr

Gly

Thr

Ser

Ser

345

Pro

Thr

Ser

Asn

Gln

425

Gln

Thr

Ser

Asp

250

Leu

Val

Val

Thr

Asn

330

Ala

Met

Leu

Pro

Thr

410

Leu

Val

Glu

Ala

69

Pro

Ile

Ser

Ser

Asn

315

Gly

Tyr

Tyr

Ser

Gly

395

Met

Lys

Ser

Gly

Ser

Leu

Ile

Arg

Val

300

Tyr

Glu

Ile

Lys

Thr

380

Asp

Asp

Lys

Gly

Asn

460

Ile

Val

Ser

Ala

285

Asn

Ser

Ser

Asn

Val

365

Ile

Thr

Gln

Leu

Asn

445

Ser

Ile

Ala

Thr

270

Thr

Val

His

Trp

Ala

350

Thr

Lys

Tyr

Phe

Asp

430

Phe

Trp

Leu

Ala

255

Asn

Thr

Gly

Thr

Asn

335

Asn

Pro

Ala

Pro

Ser

415

Ala

Gly

Ser

Asp

Tyr

Glu

Asn

Tyr

Thr

320

Thr

Val

Thr

Gln

Lys

400

Ser

Gly

Thr

Asp

Thr



465

Glu

Pro

Ala

Pro

Asn

545

Asn

Tyr

Asn

Leu

Tyr

625

Asn

Leu

Thr

Thr

Asn

Glu

Phe

Ile

530

Lys

Val

Phe

Val

Asn

610

Lys

Ser

Val

Glu

Thr
690

Glu

Asp

Gly

515

Asp

Ile

Lys

Thr

Asn

595

Gly

Arg

Ile

Pro

Lys

675

Tyr

Ser

Lys

500

Ala

Glu

Lys

Leu

Asn

580

Thr

Glu

Tyr

Ile

Glu

660

Asp

Leu

Tyr

485

Thr

Thr

Ser

Asp

Glu

565

Phe

Thr

Thr

Val

Val

645

Gln

Ser

Asp

470

Glu

Pro

Lys

Cys

Ser

550

Arg

Asp

Asn

Lys

Phe

630

Lys

Gly

Ser

Asn

Arg

Glu

Lys

Val

535

Leu

Gly

Asp

Gln

Ile

615

Ser

Ile

Tyr

Asn

Leu
695

Arg

Leu

Asp

520

Glu

Lys

Met

Tyr

Asp

600

Lys

Gly

Lys

Thr

Ile

680

Ser

Val

Thr

505

Gly

Leu

Thr

Asn

Asn

585

Gly

Ile

Tyr

Ala

Lys

665

Glu

Ile

Thr

490

Ile

Leu

Ile

Leu

Ile

570

Asn

Leu

Pro

Ser

Lys

650

Phe

Ile

Thr

70

475

Ala

Gly

Leu

Phe

Ser

555

Leu

Tyr

Gln

Met

Lys

635

Glu

Ser

Thr

Glu

Lys

Glu

Tyr

Asp

540

Asp

Ile

Xaa

Gly

Ser

620

Asp

Glu

Tyr

Leu

Leu
700

Asn

Ala

Phe

525

Asp

Lys

Lys

Ser

Ser

605

Glu

Pro

Lys

Glu

Ile

685

Asn

Leu

Ile

510

Asn

Asn

Lys

Thr

Thr

590

Ala

Leu

Leu

Thr

Phe

670

Gly

Ser

Gln

495

Glu

Asp

Thr

Ile

Pro

575

Trp

Asn

Lys

Thr

Asp

655

Glu

Ser

Thr

480

Asp

Lys

Ile

Ala

Tyr

560

Thr

Ser

Lys

Pro

Ser

640

Tyr

Thr

Gly

Pro



Glu Ile
705

Met Asp

Thr Gly

Asn Lys

Leu Gln
770

Arg Asn
785

Leu Arg

Leu Arg

Ser Val

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

Glu Lys

Asp Thr

Ser Asp
50

Leu Asp Glu Pro Glu Val
710

Ala His Lys Ile Tyr Phe
725

Asn Thr Tyr Ile Asn Gly
740

Glu Ala Leu Asp Tyr Ile
755 760

Tyr Ser Gly Phe Lys Asp
775

Tyr Leu Gly Asp Pro Asn
790

Ser Tyr Phe Thr Gly Gly
805

Ile Tyr Ala Ile Thr Pro
820

Asp
835

19

1030

PRT

Clostridium difficile

19
Glu Ile Arg Asn Asn Ser

5

Val Met Leu Thr Glu Cys
20

Gln Ile Val Glu Glu Arg
35 40

Ser Ile Asn Tyr Ile Lys
55

Lys

Ala

Met

745

Gln

Ile

Gln

Glu

Asp
825

Asn

Glu

25

Ile

Asp

Ile

Asp

730

Tyr

Lys

Gly

Pro

Asn

810

Asp

Ser
10

Ile

Glu

Glu

71

Pro

715

Leu

Phe

Tyr

Thr

Lys

795

Ile

Arg

Ser

Asn

Glu

Phe

Thr

Asn

Ala

Arg

Lys

780

Thr

Met

Glu

Asp

Val

Ala

Lys
60

Asp

Phe

Pro

Val

765

Asp

Asn

Thr

Leu

Ile

Ile

Lys

45

Leu

Gln

Asn

Thr

750

Glu

Lys

Tyr

Tyr

Leu
830

Glu

Ser

30

Asn

Ile

Glu

Pro

735

Gln

Ala

Glu

Val

Lys

815

Val

Leu

15

Asn

Leu

Glu

Ile

720

Ser

Thr

Thr

Met

Asn

800

Lys

Leu

Glu

Ile

Thr

Ser



Ile

65

Ser

Ser

Thr

Ile

Val

145

Ala

Ser

Leu

Glu

Leu

225

Leu

Arg

Thr

Ser

His

Ile

Glu

Ser

130

Lys

Ala

Leu

Phe

Leu

210

Ser

Gly

Gln

Ala

Asp

Phe

Arg

Lys

115

Lys

Lys

Phe

Ser

Ser

195

Val

Glu

Ala

Glu

Thr
275

Ala

Ile

Phe

100

Thr

Ile

Val

Phe

Asn

180

Thr

Ser

Gly

Ala

Ile

260

Thr

Leu

Ser

85

Ile

Ile

Lys

Asn

Ile

165

Leu

Gly

Thr

Leu

Ile

245

Glu

Ala

Cys

70

Phe

Asn

Phe

Gly

Leu

150

Gln

Ser

Leu

Ala

Pro

230

Lys

Ala

Ile

Asp

Glu

Lys

Ser

Thr

135

Asp

Ser

Val

Asn

Leu

215

Ile

Glu

Lys

Ile

Leu

Asp

Glu

Glu

120

Ile

Thr

Leu

Ala

Thr

200

Asp

Ile

Leu

Ile

Thr
280

Lys

Ile

Thr

105

Tyr

Phe

Thr

Ile

Met

185

Ile

Glu

Ala

Ser

Gly

265

Ser

Gln

Ser

90

Gly

Ala

Asp

His

Glu

170

Lys

Thr

Thr

Thr

Glu

250

Ile

Ser

72

Gln

75

Glu

Glu

Asn

Thr

Glu

155

Tyr

Val

Asp

Ile

Ile

235

Thr

Met

Leu

Asn

Thr

Ser

His

Val

140

Val

Asn

Gln

Ala

Asp

220

Ile

Ser

Ala

Gly

Glu

Asp

Ile

Ile

125

Asn

Asn

Ser

Val

Ala

205

Leu

Asp

Asp

Val

Ile
285

Leu

Glu

Phe

110

Thr

Gly

Thr

Ser

Tyr

190

Lys

Leu

Gly

Pro

Asn

270

Ala

Glu

Gly

95

Val

Glu

Lys

Leu

Lys

175

Ala

Val

Pro

Val

Leu

255

Leu

Ser

Asp

80

Phe

Glu

Glu

Leu

Asn

160

Glu

Gln

Val

Thr

Ser

240

Leu

Thr

Gly



Phe

Ser

305

Val

Thr

Ser

Ile

Asp

385

Ser

Lys

Glu

Lys

Arg

465

Arg

Ser

Ser

Ser

290

Leu

Asp

Leu

Glu

Trp

370

His

Ile

Asp

Thr

Leu

450

Tyr

Tyr

Phe

Tyr

Ile

Val

Tyr

Leu

Ile

355

Arg

Phe

Tyr

Leu

Gly

435

Leu

Phe

Glu

Ile

Ser
515

Leu

Asn

Phe

Asp

340

Asp

Met

Phe

Asp

Met

420

Trp

Asp

Ala

Asp

Val

500

Phe

Leu

Asn

Lys

325

Asp

Phe

Glu

Ser

Val

405

Val

Thr

Arg

Phe

Thr

485

Pro

Tyr

Val

Glu

310

His

Lys

Asn

Gly

Ala

390

Leu

Leu

Pro

Ile

Ile

470

Asn

Ile

Gly

Pro

295

Leu

Val

Ile

Asn

Gly

375

Pro

Glu

Pro

Gly

Arg

455

Ala

Ile

Ile

Ser

Leu

Val

Ser

Met

Asn

360

Ser

Ser

Val

Asn

Leu

440

Asp

Asp

Arg

Thr

Gly
520

Ala

Leu

Leu

Met

345

Ser

Gly

Ile

Gln

Ala

425

Arg

Asn

Ala

Ile

Thr

505

Gly

Gly

Arg

Val

330

Pro

Ile

His

Thr

Lys

410

Pro

Ser

Tyr

Leu

Asn

490

Glu

Thr

73

Ile

Asp

315

Glu

Gln

Val

Thr

Tyr

395

Glu

Asn

Leu

Glu

Ile

475

Leu

Tyr

Tyr

Ser

300

Lys

Thr

Asp

Leu

Val

380

Arg

Glu

Arg

Glu

Gly

460

Thr

Asp

Ile

Ala

Ala

Ala

Glu

Asp

Gly

365

Thr

Glu

Leu

Val

Asn

445

Glu

Thr

Ser

Arg

Leu
525

Gly

Thr

Gly

Leu

350

Lys

Asp

Pro

Asp

Phe

430

Asp

Phe

Leu

Asn

Glu

510

Ser

Ile

Lys

Val

335

Val

Cys

Asp

His

Leu

415

Ala

Gly

Tyr

Lys

Thr

495

Lys

Leu

Pro

Val

320

Phe

Ile

Glu

Ile

Leu

400

Ser

Trp

Thr

Trp

Pro

480

Arg

Leu

Ser



Gln

Ile

545

Lys

Ile

Gly

Leu

Tyr

625

Asn

Gln

Gly

Pro

Ser

705

Lys

Lys

Tyr

530

Ile

Ile

Glu

Glu

Glu

610

Lys

His

Lys

Phe

Asp

690

Phe

Asp

Ile

Asn

Asp

Lys

Glu

Val

595

Gly

Leu

Ile

Asn

Ile

675

Val

Gly

Asn

Ser

Met

Val

Lys

Asn

580

Asn

Ile

Leu

Gln

Ile

660

Asn

Val

Tyr

Val

Leu
740

Gly

Asp

Gly

565

Lys

Gly

Asn

Ile

Gln

645

Pro

Leu

Tyr

Asn

725

Ser

Ile

Asn

550

Asp

Ile

Ser

Ala

Ser

630

Tyr

Ser

Ile

Ser

710

Ile

Leu

Asn

535

Val

Leu

Ile

Asn

Ile

615

Gly

Ile

Ser

Thr

Ser

695

Asn

Leu

Thr

Ile

Val

Ile

Leu

Gly

600

Ile

Glu

Asp

Phe

Lys

680

Lys

Asn

Thr

Leu

Glu

Arg

Glu

Asn

585

Phe

Glu

Leu

Tyr

Val

665

Glu

Val

Leu

Gly

Gln
745

Leu

Asp

Gly

570

Ser

Val

Val

Lys

Ile

650

Asp

Gly

Tyr

Lys

Tyr

730

Asp

74

Ser

Val

555

Ile

His

Ser

Asp

Ile

635

Gly

Ser

Leu

Met

Asp

715

Tyr

Glu

Glu

540

Thr

Leu

Glu

Leu

Leu

620

Leu

Phe

Glu

Phe

Asp

700

Val

Leu

Lys

Ser

Ile

Ser

Ile

Thr

605

Leu

Met

Asn

Val

685

Asp

Lys

Lys

Thr

Asp

Glu

Thr

Asn

590

Phe

Ser

Leu

Ser

Lys

670

Ser

Ser

Val

Asp

Ile
750

Val

Ser

Leu

575

Phe

Ser

Lys

Asn

Glu

655

Glu

Glu

Lys

Ile

Asp

735

Lys

Trp

Asp

560

Ser

Ser

Ile

Ser

Ser

640

Leu

Asn

Leu

Pro

Thr

720

Ile

Leu



Asn

Met

Leu

785

Asn

Ser

Pro

Val

Asp

865

Leu

Ile

Thr

Ile

Asp

945

Ser

Ala

Ser

Asn

770

Glu

Ile

Ile

Tyr

Gly

850

Ser

Tyr

Tyr

Tyr

Asn

930

Gly

Gln

Asn

Val

755

Arg

Ser

Lys

Gly

Phe

835

Asn

Gly

Gly

Thr

Pro

915

Val

Asn

Val

Lys

His

Lys

Met

Phe

Gln

820

Ile

Arg

Asp

Ile

Asp

900

Glu

Asn

Asp

Lys

Leu
980

Leu

Gly

Asn

Ile

805

Phe

Lys

Gln

Ile

Asp

885

Glu

Val

Ile

Phe

Ile

965

Ser

Asp

Asn

Ile

790

Leu

Glu

Phe

Asn

Ser

870

Ser

Ile

Ile

Asn

Ile

950

Arg

Phe

Glu

Thr

775

Lys

Asp

Phe

Asn

Met

855

Ser

Cys

Asn

Val

Asp

935

Leu

Phe

Asn

Ser

760

Asn

Ser

Ala

Ile

Thr

840

Ile

Thr

Val

Ile

Leu

920

Leu

Met

Val

Phe

Gly

Thr

Ile

Asn

Cys

825

Leu

Val

Val

Asn

Thr

905

Asp

Ser

Ser

Asn

Ser
985

Val

Ser

Phe

Phe

810

Asp

Glu

Glu

Ile

Lys

890

Pro

Ala

Ile

Thr

Val

970

Asp

75

Ala

Asp

Val

795

Ile

Glu

Thr

Pro

Asn

875

Val

Val

Asn

Arg

Ser

955

Phe

Lys

Glu

Ser

780

Asn

Ile

Asn

Asn

Asn

860

Phe

Val

Tyr

Tyr

Tyr

940

Glu

Lys

Gln

Ile

765

Leu

Phe

Ser

Asp

Tyr

845

Tyr

Ser

Ile

Glu

Ile

925

Val

Glu

Asp

Asp

Leu

Met

Leu

Gly

Asn

830

Thr

Asp

Gln

Ser

Thr

910

Asn

Trp

Asn

Lys

Val
990

Lys

Ser

Gln

Thr

815

Ile

Leu

Leu

Lys

Pro

895

Asn

Glu

Ser

Lys

Thr

975

Pro

Phe

Phe

Ser

800

Thr

Gln

Tyr

Asp

Tyr

880

Asn

Asn

Lys

Asn

Val

960

Leu

Val



Ser Glu Ile Ile Leu Ser Phe Thr Pro Ser Tyr Tyr Glu Asp Gly Leu
995 1000 1005

Ile Gly Tyr Asp Leu Gly Leu Val Ser Leu Tyr Asn Glu Lys Phe
1010 1015 1020

Tyr Ile Asn Asn Phe Gly Met

1025 1030
<210> 20
<211> 438
<212> PRT

<213> Clostridium difficile
<400> 20

Met Val Thr Gly Val Phe Lys Gly Pro Asn Gly Phe Glu Tyr Phe Ala
1 5 10 15

Pro Ala Asn Thr His Asn Asn Asn Ile Glu Gly Gln Ala Ile Val Tyr
20 25 30

Gln Asn Lys Phe Leu Thr Leu Asn Gly Lys Lys Tyr Tyr Phe Asp Asn
35 40 45

Asp Ser Lys Ala Val Thr Gly Trp Gln Thr Ile Asp Gly Lys Lys Tyr
50 55 60

Tyr Phe Asn Leu Asn Thr Ala Glu Ala Ala Thr Gly Trp Gln Thr Ile
65 70 75 80

Asp Gly Lys Lys Tyr Tyr Phe Asn Leu Asn Thr Ala Glu Ala Ala Thr
85 90 95

Gly Trp Gln Thr Ile Asp Gly Lys Lys Tyr Tyr Phe Asn Thr Asn Thr
100 105 110

Phe Ile Ala Ser Thr Gly Tyr Thr Ser Ile Asn Gly Lys His Phe Tyr
115 120 125

Phe Asn Thr Asp Gly Ile Met Gln Ile Gly Val Phe Lys Gly Pro Asn
130 135 140

Gly Phe Glu Tyr Phe Ala Pro Ala Asn Thr Asp Ala Asn Asn Ile Glu

76



145

Gly

Lys

Ile

Thr

Thr

225

Tyr

Asp

Glu

Asn

Thr

305

Ala

Gly

Phe

Arg

Gln

Tyr

Asp

Gly

210

Ser

Phe

Gly

Gly

Ile

290

Ile

Asn

Leu

Ala

Tyr
370

Ala

Tyr

Gly

195

Trp

Ile

Asn

Phe

Gln

275

Tyr

Asp

Gly

Pro

Pro

355

Gln

Ile

Phe

180

Lys

Gln

Ala

Thr

Glu

260

Ala

Tyr

Gly

Tyr

Gln

340

Ala

Asn

Leu

165

Gly

Lys

Thr

Ser

Asp

245

Tyr

Ile

Phe

Asn

Lys

325

Ile

Asn

Arg

150

Ser

Tyr

Ile

Thr

230

Gly

Phe

Arg

Gly

Arg

310

Thr

Gly

Thr

Phe

Gln

Asp

Tyr

Asn

215

Gly

Ile

Ala

Tyr

Asn

295

Tyr

Ile

Val

Asp

Leu
375

Asn

Ser

Phe

200

Gly

Tyr

Met

Pro

Gln

280

Asn

Tyr

Asp

Phe

Ala

360

His

Lys

Lys

185

Asn

Lys

Thr

Gln

Ala

265

Asn

Ser

Phe

Asn

Lys

345

Asn

Leu

Phe

170

Ala

Thr

Lys

Ile

Ile

250

Asn

Arg

Lys

Glu

Lys

330

Gly

Asn

Leu

77

155

Leu

Val

Asn

Tyr

Ile

235

Gly

Thr

Phe

Ala

Pro

315

Asn

Ser

Ile

Gly

Thr

Thr

Thr

Tyr

220

Ser

Val

Asp

Leu

Ala

300

Asn

Phe

Asn

Glu

Lys
380

Leu

Gly

Ala

205

Phe

Gly

Phe

Ala

Tyr

285

Thr

Thr

Tyr

Gly

Gly

365

Ile

Asn

Leu

190

Val

Asn

Lys

Lys

Asn

270

Leu

Gly

Ala

Phe

Phe

350

Gln

Tyr

Gly

175

Arg

Ala

Thr

His

Gly

255

Asn

His

Trp

Met

Arg

335

Glu

Ala

Tyr

160

Thr

Val

Asn

Phe

240

Pro

Ile

Asp

Val

Gly

320

Asn

Tyr

Ile

Phe



Gly

385

Val

Phe

Ala

Asn

Tyr

Glu

Pro

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

<220>
<223>

<220>
<221>
<222>
<223>

<400>

Asn Ser Lys

Tyr Phe Met
405

Ile Asp Gly
420

Gly Ile Tyr
435

21
2351
PRT

Ala

390

Pro

Val

Gly

Val Thr Gly Trp Gln Thr Ile Asn Gly Lys

Asp Thr Ala

Ile Tyr Phe

Artificial Sequence

Q-Toxin fusion protein

misc feature
(588) ..(588)

Xaa can be any naturally

21

Met Glu Ile Val Asn

1

Tyr

Ile

Leu

Ile

65

Asp

Lys

Tyr

Lys

Asp

50

Ile

Val

Val

Phe Thr Asp
20

Asp Gly Asn
35

Lys Asp Lys

Pro Ser Lys

Leu Met Gln

85

Asn Met Lys

Glu

Glu

Leu

Ser

Asp

70

Val

Lys

Asp

His

Lys

Asp

55

Gly

Asn

Gly

Ile

Phe

Phe

40

Val

Glu

Thr

Lys

425

395

400

Met Ala Ala Ala Gly Gly Leu

410

415

Phe Gly Val Asp Gly Val Lys

430

occurring amino acid

Leu

Lys

25

Glu

Lys

Tyr

Glu

Glu

Pro
10

Asp

Glu

Ser

Thr

Ser
90

Tyr

78

Asn

Leu

Lys

Ile

Leu

75

Thr

Lys

Asn Gly

Lys Leu

Lys Val

45

Arg Trp

60

Ser Thr

Ile Ser

Val Arg

Leu

Met

30

Asp

Thr

Asp

Asn

Ile

Met
15

Ala

Lys

Gly

Arg

Thr

95

Glu

Gly

Pro

Leu

Arg

Asp

80

Leu

Leu



Gln

Tyr

Phe

145

Asn

Asp

Gly

Ala

Thr

225

Asp

Pro

His

Ser

Gln

305

Asp

Asp

Trp

130

Leu

Asn

Leu

Tyr

Glu

210

Ala

Lys

Ile

Ala

Lys

290

Asn

Asn

Lys

115

Glu

Arg

Asn

Asp

Thr

195

Gln

Gly

Ala

Val

Ser

275

Thr

Gly

Ser

100

Asn

Leu

Asp

Phe

Thr

180

Ile

Gly

Asp

Ile

Gly

260

Thr

Glu

Phe

Thr

Leu

Asp

Tyr

Phe

165

Asp

Lys

Tyr

Pro

Lys

245

Val

Asp

Ser

Thr

Ala
325

Gly

Ser

150

Asp

Asn

Asp

Lys

Tyr

230

Thr

Gly

Gln

Asn

Ala

310

Val

Ser

Met

135

Asn

Pro

Asp

Leu

Lys

215

Thr

Glu

Met

Gly

Thr

295

Asn

Gln

Ile

120

Lys

Ile

Lys

Asn

Ile

200

Tyr

Asp

Ala

Glu

Lys

280

Ala

Val

Asp

105

Asp

Lys

Glu

Leu

Ile

185

Ala

Val

Tyr

Arg

Lys

265

Thr

Gly

Thr

Ser

Asn

Ile

Lys

Met

170

Pro

Val

Ser

Glu

Asp

250

Leu

Val

Val

Thr

Asn
330

79

Leu

Ile

Asp

155

Ser

Asp

Lys

Asn

Lys

235

Pro

Ile

Ser

Ser

Asn

315

Gly

Ser

Pro

140

Asp

Asp

Ser

Trp

Tyr

220

Ala

Leu

Ile

Arg

Val

300

Tyr

Glu

Ser

125

Glu

Pro

Trp

Tyr

Glu

205

Leu

Ser

Val

Ser

Ala

285

Asn

Ser

Ser

110

Pro

Glu

Phe

Glu

Glu

190

Asp

Glu

Gly

Ala

Thr

270

Thr

Val

His

Trp

Asn

Asn

Ile

Asp

175

Arg

Ser

Ser

Ser

Ala

255

Asn

Thr

Gly

Thr

Asn
335

Leu

Leu

Pro

160

Glu

Asn

Phe

Asn

Phe

240

Tyr

Glu

Asn

Tyr

Thr

320

Thr



Gly

Arg

Thr

Glu

385

Lys

Arg

Lys

Lys

Tyr

465

Glu

Pro

Ala

Pro

Asn

545

Asn

Leu

Tyr

Asn

370

Asn

Gly

Leu

Gln

Asn

450

Ile

Asn

Glu

Phe

Ile

530

Lys

Val

Ser

Tyr

355

Leu

Gln

Leu

Ile

Ile

435

Ser

Ser

Glu

Asp

Gly

515

Asp

Ile

Ile

340

Asn

Val

Ile

Ser

Pro

420

Lys

Ser

Gln

Ser

Lys

500

Ala

Glu

Lys

Leu

Asn

Thr

Leu

Gly

Pro

405

Ile

Leu

Gly

Ile

Tyr

485

Thr

Thr

Ser

Asp

Glu

Lys

Gly

Asp

Asn

390

Leu

Asn

Glu

Gln

Asp

470

Glu

Pro

Lys

Cys

Ser

550

Arg

Gly

Thr

Gly

375

Asn

Ala

Tyr

Thr

Ile

455

Ser

Arg

Glu

Lys

Val

535

Leu

Gly

Glu

Ala

360

Asp

Leu

Leu

Asp

Thr

440

Val

Ile

Arg

Leu

Asp

520

Glu

Lys

Met

Ser

345

Pro

Thr

Ser

Asn

Gln

425

Gln

Thr

Ser

Val

Thr

505

Gly

Leu

Thr

Asn

Ala

Met

Leu

Pro

Thr

410

Leu

Val

Glu

Ala

Thr

490

Ile

Leu

Ile

Leu

Ile

80

Tyr

Tyr

Ser

Gly

395

Met

Lys

Ser

Gly

Ser

475

Ala

Gly

Leu

Phe

Ser

555

Leu

Ile

Lys

Thr

380

Asp

Asp

Lys

Gly

Asn

460

Ile

Lys

Glu

Tyr

Asp

540

Asp

Ile

Asn

Val

365

Ile

Thr

Gln

Leu

Asn

445

Ser

Ile

Asn

Ala

Phe

525

Asp

Lys

Lys

Ala

350

Thr

Lys

Tyr

Phe

Asp

430

Phe

Trp

Leu

Leu

Ile

510

Asn

Asn

Lys

Thr

Asn

Pro

Ala

Pro

Ser

415

Ala

Gly

Ser

Asp

Gln

495

Glu

Asp

Thr

Ile

Pro

Val

Thr

Gln

Lys

400

Ser

Gly

Thr

Asp

Thr

480

Asp

Lys

Ile

Ala

Tyr

560

Thr



Tyr

Asn

Leu

Tyr

625

Asn

Leu

Thr

Thr

Glu

705

Met

Thr

Asn

Leu

Arg
785

Phe

Val

Asn

610

Lys

Ser

Val

Glu

Thr

690

Ile

Asp

Gly

Lys

Gln

770

Asn

Thr

Asn

595

Gly

Arg

Ile

Pro

Lys

675

Tyr

Leu

Ala

Asn

Glu

755

Tyr

Tyr

Asn

580

Thr

Glu

Tyr

Ile

Glu

660

Asp

Leu

Asp

His

Thr

740

Ala

Ser

Leu

565

Phe

Thr

Thr

Val

Val

645

Gln

Ser

Asp

Glu

Lys

725

Tyr

Leu

Gly

Gly

Asp

Asn

Lys

Phe

630

Lys

Gly

Ser

Asn

Pro

710

Ile

Ile

Asp

Phe

Asp
790

Asp

Gln

Ile

615

Ser

Ile

Tyr

Asn

Leu

695

Glu

Tyr

Asn

Tyr

Lys

775

Pro

Tyr

Asp

600

Lys

Gly

Lys

Thr

Ile

680

Ser

Val

Phe

Gly

Ile

760

Asp

Asn

Asn

585

Gly

Ile

Tyr

Ala

Lys

665

Glu

Ile

Lys

Ala

Met

745

Gln

Ile

Gln

570

Asn

Leu

Pro

Ser

Lys

650

Phe

Ile

Thr

Ile

Asp

730

Tyr

Lys

Gly

Pro

81

Tyr

Gln

Met

Lys

635

Glu

Ser

Thr

Glu

Pro

715

Leu

Phe

Tyr

Thr

Lys
795

Xaa

Gly

Ser
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Thr
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Arg
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Thr

Ser

Ser
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Thr
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Thr
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Ser
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Thr
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Thr
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Thr
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Pro

735

Gln

Ala

Glu

Val

Ser

Lys

Pro

Ser
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Gly
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Leu Arg Ser Tyr Phe Thr Gly Gly Glu Asn Ile Met Thr Tyr Lys Lys
805 810 815

Leu Arg Ile Tyr Ala Ile Thr Pro Asp Asp Arg Glu Leu Leu Val Leu
820 825 830

Ser Val Asp Ala Ser Met Val Ser Gly Leu Ile Tyr Ile Asn Asp Ser
835 840 845

Leu Tyr Tyr Phe Lys Pro Pro Val Asn Asn Leu Ile Thr Gly Phe Val
850 855 860

Thr Val Gly Asp Asp Lys Tyr Tyr Phe Asn Pro Ile Asn Gly Gly Ala
865 870 875 880

Ala Ser Ile Gly Glu Thr Ile Ile Asp Asp Lys Asn Tyr Tyr Phe Asn
885 890 895

Gln Ser Gly Val Leu Gln Thr Gly Val Phe Ser Thr Glu Asp Gly Phe
900 905 910

Lys Tyr Phe Ala Pro Ala Asn Thr Leu Asp Glu Asn Leu Glu Gly Glu
915 920 925

Ala TIle Asp Phe Thr Gly Lys Leu Ile Ile Asp Glu Asn Ile Tyr Tyr
930 935 940

Phe Asp Asp Asn Tyr Arg Gly Ala Val Glu Trp Lys Glu Leu Asp Gly
945 950 955 960

Glu Met His Tyr Phe Ser Pro Glu Thr Gly Lys Ala Phe Lys Gly Leu
965 970 975

Asn Gln Ile Gly Asp Tyr Lys Tyr Tyr Phe Asn Ser Asp Gly Val Met
980 985 990

Gln Lys Gly Phe Val Ser Ile Asn Asp Asn Lys His Tyr Phe Asp Asp
995 1000 1005

Ser Gly Val Met Lys Val Gly Tyr Thr Glu Ile Asp Gly Lys His
1010 1015 1020

Phe Tyr Phe Ala Glu Asn Gly Glu Met Gln Ile Gly Val Phe Asn
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1045

Glu
1060

Tyr
1075
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Ser
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Met

Ser
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Phe
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Tyr

Leu

1035
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Gly
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1140

Tyr
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Arg
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Leu
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Asn

Leu

Thr
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Tyr
1250

Phe
1265
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1280
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Lys
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Glu
1325

Tyr
1340

Ile
1355
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1385
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1400
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1415

Gly
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Thr
1445

Tyr

Tyr
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Gly

Gly

Tyr
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Tyr
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Gly
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Trp
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Phe
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1285
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Thr
1330
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1345

Tyr
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Trp Gln

Ala Glu
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Glu
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Tyr
1595
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1625
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Gln
1655
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Ser
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Phe
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Asn
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Lys
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Thr

Arg
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Lys
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Asn

Tyr

Pro

Ala

Arg

Phe

Gly

Gly

Asp

Gly

Val

Tyr

Thr

Leu

Ala

Arg
1685

Lys
1700

Gln
1715

Pro
1730

Tyr
1745

Gly
1760

Lys
1775

Gly
1790

Gly
1805

Leu
1820

Asn
1835

Tyr
1850

Ile
1865

Gln
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Pro

Tyr

Thr

Ile

Ala

Gln

Asn

Val

Leu

Val

Ile

Asn

Phe

Ile

Thr

Ala

Tyr

Ile

Gly

Asn

Asn

Asn

Tyr

Phe

Lys

Tyr

Leu

Asn

Asp

Gly

Asn

Phe

Asp

Val

Thr

Arg

Ser

Tyr

Glu

Ala

Ile

Ile

Pro

Asp

Val

Thr

Glu

Asn

Phe

Asp

Phe

Lys

Phe

Ile

Pro

Asn

Thr

Ile

Lys

Phe

Leu

Pro
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Lys
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Lys
1720
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1735
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Gly
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Ser
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Asp
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Val
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Gly
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Ser Asn

Asn Ile

Leu Leu

Thr Gly

Asp Thr

Val Ile

Tyr Gly
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Val Thr
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Tyr Phe
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Asn Leu
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Glu
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Trp

Ala

Tyr

Thr

Tyr

Val
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Gly

Glu

Gly
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Arg
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Phe
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Val
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Asp

Asp

Glu

Leu

Val

Phe

Gly

Val

Glu

Ile

Thr

Tyr

Ile

Val

1895

Phe
1910

Asp
1925

Met
1940

Asn
1955

Met
1970

Asp
1985

Lys
2000

Phe
2015

Asp
2030

Leu
2045

Ala
2060

Phe
2075

Asn
2090

Gly
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Asn

His

Gln

Gln

Asp

His

Asn

Leu

Asn

Val

Asp

Asp

Phe

Gly

Tyr

Tyr

Ile

Lys

Ser

Phe

Thr

Gly

Phe

Val

Glu

Gly

Val

Lys

Arg

Phe

Gly

Gly

Gly

Tyr

Glu

Asn

Asn

Gly

Asp

Gln

Thr

Leu

Gly

Ser

Asp

Phe

Val

Phe

Asp

Glu

Asn

Trp

Thr

Tyr

Ile

1900

Ile
1915

Ala
1930

Pro
1945

Tyr
1960

Val
1975

Met
1990

Ala
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Gly
2020

Glu
2035

Lys
2050

Lys
2065

Ala
2080

Tyr
2095

Asn
2110

Ile

Val

Glu

Lys

Ser

Lys

Glu

Phe

Gly

Ile

Asp

Glu

Phe

Asp

Asp

Glu

Thr

Tyr

Ile

Val

Asn

Lys

Glu

Tyr
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Asn

Lys

Glu

Trp

Gly

Tyr

Asn

Gly

Gly

Tyr

Glu

Tyr

Glu

Tyr

Asp

Val
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Asn

Lys

Lys

Phe

Asp

Tyr

Glu

Phe

Ile

Phe

Asp

Ile

Asp

Phe

1905

Ile
1920

Glu
1935

Ala
1950

Asn
1965

Asn
1980

Thr
1995

Met
2010

Ala
2025

Ser
2040

Asp
2055

Gly
2070

Gly
2085

Gly
2100

Tyr
2115

Tyr

Leu

Phe

Ser

Lys

Glu

Gln

His

Tyr

Asp

Ser

Leu
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Tyr
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Lys

Asp
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Ile

Ile
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Ser

Ser

Lys

Ser

Met

Ser

Phe

Gly

Gly

Gly

Tyr
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Gly

Asn

Gly

Phe

Tyr
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Asp



Ser

Phe

Thr

Asp

Val

Thr

Phe

Asp

Gly

Gly

Tyr

Pro

Asn

Asp

Gly

Gly
2120

Tyr
2135

Ser
2150

Asn
2165

Gly
2180

Gly
2195

Asn
2210

Asp
2225

Leu
2240

Glu
2255

Phe
2270

Asp
2285

Phe
2300

Glu
2315

Ser

Ile

Ile

Asp

Ile

Glu

Trp

Pro

Ile

Ile

Met

Gly

Gly

Glu

Lys

Val

Ile

Asp

Gly

Tyr

Asp

Ile

Glu

Lys

Ser

Gln

Glu

Phe
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Arg
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Glu

Asp

Tyr
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Val

Tyr

Thr

Tyr

Phe

Phe

Asp

Lys

Glu
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Ser
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Lys
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Tyr
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Gly
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Tyr

Ser
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Gly
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2140

Tyr
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Tyr
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Val
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Val Gln
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Glu Tyr

Gly Glu

Asn Glu
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Glu Lys

Asn Tyr

Asn Ile

Gln Ile

His Gln

Tyr Thr

Asp Glu

Glu Tyr
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Ile
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Thr

Ser

Gly

Gly

Tyr

Glu
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Asn

Gly

Tyr

Tyr

Asp
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Gly
2145

Asn
2160

Gly
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Tyr
2190

Asp
2205

Ile
2220

Ile
2235

Phe
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Asp
2265

Val
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Thr
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Phe
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Leu

Leu

Pro
160



Asn
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Thr
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Tyr

485

Thr

Thr

Ser

Asp

Glu

565

Phe

Thr

Thr

Asn

390

Leu

Asn

Glu

Gln

Asp

470

Glu

Pro

Lys

Cys

Ser

550

Arg

Asp

Asn

Lys

Asn

Ala

Tyr

Thr

Ile

455

Ser

Arg

Glu

Lys

Val

535

Leu

Gly

Asp

Gln

Ile
615

Leu

Leu

Asp

Thr

440

Val

Ile

Arg

Leu

Asp

520

Glu

Lys

Met

Tyr

Asp

600

Lys

Ser

Asn

Gln

425

Gln

Thr

Ser

Val

Thr

505

Gly

Leu

Thr

Asn

Asn

585

Gly

Ile

Pro

Thr

410

Leu

Val

Glu

Ala

Thr

490

Ile

Leu

Ile

Leu

Ile

570

Asn

Leu

Pro

91

Gly

395

Met

Lys

Ser

Gly

Ser

475

Ala

Gly

Leu

Phe

Ser

555

Leu

Tyr

Gln

Met

Asp

Asp

Lys

Gly

Asn

460

Ile

Lys

Glu

Tyr

Asp

540

Asp

Ile

Xaa

Gly

Ser
620

Thr

Gln

Leu

Asn

445

Ser

Ile

Asn

Ala

Phe

525

Asp

Lys

Lys

Ser

Ser

605

Glu

Tyr

Phe

Asp

430

Phe

Trp

Leu

Leu

Ile

510

Asn

Asn

Lys

Thr

Thr

590

Ala

Leu

Pro

Ser

415

Ala

Gly

Ser

Asp

Gln

495

Glu

Asp

Thr

Ile

Pro

575

Trp

Asn

Lys

Lys

400

Ser

Gly

Thr

Asp

Thr

480

Asp

Lys

Ile

Ala

Tyr

560

Thr

Ser

Lys

Pro



Tyr

625

Asn

Leu

Thr

Thr

Glu

705

Met

Thr

Asn

Leu

Arg

785

Leu

Leu

Ser

Lys

Ser

Val

Glu

Thr

690

Ile

Asp

Gly

Lys

Gln

770

Asn

Arg

Arg

Val

Arg

Ile

Pro

Lys

675

Tyr

Leu

Ala

Asn

Glu

755

Tyr

Tyr

Ser

Ile

Asp
835

Tyr

Ile

Glu

660

Asp

Leu

Asp

His

Thr

740

Ala

Ser

Leu

Tyr

Tyr
820

Val

Val

645

Gln

Ser

Asp

Glu

Lys

725

Tyr

Leu

Gly

Gly

Phe

805

Ala

Phe

630

Lys

Gly

Ser

Asn

Pro

710

Ile

Ile

Asp

Phe

Asp

790

Thr

Ile

Ser

Ile

Tyr

Asn

Leu

695

Glu

Tyr

Asn

Tyr

Lys

775

Pro

Gly

Thr

Gly

Lys

Thr

Ile

680

Ser

Val

Phe

Gly

Ile

760

Asp

Asn

Gly

Pro

Tyr

Ala

Lys

665

Glu

Ile

Lys

Ala

Met

745

Gln

Ile

Gln

Glu

Asp
825

Ser

Lys

650

Phe

Ile

Thr

Ile

Asp

730

Tyr

Lys

Gly

Pro

Asn

810

Asp

92

Lys

635

Glu

Ser

Thr

Glu

Pro

715

Leu

Phe

Tyr

Thr

Lys

795

Ile

Arg

Asp

Glu

Tyr

Leu

Leu

700

Thr

Asn

Ala

Arg

Lys

780

Thr

Met

Glu

Pro

Lys

Glu

Ile

685

Asn

Asp

Phe

Pro

Val

765

Asp

Asn

Thr

Leu

Leu

Thr

Phe

670

Gly

Ser

Gln

Asn

Thr

750

Glu

Lys

Tyr

Tyr

Leu
830

Thr

Asp

655

Glu

Ser

Thr

Glu

Pro

735

Gln

Ala

Glu

Val

Lys

815

Val

Ser

640

Tyr

Thr

Gly

Pro

Ile

720

Ser

Thr

Thr

Met

Asn

800

Lys

Leu



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

<400>

23
536
PRT

Clostridium difficile

23

Met Val Ser

1

Pro

Lys

Thr

Gln

65

Ala

Gly

Arg

Ser

Tyr

145

Ser

Val

Gly

Pro

Tyr

Ile

50

Thr

Asn

Lys

Gly

Pro

130

Lys

Ile

Gly

Glu

Val

Tyr

Ile

Gly

Thr

Leu

Ala

115

Glu

Tyr

Asn

Tyr

Met
195

Gly

Asn

20

Phe

Asp

Val

Leu

Ile

100

Val

Thr

Tyr

Asp

Thr

180

Gln

Leu

Asn

Asn

Asp

Phe

Asp

85

Ile

Glu

Gly

Phe

Asn

165

Glu

Ile

Ile

Leu

Pro

Lys

Ser

70

Glu

Asp

Trp

Lys

Asn

150

Lys

Ile

Gly

Tyr

Ile

Ile

Asn

55

Thr

Asn

Glu

Lys

Ala

135

Ser

His

Asp

Val

Ile

Thr

Asn

40

Tyr

Glu

Leu

Asn

Glu

120

Phe

Asp

Tyr

Gly

Phe
200

Asn

Gly

25

Gly

Tyr

Asp

Glu

Ile

105

Leu

Lys

Gly

Phe

Lys

185

Asn

Asp

10

Phe

Gly

Phe

Gly

Gly

90

Tyr

Asp

Gly

Val

Asp

170

His

Thr

93

Ser

Val

Ala

Asn

Phe

75

Glu

Tyr

Gly

Leu

Met

155

Asp

Phe

Glu

Leu

Thr

Ala

Gln

60

Lys

Ala

Phe

Glu

Asn

140

Gln

Ser

Tyr

Asp

Tyr

Val

Ser

45

Ser

Tyr

Ile

Asp

Met

125

Gln

Lys

Gly

Phe

Gly
205

Tyr

Gly

Ile

Gly

Phe

Asp

Asp

110

His

Ile

Gly

Val

Ala

190

Phe

Phe

15

Asp

Gly

Val

Ala

Phe

95

Asn

Tyr

Gly

Phe

Met

175

Glu

Lys

Asp

Glu

Leu

Pro

80

Thr

Tyr

Phe

Asp

Val

160

Lys

Asn

Tyr



Phe

Ser

225

Asp

Lys

Leu

Val

Gly

305

Ile

Gly

Gly

Tyr

Met

385

Ala

Glu

Tyr

Ala

210

Tyr

Ser

Tyr

Ile

Gly

290

Ile

Asp

Tyr

Gln

Tyr

370

Glu

Cys

Lys

Tyr

His

Ser

Phe

Tyr

Asn

275

Phe

Ile

Asp

Lys

Ala

355

Phe

Asn

Lys

Gly

Phe

His

Gly

Thr

Phe

260

Asp

Val

Glu

Asn

Tyr

340

Val

Gly

Glu

Gly

Ile

420

Asn

Asn

Ile

Ala

245

Asp

Thr

Ser

Gly

325

Phe

Glu

Glu

Ser

Ile

405

Met

Glu

Glu

Leu

230

Val

Glu

Gln

Ile

Gly

310

Ile

Ala

Tyr

Thr

Asp

390

Asn

Arg

Asn

Asp

215

Asn

Val

Asp

Tyr

Asn

295

Val

Val

Pro

Ser

Tyr

375

Lys

Leu

Thr

Gly

Leu

Phe

Gly

Thr

Tyr

280

Asp

Gln

Gln

Ala

Gly

360

Thr

Tyr

Ile

Gly

Glu

Gly

Asn

Trp

Ala

265

Phe

Lys

Asn

Ile

Asn

345

Leu

Ile

Tyr

Asp

Leu

425

Met

Asn

Asn

Lys

250

Glu

Asn

Val

Ile

Gly

330

Thr

Val

Glu

Phe

Asp

410

Ile

Gln

94

Glu

Lys

235

Asp

Ala

Asp

Phe

Asp

315

Val

Val

Arg

Thr

Asn

395

Ile

Ser

Phe

Glu

220

Ile

Leu

Tyr

Asp

Tyr

300

Asp

Phe

Asn

Val

Gly

380

Pro

Lys

Phe

Gly

Gly

Tyr

Glu

Ile

Gly

285

Phe

Asn

Asp

Asp

Gly

365

Trp

Glu

Tyr

Glu

Tyr

Glu

Tyr

Asp

Gly

270

Ile

Ser

Tyr

Thr

Asn

350

Glu

Ile

Thr

Tyr

Asn

430

Ile

Glu

Phe

Gly

255

Leu

Met

Asp

Phe

Ser

335

Ile

Asp

Tyr

Lys

Phe

415

Asn

Asn

Ile

Asp

240

Ser

Ser

Gln

Ser

Tyr

320

Asp

Tyr

Val

Asp

Lys

400

Asp

Asn

Ile



Glu

Val

465

Leu

Asp

Thr

Thr

Asp

450

Phe

Asp

Leu

Gly

Ala
530

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

<400>

435

Lys

Asn

Glu

Asp

Ser

515

Gln

24
438
PRT

Clostridium difficile

24

Met Val Thr

1

Pro

Gln

Asp

Tyr

65

Asp

Ala

Asn

Ser

50

Phe

Gly

Asn

Lys

Lys

Asn

Lys

Met

Thr

Asn

Glu

500

Val

Leu

Gly

Thr

20

Phe

Ala

Leu

Lys

Phe

Pro

Phe

485

Lys

Ile

Val

Val

His

Leu

Val

Asn

Tyr
85

Tyr

Asp

470

Glu

Arg

Ile

Ile

Phe

Asn

Thr

Thr

Thr

70

Tyr

Phe

455

Gly

Gly

Tyr

Asp

Ser
535

Lys

Asn

Leu

Gly

55

Ala

Phe

440

Gly

Phe

Glu

Tyr

Gly

520

Glu

Gly

Asn

Asn

40

Trp

Glu

Asn

Glu

Lys

Ser

Phe

505

Glu

Pro

Ile

25

Gly

Gln

Ala

Leu

Asp

Tyr

Ile

490

Thr

Glu

Asn

10

Glu

Lys

Thr

Ala

Asn
90

95

Gly

Phe

475

Asn

Asp

Tyr

Gly

Gly

Lys

Ile

Thr

75

Thr

Val

460

Ala

Tyr

Glu

Tyr

Phe

Gln

Tyr

Asp

Gly

Ala

445

Met

His

Thr

Tyr

Phe
525

Glu

Ala

Tyr

45

Gly

Trp

Glu

Gln

Gln

Gly

Ile

510

Asp

Tyr

Ile

30

Phe

Lys

Gln

Ala

Ile

Asn

Trp

495

Ala

Pro

Phe

15

Val

Asp

Lys

Thr

Ala
95

Thr

480

Leu

Ala

Asp

Ala

Tyr

Asn

Tyr

Ile

80

Thr



Gly

Phe

Phe

Gly

145

Gly

Lys

Ile

Thr

Thr

225

Tyr

Asp

Glu

Asn

Thr

305

Ala

Trp

Ile

Asn

130

Phe

Gln

Tyr

Asp

Gly

210

Ser

Phe

Gly

Gly

Ile

290

Ile

Asn

Gln

Ala

115

Thr

Glu

Ala

Tyr

Gly

195

Trp

Ile

Asn

Phe

Gln

275

Tyr

Asp

Gly

Thr

100

Ser

Asp

Tyr

Ile

Phe

180

Lys

Gln

Ala

Thr

Glu

260

Ala

Tyr

Gly

Tyr

Ile

Thr

Gly

Phe

Leu

165

Gly

Lys

Thr

Ser

Asp

245

Tyr

Ile

Phe

Asn

Lys
325

Asp

Gly

Ile

Ala

150

Tyr

Ser

Tyr

Ile

Thr

230

Gly

Phe

Arg

Gly

Arg

310

Thr

Gly

Tyr

Met

135

Pro

Gln

Asp

Tyr

Asn

215

Gly

Ile

Ala

Tyr

Asn

295

Tyr

Ile

Lys

Thr

120

Gln

Ala

Asn

Ser

Phe

200

Gly

Tyr

Met

Pro

Gln

280

Asn

Tyr

Asp

Lys

105

Ser

Ile

Asn

Lys

Lys

185

Asn

Lys

Thr

Gln

Ala

265

Asn

Ser

Phe

Asn

Tyr

Ile

Gly

Thr

Phe

170

Ala

Thr

Lys

Ile

Ile

250

Asn

Arg

Lys

Glu

Lys
330

96

Tyr

Asn

Val

Asp

155

Leu

Val

Asn

Tyr

Ile

235

Gly

Thr

Phe

Ala

Pro

315

Asn

Phe

Gly

Phe

140

Ala

Thr

Thr

Thr

Tyr

220

Ser

Val

Asp

Leu

Ala

300

Asn

Phe

Asn

Lys

125

Lys

Asn

Leu

Gly

Ala

205

Phe

Gly

Phe

Ala

Tyr

285

Thr

Thr

Tyr

Thr

110

His

Gly

Asn

Asn

Leu

190

Val

Asn

Lys

Lys

Asn

270

Leu

Gly

Ala

Phe

Asn

Phe

Pro

Ile

Gly

175

Arg

Ala

Thr

His

Gly

255

Asn

His

Trp

Met

Arg
335

Thr

Tyr

Asn

Glu

160

Lys

Thr

Val

Asn

Phe

240

Pro

Ile

Asp

Val

Gly

320

Asn



Gly

Phe

Arg

Gly

385

Val

Phe

Ala

Leu

Ala

Tyr

370

Asn

Tyr

Glu

Pro

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

<400>

Pro Gln Ile
340

Pro Ala Asn
355

Gln Asn Arg

Asn Ser Lys

Tyr Phe Met
405

Ile Asp Gly
420

Gly Ile Tyr
435

25
536
PRT

Clostridium difficile

25

Met Val Ser Gly Leu

1

Pro

Lys

Thr

Gln

65

Ala

Pro

Tyr

Ile

50

Thr

Asn

Val Asn Asn
20

Tyr Phe Asn

35

Ile Asp Asp

Gly Val Phe

Thr Leu Asp

Gly

Thr

Phe

Ala

390

Pro

Val

Gly

Ile

Leu

Pro

Lys

Ser

70

Glu

Val

Asp

Leu

375

Val

Asp

Ile

Tyr

Ile

Ile

Asn

55

Thr

Asn

Phe

Ala

360

His

Thr

Thr

Tyr

Ile

Thr

Asn

40

Tyr

Glu

Leu

Lys

345

Asn

Leu

Gly

Ala

Phe
425

Asn

Gly

25

Gly

Tyr

Asp

Glu

Gly

Asn

Leu

Trp

Met

410

Phe

Asp

10

Phe

Gly

Phe

Gly

Gly

97

Ser

Ile

Gly

Gln

395

Ala

Gly

Ser

Val

Ala

Asn

Phe

75

Glu

Asn

Glu

Lys

380

Thr

Ala

Val

Leu

Thr

Ala

Gln

60

Lys

Ala

Gly

Gly

365

Ile

Ile

Ala

Asp

Tyr

Val

Ser

45

Ser

Tyr

Ile

Phe

350

Gln

Tyr

Asn

Gly

Gly
430

Tyr

Gly

30

Ile

Gly

Phe

Asp

Glu

Ala

Tyr

Gly

Gly

415

Val

Phe

15

Asp

Gly

Val

Ala

Phe

Tyr

Ile

Phe

Lys

400

Leu

Lys

Lys

Asp

Glu

Leu

Pro

80

Thr



Gly

Arg

Ser

Tyr

145

Ser

Val

Gly

Phe

Ser

225

Asp

Lys

Leu

Val

Gly
305

Lys

Gly

Pro

130

Lys

Ile

Gly

Glu

Ala

210

Tyr

Ser

Tyr

Ile

Gly

290

Ile

Leu

Ala

115

Glu

Tyr

Asn

Tyr

Met

195

His

Ser

Phe

Tyr

Asn

275

Phe

Ile

Ile

100

Val

Thr

Tyr

Asp

Thr

180

Gln

His

Gly

Thr

Phe

260

Asp

Val

Glu

85

Ile

Glu

Gly

Phe

Asn

165

Glu

Ile

Asn

Ile

Ala

245

Asp

Gly

Thr

Ser

Asp

Trp

Lys

Asn

150

Lys

Ile

Gly

Glu

Leu

230

Val

Glu

Gln

Ile

Gly
310

Glu

Lys

Ala

135

Ser

His

Asp

Val

Asp

215

Asn

Val

Asp

Tyr

Asn

295

Val

Asn

Glu

120

Phe

Asp

Tyr

Gly

Phe

200

Leu

Phe

Gly

Thr

Tyr

280

Asp

Gln

Ile

105

Leu

Lys

Gly

Phe

Lys

185

Asn

Gly

Asn

Trp

Ala

265

Phe

Lys

Asn

90

Tyr

Asp

Gly

Val

Asp

170

His

Thr

Asn

Asn

Lys

250

Glu

Asn

Val

Ile

98

Tyr

Gly

Leu

Met

155

Asp

Phe

Glu

Glu

Lys

235

Asp

Ala

Asp

Phe

Asp
315

Phe

Glu

Asn

140

Gln

Ser

Tyr

Asp

Glu

220

Ile

Leu

Tyr

Asp

Tyr

300

Asp

Asp

Met

125

Gln

Lys

Gly

Phe

Gly

205

Gly

Tyr

Glu

Ile

Gly

285

Phe

Asn

Asp

110

His

Ile

Gly

Val

Ala

130

Phe

Glu

Tyr

Asp

Gly

270

Ile

Ser

Tyr

95

Asn

Tyr

Gly

Phe

Met

175

Glu

Lys

Glu

Phe

Gly

255

Leu

Met

Asp

Phe

Tyr

Phe

Asp

Val

160

Lys

Asn

Tyr

Ile

Asp

240

Ser

Ser

Gln

Ser

Tyr
320



Ile

Gly

Gly

Tyr

Met

385

Ala

Glu

Tyr

Glu

Val

465

Leu

Asp

Thr

Thr

Asp

Tyr

Gln

Tyr

370

Glu

Cys

Lys

Tyr

Asp

450

Phe

Asp

Leu

Gly

Ala
530

<210>

Asp

Lys

Ala

355

Phe

Asn

Lys

Gly

Phe

435

Lys

Asn

Glu

Asp

Ser

515

Gln

26

Asn

Tyr

340

Val

Gly

Glu

Gly

Ile

420

Asn

Met

Thr

Asn

Glu

500

Val

Leu

Gly

325

Phe

Glu

Glu

Ser

Ile

405

Met

Glu

Phe

Pro

Phe

485

Lys

Ile

Val

Ile

Ala

Tyr

Thr

Asp

390

Asn

Arg

Asn

Tyr

Asp

470

Glu

Arg

Ile

Ile

Val

Pro

Ser

Tyr

375

Lys

Leu

Thr

Gly

Phe

455

Gly

Gly

Tyr

Asp

Ser
535

Gln

Ala

Gly

360

Thr

Tyr

Ile

Gly

Glu

440

Gly

Phe

Glu

Tyr

Gly

520

Glu

Ile

Asn

345

Leu

Ile

Tyr

Asp

Leu

425

Met

Glu

Lys

Ser

Phe

505

Glu

Gly

330

Thr

Val

Glu

Phe

Asp

410

Ile

Gln

Asp

Tyr

Ile

490

Thr

Glu

99

Val

Val

Arg

Thr

Asn

395

Ile

Ser

Phe

Gly

Phe

475

Asn

Asp

Tyr

Phe

Asn

Val

Gly

380

Pro

Lys

Phe

Gly

Val

460

Ala

Tyr

Glu

Tyr

Asp

Asp

Gly

365

Trp

Glu

Tyr

Glu

Tyr

445

Met

His

Thr

Tyr

Phe
525

Thr

Asn

350

Glu

Ile

Thr

Tyr

Asn

430

Ile

Gln

Gln

Gly

Ile

510

Asp

Ser

335

Ile

Asp

Tyr

Lys

Phe

415

Asn

Asn

Ile

Asn

Trp

495

Ala

Pro

Asp

Tyr

Val

Asp

Lys

400

Asp

Asn

Ile

Gly

Thr

480

Leu

Ala

Asp



<211> 4
<212> PRT
<213> Artificial Sequence

<220>
<223> synthetically synthesized peptide linker

<400> 26

Gly Gly Gly Gly

1

<210> 27
<211> 8
<212> PRT

<213> Unknown

<220>
<223> furin cleavage site sequence

<400> 27

Arg Ala Arg Arg Arg Lys Lys Arg

1 5
<210> 28

<211> 24

<212> DNA

<213> Unknown

<220>
<223> furin cleavage site sequence

<400> 28
cgcgctcgcc gccgcaagaa gcgc

100



