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<120>
<130>

<150>
<151>

<160>
<170>
<210>
<211>
<212>
<213>
<400>
Met Lys
1

Ala Val

Ile Phe

Pro Arg
50

His Arg
65

Thr Lys

Val Trp
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SEQUENCE LISTING

Geobacillus thermodenitrificans T12

Tyr

Ile

Asp

35

Arg

Leu

Glu

Gln

Lys

Asn

20

Arg

Leu

Glu

Glu

Leu
100

Ile

Leu

Ala

Ala

Arg

Leu

85

Arg

Gly

Asp

Glu

Arg

Ile

70

Asn

Val

Leu

Ile

Asn

Ser

55

Arg

Lys

Glu

Asp

Pro

Pro

40

Ala

Arg

Leu

Ala

Ile

Arg

25

Lys

Arg

Leu

Phe

Leu
105

Gly Ile
10

Ile Glu

Thr Gly

Arg Arg

Phe Vval
75

Glu Lys
90

Asp Arg

Thr

Asp

Glu

Leu

60

Arg

Lys

Lys
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Ser

Leu

Ser

45

Arg

Glu

His

Leu

Ile

Gly

30

Leu

Arg

Gly

Glu

Asn
110

Gly

15

Val

Ala

Arg

Ile

Ile

95

Asn

Trp

Arg

Leu

Lys

Leu

80

Asp

Asp



Glu

Ser

Lys

145

Ala

Lys

Glu

Cys

Arg

225

Thr

Gln

Pro

Lys

Leu

Asn

130

His

Glu

Glu

Ile

Thr

210

Pro

Phe

Ser

Gly

Gln
290

Ala

115

Arg

Ile

Met

Asp

Lys

195

Glu

Phe

Glu

Phe

Gly

275

Ala

Arg

Lys

Glu

Val

Asn

180

Leu

Ala

Ala

Pro

Thr

260

Ile

Phe

Ile

Ser

Glu

Val

165

Tyr

Ile

Phe

Ser

Lys

245

Val

Arg

His

Leu

Glu

Asn

150

Lys

Thr

Phe

Glu

Lys

230

Glu

Trp

Ala

Lys

Leu

Arg

135

Gln

Asp

Asn

Ala

His

215

Asp

Lys

Glu

Leu

Asn
295

His

120

Thr

Ser

Pro

Thr

Lys

200

Glu

Asp

Arg

His

Thr

280

Lys

Leu

Asn

Ile

Lys

Val

185

Gln

Tyr

Ile

Ala

Ile

265

Asp

Ile

eolf-seql

Ala Lys Arg

Lys

Leu

Phe

170

Ala

Arg

Ile

Glu

Pro

250

Asn

Asp

Glu

Ser

155

Ser

Arg

Glu

Ser

Lys

235

Lys

Lys

Glu

Asn

140

Ser

Leu

Asp

Tyr

Ile

220

Lys

Ala

Leu

Arg

Thr Phe His

300

Page 2

Arg

125

Ser

Tyr

His

Asp

Gly

205

Trp

Val

Thr

Arg

Arg

285

Asp

Gly

Thr

Arg

Lys

Leu

190

Asn

Ala

Gly

Tyr

Leu

270

Leu

Val

Phe

Met

Thr

Arg

175

Glu

Ile

Ser

Phe

Thr

255

Val

Ile

Arg

Arg

Leu

Val

160

Asn

Arg

Val

Gln

Cys

240

Phe

Ser

Tyr

Thr



Leu

305

Arg

Gly

Gly

Ala

Asn

385

Val

Lys

Met

Thr

Ile

465

Arg

Leu

Asn

Ala

Ala

Leu

370

Glu

Tyr

Phe

Glu

Phe

450

Pro

Lys

Asn

Thr

Tyr

Ala

355

Thr

Tyr

Asp

Gly

Gln

435

Thr

Pro

Val

Leu

Thr

His

340

Lys

Met

Glu

Glu

His

420

Gly

Gly

Ile

Val

Pro

Leu

325

Lys

Ser

Phe

Gln

Glu

405

Leu

Glu

Pro

Ala

Asn
485

Asp

310

Lys

Ile

Phe

Lys

Asn

390

Leu

Ser

Val

Lys

Asn

470

Ala

Asp

Glu

Arg

Arg

Asp

375

Gly

Ile

Leu

Tyr

Lys

455

Pro

Ile

Thr

Asn

Lys

Pro

360

Asp

Lys

Glu

Lys

Ser

440

Lys

Val

Ile

Arg

Glu

Ala

345

Ile

Thr

Arg

Glu

Ala

425

Thr

Gln

Val

Lys

eolf-seql

Phe

Lys

330

Ile

Asp

Asp

Met

Leu

410

Leu

Ala

Lys

Met

Lys
490

Lys

315

Val

Asp

Phe

Ile

Glu

395

Leu

Arg

Cys

Thr

Arg

475

Tyr

Gly

Arg

Ser

Asp

Arg

380

Asn

Asn

Asn

Glu

Val

460

Ala

Gly
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Leu

Phe

Val

Thr

365

Ser

Leu

Leu

Ile

Arg

445

Leu

Leu

Ser

Leu

Leu

Tyr

350

Phe

Tyr

Ala

Ser

Leu

430

Ala

Leu

Thr

Pro

Tyr

Glu

335

Gly

Gly

Leu

Asp

Phe

415

Pro

Gly

Pro

Gln

Val
495

Asp

320

Leu

Lys

Tyr

Arg

Lys

400

Ser

Tyr

Tyr

Asn

Ala

480

Ser



Ile

Arg

Ala

Leu

545

Ala

Tyr

Ser

Gly

Gln

625

Lys

Glu

Leu

His

Lys

Ile

530

Asp

Tyr

Thr

Tyr

Asn

610

Gln

Arg

Phe

Ala

Ile

Met

515

Arg

Ile

Ser

Glu

Thr

595

Arg

Phe

Asp

Lys

Asn
675

Glu

500

Gln

Gln

Val

Leu

Val

580

Asn

Thr

Glu

Arg

Asn

660

Phe

Leu

Lys

Leu

Lys

Gln

565

Asp

Lys

Pro

Thr

Leu

645

Arg

Ile

Ala

Glu

Val

Phe

550

Pro

His

Val

Ala

Phe

630

Leu

Asn

Arg

Arg

Gln

Glu

535

Lys

Ile

Val

Leu

Glu

615

Val

Arg

Leu

Glu

Glu

Glu

520

Tyr

Leu

Glu

Ile

Val

600

Tyr

Leu

Leu

Asn

His
680

Leu

505

Gly

Trp

Ile

Pro

585

Leu

Leu

Thr

His

Asp

665

Leu

eolf-seql

Ser Gln Ser Phe

Asn

Leu

Ser

Glu

570

Tyr

Thr

Gly

Asn

Tyr

650

Thr

Arg

Thr

Glu

555

Arg

Ser

Lys

Leu

Lys

635

Asp

Arg

Lys

Leu

540

Gln

Leu

Arg

Glu

Gly

620

Gln

Glu

Tyr

Lys Phe Ala
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Lys

525

Asn

Asn

Leu

Ser

Asn

605

Ser

Phe

Asn

Ile

Asp
685

Asp

510

Asn

Pro

Gly

Glu

Leu

590

Arg

Glu

Ser

Glu

Ser

670

Ser

Glu

Glu

Thr

Lys

Pro

575

Asp

Glu

Arg

Lys

Glu

655

Arg

Asp

Arg

Thr

Gly

Cys

560

Gly

Asp

Lys

Trp

Lys

640

Asn

Phe

Asp



Lys

Ser

705

Ala

Arg

Lys

Glu

Leu

785

Val

Gln

Ile

Thr

Glu
865

Gln

690

Arg

Val

Val

Lys

Leu

770

Asn

Phe

Glu

Gln

Gly

850

Ala

Lys

Trp

Asp

Thr

Thr

755

Gln

Leu

Val

Thr

Thr

835

His

Ile

Val

Asn

Ala

Ala

740

Asp

Ala

Gly

Ser

Leu

820

Val

Phe

Arg

Tyr

Phe

Ala

725

Phe

Pro

Arg

Asn

Arg

805

Arg

Val

Pro

Gln

Thr

Asn

710

Ile

Tyr

Gln

Leu

Tyr

790

Met

Arg

Lys

Met

Arg
870

Val

695

Lys

Val

Gln

Phe

Ser

775

Asp

Pro

Tyr

Lys

Tyr

855

Leu

Asn

Asn

Ala

Arg

Pro

760

Lys

Asn

Lys

Ile

Lys

840

Gly

Leu

Gly

Arg

Cys

Arg

745

Gln

Asn

Glu

Arg

Gly

825

Leu

Lys

Glu

eolf-seql

Arg Ile Thr

Glu

Thr

730

Glu

Pro

Pro

Lys

Ser

810

Ile

Ser

Glu

His

Glu

715

Thr

Gln

Trp

Lys

Leu

795

Ile

Asp

Glu

Ser

Asn
875

700

Ser

Pro

Asn

Pro

Glu

780

Glu

Thr

Glu

Ile

Asp

860

Asn
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Ala

Asn

Ser

Lys

His

765

Ser

Ser

Gly

Arg

Gln

845

Pro

Asp

His

Leu

Asp

Glu

750

Phe

Ile

Leu

Ala

Ser

830

Leu

Arg

Pro

Leu

His

Ile

735

Leu

Ala

Lys

Gln

Ala

815

Gly

Asp

Thr

Lys

Arg

His

720

Ala

Ser

Asp

Ala

Pro

800

His

Lys

Lys

Tyr

Lys
880



eolf-seql

Ala Phe Gln Glu Pro Leu Tyr Lys Pro Lys Lys Asn Gly Glu Leu Gly
885 890 895

Pro Ile Ile Arg Thr Ile Lys Ile Ile Asp Thr Thr Asn Gln Val Ile
900 905 910

Pro Leu Asn Asp Gly Lys Thr Val Ala Tyr Asn Ser Asn Ile Val Arg
915 920 925

Val Asp Val Phe Glu Lys Asp Gly Lys Tyr Tyr Cys Val Pro Ile Tyr
930 935 940

Thr Ile Asp Met Met Lys Gly Ile Leu Pro Asn Lys Ala Ile Glu Pro
945 950 955 960

Asn Lys Pro Tyr Ser Glu Trp Lys Glu Met Thr Glu Asp Tyr Thr Phe
965 970 975

Arg Phe Ser Leu Tyr Pro Asn Asp Leu Ile Arg Ile Glu Phe Pro Arg
980 985 990

Glu Lys Thr Ile Lys Thr Ala Val Gly Glu Glu Ile Lys 1Ile Lys Asp
995 1000 1005

Leu Phe Ala Tyr Tyr Gln Thr Ile Asp Ser Ser Asn Gly Gly Leu
1010 1015 1020

Ser Leu Val Ser His Asp Asn Asn Phe Ser Leu Arg Ser Ile Gly
1025 1030 1035

Ser Arg Thr Leu Lys Arg Phe Glu Lys Tyr Gln Val Asp Val Leu
1040 1045 1050

Gly Asn 1Ile Tyr Lys Val Arg Gly Glu Lys Arg Val Gly Val Ala
1055 1060 1065
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eolf-seql

Ser Ser Ser His Ser Lys Ala Gly Glu Thr Ile Arg Pro Leu
1070 1075 1080

210> 2

<211> 8

<212> PRT

<213> Geobacillus thermodenitrificans T12

<400> 2

Glu Lys Asp Gly Lys Tyr Tyr Cys
1 5

<210> 3

<211> 6

<212> PRT

<213> Artificial Sequence

<220>
<223> amino acid motif of thermophilic Cas9

<220>

<221> misc_feature

<222> (1)..(1)

<223> Xaa can be any of Ile, Met or Pro

<220>

<221> misc_feature

<222> (2)..(2)

<223> Xaa can be any of Val, Ser, Asn or Ile

<220>

<221> misc_feature

<222> (5)..(5)

<223> Xaa can be any of Glu or Lys

<220>

<221> misc_feature

<222> (6)..(6)

<223> Xaa can be any of Ala, Glu or Arg

<400> 3

Xaa Xaa Cys Thr Xaa Xaa
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<210>
<211>
<212>
<213>

<220>
<223>

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

<220>
<221>
222>
<223>

<400>

eolf-seql

4
6

PRT

Artificial Sequence

amino acid motif of thermophilic Cas9

misc_feature

(1)..(2)

Xaa can be any of Met or Phe

misc_feature

(4)..(4)

Xaa can be any of His or Asn

4

Xaa Leu Lys Xaa Ile Glu

1

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

<220>
<223>

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

<220>
<221>
222>
<223>

<400>

5

5

6

PRT

Artificial Sequence

amino acid motif of thermophilic Cas9

misc_feature

(1)..(1)

Xaa can be any of Glu or Ile

misc_feature
(5)..(5)

Xaa can be any of Trp, Ser or Lys

5
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eolf-seql
Xaa Val Tyr Ser Xaa Lys

1 5
<210> 6

<211> 12

<212> PRT

<213> Artificial sequence

<220>
<223> amino acid motif of thermophilic Cas9

<220>

<221> misc_feature

<222> (1)..(1)

<223> Xaa can be any of Ala or Glu

<220>

<221> misc_feature

<222> (4)..(4)

<223> Xaa can be any of Gln or Lys

<220>

<221> misc_feature

<222> (5)..(5)

<223> Xaa can be any of Arg or Ala

<220>

<221> misc_feature

<222> (9)..(9)

<223> Xaa can be any of Asn or Ala

<220>

<221> misc_feature

222> (12)..(12)

<223> Xaa can be any of Lys or Ser

<400> 6

Xaa Phe Tyr Xaa Xaa Arg Glu Gln Xaa Lys Glu Xaa

1 5 10
<210> 7

<211> 3249

<212> DNA

<213> Geobacillus thermodenitrificans T12
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<400> 7
atgaagtata

ttggacattc

aaaaccgggg
cggcgtcgca
acgaaggaag
cgtgttgaag
ctggctaaac
agtacgatgc
gcagaaatgg
tacaccaaca
cagcgcgaat
tgggcatcgc
acgtttgagc
gtctgggaac
gatgatgaac
gatgttcgaa
cgaaacacca
aaaatacgga
attgattttg
agttacttgc
gtctatgatg
ctatccctta

accgcttgtg

aaatcggtct
ctcgcatcga
agtcactagc
aacatcgact
agctgaacaa
cactggatcg
ggcgtggatt
tcaaacatat
ttgtcaagga
ctgttgcccg
atgggaacat
aacgcccttt
ctaaagaaaa
atattaacaa
gtcgtcttat
cattgcttaa
cgctgaagga
aagcgatcga
atacatttgg
gaaacgaata
aagaattgat
aagcgcttcg

aacgagcagg

tgatatcggc
agatttaggt
tcttccacgt
ggagcgcatt
gctgtttgaa
aaaactaaat
tagatccaac
tgaagaaaac
tccgaaattt
cgacgatctt
cgtttgcaca
tgcttctaag
acgcgcgeca
acttcgtctt
atacaagcaa
cttgcctgac
aaatgagaaa
cagcgtctat
ctacgcatta
cgaacaaaat
tgaagaactt
caacatcctt

atatacattt

eolf-seql

attacgtcta
gtccgcattt
cgcctcgecc
cgccgectgt
aaaaagcacg
aacgatgaat
cgcaagagtg
caatccattc
tccctgcaca
gaacgggaaa
gaagcatttg
gatgatatcg
aaagcaacat
gtctccccgg
gcatttcata
gacacccgtt
gttcgcttcc
ggcaaaggasg
acgatgttta
ggaaaacgaa
ttaaacttat
ccatatatgg

acagggccaa

tcggttgggc
ttgacagagc
gctccgecccg
tcgtccgega
aaatcgacgt
tagcccgcat
agcgcaccaa
tttcaagtta
agcgtaataa
tcaaactgat
aacacgagta
agaaaaaagt
acacattcca
gaggcatccg
aaaataaaat
ttaaaggtct
ttgaactcgg
cagcaaaatc
aagacgacac
tggaaaatct
cgttttctaa
aacaaggcga

dgaaaaaaca
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tgtcattaat
ggaaaacccg
acgtcgtctg
aggaatttta
ctggcagctt
ccttcttcat
caaagaaaac
ccgaacggtt
agaggataat
tttcgccaaa
tatttccatt
cggtttctgt
gtccttcacc
ggcactaacc
caccttccat
tttatatgac
cgcctatcat
atttcgtccg
cgacattcgc
agcggataaa
gtttggtcat
agtctactca

gaaaacggta

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380



ttgctgccga
cgcaaagtgg
ctggcccggg
ggaaaccgaa
aatccaactg
gcctattcac
gaccatgtga
ttgacaaagg
tcagaacgtt
aagcgggatc
cgtaatctaa
ctcaaattcg
gcccatttac
gccgtcgatg
ttctatcaac
cagccttggc
agtataaaag
gtttttgtct
cggcgttata
ctatccgaga
ccaaggacat
gcgtttcaag
acaatcaaaa

gcctacaaca

acattccgcc
tcaatgccat
aactatcaca
agaaaaacga
ggcttgacat
tccaaccgat
ttccatacag
agaaccgtga
ggcaacagtt
gactccttcg
atgatacccg
ccgacagcga
gcagccgttg
ctgccatcgt
ggcgcgaaca
cgcactttgc
ctctcaatct
cccgaatgcc
tcggcatcga
tccaactgga
atgaagccat
agcctctgta
tcatcgatac

gcaacatcgt

gatcgccaat
tatcaaaaag
atcctttgat
aactgccatt
tgtgaaattc
cgaaatcgag
ccgaagcttg
aaaaggaaac
cgagacgttt
gcttcattac
ttatatctca
tgacaaacaa
gaattttaac
cgcctgcaca
aaacaaagaa
tgatgaactg
tggaaattat
gaagcggagce
cgaacggagc
taaaacaggt
tcgccaacgg
taaaccgaag

gacaaatcaa

gcgggtcgac

eolf-seql

ccggtcgtca
tacggctcac
gaacgacgta
cgccaacttg
aaactatgga
cggttgctcg
gacgatagct
cgcaccccag
gtcttgacaa
gatgaaaacg
cgcttcttgg
aaagtataca
aaaaaccggg
acgccgagceg
ctgtccaaaa
caggcgcecgtt
gataacgaga
ataacaggag
ggaaaaatac
catttcccaa
ttgcttgaac
aagaacggag
gttattccgc

gtctttgaga

tgcgcgcact
cggtctccat
aaatgcagaa
ttgaatatgg
gcgaacaaaa
aaccaggcta
ataccaataa
ctgaatattt
ataagcagtt
aagaaaatga
ctaactttat
cggtcaacgg
aagaatcgaa
atatcgcccg
agacggatcc
tatcaaaaaa
aactcgaatc
cggctcatca
agacggtcgt
tgtacgggaa
ataacaatga
aactaggtcc
tcaacgatgg

aagatggcaa
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gacacaggca
ccatatcgaa
agaacaggaa
gctgacgctc
cggaaaatgt
tacagaagtc
agttcttgtg
aggattaggc
ttcgaaaaag
gtttaaaaat
tcgcgaacat
ccgtattacc
tttgcatcat
agtcaccgcc
gcagtttccg
tccaaaggag
gttgcagccg
agaaacattg
caaaaagaaa
agaaagcgat
cccaaaaaag
tatcatccga
caaaacagtc

atattattgt

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820



gtccctatct
aacaaaccgt

tacccaaatg

ggggaagaaa
ggagggttaa

accctcaaac

gg8ggaaaaga

ccgttataa

<210> 8

<211> 1045
<212> PRT
<213>

<400> 8
Met Trp Tyr
1

Asp Val Gly

Thr
35

His Gly

Ser Gly Val

50

Leu Ser

65

Gly

Thr Gln Leu

atacaataga
actctgagtg
atcttatccg
tcaaaattaa
gtttggttag
gattcgagaa

gagttggggt

Ala Ser

Thr
20

His

Pro Ile

Gly Lys

Ile Ala

Gln Gln

85

Leu

Ser

Glu

Glu

Arg

70

Leu

tatgatgaaa
gaaggaaatg
tatcgaattt
ggatctgttc
ccatgataac
ataccaagta

ggcgtcatct

Actinomyces naeslundii

Met Ser

Val

Gly

Leu
40

Leu

Gly
55

Lys
Ala

Arg

Asp Glu

eolf-seql

gggatcttgc

acggaggact

ccccgagaaa
gcctattatc
aacttttcgc
gatgtgctag

tctcattcga

Ala His His

10

Leu Ala Thr

25

Ser Ala Leu

Lys Asp His

Leu
75

Arg Arg

Val Leu

90

Arg

caaacaaggc
atacattccg
aaacaataaa
aaaccatcga
tccgcagcat

gcaacatcta

aagccgggga

Leu Arg Val

Val
30

Leu Arg

His Ile

45

Ser

Asp Thr

60

Arg

Leu His His

Asp Leu Gly

Page 12

gatcgagccg
attcagtcta
gactgctgtg
ctcctccaat
cggttcaaga
caaagtgaga

aactatccgt

Gly Ile

15

Asp Asp

His Asp

Lys Lys

Arg Arg

80

Phe
95

Pro

2880

2940

3000

3060

3120

3180

3240

3249



Ile

Tyr

Glu

Arg

145

Ser

Val

Asp

Pro

Gln

225

Thr

Val

Val

Pro

Arg

Glu

130

His

Pro

Ser

Ser

Gly

210

Arg

Lys

Thr

Ala

Thr

Val

115

Leu

Arg

Ala

Pro

Pro

195

Gln

Phe

Gly

Phe

Glu
275

Pro

100

Trp

Arg

Gly

Asn

Asp

180

Arg

Gly

Arg

Glu

Leu

260

Lys

Gly

Arg

Gly

Trp

Ala

165

Val

Gly

Ser

Ile

Asn

245

Thr

Leu

Glu

Val

Pro

Arg

150

Asn

Cys

Ser

Phe

Ile

230

Arg

Glu

Gly

Phe

Arg

Ala

135

Asn

Glu

Lys

Ala

Arg

215

Ser

Pro

Asp

Val

Leu

Ala

120

Ile

Pro

Ile

Gln

Val

200

Arg

Ile

Leu

Ser

His
280

Asp

105

Arg

Ser

Tyr

Arg

Leu

185

Ser

Ala

Val

Thr

Gln

265

Arg

eolf-seql

Leu Asn Glu

Leu

Met

Ser

Lys

170

Leu

Arg

Pro

Ala

Ala

250

Ala

Arg

Val

Ala

Lys

155

Ile

Arg

Val

Lys

Asn

235

Asp

Asp

Asp

Glu

Val

140

Val

Cys

Ala

Ala

Cys

220

Leu

Glu

Leu

Leu
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Gln

Glu

125

Arg

Glu

Ala

Val

Pro

205

Asp

Arg

Arg

Thr

Arg
285

Thr

110

Lys

His

Ser

Arg

Phe

190

Asp

Pro

Ile

Arg

Trp

270

Gly

Asp

Leu

Ile

Leu

Gln

175

Lys

Pro

Glu

Ser

His

255

Val

Thr

Pro

Pro

Ala

Leu

160

Gly

Ala

Leu

Phe

Glu

240

Val

Asp

Ala



Val

Ala

305

Trp

Leu

Leu

Gly

Met

385

Gly

Val

Leu

Glu

Asp
465

His

290

Thr

Trp

Tyr

Pro

Arg

370

Leu

Val

Gly

Ser

His

450

Lys

Thr

Asp

Glu

Glu

Glu

355

Ala

Ala

Asp

Asn

Ala

435

Val

Ala

Asp

Arg

Glu

Asp

340

Glu

Ala

Thr

Asp

Pro

420

Val

Asn

Asp

Ile

Ala

325

Pro

Asp

Tyr

Thr

Ser

405

Ser

Glu

Asp

Arg

Gly

Met

310

Asp

Thr

Gln

Ser

Asp

390

Trp

Val

Ser

Gly

Arg
470

Glu

295

Arg

Ser

Asp

Ala

Arg

375

Asp

Ala

Asp

Met

Phe

455

Arg

Arg

Gln

Glu

Ser

Lys

360

Glu

Leu

Pro

Arg

Trp

440

Thr

Tyr

Ser

Thr

Gln

Glu

345

Leu

Ser

His

Pro

Thr

425

Gly

Ser

Asn

eolf-seql

Ala Ala Arg Pro

Lys

Arg

330

Cys

Asp

Leu

Glu

Ala

410

Leu

Thr

Glu

Asp

Ile

315

Gly

Ala

Ser

Thr

Ala

395

Glu

Lys

Pro

Arg

Asn
475

300

Ser

Ala

Glu

Leu

Ala

380

Arg

Ala

Ile

Glu

Met

460

Gln
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Ser

Met

Ile

His

365

Leu

Lys

Ile

Val

Val

445

Ala

Glu

Pro

Leu

Ile

Ile

350

Leu

Ser

Arg

Asn

Gly

430

Ile

Asp

Ala

Ile

Lys

Arg

335

Ala

Pro

Asp

Leu

Ala

415

Arg

His

Glu

Met

Asp

Thr

320

Tyr

Glu

Ala

His

Phe

400

Pro

Tyr

Val

Arg

Lys
480



Lys

Ile

Cys

Pro

Val

545

Trp

Gly

Asp

Gln

Met

625

Thr

Ala

Ile

Val

Gly

Gln

530

Cys

Ala

Arg

Leu

Glu

610

Ala

Val

Gly

Gln

Arg

Thr

515

Ala

Glu

Gln

Val

Thr

595

Asp

Asn

Met

Ile

Arg

Leu

500

Thr

Gly

Arg

Lys

Arg

580

Arg

Pro

Glu

Val

Asp
660

Asp

485

Asp

Ile

Pro

Cys

Cys

565

Gly

Leu

Glu

Leu

Tyr

645

Ser

Tyr

Ala

Gly

Gly

Asn

550

Gly

Trp

Lys

Ile

His

630

Arg

Arg

Gly

Leu

Tyr

Ser

535

Arg

Ile

Arg

Lys

Asp

615

His

Gly

Ile

Lys

Glu

His

520

Asn

Ser

Pro

Lys

Glu

600

Glu

Arg

Ser

Asn

Glu

Leu

505

Thr

Asn

Lys

His

Gln

585

Val

Arg

Ile

Ile

Leu
665

eolf-seql

Gly Tyr Ile

490

Gln

Cys

Arg

Ser

Val

570

Thr

Ile

Ser

Ala

Thr

650

Ile

Gly

Gln

Arg

Asn

555

Gly

Pro

Ala

Met

Ala

635

Ala

Gly

Cys

Leu

Gly

540

Thr

Val

Asn

Arg

Glu

620

Ala

Ala

Glu
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Ser

Ala

Asp

525

Asn

Pro

Lys

Thr

Leu

605

Ser

Tyr

Ala

Lys

Arg

Cys

510

His

Leu

Phe

Glu

Ser

590

Arg

Val

Pro

Arg

Gly
670

Gly

495

Leu

Ile

Val

Ala

Ala

575

Ser

Arg

Ala

Glu

Lys

655

Arg

Asp

Tyr

Val

Ala

Val

560

Ile

Glu

Thr

Trp

Thr

640

Ala

Lys



Asp

Leu

Arg

705

Thr

His

Lys

Ala

Gly

785

Cys

Ala

Ser

Arg

Arg

Met

690

Gly

Gly

Met

Val

His

770

Leu

Ala

Arg

Asp

Asp
850

Ile

675

Glu

Glu

Ser

Leu

Tyr

755

Thr

Thr

Leu

Glu

Tyr

835

Glu

Asp

Ala

Gln

Thr

His

740

Val

Val

Val

Thr

Asp

820

Ile

Thr

Arg

Ser

Arg

Val

725

Leu

Thr

Asn

Gln

Arg

805

Arg

Gln

Pro

Arg

Val

Leu

710

Gly

Thr

Gln

Pro

Gln

790

Glu

Ala

Val

Phe

His

Ala

695

Thr

Ala

Glu

Asn

Ser

775

Ile

Lys

Ile

Phe

Gly
855

His

680

Lys

Gly

Arg

Leu

Ile

760

Lys

Asp

Asp

Arg

Ser

840

Ala

Ala

Thr

Lys

Glu

Phe

745

Arg

Leu

Arg

Phe

Val

825

Lys

Ile

eolf-seql

Val Asp Ala

Leu

Glu

His

730

Asn

Leu

Val

Ala

Asp

810

His

Arg

Ala

Ala

Gln

715

Phe

Glu

Arg

Ser

Cys

795

Glu

Gly

Lys

Val

Glu

700

Thr

Glu

Arg

Leu

His

780

Thr

Lys

His

Lys

Arg
860
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Ser

685

Arg

Trp

Met

Leu

Ser

765

Arg

Pro

Asn

Glu

Thr

845

Gly

Val

Ser

Lys

Trp

Ala

750

Asp

Leu

Ala

Gly

Ile

830

Asp

Gly

Val

Ser

Gln

Arg

735

Glu

Gly

Gly

Leu

Leu

815

Lys

Ser

Phe

Ala

Leu

Tyr

720

Gly

Asp

Asn

Asp

Trp

800

Pro

Ser

Asp

Val



eolf-seql

Glu Ile Gly Pro Ser Ile His His Ala Arg Ile Tyr Arg Val Glu Gly
865 870 875 880

Lys Lys Pro Val Tyr Ala Met Leu Arg Val Phe Thr His Asp Leu Leu
885 890 895

Ser Gln Arg His Gly Asp Leu Phe Ser Ala Val Ile Pro Pro Gln Ser
900 905 910

Ile Ser Met Arg Cys Ala Glu Pro Lys Leu Arg Lys Ala Ile Thr Thr
915 920 925

Gly Asn Ala Thr Tyr Leu Gly Trp Val Val Val Gly Asp Glu Leu Glu
930 935 940

Ile Asn Val Asp Ser Phe Thr Lys Tyr Ala Ile Gly Arg Phe Leu Glu
945 950 955 960

Asp Phe Pro Asn Thr Thr Arg Trp Arg Ile Cys Gly Tyr Asp Thr Asn
965 970 975

Ser Lys Leu Thr Leu Lys Pro Ile Val Leu Ala Ala Glu Gly Leu Glu
980 985 990

Asn Pro Ser Ser Ala Val Asn Glu 1Ile Val Glu Leu Lys Gly Trp Arg
995 1000 1005

Val Ala 1Ile Asn Val Leu Thr Lys Val His Pro Thr Val Val Arg
1010 1015 1020

Arg Asp Ala Leu Gly Arg Pro Arg Tyr Ser Ser Arg Ser Asn Leu
1025 1030 1035

Pro Thr Ser Trp Thr Ile Glu
1040 1045
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<210>
<211>
<212>
<213>

<400>

9
1
p

160
RT

Streptococcus pyogenes

9

Met Asp Lys

1

Gly

Lys

Gly

Lys

65

Tyr

Phe

His

His

Ser
145

Trp

Val

Ala

50

Arg

Leu

Phe

Glu

Glu

130

Thr

Ala

Leu

35

Leu

Thr

Gln

His

Arg

115

Lys

Asp

Lys

Val

20

Gly

Leu

Ala

Glu

Arg

100

His

Tyr

Lys

Tyr

Ile

Asn

Phe

Arg

Ile

85

Leu

Pro

Pro

Ala

Ser

Thr

Thr

Asp

Arg

70

Phe

Glu

Ile

Thr

Asp
150

Ile

Asp

Asp

Ser

55

Arg

Ser

Glu

Phe

Ile

135

Leu

Gly

Glu

Arg

40

Gly

Tyr

Asn

Ser

Gly

120

Tyr

Arg

Leu

Tyr

25

His

Glu

Thr

Glu

Phe

105

Asn

His

Leu

eolf-seql

Asp

10

Lys

Ser

Thr

Arg

Met

90

Leu

Ile

Leu

Ile

Ile

Val

Ile

Ala

Arg

75

Ala

Val

Val

Arg

Tyr
155

Gly

Pro

Lys

Glu

60

Lys

Lys

Glu

Asp

Lys

140

Leu

Page 18

Thr

Ser

Lys

45

Ala

Asn

Val

Glu

Glu

125

Lys

Ala

Asn

Lys

30

Asn

Thr

Arg

Asp

Asp

110

Val

Leu

Leu

Ser

15

Lys

Leu

Arg

Ile

Asp

95

Lys

Ala

Val

Ala

Val

Phe

Ile

Leu

Cys

80

Ser

Lys

Tyr

Asp

His
160



Met

Asp

Lys

Gly

Leu

225

Pro

Met

Val

Asn

Leu

305

Tyr

Lys

Ile

Asn

Gln

Glu

210

Lys

Tyr

Thr

Val

Phe

290

Leu

Val

Lys

Lys

Ser

Arg

195

Leu

Asp

Tyr

Arg

Asp

275

Asp

Tyr

Thr

Ala

Phe

Asp

180

Thr

His

Asn

Val

Lys

260

Lys

Lys

Glu

Glu

Ile
340

Arg

165

Val

Phe

Ala

Arg

Gly

245

Ser

Gly

Asn

Tyr

Gly

325

Val

Gly

Asp

Asp

Ile

Glu

230

Pro

Glu

Ala

Leu

Phe

310

Met

Asp

His

Lys

Asn

Leu

215

Lys

Leu

Glu

Ser

Pro

295

Thr

Arg

Leu

Phe

Leu

Gly

200

Arg

Ile

Ala

Thr

Ala

280

Asn

Val

Lys

Leu

Leu

Phe

185

Ser

Arg

Glu

Arg

Ile

265

Gln

Glu

Tyr

Pro

Phe
345

eolf-seql
Ile Glu Gly

170

Ile

Ile

Gln

Lys

Gly

250

Thr

Ser

Lys

Asn

Ala

330

Lys

Gln

Pro

Glu

Ile

235

Asn

Pro

Phe

Val

Glu

315

Phe

Thr

Leu

His

Asp

220

Leu

Ser

Trp

Ile

Leu

300

Leu

Leu

Asn

Page 19

Asp

Val

Gln

205

Phe

Thr

Arg

Asn

Glu

285

Pro

Thr

Ser

Arg

Leu

Gln

190

Ile

Tyr

Phe

Phe

Phe

270

Arg

Lys

Lys

Gly

Lys
350

Asn

175

Thr

His

Pro

Arg

Ala

255

Glu

Met

His

Val

Glu

335

Val

Pro

Arg

Leu

Phe

Ile

240

Trp

Glu

Thr

Ser

Lys

320

Gln

Thr



Val

Ser

Thr

385

Asn

Leu

His

Thr

Lys

465

Ala

Lys

His

Ile

Lys

Val

370

Tyr

Glu

Phe

Leu

Gly

450

Gln

Asn

Glu

Glu

Leu
530

Gln

355

Glu

His

Glu

Glu

Phe

435

Trp

Ser

Arg

Asp

His

515

Gln

Leu

Ile

Asp

Asn

Asp

420

Asp

Gly

Gly

Asn

Ile

500

Ile

Thr

Lys

Ser

Leu

Glu

405

Arg

Asp

Arg

Lys

Phe

485

Gln

Ala

Val

Glu

Gly

Leu

390

Asp

Glu

Lys

Leu

Thr

470

Met

Lys

Asn

Lys

Asp

Val

375

Lys

Ile

Met

Val

Ser

455

Ile

Gln

Ala

Leu

Val
535

Tyr

360

Glu

Ile

Leu

Ile

Met

440

Arg

Leu

Leu

Gln

Ala

520

Val

Phe

Asp

Ile

Glu

Glu

425

Lys

Lys

Asp

Ile

Val

505

Gly

Asp

eolf-seql
Lys Lys Ile

Arg

Lys

Asp

410

Glu

Gln

Leu

Phe

His

490

Ser

Ser

Glu

Phe

Asp

395

Ile

Arg

Leu

Ile

Leu

475

Asp

Gly

Pro

Leu

Asn

380

Lys

Val

Leu

Lys

Asn

460

Lys

Asp

Gln

Ala

Val
540
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Glu

365

Ala

Asp

Leu

Lys

Arg

445

Gly

Ser

Ser

Gly

Ile

525

Lys

Cys

Ser

Phe

Thr

Thr

430

Arg

Ile

Asp

Leu

Asp

510

Lys

Val

Phe

Leu

Leu

Leu

415

Tyr

Arg

Arg

Gly

Thr

495

Ser

Lys

Met

Asp

Gly

Asp

400

Thr

Ala

Tyr

Asp

Phe

480

Phe

Leu

Gly

Gly



Arg

545

Thr

Glu

Val

Gln

Leu

625

Asp

Gly

Asn

Phe

Lys

705

Lys

His

Thr

Glu

Glu

Asn

610

Ser

Asp

Lys

Tyr

Asp

690

Ala

His

Lys

Gln

Gly

Asn

595

Gly

Asp

Ser

Ser

Trp

675

Asn

Gly

Val

Pro

Lys

Ile

580

Thr

Arg

Tyr

Ile

Asp

660

Arg

Leu

Phe

Ala

Glu

Gly

565

Lys

Gln

Asp

Asp

Asp

645

Asn

Gln

Thr

Ile

Gln
725

Asn

550

Gln

Glu

Leu

Met

Val

630

Asn

Val

Leu

Lys

Lys

710

Ile

Ile

Lys

Leu

Gln

Tyr

615

Asp

Lys

Pro

Leu

Ala

695

Arg

Leu

Val

Asn

Gly

Asn

600

Val

His

Val

Ser

Asn

680

Glu

Gln

Asp

Ile

Ser

Ser

585

Glu

Asp

Ile

Leu

Glu

665

Ala

Arg

Leu

Ser

eolf-seql

Glu

Arg

570

Gln

Lys

Gln

Val

Thr

650

Glu

Lys

Gly

Val

Arg
730

Met

555

Glu

Ile

Leu

Glu

Pro

635

Arg

Val

Leu

Gly

Glu

715

Met

Ala

Arg

Leu

Tyr

Leu

620

Gln

Ser

Val

Ile

Leu

700

Thr

Asn
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Arg

Met

Lys

Leu

605

Asp

Ser

Asp

Lys

Thr

685

Ser

Arg

Thr

Glu

Lys

Glu

590

Tyr

Ile

Phe

Lys

Lys

670

Gln

Glu

Gln

Lys

Asn

Arg

575

His

Tyr

Asn

Leu

Asn

655

Met

Arg

Leu

Ile

Tyr
735

Gln

560

Ile

Pro

Leu

Arg

Lys

640

Arg

Lys

Lys

Asp

Thr

720

Asp



Glu

Lys

Glu

Val

785

Val

Ser

Asn

Ile

Val

865

Met

Phe

Ala

Asn

Leu

Ile

770

Gly

Tyr

Glu

Ile

Arg

850

Trp

Pro

Ser

Arg

Asp

Val

755

Asn

Thr

Gly

Gln

Met

835

Lys

Asp

Gln

Lys

Lys
915

Lys

740

Ser

Asn

Ala

Asp

Glu

820

Asn

Arg

Lys

Val

Glu

900

Lys

Leu

Asp

Tyr

Leu

Tyr

805

Ile

Phe

Pro

Gly

Asn

885

Ser

Asp

Ile

Phe

His

Ile

790

Lys

Gly

Phe

Leu

Arg

870

Ile

Ile

Trp

Arg

Arg

His

775

Lys

Val

Lys

Lys

Ile

855

Asp

Val

Leu

Asp

Glu

Lys

760

Ala

Lys

Tyr

Ala

Thr

840

Glu

Phe

Lys

Pro

Pro
920

Val

745

Asp

His

Tyr

Asp

Thr

825

Glu

Thr

Ala

Lys

Lys

905

Lys

eolf-seql
Lys Val Ile

Phe

Asp

Pro

Val

810

Ala

Ile

Asn

Thr

Thr

890

Arg

Lys

Gln

Ala

Lys

795

Arg

Lys

Thr

Gly

Val

875

Glu

Asn

Tyr

Phe

Tyr

780

Leu

Lys

Tyr

Leu

Glu

860

Arg

Val

Ser

Gly
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Thr

Tyr

765

Leu

Glu

Met

Phe

Ala

845

Thr

Lys

Gln

Asp

Gly
925

Leu

750

Lys

Asn

Ser

Ile

Phe

830

Asn

Gly

Val

Thr

Lys

910

Phe

Lys

Val

Ala

Glu

Ala

815

Tyr

Gly

Glu

Leu

Gly

895

Leu

Asp

Ser

Arg

Val

Phe

800

Lys

Ser

Glu

Ile

Ser

880

Gly

Ile

Ser



eolf-seql
Pro Thr Val Ala Tyr Ser Val Leu Val Val Ala Lys Val Glu Lys Gly
930 935 940

Lys Ser Lys Lys Leu Lys Ser Val Lys Glu Leu Leu Gly Ile Thr Ile
945 950 955 960

Met Glu Arg Ser Ser Phe Glu Lys Asn Pro Ile Asp Phe Leu Glu Ala
965 970 975

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

Tyr Ser Leu Phe Glu Leu Glu Asn Gly Arg Lys Arg Met Leu Ala Ser
995 1000 1005

Ala Gly Glu Leu Gln Lys Gly Asn Glu Leu Ala Leu Pro Ser Lys
1010 1015 1020

Tyr Val Asn Phe Leu Tyr Leu Ala Ser His Tyr Glu Lys Leu Lys
1025 1030 1035

Gly Ser Pro Glu Asp Asn Glu Gln Lys Gln Leu Phe Val Glu Gln
1040 1045 1050

His Lys His Tyr Leu Asp Glu Ile Ile Glu Gln Ile Ser Glu Phe
1055 1060 1065

Ser Lys Arg Val Ile Leu Ala Asp Ala Asn Leu Asp Lys Val Leu
1070 1075 1080

Ser Ala Tyr Asn Lys His Arg Asp Lys Pro Ile Arg Glu Gln Ala
1085 1090 1095

Glu Asn 1Ile Ile His Leu Phe Thr Leu Thr Asn Leu Gly Ala Pro
1100 1105 1110
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Ala

Thr

Ile

Gly

eolf-seql
Ala Phe Lys Tyr Phe Asp Thr Thr Ile Asp Arg Lys Arg Tyr
1115 1120 1125

Ser Thr Lys Glu Val Leu Asp Ala Thr Leu Ile His Gln Ser
1130 1135 1140

Thr Gly Leu Tyr Glu Thr Arg Ile Asp Leu Ser Gln Leu Gly
1145 1150 1155

Asp
1160
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