WO 2005/021707

<110>

<120>

Method of Use

<130> 1530

<150>
<1l51>

Us 6
2003

<150>
<151i>

Us 6
2003

<160> 69
<170>
<210> 1

<211> 3588
<212> DNA
<213>

<400> 1
atgtttattt

acttttgatyg
tactatcctg
ccattttatt
atacctttta
tgggtttttg
actaatgttg
tctaaaccca
ttcgagtaca
cacttacgag
caacctatag
aagttgccte
gctcaagaca
acatttatgc
aatccacttg
cagacctcta
aacttgtgte

gagagaaaaa

.067PCO03

0/482,505
-06-26

0/470,820
-05-16

tcttattatt
atgttcaagc
atgaaatttt
ctaatgttac
aggatggtat
gttctaccat
ttatacgagc
tgggtacaca
tatctgatgc
agtttgtgtt
atgtagttcg
ttggtattaa
tttggggcac
tcaagtatga
ctgaactcaa
atttcagggt

cttttggaga

aaatttctaa

1/102

SEQUENCE LISTING
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SARS-CoV Urbani strain

tettactcte
tecctaattac
tagatcagac
agggtttcat
ttattttget
gaacaacaag
atgtaactt;
gacacatact
cttttegett
taaaaataaa
tgatctacct
cattacaaat
gtcagctgca
tgaaaatggt
atgctctgtt
tgttccctca
ggtttttaat

ttgtgttget

actagtggta
actcaacata
actctttatt
actattaatc
gccacagaga
tcacagtcgg
gaattgtgtg
atgatattcg
gatgtttcag
gatgggtttce
tctggtttta
tttagagcca
gcctattttyg
acaatcacag
aagagctttyg
ggagatgttg
gctactaaat

gattactctg

Severe Acute Respiratory Syndrome DNA Vaccine Compos

gtgaccttga
cttcatctat
taactcagga
atacgtttgg
aatcaaatgt
tgattattat
acaacccttt
ataatgcatt
aaaagtcagyg
tectatgttta
acactttgaa
ttcttacagce
ttggctattt
atgctgttga
agattgacaa
tgagattccc
tcecettetgt

tgctctacaa

PCT/US2004/015512

ccggtgcacc
gaggggggtt
tttatttctt
caaccctgtc
tgteccgtggt
taacaattct
ctttgctgtt
taattgcact
taattttaaa
taagggctat
acctattttt
cttttcacct
aaagccaact
ttgttctcaa
aggaatttac
taatattaca
ctatgcatgg

ctcaacattt

itions and

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080
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ttttcaacct
aatgtctatg
caaactggtg
cttgcttgga
aggtatctta
teccectgatg
tatggttttt
tttgaacttt
aagaaccagt
tcttcaaaga
tecegttegag
gtaagtgtaa
gttaactgca
atatattcta
catgtcgaca
catacagttt
ttaggtgctg
tcaattagca
aatatgtaca
ttttgcacac
cgtgaagtgt
ggttttaatt
gaggacttgc
gaatgcctag
acagtgttge
agtggtactg
gctatgcaaa
aaccaaaaac
acaacaacat
ttaaacacac

gatatccttt

ttaagtgcta
cagattcttt
ttattgctga
atactaggaa
gacatggcaa
gcaaaccttg
acaccactac
taaatgcacc
gtgtcaattt
gatttcaacc
atcctaaaac
ttacacctgg
ctgatgttte
ctggaaacaa
cttecttatga
ctttattacg
atagttcaat
ttactacaga
tctgcggaga
aactaaatcg
tcgctcaagt
tttcacaaat
tctttaataa
gtgatattaa
cacctctget
ccactgctgg
tggcatatag
aaatcgccaa
caactgcatt
ttgttaaaca

cgcgacttga

tggcgtttet
tgtagtcaag
ttataattat
cattgatgct
gcttaggecc
caccccacct
tggcattggce
ggccacggtt
taattttaat
atttcaacaa
atctgaaata
aacaaatgct
tacagcaatt
tgtattcecag
gtgcgacatt
tagtactagc
tgcttactcet
agtaatgcct
ttctactgaa
tgcactctca
caaacaaatg
attacctgac
ggtgacactc
tgctagagat
cactgatgat
atggacattt
gttcaatggce
ccaatttaac
gggcaagctg
acttagctct

taaagtcgag

2/102
gccactaagt
ggagatgatg
aaattgccag
acttcaactg
tttgagagag
gctcttaatt
taccaacctt
tgtggaccaa
ggactcactg
tttggecegtg
ttagacattt
tcatctgaag
catgcagatc
actcaagcag
cctattggag
caaaaatcta
aataacacca
gtttctatgg
tgtgctaatt
ggtattgctg
tacaaaaccc
cctetaaage
gctgatgcectg
ctcatttgtg
atgattgctg
ggtgctggcg
attggagtta
aaggcgatta
caagacgttg
aattttggtg

gcggaggtac

tgaatgatct
taagacaaat
atgatttcat
gtaattataa
acatatctaa
gttattggcce
acagagttgt
aattatccac
gtactggtgt
atgtttctga
caccttgetce
ttgctgttct
aactcacacc
gctgtettat
ctggeatttg
ttgtggcetta
ttgctatacce
ctaaaacctc
tgcttctcca
ctgaacagga
caactttgaa
caactaagag
gecttecatgaa
cgcagaagtt
cctacactge
ctgctcecttceca
cccaaaatgt
gtcaaattca
ttaaccagaa
caatttcaag

aaattgacag

PCT/US2004/015512
ttgecttetee 1140
agcgceccagga 1200
gggttgtgte 1260
ttataaatat 1320
tgtgccettte 1380
attaaatgat 1440
agtactttcet 1500
tgaccttatt 1560
gttaactcct 1620
tttcactgat 1680
ttttgggggt 1740
atatcaagat 1800
agcttggcge 1860
aggagctgag 1920
tgctagttac 1980
tactatgtct 2040
tactaacttt 2100
cgtagattgt 2160
atatggtagce 2220
tcgcaacaca 2280
atattttggt 2340
gtcttttatt 2400
gcaatatggce 2460
caatggactt 2520
tgctctagtt 2580
aatacctttt 2640
tctectatgag 2700
agaatcactt 2760
tgctcaagca 2820
tgtgctaaat 2880
gttaattaca 2940
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ggcagacttc
agggcttetg
agagttgact
ggtgttgtcect
ccagcaattt
ggcacttctt
aatacatttg
gatcctctge
catacatcac
attcaaaaag
gaccttcaag
<210> 2

<211> 1196
<212> PRT
<213> SARS
<400> 2

Met Phe Ile

1

Arg Cys

Thr Ser

35

Ser Asp Thr

50

Asn Val Thr

65

Ile Pro Phe

val Val Arg

vVal Ile

115

Ser

aaagccttca
ctaatcttgc
tttgtggaaa
tcctacatgt
gtcatgaagg
ggtttattac
tctcaggaaa
aacctgagct
cagatgttga
aaattgaccg

aattgggaaa

-CoV

Phe Leu

Thr Thr

20

Ser Met

Leu

Tyr

Gly Phe

Leu

Phe

Arg

Leu

His

aacctatgta
tgctactaaa
Egggctaccac
cacgtatgtg
caaagcatac
acagaggaac
ttgtgatgtce
cgactcattc
tcttggcgac

cctcaatgag

atatgagcaa

Urbani strain

Phe Leu

Asp

Asp

Val
40

Gly

Thr
55

Gln

Thr Ile

70

Lys Asp

85

Gly
100

Trp

Ile Ile

Val

Asn

Ile Tyr

Phe

Gly

Ser
120

Asn

Thr

val

25

Tyr

Asp

Asn

Phe

Ser

105

Thr

3/102

acacaacaac
atgtctgagt
cttatgtcct
ccatcccagg
ttcecectegtg
ttcttttcte
gttattggca
aaagaagagc
atttcaggca
gtcgctaaaa

tatattaaat

Leu Thr

10

Gln Ala

Tyr Pro
Phe

Leu

Thr
75

His

Ala Ala

0

Thr Met

Asn Val

taatcagggc
gtgttcttgg
tecccacaagce
agaggaactt
aaggtgtttt
cacaaataat
tcattaacaa
tggacaagta
ttaacgcttc
atttaaatga

ggccttgg

Ser Gly Ser

Pro Asn Tyr

30

Glu
45

Asp Ile

Leu Pro Phe

60

Phe Gly Asn

Thr Glu Lys

Asn Asn Lys

110

val Ile

125

Arg

PCT/US2004/015512
tgctgaaatc 3000
acaatcaaaa 3060
agccccgeat 3120
caccacagcg 3180
tgtgtttaat 3240
tactacagac 3300
cacagtttat 3360
cttcaaaaat 3420
tgtecgtcaac 3480
atcactcatt 3540

3588

Asp Leu
15

Thr Gln
Phe Arg
Tyr Ser
Pro Vval

80

Ser Asn
95

Ser Gln
Ala Cys



Asn

Gly

145

Phe

Gly

Phe

Leu

Gly

225

Ala

Leu

Thr

Ser

Phe

305

Asn

Val

Ser
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Phe

130

Thr

Glu

Asn

Leu

Pro

210

Ile

Gln

Lys

Asp

val

290

Arg

Leu

Tyr

Val

Glu

Gln

Tyr

Phe

Tyr

195

Ser

Asn

Asp

Pro

Ala

275

Lys

Val

cys

Ala

Leu
355

Leu

Thr

Ile

Lys

180

Val

Gly

Ile

Ile

Thr

260

Val

Ser

Val

Pro

Trp

340

Tyr

Cys

His

Ser

165

Tyr

Phe

Thr

Trp

245

Thr

Asp

Phe

Pro

Phe

325

Glu

Asn

Asp

Thr

150

Asp

Leu

Lys

Asn

Asn

230

Gly

Phe

Cys

Glu

Ser

310

Gly

Arg

Ser

Asn

135

Met

Ala

Arg

Gly

Thr

215

Phe

Thr

Met

Ser

Ile

295

Gly

Glu

Lys

Thr

Pro

Ile

Phe

Glu

Tyr

200

Leu

Arg

Ser

Leu

Gln

280

Asp

Asp

Val

Lys

Phe
360

Phe

Phe

Ser

Phe

185

Gln

Lys

Ala

Ala

Lys

265

Asn

Lys

Val

Phe

Ile

345

Phe

4/102

Phe

Asp

Leu

170

Val

Pro

Pro

Ile

Ala

250

Tyr

Pro

Gly

Val

Asn

330

Ser

Ser

Ala

Asn

155

Asp

Phe

Ile

Ile

Leu

235

Ala

Asp

Leu

Ile

Arg

315

Ala

Asn

Thr

Val

140

Ala

Val

Lys

Asp

Phe

220

Thr

Tyr

Glu

Ala

Tyr

300

Phe

Thxr

Cys

Phe

Ser

Phe

Ser

Asn

Val

205

Lys

Ala

Phe

Asn

Glu

285

Gln

Pro

Lys

Val

Lys
365

Lys

Asn

Glu

Lys

190

Val

Leu

Phe

Val

Gly

270

Leu

Thr

Asn

Phe

Ala

350

Cys

Pro

Cys

Lys

175

Asp

Arg

Pro

Ser

Gly

255

Thr

Lys

Ser

Ile

Pro

335

Asp

Tyr

PCT/US2004/015512

Met

Thr

160

Ser

Gly

Asp

Leu

Pro

240

Tyr

Ile

Cys

Asn

Thr

320

Ser

Tyr

Gly



vVal

Asp

385

Gln

Met

Thr

Arg

Lys

465

Tyr

val

Pro

Phe

Phe

545

Ser

Ser

Glu

WO 2005/021707

Ser

370

Ser

Thr

Gly

Gly

Pro

450

Pro

Gly

Val

Lys

Asn

530

Gln

val

Phe

vVal

Ala

Phe

Gly

Cys

Asn

435

Phe

Cys

Phe

Leu

Leu

515

Gly

Pro

Arg

Gly

Ala
595

Thr

Val

vVal

Vval

420

Tyr

Glu

Thr

Tyr

Ser

500

Ser

Leu

Phe

Asp

Gly

580

Val

Liys

Val

Ile

405

Leu

Asn

Arg

Pro

Thr

485

Phe

Thr

Thr

Gln

Pro

565

Val

Leu

Leu

Lys

390

Ala

Ala

Tyxr

Asp

Pro

470

Thr

Glu

Asp

Gly

Gln

550

Lys

Ser

Tyr

Asn

375

Gly

Asp

Trp

Lys

Ile

455

Ala

Thr

Leu

Leu

Thr

535

Phe

Thr

Vval

Gln

Asp

Asp

Tyr

Asn

Tyr

440

Ser

Leu

Gly

Leu

Ile

520

Gly

Gly

Ser

Ile

Asp
600

Leu

Asp

Asn

Thr

425

Arg

Asn

Asn

Ile

Asn

505

Lys

Val

Arg

Glu

Thxr

585

Val

5/102

Cys

Val

Tyr

410

Arg

Tyr

val

Cys

Gly

490

Ala

Asn

Leu

Asp

Ile

570

Pro

Asn

Phe

Arg

395

Lys

Asn

Leu

Pro

Tyr

475

Tyr

Pro

Gln

Thr

Val

555

Leu

Gly

Cys

Ser

380

Gln

Leu

Ile

Arg

Phe

460

Trp

Gln

Ala

Cys

Pro

540

Ser

Asp

Thr

Thr

Asn

Ile

Pro

Asp

His

445

Ser

Pro

Pro

Thr

val

525

Ser

Asp

Ile

Asn

Asp
605

Val

Ala

Asp

Ala

430

Gly

Pro

Leu

Tyr

Val

510

Asn

Ser

Phe

Ser

Ala

590

Val

Tyr

Pro

Asp

415

Thr

Lys

Asp

Asn

Arg

495

Cys

Phe

Lys

Thr

Pro

575

Ser

Ser

PCT/US2004/015512

Ala

Gly

400

Phe

Ser

Leu

Gly

Asp

480

val

Gly

Asn

Arg

Asp

560

Cys

Ser

Thr
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6/102

Ala Ile His Ala Asp Gln Leu Thr Pro Ala Trp Arg Ile Tyr Ser Thr
610 615 620

@ly Asn Asn Val Phe Gln Thr Gln Ala Gly Cys Leu Ile Gly Ala Glu
625 630 635 640

His Val Asp Thr Ser Tyr Glu Cys Asp Ile Pro Ile Gly Ala Gly Ile
645 650 655

Cys Ala Ser Tyr His Thr Val Ser Leu Leu Arg Ser Thr Ser Gln Lys
660 665 670

Ser Ile Val Ala Tyr Thr Met Ser Leu Gly Ala Asp Ser Ser Ile Ala
675 680 685

Tyr Ser Asn Asn Thr Ile Ala Ile Pro Thr Asn Phe Ser Ile Ser Ile
690 695 700

Thr Thr Glu Val Met Pro Val Ser Met Ala Lys Thr Ser Val Asp Cys
705 710 715 720

Asn Met Tyr Ile Cys Gly Asp Ser Thr Glu Cys Ala Asn Leu Leu Leu
725 730 735

Gln Tyr Gly Ser Phe Cys Thr Gln Leu Asn Arg Ala Leu Ser Gly Ile
740 745 750

Ala Ala Glu Gln Asp Arg Asn Thr Arg Glu Val Phe Ala Gln Val Lys
755 760 765

Gln Met Tyr Lys Thr Pro Thr Leu Lys Tyr Phe Gly Gly Phe Asn Phe
770 775 780

Ser Gln Ile Leu Pro Asp Pro Leu Lys Pro Thr Lys Arg Ser Phe Ile
785 790 795 800

Glu Asp Leu Leu Phe Asn Lys Val Thr Leu Ala Asp Ala Gly Phe Met
805 810 815

Lys Gln Tyr Gly Glu Cys Leu Gly Asp Ile Asn Ala Arg Asp Leu Ile
820 825 830

Cys Ala Gln Lys Phe Asn Gly Leu Thr Val Leu Pro Pro Leu Leu Thr
835 840 . 845

Asp Asp Met Ile Ala Ala Tyr Thr Ala Ala Leu Val Ser Gly Thr Ala



Thr

865

Ala

Val

Ile

Lys

val

945

Asp

Arg

Gln

Thr

Phe

Pro

Glu

Ala

Trp

WO 2005/021707

850

Ala

Met

Leu

Ser

Leu
930

Lys

Ile

Leu

Leu

Lys
1010

Cys
1025

His
1040

Arg
1055

Tyr
1070

Phe
1085

Gly

Gln

YT

Gln

915

Gln

Gln

Leu

Ile

Ile
995

Met

Trp

Met

Glu

900

Ile

Asp

Leu

Ser

Thr

980

Arg

Thr

Ala

885

Asn

Gln

Phe

870

Tyr

Gln

Glu

val val

Ser

Arg
965

Ser
950

Leu

Gly Arg

Ala Ala

Ser Glu

Gly Lys

Gly val

Asn Phe

Phe

Ile

Pro

Thr

Gly

val

Thr

Arg

Gln

Cys

Tyr

Phe

Thr

Glu

Arg

Arg

855

Gly Ala

Lys Gln

Ser Leu

Phe

7/102

Gly Ala Ala

875

Asn Gly Ile

890

Ile Ala Asn

905

920

Asn Gln

935

Asn Phe

Asp Lys

Leu Gln

Thr Thr Thr

Asn Ala Gln

Gly Ala Ile

955

Val Glu Ala

970

Ser Leu Gln

985

Glu Ile
1000

Val
1015

His
1030

Leu
1045

Ala
1060

Gly
1075

Asn
1090

Leu

Leu

Pro

Val

Phe

Gly Gln Ser

Met Ser Phe

Val Thr Tyr

Ala Ile Cys

Phe Val Phe

Phe Ser Pro

860

Leu

Gly

Gln

Ser

Ala

240

Ser

Glu

Thr

Lys

Gln

Val

Phe

Thxr

925

Leu

Ser

Val

Tyr

Ile

Thr

Asn

910

Ala

Asn

val

Gln

val
990

1005

1020

Pro

1035

val

1050

His

1065

Asn

1080

Gln

1095

Arg

Gln

Pro

Glu

Gly

Ile

Ile

Pro

Gln
895

Lys

Leu

Thr

Leu

Ile

975

Thr

Ala

Ser

Gly

Thr

PCT/US2004/015512

Phe

880

Asn

Ala

Gly

Leu

Asn

960

Asp

Gln

Arg Ala Ser Ala Asn Leu Ala Ala

Val Asp

Ala

Gln

Lys

Ser

Thr
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Thr Asp Asn Thr Phe Val Ser Gly
1100 1105 ,

Ile Ile Asn Asn Thr Val Tyr Asp
1115 1120

Ser Phe Lys Glu Glu Leu Asp Lys
1130 1135

Pro Asp Val Asp Leu Gly Asp Ile
1145 1150

Val Asn Ile Gln Lys Glu Ile Asp
1160 1165

Asn Leu Asn Glu Ser Leu Ile Asp
1175 1180

Glu Gln Tyr Ile Lys Trp Pro Trp
1190 1195

<210> 3

<211> 2049

<212> DNA

<213> SARS-CoV Urbani strain

<400> 3

atgtttattt tcttattatt tcettactctce

acttttgatg atgttcaagc tcctaattac

tactatcctg atgaaatttt tagatcagac

ccattttatt ctaatgttac agggtttcat

atacctttta aggatggtat ttattttgcet

tgggtttttg gttctaccat gaacaacaag

actaatgttg ttatacgagc atgtaacttt

tctaaaccca tgggtacaca gacacatact

ttcgagtaca tatctgatgc cttttcgett

cacttacgag agtttgtgtt taaaaataaa

caacctatag atgtagtteg tgatctacct

aagttgccte ttggtattaa cattacaaat

gctcaagaca tttggggcac gtcagctgca

8/102

Asn Cys

Pro Leu

Tyr Phe

Ser Gly

Arg Leu

Leu Gln

actagtggta
actcaacata
actctttatt
actattaatc
gccacagaga
tcacagtcgg
gaattgtgtg
atgatatteg
gatgtttcag
gatgggtttce
tctggtttta
tttagagcca

gcctattttg

Asp

Gln

Lys

Ile

Asn

Glu

val Val

1110

Pro Glu

1125

Asn His

1140

Asn Ala

1155

Glu Vval

1170

Leu
1185

Gly

gtgaccttga
cttcatctat
taactcagga
atacgtttgg
aatcaaatgt
tgattattat
acaacccttt
ataatgcatt
aaaagtcagg
tctatgttta
acactttgaa
ttcttacagce

ttggctattt

PCT/US2004/015512

Ile Gly

Leu Asp

Thr Ser

Ser Val

Ala Lys

Lys Tyr

ccggtgcecacc 60
gaggggggtt 120
tttatttctt 180
caaccctgte 240
tgtccgtggt 300
taacaattct 360
ctttgctgtt 420
taattgcact 480
taattttaaa 540
taagggctat 600
acctattttt 660
cttttcacct 720
aaagccaact 780
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acatttatgc
aatccacttg
cagacctcta
aacttgtgtc
gagagaaaaa
ttttcaacct
aatgtctatg
caaactggtg
cttgettgga
aggtatctta
tccecectgatg
tatggttttt
tttgaacttt
aagaaccagt
tcttcaaaga
tcecgttegag
gtaagtgtaa
gttaactgca
atatattcta
Eatgtcgaca
catacagttt
ttaggtgcet
<210> 4
<211> 683
<212> PRT
<213>

<400> 4

tcaagtatga
ctgaactcaa
atttcagggt
cttttggaga
aaatttctaa
ttaagtgcta
cagattcttt
ttattgctga
atactaggaa
gacatggcaa
gcaaaccttg
acaccactac
taaatgcacc
gtgtcaattt
gatttcaacc
atcctaaaac
ttacacctgg
ctgatgtttce
ctggaaacaa
cttcttatga

ctttattacg

tgaaaatggt
atgctctgtt
tgttccctca
ggtttttaat
ttgtgttgcet
tggecgtttet
tgtagtcaag
ttataattat
cattgatget
gcttaggecee
caccccacct
tggcattgge
ggccacggtt
taattttaat
atttcaacaa
atctgaaata
aacaaatgct
tacagcaatt
tgtattccag
gtgcgacatt

tagtactagce

SARS-CoV Urbani strain

9/102

acaatcacag
aagagctttg
ggagatgttg
gctactaaat
gattactctg
gccactaagt
ggagatgatg
aaattgccag
acttcaactg
tttgagagag
gctcttaatt
taccaacctt
tgtggaccaa
ggactcactyg
tttggcegtg
ttagacattt
tcatctgaag
catgcagatc
actcaagcag
cctattggag

caaaaatcta

atgctgttga
agattgacaa
tgagattccc
tcecettetgt
tgctctacaa
tgaatgatct
taagacaaat
atgatttcat
gtaattataa
acatatctaa
gttattggcec
acagagttgt
aattatccac
gtactggtgt
atgtttctga
caccttgcecte
ttgctgttet
aactcacacc
gctgtcttat
ctggcatttg

ttgtggctta

PCT/US2004/015512
ttgttctcaa 840
aggaatttac 900
taatattaca 960
ctatgcatgg 1020
ctcaacattt 1080
ttgcttctece 1140
agcgccagga 1200
gggttgtgtce 1260
ttataaatat 1320
tgtgcettte 1380
attaaatgat 1440
agtactttct 1500
tgaccttatt 1560
gttaactcct 1620
tttcactgat 1680
ttttgggggt 1740
atatcaagat 1800
agcttggegce 1860
aggagctgag 1920
tgctagttac 1980
tactatgtct 2040

2049

Met Phe Ile Phe Leu Leu Phe Leu Thr Leu Thr Ser Gly Ser Asp Leu

1

5

10

15

Asp Arg Cys Thr Thr Phe Asp Asp Val Gln Ala Pro Asn Tyr Thr Gln

20

25

30



His

Ser

Asn

65

Ile

Val

Ser

Asn

Gly

145

Phe

Gly

Phe

Leu

Gly

225

Ala

Leu

Thr

WO 2005/021707

Thr

Asp

50

Val

Pro

Val

Val

Phe

130

Thr

Glu

Asn

Leu

Pro

210

Ile

Gln

Lys

Asp

Ser

35

Thr

Thr

Phe

Arg

Ile

115

Glu

Gln

Tyr

Phe

Tyr

195

Ser

Asn

Asp

Pro

Ala

Ser

Leu

Gly

Lys

Gly

100

Ile

Leu

Thr

Ile

Lys

180

Val

Gly

Ile

Ile

Thr

260

Val

Met

Tyr

Phe

Asp

85

Trp

Ile

Cys

His

Ser

165

TyY

Phe

Thr

Trp

245

Thr

Asp

Arg

Leu

70

Gly

Val

Asn

Asp

Thr

150

Asp

Leu

Lys

Asn

Asn

230

Gly

Phe

Cys

Gly

Thr

55

Thr

Ile

Phe

Asn

Asn

135

Met

Ala

Arg

Gly

Thr

215

Phe

Thr

Met

Ser

val

40

Gln

Ile

Tyr

Gly

Ser

120

Pro

Ile

Phe

Glu

Tyr

200

Leu

Arg

Ser

Leu

Gln

Tyr

Asp

Asn

Phe

Ser

105

Thr

Phe

Phe

Ser

Phe

185

Gln

Lys

Ala

Ala

Lys

265

Asn

10/102

Tyr

Leu

Ala

90

Thx

Asn

Phe

Asp

Leu

170

Val

Pro

Pro

Ile

Ala

250

Tyxr

Pro

Pro

Phe

Thr

75

Ala

Met

Val

Ala

Asn

155

Asp

Phe

Ile

Ile

Leu

235

Ala

Asp

Leu

Asp

Leu

60

Phe

Thr

Asn

Val

Val

140

Ala

val

Lys

Asp

Phe

220

Thr

Tyr

Glu

Ala

Glu

45

Pro

Gly

Glu

Asn

Ile

125

Ser

Phe

Ser

Asn

Val

205

Lys

Ala

Phe

Asn

Glu

Ile

Phe

Asn

Lys

Lys

110

Arg

Lys

Asn

Glu

Lys

190

Val

Leu

Phe

val

Gly

270

Leu

Phe

Tyr

Pro

Ser

95

Ser

Ala

Pro

Cys

Lys

175

Asp

Arg

Pro

Ser

Gly

255

Thr

Lys

PCT/US2004/015512

Arg

Ser

Val

80

Asn

Gln

Cys

Met

Thr

160

Ser

Gly

Asp

Leu

Pro

240

Tyr

Ile

Cys



Ser

Phe

305

Asn

Val

Ser

val

Asp

385

Gln

Met

Thr

Arg

Lys

465

Tyr

Val

Pro

WO 2005/021707

Val

290

Arg

Leu

Tyr

Val

Ser

370

Ser

Thr

Gly

Gly

Pro

450

Pro

Gly

Val

Lys

275

Lys

Val

Cys

Ala

Leu

355

Ala

Phe

Gly

Cys

Asn

435

Phe

Cys

Phe

Leu

Leu
515

Ser

val

Pro

Trp

340

Tyr

Thr

val

Val

Val

420

TyTr

Glu

Thr

Tyr

Ser

500

Ser

Phe

Pro

Phe

325

Glu

Asn

Lys

Val

Ile

405

Leu

Asn

Arg

Pro

Thr

485

Phe

Thr

Glu

Ser

310

Gly

Arg

Ser

Leu

Lys

390

Ala

Ala

Tyr

Asp

Pro

470

Thr

Glu

Asp

Ile

295

Gly

Glu

Lys

Thr

Asn

375

Gly

Asp

Trp

Lys

Ile

455

Ala

Thr

Leu

Leu

280

Asp

Asp

val

Lys

Phe

360

Asp

Asp

Tyr

Asn

Tyr

440

Ser

Leu

Gly

Leu

Ile
520

Lys

Val

Phe

Ile

345

Phe

Leu

Asp

Asn

Thr

425

Arg

Asn

Asn

Ile

Asn

505

Lys

11/102

Gly

val

Asn

330

Ser

Ser

Cys

Val

Tyr

410

Arg

Tyr

Val

Cys

Gly

490

Ala

Asn

Ile

Arg

315

Ala

Asn

Thr

Phe

Arg

395

Lys

Asn

Leu

Pro

Tyr

475

Tyr

Pro

Gln

Tyr

300

Phe

Thr

Cys

Phe

Ser

380

Gln

Leu

Ile

Arg

Phe

460

Trp

Gln

Ala

Cys

285

Gln

Pro

Lys

val

Lys

365

Asn

Ile

Pro

Asp

His

445

Ser

Pro

Pro

Thr

Val
525

Thr

Asn

Phe

Ala

350

Cys

vVal

Ala

Asp

Ala

430

Gly

Pro

Leu

Tyr

Val

510

Asn

Ser

Ile

Pro

335

Asp

Tyr

Tyr

Pro

Asp

415

Thr

Lys

Asp

Asn

Arg

495

Cys

Phe

PCT/US2004/015512

Asn

Thr

320

Ser

Tyr

Gly

Ala

Gly

400

Phe

Ser

Leu

Gly

Asp

480

Val

Gly

Asn



WO 2005/021707 PCT/US2004/015512
12/102

Phe Asn Gly Leu Thr Gly Thr Gly Val Leu Thr Pro Ser Ser Lys Arg

530 535 540
Phe Gln Pro Phe Gln Gln Phe Gly Arg Asp Val Ser Asp Phe Thr Asp
545 550 555 560
Ser Val Arg Asp Pro Lys Thr Ser Glu Ile Leu Asp Ile Ser Pro Cys

565 570 575
Ser Phe Gly Gly Val Ser Val Ile Thr Pro Gly Thr Asn Ala Ser Ser
580 585 590
@lu Val Ala Val Leu Tyr Gln Asp Val Asn Cys Thr Asp Val Ser Thr
595 600 605

Ala Ile His Ala Asp Gln Leu Thr Pro Ala Trp Arg Ile Tyr Ser Thr

610 615 620
Gly Asn Asn Val Phe Gln Thr Gln Ala Gly Cys Leu Ile Gly Ala Glu
625 630 635 640
His Val Asp Thr Ser Tyr Glu Cys Asp Ile Pro Ile Gly Ala Gly Ile

645 650 655
Cys Ala Ser Tyr His Thr Val Ser Leu Leu Arg Ser Thr Ser Gln Lys
660 665 670
Ser Ile Val BAla Tyr Thr Met Ser Leu Gly Ala
675 680

<210> 5
<211l> 1539
<212> DNA
<213> SARS-CoV Urbani strain
<400> 5
gatagttcaa ttgcttactc taataacacc attgctatac ctactaactt ttcaattagce 60
attactacag aagtaatgcc tgtttctatg gctaaaacct ccgtagattg taatatgtac 120
atctgcggag attctactga atgtgctaat ttgcttctec aatatggtag cttttgcaca 180
caactaaatc gtgcactctec aggtattget gctgaacagg atcgcaacac acgtgaagtg 240
ttcgetcaag tcaaacaaat gtacaaaacc ccaactttga aatattttgg tggttttaat 300
ttttcacaaa tattacctga ccctctaaag ccaactaaga ggtcttttat tgaggacttg 360
ctetttaata aggtgacact cgctgatget ggcttcatga agcaatatgg cgaatgccta 420



WO 2005/021707

ggtgatatta
ccacctetge
gccactgetg
atggcatata
caaatcgcca
tcaactgcat
cttgttaaac
tecgegacttg
caaagcctte
gctaatcttg
ttttgtggaa
ttcctacatg
tgtcatgaag
tggtttatta
gtctcaggaa
caacctgagc
ccagatgttg
gaaattgacc
gaattgggaa
<210> 6

<211l> 513
<212> PRT
<213>
<400> 6

Asp Ser Ser

1

Phe Ser Ile

Thr Ser Val
35

Ala Asn Leu
50

atgctagaga
tcactgatga
gatggacatt
ggttcaatgg
accaatttaa
tgggcaagct
aacttagctc
ataaagtcga
aaacctatgt
ctgctactaa
agggctacca
tcacgtatgt
gcaaagcata
cacagaggaa
attgtgatgt
tcgactcatt
atcttggcga
gcctcaatga

aatatgagca

Tle Ala
5

Ser Ile
20

Asp Cys

Leu Leu

Tyr

Thr

Asn

Gln

tctcatttgt
tatgattgcet
tggtgctggce
cattggagtt
caaggcgatt
gcaagacgtt
taattttggt
ggcggaggta
aacacaacaa
aatgtctgag
ccttatgtece
gccatccecag
cttcectegt
cttettttcet
cgttattggce
caaagaagag
cattteaggce
ggtecgctaaa

atatattaaa

SARS-CoV Urbani strain

40

55

13/102

gcgcagaagt
gcctacactg
gctgctcttce
acccaaaatg
agtcaaattc
gttaaccaga
gcaatttcaa
caaattgaca
ctaatcaggg
tgpgttcttg
ttceccacaag
gagaggaact
gaaggtgttt
ccacaaataa
atcattaaca
ctggacaagt
attaacgett

aatttaaatg

tggeettgg

Ser Asn Asn Thr Ile

10

Thr Glu Val Met Pro
25

Met Tyr Ile Cys Gly

Tyr Gly Ser Phe Cys

PCT/US2004/015512

tcaatggact tacagtgttg 480
ctgctctagt tagtggtact 540
aaataccttt tgctatgcaa 600
ttctctatga gaaccaaaaa 660
aagaatcact tacaacaaca 720
atgctcaagc attaaacaca 780
gtgtgctaaa tgatatcctt 840
ggttaattac aggcagactt 200
ctgctgaaat cagggcttcect 960
gacaatcaaa aagagttgac 1020
cagccccgea tggtgttgtce 1080
tcaccacagc gccagcaatt 1140
ttgtgtttaa tggcacttct 1200
ttactacaga caatacattt 1260
acacagttta tgatcctctg 1320
acttcaaaaa tcatacatca 1380
ctgtcgtcaa cattcaaaaa 1440
aatcactcat tgaccttcaa 1500

1539
Ala Ile Pro Thr Asn

15
Val Ser Met Ala Lys
30
Asp Ser Thr Glu Cys
45

Thr Gln Leu Asn Arg

60



Ala

65

Phe

Gly

Lys

Asp

Ala

145

Pro

Val

Leu

Gly

Gln

225

Ser

Ala

Ser

Glu

WO 2005/021707

Leu

Ala

Gly

Arg

Ala

130

Arg

Pro

Ser

Gln

Val

210

Phe

Thr

Leu

Ser

Val
290

Ser

Gln

Phe

Ser

115

Gly

Asp

Leu

Gly

Ile

195

Thr

Asn

Ala

Asn

val

275

Gln

Gly

Val

Asn

100

Phe

Phe

Leu

Leu

Thr

180

Pro

Gln

Lys

Leu

Thr

260

Leu

Ile

Ile

Lys

85

Phe

Ile

Met

Ile

Thr

165

Ala

Phe

Asn

Ala

Gly

245

Leu

Asn

Asp

Ala

70

Gln

Ser

Glu

Lys

Cys

150

Asp

Thr

Ala

Val

Ile

230

Lys

Val

Asp

Arg

Ala

Met

Gln

Asp

Gln

135

Ala

Asp

Ala

Met

Leu

215

Ser

Leu

Lys

Ile

Leu
295

Glu

Tyr

Ile

Leu

120

Tyr

Gln

Met

Gly

Gln

200

Tyr

Gln

Gln

Gln

Leu

280

Ile

Gln

Lys

Leu

105

Leu

Gly

Lys

Ile

Trp

185

Met

Glu

Ile

Asp

Leu

265

Ser

Thr

14/102

Asp

Thr

S0

Pro

Phe

Glu

Phe

Ala

170

Thr

Ala

Asn

Gln

Val

250

Ser

Arg

Gly

Arg

75

Pro

Asp

Asn

Cys

Asn

155

Ala

Phe

Tyr

Gln

Glu

235

Val

Ser

Leu

Arg

Asn

Thr

Pro

Lys

Leu

140

Gly

Tyr

Gly

Arg

Lys

220

Ser

Asn

Asn

Asp

Leu
300

Thr

Leu

Leu

Val

125

Gly

Leu

Thr

Ala

Phe

205

Gln

Leu

Gln

Phe

Lys

285

Gln

Arg
Lys
Lys
110
Thr
Asp
Thr
Ala
Gly
120
Asn
Ile
Thr
Asn
Gly
270

Val

Ser

Glu

Tyr

95

Pro

Leu

Tie

Val

Ala

175

Ala

Gly

Ala

Thr

Ala

255

Ala

Glu

Leu

PCT/US2004/015512

Val

80

Phe

Thr

Ala

Asn

Leu

160

Leu

Ala

Ile

Asn

Thr

240

Gln

Ile

Ala

Gln



Thr

305

Ala

Lys

Gln

Ser

Lys

385

Trp

Asp

Asn

Glu

Leu

465

Glu

Ile

Trp

WO 2005/021707

Tyr

Asn

Arg

Ala

Gln

370

Ala

Phe

Asn

Asn

Glu

450

Gly

Ile

Asp

<210>
<211>

<212>

<213>

Val

Leu

Val

Ala

355

Glu

Tyr

Ile

Thr

Thr

435

Leu

Asp

Asp

Leu

7
3633

DNA

Thr

Ala

Asp

340

Pro

Arg

Phe

Thr

Phe

420

Val

Asp

Ile

Arg

Gln
500

Gln

Ala

325

Phe

Asn

Pro

Gln

405

Val

Tyr

Lys

Ser

Leu

485

Glu

Gln

310

Thr

Cys

Gly

Phe

Arg

390

Arg

Ser

Asp

Tyr

Gly

470

Asn

Leu

Leu

Lys

Gly

val

Thr

375

Glu

Asn

Gly

Pro

Phe

455

Ile

Glu

Gly

Ile

Met

Lys

Val

360

Thr

Gly

Phe

Asn

Leu

440

Lys

Asn

Val

Lys

SARS-CoV Urbani strain

Arg

Ser

Gly

345

Phe

Ala

vVal

Phe

Cys

425

Gln

Asn

Ala

Ala

Tyr
505

15/102

Ala

Glu

330

Tyr

Leu

Pro

Phe

Ser

410

Asp

Pro

Ser

Lys
490

Glu

Ala
315

Cys

Ala

Val

395

Pro

Val

Glu

Thr

Val

475

Asn

Gln

Glu

val

Leu

val

Ile

380

Phe

Gln

Val

Leu

Ser

460

Val

Leu

Tyr

Ile

Leu

Met

Thr

365

Cys

Asn

Ile

Tle

Asp

445

Pro

Asn

Asn

Ile

Arg

Gly

Ser

350

Tyr

His

Gly

Ile

Gly

430

Ser

Asp

Ile

Glu

Lys
510

Ala

Gln

335

Phe

Val

Glu

Thr

Thr

415

Ile

Phe

Val

Gln

Ser

495

Trp

PCT/US2004/015512

Ser

320

Ser

Pro

Pro

Gly

Ser

400

Thr

Ile

Lys

Asp

Lys

480

Leu

Pro



WO 2005/021707

<400> 7
atggatgcaa

tecgecccageg
caagctcecta
atttttagat
gttacagggt
ggtatttatt
accatgaaca
cgagcatgta
acacagacac
gatgcctttt
gtgtttaaaa
gttegtgate
attaacatta
ggcacgtcag
tatgatgaaa
ctcaaatgct
agggttgtte
ggagaggttt
tctaattgtg
tgctatggcg
tcttttgtag
gctgattata
aggaacattg
ggcaagctta
ccttgcaccce
actactggca
gcaccggcca
aattttaatt
caaccatttc

aaaacatctg

tgaagagagg
ctagaggatc
attacactca
cagacactct
ttcatactat
ttgctgecac
acaagtcaca
actttgaatt
atactatgat
cgcttgatgt
ataaagatgg
taccttctgg
caaattttag
ctgcagccta
atggtacaat
ctgttaagag
cctcaggaga
ttaatgctac
ttgctgatta
tttetgcecceac
tcaagggaga
attataaatt
atgctactte
ggcecctttga
cacctgctet
ttggctacca
cggtttgtgg
ttaatggact
aacaatttgg

aaatattaga

gctctgetgt
gggaagtgac
acatacttca
ttatttaact
taatcatacg
agagaaatca
gtcggtgatt
gtgtgacaac
attcgataat
ttcagaaaag
gtttctctat
ttttaacact
agccattctt
ttttgttgge
cacagatgct
ctttgagatt
tgttgtgaga
taaattccct
ctctgtgcete
taagttgaat
tgatgtaaga
gccagatgat
aactggtaat
gagagacata
taattgttat
accttacaga
accaaaatta
cactggtact
ccgtgatgtt

catttcacct

16/102

gtgctgctge
cttgaccggt
tctatgaggg
caggatttat
tttggcaacc
aatgttgtcc
attattaaca
cctttetttg
gcatttaatt
tcaggtaatt
gtttataagg
ttgaaaccta
acagcctttt
tatttaaagc
gttgattgtt
gacaaaggaa
ttccctaata
tctgtctatg
tacaactcaa
gatctttgcet
caaatagcgc
ttcatgggtt
tataattata
tctaatgtgce
tggccattaa
gttgtagtac
teccactgace
ggtgtgttaa
tctgatttceca

tgctettttg

tgtgtggagc
gcaccacttt
gggtttacta
ttcttcecatt
ctgtcatacc
gtggttgggt
attctactaa
ctgtttctaa
gcactttcga
ttaaacactt
gctatcaacc
tttttaagtt
cacctgctca
caactacatt
ctcaaaatcc
tttaccagac
ttacaaactt
catgggagag
cattttttte
tctccaatgt
caggacaaac
gtgtccecttge
aatataggta
ctttetecce
atgattatgg
tttettttga
ttattaagaa
ctcecttette

ctgattececgt

ggggtgtaag

PCT/US2004/015512
agtcttegtt 60
tgatgatgtt 120
tcctgatgaa 180
ttattctaat 240
ttttaaggat 300
ttttggttet 360
tgttgttata 420
acccatgggt 480
gtacatatct 540
acgagagttt 600
tatagatgta 660
gcctettggt 720
agacatttgg 780
tatgctcaag 840
acttgctgaa 900
ctctaattte 960
gtgtcctttt 1020
aaaaaaaatt 1080
aacctttaag 1140
ctatgcagat 1200
tggtgttatt 1260
ttggaatact 1320
tcttagacat 1380
tgatggcaaa 1440
tttttacacc 1500
acttttaaat 1560
ccagtgtgte 1620
aaagagattt 1680
tcgagatcct 1740
tgtaattaca 1800



WO 2005/021707

cctggaacaa
gttgctacag
aacaatgtat
tatgagtgcg
ttacgtagta
tcaattgctt
acagaagtaa
ggagattcta
aatcgtgcac
caagtcaaac
caaatattac
aataaggtga
attaatgcta
ctgctcecactg
gctggatgga
tataggttca
gccaaccaat
gcattgggca
aaacaactta
cttgataaag
cttcaaacct
cttgctgceta
ggaaagggcet
catgtecacgt
gaaggcaaag
attacacaga
ggaaattgtg
gagctcgact
gttgatcttg

gaccgcecctca

atgcttcatc
caattcatgc
tccagactca
acattcctat
ctagccaaaa
actctaataa
tgcectgttte
ctgaatgtgc
tctcaggtat
aaatgtacaa
ctgaccctet
cactcgctga
gagatctcat
atgatatgat
catttggtgce
atggcattagg
ttaacaaggc
agctgcaaga
gctctaattt
tcgaggcgga
atgtaacaca
ctaaaatgtc
accaccttat
atgtgcceatc
catacttcce
ggaacttctt
atgtcgttat
cattcaaaga
gcgacattte

atgaggtcge

tgaagttgcet
agatcaactc
agcaggctgt
tggagctggce
atctattgtg
caccattgct
tatggctaaa
taatttgett
tgctgctgaa
aaccccaact

aaagccaact

tgctggcette

ttgtgegecag
tgctgectac
tggegetget
agttacccaa
gattagtcaa
cgttgttaac
tggtgcaatt
ggtacaaatt
acaactaatc
tgagtgtgtt
gtcecttececa
ccaggagagyg
tcgtgaaggt
ttectcecacaa
tggcatcatt
agagctggac
aggcattaac

taaaaattta

17/102

gttctatatc
acaccagctt
cttataggag
atttgtgcta
gcttatacta
atacctacta
acctccgtag
ctccaatatg
caggatcgca
ttgaaatatt
aagaggtett
atgaagcaat
aagttcaatg
actgctgete
cttcaaatac
aatgttctet
attcaagaat
cagaatgctc
tcaagtgtge
gacaggttaa
agggcetgetg
cttggacaat
caagcagccce
aacttcacca
gtttttgtgt
ataattacta
aacaacacag
aagtacttca
gcttetgteg

aatgaatcac

aagatgttaa
ggcgcatata
ctgagcatgt
gttaccatac
tgtctttagg
acttttcaat
attgtaatat
gtagecttttg
acacacgtga
ttggtggttt
ttattgagga
atggcgaatg
gacttacagt
tagttagtgg
cttttgctat
atgagaacca
cacttacaac
aagcattaaa
taaatgatat
ttacaggcag
aaatcagggc
caaaaagagt
cgeatggtgt
cagcgccage
ttaatggcac
cagacaatac
tttatgatcc
aaaatcatac
tcaacattca

tcattgacct

PCT/US2004/015512
ctgcactgat 1860
ttctactgga 1920
cgacacttct 1980
agtttcttta 2040
tgctgatagt 2100
tagcattact 2160
gtacatctgc 2220
cacacaacta 2280
agtgtteget 2340
taatttttca 2400
cttgctettt 2460
cctaggtgat 2520
gttgccacct 2580
tactgccecact 2640
gcaaatggceca 2700
aaaacaaatc 2760
aacatcaact 2820
cacacttgtt 2880
cctttegega 29490
acttcaaagce 3000
ttctgectaat 3060
tgacttttgt 3120
tgtcttecta 3180
aatttgtcat 3240
ttettggttt 3300
atttgtctca 3360
tctgecaacct 3420
atcaccagat 3480
aaaagaaatt 3540

tcaagaattg

3600
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ggaaaatatg agcaatatat taaatggcct tgg 3633

<210> 8
<211> 1211
<212> PRT

<213> SARS-CoV Urbani strain
<400> 8

Met Asp Ala Met Lys Arg Gly Leu Cys Cys Val Leu Leu Leu Cys Gly
1 5 10 15

Ala Vval Phe Val Ser Pro Ser Ala Arg Gly Ser Gly Ser Asp Leu Asp
20 25 30

Arg Cys Thr Thr Phe Asp Asp Val Gln Ala Pro Asn Tyr Thr Gln His
35 40 45

Thr Ser Ser Met Arg Gly Val Tyr Tyr Pro Asp Glu Ile Phe Arg Ser
50 55 60

Asp Thr Leu Tyr Leu Thr Gln Asp Leu Phe Leu Pro Phe Tyr Ser Asn
65 70 75 80

Val Thr Gly Phe His Thr Ile Asn His Thr Phe Gly Asn Pro Val Ile

Pro Phe Lys Asp Gly Ile Tyr Phe Ala Ala Thr Glu Lys Ser Asn Val
100 105 110

Val Arg Gly Trp Val Phe Gly Ser Thr Met Asn Asn Lys Ser Gln Ser
115 120 125

vVal Ile Ile Ile Asn Asn Ser Thr Asn Val Val Ile Arg Ala Cys Asn
130 135 140

Phe Glu Leu Cys Asp Asn Pro Phe Phe Ala Val Ser Lys Pro Met Gly
145 150 155 160

Thr Gln Thr His Thr Met Ile Phe Asp Asn Ala Phe Asn Cys Thr Phe
165 170 175

Glu Tyr Ile Ser Asp Ala Phe Ser Leu Asp Val Ser Glu Lys Ser Gly
180 185 190

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



Leu

Pro

225

Ile

Gln

Lys

Asp

Val

305

Arg

Leu

Tyr

Val

Ser

385

Ser

Thr

Gly

WO 2005/021707

Tyr

210

Ser

Asn

Asp

Pro

Ala

290

Lys

val

Cys

Ala

Leu

370

Ala

Phe

Gly

Cys

Val

Gly

Iile

Ile

Thr

275

Val

Ser

Val

Pro

Trp

355

Tyr

Thr

Val

Val

Val
435

TyY

Phe

Thr

Trp

260

Thr

Asp

Phe

Pro

Phe

340

Glu

Asn

Lys

Vval

Ile

420

Leu

Lys

Asn

Asn

245

Gly

Phe

Cys

Glu

Ser

325

Gly

Arg

Ser

Leu

Lys

405

Ala

Ala

Gly

Thr

230

Phe

Thr

Met

Ser

Ile

310

Gly

Glu

Lys

Thr

Asn

390

Gly

Asp

Trp

Tyr

215

Leu

Arg

Ser

Leu

Gln

295

Asp

Asp

Val

Lys

Phe

375

Asp

Asp

Tyxr

Asn

Gln

Lys

Ala

Ala

Lys

280

Asn

Lys

vVal

Phe

Ile

360

Phe

Leu

Asp

Asn

Thr
440

Pro

Pro

Ile

Ala

265

Tyr

Pro

Gly

Val

Asn

345

Ser

Ser

Cys

Val

Tyr

425

Arg

19/102

Ile

Ile

Leu

250

Ala

Asp

Leu

Ile

Arg

330

Ala

Asn

Thr

Phe

Arg

410

Lys

Asn

Asp

Phe

235

Thr

Tyr

Glu

Ala

Tyxr

315

Phe

Thr

Cys

Phe

Ser

395

Gln

Leu

Ile

Val

220

Lys

Ala

Phe

Asn

Glu

300

Gln

Pro

Lys

Val

Lys

380

Asn

Ile

Pro

Asp

Val

Leu

Phe

vVal

Gly

285

Leu

Thr

Asn

Phe

Ala

365

Cys

vVal

Ala

Asp

Ala
445

Arg

Pro

Ser

Gly

270

Thr

Lys

Ser

Ile

Pro

350

Asp

Tyr

Tyr

Pro

Asp

430

Thyx

Asp

Leu

Pro

255

Tyr

Ile

Cys

Asn

Thr

335

Ser

Tyx

Gly

Ala

Gly

415

Phe

Ser

PCT/US2004/015512

Leu

Gly

240

Ala

Leu

Thr

Ser

Phe

320

Asn

vVal

Ser

val

Asp

400

Gln

Met

Thr



Gly

Pro

465

Pro

Gly

val

Lys

Asn

545

Gln

Val

Phe

Val

Ile

625

Asn

Vval

Ala

Ile

WO 2005/021707

Asn

450

Phe

Cys

Phe

Leu

Leu

530

Gly

Pro

Arg

Gly

Ala

610

Asn

Asp

Ser

Val

Tyr

Glu

Thr

Tyr

Ser

515

Ser

Leu

Phe

Asp

Gly

595

Val

Ala

Val

Thr

Tyr

675

Ala

Asn

Arg

Pro

Thr

500

Phe

Thr

Thr

Gln

Pro

580

Val

Leu

Asp

Phe

Ser

660

His

Tyr

Tyxr

Asp

Pro

485

Thr

Glu

Asp

Gly

Gln

565

Lys

Ser

Tyr

Gln

Gln

645

Tyr

Thr

Thr

Lys

Ile

470

Ala

Thr

Leu

Leu

Thr

550

Phe

Thr

val

Gln

Leu

630

Thr

Glu

val

Met

Tyr

455

Ser

Leu

Gly

Leu

Ile

535

Gly

Gly

Ser

Ile

Asp

615

Thr

Gln

Cys

Ser

Ser

Arg

Asn

Asn

Tle

Asn

520

Lys

Val

Arg

Glu

Thr

600

val

Pro

Ala

Asp

Leu

680

Leu

Tyr

val

Cys

Gly

505

Ala

Asn

Leu

Asp

Ile

585

Pro

Asn

Ala

Gly

Ile

665

Leu

Gly

20/102

Leu

Pro

Tyr

490

Tyr

Pro

Gln

Thr

Val

570

Leu

Gly

Cys

Trp

Cys

650

Pro

Arg

Ala

Arg

Phe

475

Trp

Gln

Ala

Cys

Pro

555

Ser

Asp

Thr

Thr

Arg

635

Leu

Ile

Ser

Asp

His

460

Ser

Pro

Pro

Thr

Val

540

Ser

Asp

Ile

Asn

Asp

620

Ile

Ile

Gly

Thr

Ser

Gly

Pro

Leu

Tyr

Val

525

Asn

Ser

Phe

Ser

Ala

605

Val

Tyr

Gly

Ala

Ser

685

Ser

Lys

Asp

Asn

Arg

510

Cys

Phe

Lys

Thr

Pro

590

Ser

Ser

Ser

Ala

Gly

670

Gln

Ile

Leu

Gly

Asp

495

Vval

Gly

Asn

Arg

Asp

575

Cys

Ser

Thr

Thr

Glu

655

Ile

Lys

Ala

PCT/US2004/015512

Arg

Lys

480

Tyr

val

Pro

Phe

Phe

560

Ser

Ser

Glu

Ala

Gly

640

His

Cys

Ser

Tyr
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690 695 700

Ser Asn Asn Thr Ile Ala Ile Pro Thr Asn Phe Ser Ile Ser Ile Thr
705 710 715 720

Thr Glu Val Met Pro Val Ser Met Ala Lys Thr Ser Val Asp Cys Asn
725 730 735

Met Tyr Ile Cys Gly Asp Ser Thr Glu Cys Ala Asn Leu Leu Leu Gln
740 745 750

Tyr Gly Ser Phe Cys Thr Gln Leu Asn Arg Ala Leu Ser Gly Ile Ala
755 760 765

Ala Glu Gln Asp Arg Asn Thr Arg Glu Val Phe Ala Gln Val Lys Gln
770 775 780

Met Tyr Lys Thr Pro Thr Leu Lys Tyr Phe Gly Gly Phe Asn Phe Ser
785 790 795 800

Gln Ile Leu Pro Asp Pro Leu Lys Pro Thr Lys Arg Ser Phe Ile Glu
805 810 815

Asp Leu Leu Phe Asn Lys Val Thr Leu Ala Asp Ala Gly Phe Met Lys
820 825 830

Gln Tyr Gly Glu Cys Leu Gly Asp Ile Asn Ala Arg Asp Leu Ile Cys
835 840 845

Ala Gln Lys Phe Asn Gly Leu Thr Val Leu Pro Pro Leu Leu Thr Asp
850 855 860

Asp Met Ile Ala Ala Tyr Thr Ala Ala Leu Val Ser Gly Thr Ala Thr
865 870 875 880

Ala Gly Trp Thr Phe Gly Ala Gly Ala Ala Leu Gln Ile Pro Phe Ala
885 890 895

Met Gln Met Ala Tyr Arg Phe Asn Gly Ile Gly Val Thr Gln Asn Val
200 905 910

Iieu Tyr Glu Asn Gln Lys Gln Ile Ala Asn Gln Phe Asn Lys Ala Ile
915 920 925

Ser Gln Ile Gln Glu Ser Leu Thr Thr Thr Ser Thr Ala Leu Gly Lys
930 935 940



Leu

945

Lys

Ile

Leu

Leu

Thr

Phe

Pro

Glu

Ala

Trp

Thr

Ile

Ser

Pro

WO 2005/021707

Gln Asp Val Val Asn Gln

Gln Leu Ser Ser Asn Phe
965

Leu Ser Arg Leu Asp Lys
980

Ile Thr Gly Arg Leu Gln
995

Ile Arg Ala

1010

Lys
1025

Cys
1040

His
1055

Arg
1070

Tyr
1085

Phe
1100

Asp
1115

Ile
1130

Phe
1145

Asp
1160

Met

Gly

Gly

Asn

Phe

Ile

Asn

Asn

Lys

Val

Ser

Lys

Val

Phe

Pro

Thr

Thr

Asn

Glu

Asp

950

Ala

Glu

Gly

Val

Thr

Arg

Gln

Phe

Thr

Glu

Leu

Glu

Cys

Tyr

Phe

Thr

Glu

Arg

Val

val

Leu

Gly

Asn Ala

Gly Ala

Val Glu

22/102

Gln

Ile

Ala

955

970

985

1000

Ile Arg Ala

1015

Val
1030

His
1045

Leu
1060

Ala
1075

Gly
1090

Asn
1105

Ser
1120

Tyr
1135

Asp
1150

Asp
1165

Leu

Leu

His

Pro

vVal

Phe

Gly

Asp

Lys

Ile

Gly

Met

Val

Ala

Phe

Phe

Asn

Pro

Tyxr

Ser

Ala

Ser

Gln

Ser

Thr

Ile

Val

Ser

Cys

Leu

Phe

Gly

Ser

Glu

Ala

Ser

Phe

Tyr

Cys

Phe

Pro

Asp

Gln

Lys

Ile

990

1005

Asn
1020

Lys
1035

Pro
1050

Val
1065

His
1080

Asn
1095

Gln
1110

val
1125

Pro
1140

Asn
1155

Asn
1170

Leu

Arg

Gln

Pro

Glu

Gly

Ile

val

Glu

His

Ala

975

Ala

Val

Ala

Ser

Gly

Thr

Ile

Ile

Leu

Thr

Ser

PCT/US2004/015512

Leu Asn Thr Leu Val

960

Ser Val Leu Asn Asp

Val Gln Ile Asp Arg

Ser Leu Gln Thr Tyr Val Thr Gln Gln

Ala

Asp

Ala

Gln

Lys

Ser

Thr

Gly

Asp

Ser

Val
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Val Asn
1175

Asn L.eu Asn Glu Ser Leu Ile

1190

Glu Gln Tyr Ile Lys Trp Pro

1205

<210> 9

<211> 2083
<212> DNA
<213>

<400> 9
atggatgcaa

tcgeccageg
caagctccta
atttttagat
gttacagggt
ggtatttatt
accatgaaca
cgagcatgta
acacagacac
gatgcctttt
gtgtttaaaa
gttegtgate
attaacatta
ggcacgtcag
tatgatgaaa
ctcaaatgct
agggttgtte
ggagaggttt
tctaattgtg
tgctatggcyg

tecttttgtag

Ile Gln Lys Glu Ile

SARS-CoV Urbani

tgaagagagg
ctagaggatc
attacactca
cagacactct
ttcatactat
ttgctgecac
acaagtcaca
actttgaatt
atactatgat
cgcttgatgt
ataaagatgg
taccttctgg
caaattttag
ctgcagccta
atggtacaat
ctgttaagag
cctcaggaga
ttaatgctac
ttgctgatta
tttctgccac

tcaagggaga

1180

1195

1210

strain

gctectgetgt
gggaagtgac
acatacttca
ttatttaact
taatcatacg
agagaaatca
gtcggtgatt
gtgtgacaac
attcgataat
ttcagaaaag
gtttctctat
ttttaacact
agccattectt
ttttgttgge
cacagatgct
ctttgagatt
tgttgtgaga
taaattcecct
ctctgtgcetce
taagttgaat

tgatgtaaga

Trp

23/102

gtgctgetge
cttgaccggt
tctatgaggg
caggatttat
tttggcaacc
aatgttgtcc
attattaaca
cctttetttg
gcatttaatt
tcaggtaatt
gtttataagg
ttgaaaccta
acagcctttt
tatttaaagc
gttgattgtt
gacaaaggaa
ttcecctaata
tctgtectatg
tacaactcaa
gatctttget

caaatagcgc

1185

1200

tgtgtggagc
gcaccacttt
gggtttacta
ttettecatt
ctgtcatacc
gtggttgggt
attctactaa
ctgtttctaa
gcactttega
ttaaacactt
gctatcaacc
tttttaagtt
cacctgctca
caactacatt
ctcaaaatcce
tttaccagac
ttacaaactt
catgggagag
catttttttce
tcteccaatgt

caggacaaac

PCT/US2004/015512

Asp Arg Leu Asn Glu Val Ala Lys

Asp Leu Gln Glu Leu Gly Lys Tyr

agtcttcgtt
tgatgatgtt
tcectgatgaa
ttattctaat
ttttaaggat
ttttggttet
tgttgttata
acccatgggt
gtacatatct
acgagagttt
tatagatgta
gcectettggt
agacatttgg
tatgctcaag
acttgctgaa
ctctaatttce
gtgtectttt
aaaaaaaatt
aacctttaag
ctatgcagat

tggtgttatt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260
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gctgattata
aggaacattg
ggcaagctta
ccttgeacce
actactggca
gcaccggcca
aattttaatt
caaccatttc
aaaacatctg
cctggaacaa
gtttectacag
aacaatgtat
tatgagtgceg
ttacgtagta
<210>
<211>

<212>
<213>

10

698
PRT
SARS
<400> 10

Met Asp Ala
1

Ala Val Phe

Thr
35

Arg Cys

Thr Ser Ser

50

Asp Thr Leu

65

Val Thr Gly

Pro Phe Lys

attataaatt
atgctactte
ggccctttga
cacctgectcet
ttggctacca
cggtttgtgg
ttaatggact
aacaatttgg
aaatattaga
atgcttceatce
caattcatgce
tccagactceca
acattcctat

ctagccaaaa

-CoV

Met

Lys

Val
20

Ser

Thr

Phe

Met

Arg

Leu

Tyr

Phe His

Asp

Arg Gly

Pro

Asp

Gly

Thr

70

Thxr

Ile

gcecagatgat
aactggtaat
gagagacata
taattgttat
accttacaga
accaaaatta
cactggtact
ccgtgatgtt
catttcacct
tgaagttgct
agatcaactc
agcaggctgt
tggagctgge

atctattgtg

Urbani strain

Leu

Ala

Ser

Val
40

Asp

val
55

Tyr
Gln

Asp

Ile Asn

Tyr Phe

Cys

Arg

25

Gln

Tyr

Leu

His

Ala

24/102

ttcatgggtt
tataattata
tctaatgtge
tggccattaa
gttgtagtac
tccactgacc
ggtgtgttaa
tctgatttca
tgctcttttg
gttctatatc
acaccagctt
cttataggag
atttgtgcta

gcttatacta

Cys Val

10

Gly Ser

Ala Pro

Pro Asp

Phe Leu

75

Thr
90

Phe

Ala Thr

gtgtccttge
aatataggta
ctttctecce
atgattatgg
tttettttga
ttattaagaa
ctccttette
ctgattececgt
ggggtgtaag
aagatgttaa
ggcgcatata
ctgagcatgt
gttaccatac

tgtctttagg

Leu Leu Leu

Gly Ser Asp

30

Asn Tyr Thr

45

Glu
60

Ile Phe

Pro Phe Tyr

Gly Asn Pro

Glu Lys Ser

PCT/US2004/015512
ttggaatact 1320
tcttagacat 1380
tgatggcaaa 1440
tttttacacc 1500
acttttaaat 1560
ccagtgtgtc 1620
aaagagattt 1680
tcgagatcect 1740
tgtaattaca 1800
ctgcactgat 1860
ttctactgga 1920
cgacacttct 1980
agtttcttta 2040
tgc 2093

Cys Gly
15

Leu Asp
Gln His
Arg Ser
Ser Asn

80
val Ile

95
Asn Val



val

val

Phe

145

Thr

Glu

Asn

Leu

Pro

225

Ile

Gln

Lys

Asp

val

305

Arg

Leu

WO 2005/021707

Arg

Ile

130

Glu

Gln

TYyr

Phe

Tyr

210

Ser

Asn

Asp

Pro

Ala

290

Lys

Val

Cys

Gly

115

Ile

Leu

Thr

Ile

Lys

195

Val

Gly

Ile

Ile

Thr

275

Val

Ser

val

Pro

100

Trp

Ile

Cys

Tyr

Phe

Thr

Trp

260

Thr

Asp

Phe

Pro

Phe
340

Val

Asn

Asp

Thr

165

Asp

Leu

Lys

Asn

Asn

245

Gly

Phe

cys

Glu

Ser

325

Gly

Phe

Asn

Asn

150

Met

Ala

Arg

Gly

Thr

230

Phe

Thr

Met

Ser

Ile

310

Gly

Glu

Gly

Ser

135

Pro

Ile

Phe

Glu

Tyr

215

Leu

Arg

Ser

Leu

Gln

295

Asp

Asp

Val

Ser

120

Thr

Phe

Phe

Ser

Phe

200

Gln

Lys

Ala

Ala

Lys

280

Asn

Lys

val

Phe

105

Thr

Asn

Phe

Asp

Leu

185

val

Pro

Pro

Ile

Ala

265

Tyr

Pro

Gly

Val

Asn
345

25/102

Met

val

Ala

Asn

170

Asp

Phe

Ile

Ile

Leu

250

Ala

Asp

Leu

Ile

Arg

330

Ala

Asn

Val

Val

155

Ala

Val

Lys

Asp

Phe

235

Thr

Tyxr

Glu

Ala

Tyr

315

Phe

Thr

Asn

Ile

140

Ser

Phe

Ser

Asn

val

220

Lys

Ala

Phe

Asn

Glu

300

Gln

Pro

Lys

Lys

125

Arg

Lys

Asn

Glu

Lys

205

Val

Leu

Phe

vVal

Gly

285

Leu

Thr

Asn

Phe

110

Ser

Ala

Pro

Cys

Lys

190

Asp

Arg

Pro

Ser

Gly

270

Thr

Lys

Ser

Tle

Pro
350

Gln

Cys

Met

Thr

175

Ser

Gly

Asp

Leu

Pro

255

Tyr

Ile

Cys

Asn

Thr

335

Ser

PCT/US2004/015512

Ser

Asn

Gly

160

Phe

Gly

Phe

Leu

Gly

240

Ala

Leu

Thr

Ser

Phe

320

Asn

vVal



Tyr

vVal

Ser

385

Ser

Thr

Gly

Gly

Pro

465

Pro

Gly

Val

Lys

Asn

545

Gln

Val

WO 2005/021707

Ala

Leu

370

Ala

Phe

Gly

Cys

Asn

450

Phe

Cys

Phe

Leu

Leu

530

Gly

Pro

Arg

Trp

355

Tyr

Thr

Val

Val

val

435

Tyr

Glu

Thr

Tyr

Ser

515

Ser

Leu

Phe

Asp

Glu

Asn

Lys

Val

Tle

420

Leu

Asn

Arg

Pro

Thr

500

Phe

Thr

Thr

Gln

Pro
580

Arg

Ser

Leu

Lys

405

Ala

Ala

Tyr

Asp

Pro

485

Thr

Glu

Asp

Gly

Gln

565

Lys

Lys

Thr

Asn

390

Gly

Asp

Trp

Lys

Tle

470

Ala

Thr

Leu

Leu

Thr

550

Phe

Thr

Lys

Phe

375

Asp

Asp

Tyr

Asn

Tyr

455

Ser

Leu

Gly

Leu

Ile

535

Gly

Gly

Ser

Ile

360

Phe

Leu

Asp

Asn

Thr

440

Arg

Asn

Asn

Ile

Asn

520

Lys

Val

Arg

Glu

Ser

Ser

Cys

val

Tyxr

425

Arg

Tyr

Val

Cys

Gly

505

Ala

Asn

Leu

Asp

Ile
585

26/102

Asn

Thr

Phe

Arg

410

Lys

Asn

Leu

Pro

Tyr

490

Tyxr

Pro

Gln

Thr

Val

570

Leu

Cys

Phe

Ser

395

Gln

Leu

Ile

Arg

Phe

475

Trp

Gln

Ala

Cys

Pro

555

Ser

Asp

Val

Lys

380

Asn

Ile

Pro

Asp

His

460

Ser

Pro

Pro

Thr

Val

540

Ser

Asp

Ile

Ala

365

Cys

val

Ala

Asp

Ala

445

Gly

Pro

Leu

Tyr

Val

525

Asn

Ser

Phe

Ser

Asp

Tyr

Tyr

Pro

Asp

430

Thr

Lys

Asp

Asn

Arg

510

Cys

Phe

Lys

Thr

Pro
590

Tyr

Gly

Ala

Gly

415

Phe

Ser

Leu

Gly

Asp

495

Val

Gly

Asn

Arg

Asp

575

Cys

PCT/US2004/015512

Ser

Val

Asp

400

Gln

Met

Thr

Arg

Lys

480

Tyr

Val

Pro

Phe

Phe

560

Ser

Ser
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27/102
Phe Gly Gly Val Ser Val Ile Thr Pro Gly Thr Asn Ala Ser Ser Glu
595 600 605

val Ala Val Leu Tyr Gln Asp Val Asn Cys Thr Asp Val Ser Thr Ala

610 615 620
Ile His Ala Asp Gln Leu Thr Pro Ala Trp Arg Ile Tyr Ser Thr Gly
625 630 635 640
Asn Asn Vaf Phe Gln Thr Gln Ala Gly Cys Leu Ile Gly Ala Glu His

645 650 655
Val Asp Thr Ser Tyr Glu Cys Asp Ile Pro Ile Gly Ala Gly Ile Cys
660 665 670
Ala Ser Tyr His Thr Vval Ser Leu Leu Arg Ser Thr Ser Gln Lys Ser
675 680 685

Ile val Ala Tyr Thr Met Ser Leu Gly Ala

690 695
<210> 11
<211> 1623
<212> DNA
<213> SARS-CoV Urbani strain
<400> 11
atggatgcaa tgaagagagg gctctgectgt gtgctgectge tgtgtggage agtcttcegtt 60
tcgeccageg ctagaggatc gggagatagt tcaattgett actctaataa caccattget 120
atacctacta acttttcaat tagcattact acagaagtaa tgcctgtttc tatggctaaa 180
acctccgtag attgtaatat gtacatctgc ggagattcta ctgaatgtgce taatttgett 240
ctccaatatg gtagcttttg cacacaacta aatcgtgcac tctcaggtat tgctgctgaa 300
caggatcgca acacacgtga agtgttcgct caagtcaaac aaatgtacaa aaccccaact 360
ttgaaatatt ttggtggttt taatttttca caaatattac ctgaccctct aaagccaact 420
aagaggtctt ttattgagga cttgctcttt aataaggtga cactcgctga tgectggcettce 480
atgaagcaat atggcgaatg cctaggtgat attaatgcta gagatctecat ttgtgcgeag 540
aagttcaatg gacttacagt gttgccacct ctgctcactg atgatatgat tgctgcctac 600
actgctgectce tagttagtgg tactgccact gctggatgga catttggtge tggcgetgcet 660
cttcaaatac cttttgctat gcaaatggca tataggttca atggcattgg agttacccaa 720
aatgttctct atgagaacca aaaacaaatc gccaaccaat ttaacaaggc gattagtcaa 780



WO 2005/021707

attcaagaat
cagaatgctc
tcaagtgtgce
gacaggttaa
agggctgcetg
cttggacaat
caagcagccce
aacttcacca
gtttttgtgt
ataattacta
aacaacacag
aagtacttca
gcttetgteg

aatgaatcac

tgg

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

12

541
PRT
SARS
<400> 12

Met Asp Ala
1

Ala Val Phe

Ala Ser

35

Tyr

Ile Thr

50

Thr

Cys Asn Met

Leu Gln Tyr

cacttacaac
aagcattaaa
taaatgatat
ttacaggcag
aaatcagggc
caaaaagagt
cgcatggtgt
cagcgccage
ttaatggcac
cagacaatac
tttatgatcce
aaaatcatac
tcaacattca

tcattgacct

-CoV
Met

Lys

Val
20

Ser
Asn Asn
Glu Val
Ile

Tyxr

Ser
85

Gly

Arg Gly

Pro

Thr

Met

Cys

Phe

aacatcaact
cacacttgtt
cctttegega
acttcaaagc
ttctgctaat
tgacttttgt
tgtecttecta
aatttgtcat
ttecttggttt
atttgtctca
tctgecaacct
atcaccagat
aaaagaaatt

tcaagaattg

Urbani strain

Leu

Ser Ala

Ile Ala

40

Pro Val

55

Gly Asp

Cys Thr

Cys

Arg

25

Ile

Ser

Ser

Gln

28/102

gcattgggca
aaacaactta
cttgataaag
cttcaaacct
cttgctgceta
ggaaagggct
catgtcacgt
gaaggcaaag
attacacaga
ggaaattgtg
gagctcgact
gttgatcttg
gaccgcctca

ggaaaatatg

Cys Val

10

Gly Ser

Pro Thr
Ala

Met

Glu
75

Thr

Leu Asn

90

agctgcaaga
gctctaattt
tcgaggcgga
atgtaacaca
ctaaaatgtc
accaccttat
atgtgccatce
catacttccc
ggaacttectt
atgtcgttat
cattcaaaga
gcgacattte
atgaggtcgce

agcaatatat

Leu Leu Leu

Ser
30

Gly Asp

Phe
45

Asn Ser

Lys Thr Ser
60

Cys Ala Asn

Arg Ala Leu

PCT/US2004/015512
cgttgttaac 840
tggtgcaatt 900
ggtacaaatt 960
acaactaatc 1020
tgagtgtgtt 1080
gtccttececa 1140
ccaggagagg 1200
tcgtgaaggt 1260
ttctccacaa 1320
tggcatcatt 1380
agagctggac 1440
aggcattaac 1500
taaaaattta 1560
taaatggcct 1620

1623

Cys Gly
15

Ser Ile
Ile Ser
Val Asp
Leu Leu

80

Ser Gly

95



Ile

Lys

Phe

Ile

145

Met

Ile

Thr

Ala

Phe

225

Asn

Ala

Gly

Leu

Asn

305

Asp

WO 2005/021707

Ala

Gln

Ser

130

Glu

Lys

Cys

Asp

Thr

210

Ala

val

Ile

Lys

Val

290

Asp

Arg

Ala

Met

115

Gln

Asp

Gln

Ala

Asp

195

Ala

Met

Leu

Ser

Leu

275

Lys

Ile

Leu

Glu

100

Tyr

Ile

Leu

Tyr

Gln

180

Met

Gly

Gln

Tyr

Gln

260

Gln

Gln

Leu

Ile

Gln

Lys

Leu

Leu

Gly

165

Lys

Ile

Trp

Met

Glu

245

Ile

Asp

Leu

Ser

Thr
325

Asp

Thr

Pro

Phe

150

Glu

Phe

Ala

Thr

Ala

230

Asn

Gln

Val

Ser

Arg

310

Gly

Arg

Pro

Asp

135

Asn

Cys

Asn

Ala

Phe

215

Tyr

Gln

Glu

Val

Ser

295

Leu

Arg

Asn

Thr

120

Pro

Lys

Leu

Gly

Tyr

200

Gly

Arg

Lys

Ser

Asn

280

Asn

Asp

Leu

Thr

105

Leu

Leu

Val

Gly

Leu

185

Thr

Ala

Phe

Gln

Leu

265

Gln

Phe

Lys

Gln

29/102

Arg

Lys

Lys

Thr

Asp

170

Thr

Ala

Gly

Asn

Ile

250

Thr

Asn

Gly

Val

Ser
330

Glu

Tyr

Pro

Leu

155

Ile

vVal

Ala

Ala

Gly

235

Ala

Thr

Ala

Ala

Glu

315

Leu

Val

Phe

Thr

140

Ala

Asn

Leu

Leu

Ala

220

Ile

Asn

Thr

Gln

Ile

300

Ala

Gln

Phe

Gly

125

Lys

Asp

Ala

Pro

Val

205

Leu

Gly

Gln

Ser

Ala

285

Ser

Glu

Thr

Ala

110

Gly

Arg

Ala

Arg

Pro

190

Ser

Gln

Val

Phe

Thr

270

Leu

Ser

Val

Tyr

Gln

Phe

Ser

Gly

Asp

175

Leu

Gly

Ile

Thr

Asn

255

Ala

Asn

val

Gln

Val
335

PCT/US2004/015512

val

Asn

Phe

Phe

160

Leu

Leu

Thr

Pro

Gln

240

Lys

Leu

Thr

Leu

Ile

320

Thr
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Gln Gln Leu Ile Arg Ala Ala Glu Ile Arg Ala Ser Ala Asn Leu Ala
340 345 350

Ala Thr Lys Met Ser Glu Cys Val Leu Gly Gln Ser Lys Arg Val Asp
355 360 365

Phe Cys Gly Lys Gly Tyr His Leu Met Ser Phe Pro Gln Ala Ala Pro
370 375 380

His Gly Val Val Phe Leu His Val Thr Tyr Val Pro Ser Gln Glu Arg
385 390 395 400

Asn Phe Thr Thr Ala Pro Ala Ile Cys His Glu Gly Lys Ala Tyr Phe
405 410 415

Pro Arg Glu Gly Val Phe Val Phe Asn Gly Thr Ser Trp Phe Ile Thr
420 425 430

Gln Arg Asn Phe Phe Ser Pro Gln Ile Ile Thr Thr Asp Asn Thr Phe
435 440 445

Val Ser Gly Asn Cys Asp Val Val Ile Gly Ile Ile Asn Asn Thr Val
450 455 460

Tyr Asp Pro Leu Gln Pro Glu Leu Asp Ser Phe Lys Glu Glu Leu Asp
465 470 475 480

Lys Tyr Phe Lys Asn His Thr Ser Pro Asp Val Asp Leu Gly Asp Ile
485 490 495

Ser Gly Ile Asn Ala Ser Val Val Asn Tle Gln Lys Glu Ile Asp Arg
500 505 510

Leu Asn Glu Val Ala Lys Asn Leu Asn Glu Ser Leu Ile Asp Leu Gln
515 520 525

Glu Leu Gly Lys Tyr Glu Gln Tyr Ile Lys Trp Pro Trp

530 535 540
<210> 13
<211> 1269
<212> DNA

<213> SARS-CoV Urbani strain

<400> 13
atgtctgata atggacccca atcaaaccaa cgtagtgccec cccgcattac atttggtgga 60

cccacagatt caactgacaa taaccagaat ggaggacgca atggggcaag gccaaaacag 120



WO 2005/021707

i

cgccgacccee
ggcaaggagd
ccagatgacc
aaaatgaaag
tcacttecect
aatacaccca
caactteccte
agtcaagcct
ggcagcagta
gcgcetattge
caacaacaag
caaaaacgta
gaacaaaccc
cattggccge
attggcatgg
gatgacaaag
tacaaaacat
cagccetttgce
atggatgatt
caggcataa

<210>
<211>

<212>
<213>

14
422
PRT

<400> 14

aaggtttacc
aacttagatt
aaattggcta
agctcagccecc
acggcgctaa
aagaccacat
aaggaacaac
cttectegete
ggggaaattc
tgctagacag
gccaaactgt
ctgccacaaa
aaggaaattt
aaattgcaca
aagtcacacc
atccacaatt
tceccaccaac
cgcagagaca

tctcecagaca

caataatact
ccetegagge
ctaccgaaga
cagatggtac
caaagaaggc
tggcacccge
attgccaaaa
ctcatcacgt
tcectgetega
attgaaccag
cactaagaaa
acagtacaac
cggggaccaa
atttgctcceca
ttcgggaaca
caaagacaac
agagcctaaa
aaagaagcag

acttcaaaat

SARS-CoV Urbani strain

31/102

gcgtettggt
cagggcgtte
gctaccegac
ttectattacc
atcgtatggg
aatcctaata
ggcttctacg
agtcgcggta
atggctagcg
cttgagagca
tctgetgetg
gtcactcaag
gacctaatca
agtgcctctg
tggctgactt
gtcatactgce
aaggacaaaa
cccactgtga

tccatgagtg

tcacagctcet
caatcaacac
gagttcgtgg
taggaactgg
ttgcaactga
acaatgctgce
cagagggaag
attcaagaaa
gaggtggtga
aagtttctgg
aggcatctaa
catttgggag
gacaaggaac
cattctttgg
atcatggagce
tgaacaagca
agaaaaagac
ctettettece

gagcttctge

PCT/US2004/015512
cactcagcat 180
caatagtggt 240
tggtgacggc 300
cccagaagct 360
gggagccttg 420
caccgtgceta 480
cagaggcggce 540
ttcaactcct 600
aactgcccte 660
taaaggccaa 720
aaagcctecge 780
acgtggtcca 840
tgattacaaa 900
aatgtcacgc 960
cattaaattg 1020
cattgacgca 1080
tgatgaagct 1140
tgcggcectgac 1200
tgattcaact 1260

1269

Met Ser Asp Asn Gly Pro Gln Ser Asn Gln Arg Ser Ala Pro Arg Ile

1

5

10

15

Thr Phe Gly Gly Pro Thr Asp Ser Thr Asp Asn Asn Gln Asn Gly Gly
25

20

30

Arg Asn Gly Ala Arg Pro Lys Gln Arg Arg Pro Gln Gly Leu Pro Asn

35

40

45



Asn

Leu

65

Pro

Gly

Tyr

Glu

Asp

145

Gln

Ser

Gly

Ala

Leu

225

Gln

Lys

Gln

Asp

WO 2005/021707

Thr Ala Ser Trp

50

Arg

Asp

Gly

Leu

Gly

130

Leu

Arg

Asn

Arg

210

Asp

Gln

Lys

Ala

Gln

Phe

Asp

Asp

Gly

115

Ile

Ile

Pro

Gly

Ser

195

Met

Arg

Gln

Pro

Phe

275

Asp

Pro

Gln

Gly

100

Thr

Val

Gly

Gln

Gly

180

Arg

Ala

Leu

Gly

Arg

260

Gly

Leu

Arg

Ile

85

Lys

Gly

Trp

Thr

Gly

165

Ser

Asn

Ser

Asn

Gln

245

Gln

Arg

Ile

Phe

Gly

70

Gly

Met

Pro

Val

Arg

150

Thr

Gln

Ser

Gly

Gln

230

Thr

Lys

Arg

Arg

Thr

55

Gln

Tyr

Lys

Glu

Ala

135

Asn

Thr

Ala

Thr

Gly

215

Leu

val

Arg

Gly

Gln

Ala

Gly

TyTr

Glu

Ala

120

Thr

Pro

Leu

Ser

Pro

200

Gly

Glu

Thr

Thr

Pro

280

Gly

Leu

val

Arg

Leu

105

Ser

Glu

Asn

Pro

Ser

185

Gly

Glu

Ser

Lys

Ala

265

Glu

Thr

32/102

Thr

Pro

Arg

20

Ser

Leu

Gly

Asn

Lys

170

Arg

Ser

Thr

Lys

Lys

250

Thr

Gln

Asp

Gln

Ile

75

Ala

Pro

Pro

Ala

Asn

155

Gly

Ser

Ser

Ala

Val

235

Ser

Lys

Thr

Tyr

His

60

Asn

Thr

Arg

Tyr

Leu

140

Ala

Phe

Ser

Arg

Leu

220

Ser

Ala

Gln

Gln

Lys

Gly

Thr

Arg

Trp

Gly

125

Asn

Ala

Tyr

Ser

Gly

205

Ala

Gly

Ala

Tyxr

Gly

285

His

Lys

Asn

Arg

Tyr

110

Ala

Thr

Thr

Ala

Arg

190

Asn

Leu

Lys

Glu

Asn

270

Asn

Trp

Glu

Ser

Val

95

Phe

Asn

Pro

val

Glu

175

Ser

Ser

Leu

Gly

Ala

255

vVal

Phe

Pro

PCT/US2004/015512

Glu

Gly

80

Arg

Tyr

Lys

Lys

Leu

160

Gly

Arg

Pro

Leu

Gln

240

Ser

Thr

Gly

Gln
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290 295 300
Ile Ala @ln Phe Ala Pro Ser Ala Ser Ala Phe Phe Gly Met Ser Arg
305 310 315 320
Ile Gly Met Glu Val Thr Pro Ser Gly Thr Trp Leu Thr Tyr His Gly

325 330 335
Ala Ile Lys Leu Asp Asp Lys Asp Pro Gln Phe Lys AspiAsn Val Ile
340 345 350
Leu Leu Asn Lys His Ile Asp Ala Tyr Lys Thr Phe Pro Pro Thr Glu
355 360 365

Pro Lys Lys Asp Lys Lys Lys Lys Thr Asp Glu Ala Gln Pro Leu Pro

370 375 380
Gln Arg Gln Lys Lys Gln Pro Thr Val Thr Leu Leu Pro Ala Ala Asp
385 390 395 400
Met Asp Asp Phe Ser Arg Gln Leu Gln Asn Ser Met Ser Gly Ala Ser

405 410 415
Ala Asp Ser Thr Gln Ala
420

<210> 15
<211> 1209
<212> DNA
<213> SARS-CoV Urbani strain
<400> 15
atgtctgata atggacccca atcaaaccaa cgtagtgccc ccecgeattac atttggtgga 60
cccacagatt caactgacaa taaccagaat ggaggacgca atggggcaag gccaaaacag 120
cgccgaccce aaggtttacce caataatact gegtettggt tcacagetct cactcageat 180
ggcaaggagyg aacttagatt ccctecgagge cagggegttc caatcaacac caatagtggt 240
ccagatgacc aaattggcta ctaccgaaga gctacccgac gagttegtgg tggtgacgge 300
aaaatgaaag agctcagcce cagatggtac ttctattacc taggaactgg cccagaagcet 360
tcacttcect acggcgctaa caaagaaggce atcgtatggg ttgcaactga gggagccttg 420
aatacaccca aagaccacat tggcacccge aatcctaata acaatgctge caccgtgceta 480
caacttcctc aaggaacaac attgccaaaa ggcttctacg cagagggaag cagaggcggc 540
agtcaagcct cttctegete ctcatcacgt agtcgcggta attcaagaaa ttcaactcct 600
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34/102

ggcagcagta ggggaaattc tcctgctcga atggectageg gaggtggtga aactgccctc 660
gcgctattge tgctagacag attgaaccag cttgagagca aagtttctgg taaaggccaa 720
caacaacaag gccaaactgt cactaagaaa tctgctgcetg aggcatctaa aaagcctege 780
caaaaacgta ctgccacaaa acagtacaac gtcactcaag catttgggag acgtggtcca 840
gaacaaaccc aaggaaattt cggggaccaa gacctaatca gacaaggaac tgattacaaa 900
cattggccgce aaattgcaca atttgctcca agtgectctg cattctttgg aatgtcacge 960
attggcatgg aagtcacacc ttcgggaaca tggctgactt atcatggagc cattaaattg 1020
gatgacaaag atccacaatt caaagacaac gtcatactgc tgaacaagca cattgacgca 1080
taccctttgc cgcagagaca aaagaagcag cccactgtga ctcettettee tgeggetgac 1140
atggatgatt tctccagaca acttcaaaat tecatgagtg gagcttetge tgattcaact 1200
caggcataa 1209
<210> 16
<211> 402
<212> PRT
<213> SARS-CoV Urbani strain
<400> 16
Met Ser Asp Asn Gly Pro Gln Ser Asn Gln Arg Ser Ala Pro Arg Ile
1 5 10 15

}
Thr Phe Gly Gly Pro Thr Asp Ser Thr Asp Asn Asn Gln Asn Gly Gly

20 25 30
Arg Asn Gly Ala Arg Pro Lys Gln Arg Arg Pro Gln Gly Leu Pro Asn
35 40 45

Asn Thr Ala Ser Trp Phe Thr Ala Leu Thr Gln His Gly Lys Glu Glu

50 55 60
Leu Arg Phe Pro Arg Gly Gln Gly Val Pro Ile Asn Thr Asn Ser Gly
65 70 75 80
Pro Asp Asp Gln Ile Gly Tyr Tyr Arg Arg Ala Thr Arg Arg Val Arg

85 90 95
Gly Gly Asp Gly Lys Met Lys Glu Leu Ser Pro Arg Trp Tyr Phe Tyr
100 105 110
Tyr Leu Gly Thr Gly Pro Glu Ala Ser Leu Pro Tyr Gly Ala Asn Lys
115 120 125
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35/102

Glu Gly Ile Val Trp Val Ala Thr Glu Gly Ala Leu Asn Thr Pro Lys
130 135 140

Asp His Ile Gly Thr Arg Asn Pro Asn Asn Asn Ala Ala Thr Vval Leu
145 150 155 160

@Gln Leu Pro Gln Gly Thr Thr Leu Pro Lys Gly Phe Tyr Ala Glu Gly
165 170 175

Ser Arg Gly Gly Ser Gln Ala Ser Ser Arg Ser Ser Ser Arg Ser Arg
180 185 190

Gly Asn Ser Arg Asn Ser Thr Pro Gly Ser Ser Arg Gly Asn Ser Pro
195 200 205

Ala Arg Met Ala Ser Gly Gly Gly Glu Thr Ala Leu Ala Leu Leu Leu
210 215 220

Leu Asp Arg Leu Asn Gln Leu Glu Ser Lys Val Ser Gly Lys Gly Gln
225 230 235 240

Gln Gln Gln Gly Gln Thr Vval Thr Lys Lys Ser Ala Ala Glu Ala Ser
245 250 255

Lys Lys Pro Arg Gln Lys Arg Thr Ala Thr Lys Gln Tyr Asn Val Thr
260 265 270

Gln Ala Phe Gly Arg Arg Gly Pro Glu Gln Thr Gln Gly Asn Phe Gly
275 280 285

Asp Gln Asp Leu Ile Arg Gln Gly Thr Asp Tyr Lys His Trp Pro Gln
290 295 300

Ile Ala Gln Phe Ala Pro Ser Ala Ser Ala Phe Phe Gly Met Ser Arg
305 310 315 320

Ile Gly Met Glu Val Thr Pro Ser Gly Thr Trp Leu Thr Tyr His Gly
325 330 335

Ala Ile Lys Leu Asp Asp Lys Asp Pro Gln Phe Lys Asp Asn Val Ile
340 . 345 350

Leu Leu Asn Lys His Ile Asp Ala Tyr Pro Leu Pro Gln Arg Gln Lys
355 360 365
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36/102

PCT/US2004/015512

Lys Gln Pro Thr Val Thr Leu Leu Pro Ala Ala Asp Met Asp Asp Phe

370

375

380

Ser Arg Gln Leu Gln Asn Ser Met Ser Gly Ala Ser Ala Asp Ser Thr
390

385

Gln Ala
<210> 17
<211> 20
<212> PRT
<213>
<400> 17

SARS-CoV Urbani strain

395

400

Lys Thr Phe Pro Pro Thr Glu Pro Lys Lys Asp Lys Lys Lys Lys Thr

1

5

Asp Glu Ala Gln

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

18
666
DNA

<400> 18

atggcagaca
ctagtaatag
cggaacaggt
cttgcttgtt
attgcaatgg
ctgtttgete
gtgcctctcece
gctgtgatca
aaggacctgce
ggagcgtege
ggaaactata
cagtaa
<210>

<211>
<212>

19
221
PRT

20

acggtactat
gtttectatt
ttttgtacat
ttgtgcettge
cttgtattgt
gtaccecgete
gggggacaat
ttcgtggtea
caaaagagat
agcgtgtagg

aattaaatac

SARS-CoV Urbani strain

taccgttgag
cctageetgg
aataaagctt
tgctgtctac
aggcttgatg
aatgtggtca
tgtgaccaga
cttgcgaatg
cactgtgget
cactgattca

agaccacgcc

10

gagcttaaac
attatgttac
gttttcctct
agaattaatt
tggcttaget
ttcaacccag
ccgcectcatgg
gccggacacc
acatcacgaa
ggttttgetg

ggtagcaacg

aactcectgga
tacaatttge
ggctcttgtg
gggtgactgg
acttegttge
aaacaaacat
aaagtgaact
ccetagggeg
cgetttcetta
catacaaccg

acaatattgce

15

acaatggaac
ctattctaat
gccagtaaca
cgggattgceg
ttccttecagg
tcttctcaat
tgtcattggt
ctgtgacatt
ttacaaatta
ctaccgtatt

tttgctagta

60

120

180

240

300

360

420

480

540

600

660

666
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<213>

<400>

19

Met Ala Asp

1

Glu

Leu

Lys

Val

65

Ile

Ala

Pro

Thr

Arg

145

Lys

Tyr

Ala

His

Gln

Leu

Leu

50

Leu

Ala

Ser

Glu

Arg

130

Gly

Asp

Tyx

Ala

Ala
210

<210>

Trp

Gln

35

Val

Ala

Met

Phe

Thr

115

Pro

Leu

Lys

Tyr

195

Gly

20

SARS-CoV

Asn

Asn

20

Phe

Phe

Ala

Ala

Arg

100

Asn

Leu

Leu

Pro

Leu

180

Asn

Ser

Urbani strain

Gly

Leu

Ala

Leu

Val

Cys

Leu

Ile

Met

Arg

Lys

165

Gly

Arg

Asn

Thr

Val

Tyr

Trp

Tyr

70

Ile

Phe

Leu

Glu

Met

150

Glu

Ala

Tyr

Asp

Ile

Ile

Ser

Leu

55

Arg

Val

Ala

Leu

Ser

135

Ala

Ile

Ser

Arg

Asn
215

Thr

Gly

Asn

40

Leu

ITle

Gly

Arg

Asn

120

Glu

Gly

Thr

Gln

Ile

200

Ile

val

Phe

25

Arg

Trp

Asn

Leu

Thr

105

Val

Leu

His

val

Arg

185

Gly

Ala

37/102

Glu

10

Leu

Asn

Pro

Trp

Met

90

Arg

Pro

Val

Pro

Ala

170

val

Asn

Leu

Glu

Phe

Arg

Val

Val

75

Trp

Ser

Leu

Ile

Leu

155

Thx

Gly

Tyr

Leu

Leu

Leu

Phe

Thr

60

Thr

Leu

Met

Arg

Gly

140

Gly

Ser

Thr

Lys

val
220

Lys

Ala

Leu

45

Leu

Gly

Ser

Trp

Gly

125

Ala

Arg

Arg

Asp

Leu

205

Gln

Gln

Trp

30

Tyr

Ala

Gly

Tyxr

Ser

110

Thr

Val

Cys

Thr

Ser

190

Asn

Leu

15

Ile

Ile

Cys

Ile

Phe

95

Phe

Ile

Ile

Asp

Leu

175

Gly

Thr

PCT/US2004/015512

Leu

Met

Ile

Phe

Ala

80

val

Asn

Val

Ile

Ile

160

Ser

Phe

Asp
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38/102
<211> 231
<212> DNA
<213> SARS-CoV Urbani strain
<400> 20
atgtactcat tcgtttcgga agaaacaggt acgttaatag
cttgettteg tggtattectt gectagtcaca ctagccatcce
gcgtactget gcaatattgt taacgtgagt ttagtaaaac
cgtgttaaaa atctgaactc ttctgaagga gttcctgatc
<210> 21
<211> 76
<212> PRT
<213> SARS-CoV Urbani strain
<400> 21
Met Tyr Ser Phe Val Ser Glu Glu Thr Gly Thr
1 5 10
Val Leu Leu Phe Leu Ala Phe Val Val Phe Leu
20 25

Ile Leu Thr Ala Leu Arg Leu Cys Ala Tyr Cys

35 40
Val Ser Leu Val Lys Pro Thr Val Tyr Val Tyr

50 55

Leu Asn Ser Ser Glu Gly Val Pro Asp Leu Leu
65 70 75
<210> 22
<211> 3768
<212> DNA
<213> SARS-CoV Urbani strain
<400> 22
atgtttattt tcttattatt tcttactcectec actagtggta
acttttgatg atgttcaagc tcctaattac actcaacata
tactatcctg atgaaatttt tagatcagac actctttatt
ccattttatt ctaatgttac agggtttcat actattaatc
atacctttta aggatggtat ttattttgect gccacagaga
tgggtttttg gttctaccat gaacaacaag tcacagtcgg
actaatgttg ttatacgagc atgtaacttt gaattgtgtg

ttaatagcgt
ttactgcget
caacggttta

ttctggtcta

Leu

Leu
30

cys
45

Ser
60

val

gtgaccttga
cttcatctat
taactcagga
atacgtttgg
aatcaaatgt
tgattattat

acaacccttt

PCT/US2004/015512
acttcttttt 60
tcgattgtgt 120
cgtctacteg 180
a 231

Ile Val Asn Ser

15

Val Thr Leu Ala

Asn Ile Val Asn

Arg Val Lys Asn

cecggtgeacce
gaggggggtt
tttatttett
caaccctgte
tgtcegtggt
taacaattct

ctttgetgtt

60

120

180

240

300

360

420



WO 2005/021707

tctaaaccca
ttegagtaca
cacttacgag
caacctatag
aagttgcectce
gctcaagaca
acatttatgc
aatccacttg
cagacctcta
aacttgtgte
gagagaaaaa
ttttcaacct
aatgtctatg
caaactggtg
cttgcttgga
aggtatctta
tcecectgatg
tatggttttt
tttgaacttt
aagaaccagt
tcttcaaaga
tccgttegag
gtaagtgtaa
gttaactgca
atatattcta
catgtecgaca
catacagttt
ttaggtgctyg
tcaattagca
aatatgtaca

ttttgcacac

tgggtacaca
tatctgatge
agtttgtgtt
atgtagttcg
ttggtattaa
tttggggcac
tcaagtatga
ctgaactcaa
atttcagggt
cttttggaga
aaatttctaa
ttaagtgcta
cagattcttt
ttattgctga
atactaggaa
gacatggcaa
gcaaaccttg
acaccactac
taaatgcacc
gtgtcaattt
gatttcaacc
atcctaaaac
ttacacctgg
ctgatgtttc
ctggaaacaa
cttcttatga
ctttattacg
atagttcaat
ttactacaga
tctgeggaga

aactaaatcg

gacacatact
cttttegett
taaaaataaa
tgatctacct
cattacaaat
gtcagctgca
tgaaaatggt
atgctectgtt
tgttcccteca
ggtttttaat
ttgtgttgct
tggecgtttcet
tgtagtcaag
ttataattat
cattgatgcet
gcttaggecc
caccccacct
tggcattggce
ggccacggtt
taattttaat
atttcaacaa
atctgaaata
aacaaatgct
tacagcaatt
tgtatteccag
gtgcgacatt
tagtactagc
tgcttactet
agtaatgcct
ttctactgaa

tgecactctea

39/102

atgatattcg
gatgtttcag
gatgggtttc
tctggtttta
tttagagcca
gcctattttg
acaatcacag
aagagctttg
ggagatgttg
gctactaaat
gattactctg
gccactaagt
ggagatgatg
aaattgccag
acttcaactg
tttgagagag
gctcttaatt
taccaacctt
tgtggaccaa
ggactcactg
tttggccgtg
ttagacattt
tcatctgaag
catgcagatc
actcaagcag
cctattggag
caaaaatcta
aataacacca
gtttetatgg
tgtgctaatt

ggtattgctg

ataatgcatt
aaaagtcagg
tctatgttta
acactttgaa
ttecttacage
ttggctattt
atgctgttga
agattgacaa
tgagattccc
tceecttetgt
tgctctacaa
tgaatgatct
taagacaaat
atgatttcat
gtaattataa
acatatctaa
gttattggcce
acagagttgt
aattatccac
gtactggtgt
atgtttctga
caccttgete
ttgctgttct
aactcacacc
gctgtettat
ctggecatttg
ttgtggetta
ttgectatacc
ctaaaacctce
tgctteteca

ctgaacagga

PCT/US2004/015512
taattgcact 480
taattttaaa 540
taagggctat 600
acctattttt 660
cttttcacct 720
aaagccaact 780
ttgttctcaa 840
aggaatttac 200
taatattaca 960
ctatgcatgg 1020
ctcaacattt 1080
ttgcttetece 1140
agcgccagga 1200
gggttgtgte 1260
ttataaatat 1320
tgtgccttte 1380
attaaatgat 1440
agtactttct 1500
tgaccttatt 1560
gttaactcct 1620
tttcactgat 1680
ttttgggggt 17490
atatcaagat 1800
agcttggege 1860
aggagctgag 1920
tgctagttac 1980
tactatgtct 2040
tactaacttt 2100
cgtagattgt 2160
atatggtagc 2220
tcgecaacaca 2280



WO 2005/021707

cagtgaagtgt
ggttttaatt
gaggacttgce
gaatgcctag
acagtgttgce
agtggtactg
gctatgcaaa
aaccaaaaac
acaacaacat
ttaaacacac
gatatccttt
ggcagacttc
agggcttetg
agagttgact
ggtgttgtct
ccagcaattt
ggcacttctt
aatacatttg
gatcctectge
catacatcac
attcaaaaag
gaccttcaag
ggcttcattg
agttgttgca
gatgactctg
<210>
<211>

<212>
<213>

23

PRT

<400> 23

1255

tcgectcaagt
tttcacaaat
tctttaataa
gtgatattaa
cacctctgcect
ccactgetgg
tggcatatag
aaatcgccaa
caactgcatt
ttgttaaaca
cgecgacttga
aaagcctteca
ctaatcttge
tttgtggaaa
tcctacatgt
gtcatgaagg
ggtttattac
tctcaggaaa
aacctgagcect
cagatgttga
aaattgaccg
aattgggaaa
ctggactaat
gttgcctcaa

agccagttct

caaacaaatg
attacctgac
ggtgacactc
tgctagagat
cactgatgat
atggacattt
gttcaatggce
ccaatttaac
gggcaagctg
acttagctcet
taaagtcgag
aacctatgta
tgctactaaa
gggctaccac
cacgtatgtg
caaagcatac
acagaggaac
ttgtgatgte
cgactcattc
tcttggegac
cctcaatgag
atatgagcaa
tgccatcgtce
gggtgcatge

caagggtgtc

SARS-CoV Urbani strain

40/102

tacaaaaccc
cctctaaage
gctgatgctg
ctcatttgtg
atgattgctg
ggtgctggcg
attggagtta
aaggcgatta
caagacgttg
aattttggtg
gcggaggtac
acacaacaac
atgtctgagt
cttatgtect
ccatcccagg
ttcectegtg
ttettttecte
gttattggca
aaagaagagc
atttcaggca
gtegctaaaa
tatattaaat
atggttacaa
tcttgtggtt

aaattacatt

caactttgaa
caactaagag
gcttcatgaa
cgcagaagtt
cctacactgce
ctgctecttca
cccaaaatgt
gtcaaattca
ttaaccagaa
caatttcaag
aaattgacag
taatcagggce
gtgttecttgg
tcccacaage
agaggaactt
aaggtgtttt
cacaaataat
tcattaacaa
tggacaagta
ttaacgectte
atttaaatga
ggccttggta
tettgetttg
cttgctgecaa

acacataa

PCT/US2004/015512
atattttggt 2340
gtcttttatt 2400
gcaatatggc 2460
caatggactt 2520
tgctctagtt 2580
aatacctttt 2640
tctectatgag 2700
agaatcactt 2760
tgctcaagca 2820
tgtgctaaat 2880
gttaattaca 2940
tgctgaaatce 3000
acaatcaaaa 3060
agccccgeat 3120
caccacagcg 3180
tgtgtttaat 3240
tactacagac 3300
cacagtttat 3360
cttcaaaaat 3420
tgtegtcaac 3480
atcactcatt 3540
tgtttggcetce 3600
ttgcatgact 3660
gtttgatgag 3720

3768

Met Phe Ile Phe Leu Leu Phe Leu Thr Leu Thr Ser Gly Ser Asp Leu

1

5

10

15



Asp

Ser

Asn

65

Ile

Val

Ser

Asn

Gly

145

Phe

Gly

Phe

Leu

Gly

225

Ala

WO 2005/021707

Arg

Thr

Asp

50

vVal

Pro

Val

Val

Phe

130

Thr

Glu

Asn

Leu

Pro

210

Ile

Gln

Cys

Ser

35

Thr

Thr

Phe

Arg

Tle

115

Glu

Gln

Ty

Phe

Tyr

195

Ser

Asn

Asp

Thr

20

Ser

Leu

Gly

Lys

Gly

100

Ile

Leu

Thr

Ile

Lys

180

Val

Gly

Ile

Ile

Thr

Met

Tyr

Phe

Asp

85

Trp

Ile

Cys

His

Ser

165

His

Tyr

Phe

Thr

Trp
245

Phe

Arg

Leu

His

Gly

vVal

Asn

Asp

Thr

150

Asp

Leu

Lys

Asn

Asn

230

Gly

Asp

Gly

Thr

55

Thr

Ile

Phe

Asn

Asn

135

Met

Ala

Arg

Gly

Thr

215

Phe

Thr

Asp

Val

40

Gln

Ile

Tyr

Gly

Ser

120

Pro

Ile

Phe

Glu

Tyr

200

Leu

Arg

Ser

val

25

Tyr

Asp

Asn

Phe

Ser

105

Thr

Phe

Phe

Ser

Phe

185

Gln

Lys

Ala

Ala

41/102

Gln Ala

Tyr Pro

Leu Phe

His Thr
75

Ala Ala
90

|
Thr Met

Asn Val

Phe Ala

Asp Asn
155

Leu Asp
170

Val Phe

Pro Ile

Pro Ile

Ile Leu

235

Ala Ala
250

Pro

Asp

Leu

60

Phe

Thr

Asn

Val

Val

140

Ala

Val

Lys

Asp

Phe

220

Thr

Tyr

Asn

Glu

45

Pro

Gly

Glu

Asn

Tle

125

Ser

Phe

Ser

Asn

vVal

205

Lys

Ala

Phe

Tyr

30

Ile

Phe

Asn

Lys

Lys

110

Arg

Lys

Asn

Glu

Lys

190

vVal

Leu

Phe

Vval

Thr

Phe

Tyr

Pro

Ser

95

Ser

Ala

Pro

Cys

Lys

175

Asp

Arg

Pro

Ser

Gly
255

PCT/US2004/015512

Gln

Arg

Ser

val

80

Asn

Gln

Cys

Met

Thr

160

Ser

Gly

Asp

Leu

Pro

240

Tyr



Leu

Thr

Ser

Phe

305

Asn

Val

Ser

Val

Asp

385

Gln

Met

Thr

Arg

Lys

465

Tyr

WO 2005/021707

Lys

Asp

Val

290

Arg

Leu

TYyTr

Val

Ser

370

Ser

Thr

Gly

Gly

Pro

450

Pro

Gly

Pro

Ala

275

Lys

Val

Cys

Ala

Leu

355

Ala

Phe

Gly

Cys

Asn

435

Phe

Cys

Phe

Thr

260

Val

Ser

Val

Pro

Trp

340

Tyr

Thr

Val

Val

val

420

Tyr

Glu

Thr

Tyr

Thr

Asp

Phe

Pro

Phe

325

Glu

Asn

Lys

Val

Ile

405

Leu

Asn

Arg

bPro

Thr
485

Phe

Cys

Glu

Ser

310

Gly

Arg

Ser

Leu

Lys

390

Ala

Ala

Tyxr

Asp

Pro

470

Thr

Met

Ser

Ile

295

Gly

Glu

Lys

Thr

Asn

375

Gly

Asp

Trp

Lys

Ile

455

Ala

Thr

Leu

Gln

280

Asp

Asp

Val

Lys

Phe

360

Asp

Asp

Tyr

Asn

Tyr

440

Ser

Leu

Gly

Lys

265

Asn

Lys

Val

Phe

Ile

345

Phe

Leu

Asp

Asn

Thr

425

Axrg

Asn

Asn

Tle

42/102

Tyr

Pro

Gly

Val

Asn

330

Ser

Ser

Cys

Val

Tyr

410

Arg

Tyr

Val

Cys

Gly
490

Asp

Leu

Ile

Arg

315

Ala

Asn

Thr

Phe

Arg

395

Lys

Asn

Leu

Pro

Tyr

475

Tyx

Glu

Ala

Ty

300

Phe

Thr

Cys

Phe

Ser

380

Gln

Leu

Ile

Arg

Phe

460

Trp

Gln

Asn

Glu

285

Gln

Pro

Lys

Val

Lys

365

Asn

Ile

Pro

Asp

His

445

Ser

Pro

Pro

Gly

270

Leu

Thr

Asn

Phe

Ala

350

cys

Val

Ala

Asp

Ala

430

Gly

Pro

Leu

Tyr

Thr

Lys

Ser

Ile

Pro

335

Asp

Tyr

Tyr

Pro

Asp

415

Thr

Lys

Asp

Asn

Arg
495

PCT/US2004/015512

Ile

Cys

Asn

Thr

320

Ser

Tyr

Gly

Ala

Gly

400

Phe

Ser

Leu

Gly

Asp

480

val



Val

Pro

Phe

Phe

545

Ser

Ser

Glu

Ala

Gly

625

His

Cys

Ser

Tyr

Thxr

705

Asn

Gln

WO 2005/021707

Val Leu Ser Phe

Lys

Asn

530

Gln

val

Phe

val

Ile

610

Asn

Val

Ala

Tle

Ser

690

Thr

Met

Tyx

Leu

515

Gly

Pro

Arg

Gly

Ala

595

Asn

Asp

Ser

Val

675

Asn

Glu

Tyx

Gly

500

Ser

Leu

Phe

Asp

Gly

580

Val

Ala

val

Thr

Ty

660

Ala

Asn

Val

Ile

Ser

Thr

Thr

Gln

Pro

565

Val

Leu

Asp

Phe

Ser

645

His

Tyr

Thr

Met

Cys

725

Phe

Glu

Asp

Gly

Gln

550

Lys

Ser

Tyr

Gln

Gln

630

Tyr

Thr

Thr

Ile

Pro

710

Gly

Cys

Leu

Leu

Thr

535

Phe

Thr

Val

Gln

Leu

615

Thr

Glu

val

Met

Ala

695

val

Asp

Thr

Leu

Ile

520

Gly

Gly

Ser

Ile

Asp

600

Thr

Gln

cys

Ser

Ser

680

Ile

Ser

Ser

Gln

Asn

505

Lys

Val

Arg

Glu

Thr

585

Val

Pro

Ala

Asp

Leu

665

Leu

Pro

Met

Thr

Leu

43/102

Ala

Asn

Leu

Asp

Ile

570

Pro

Asn

Ala

Gly

Ile

650

Leu

Gly

Thr

Ala

Glu

730

Asn

Pro

Gln

Thr

Val

555

Leu

Gly

Cys

Trp

Cys

635

Pro

Arg

Ala

Asn

Lys

715

Cys

Arg

Ala

Cys

Pro

540

Ser

Asp

Thr

Thr

Arg

620

Leu

Ile

Ser

Asp

Phe

700

Thr

Ala

Ala

Thr

val

525

Ser

Asp

Ile

Asn

Asp

605

Ile

Ile

Gly

Thr

Ser

685

Ser

Ser

Asn

Leu

val

510

Asn

Ser

Phe

Ser

Ala

590

val

Tyr

Gly

Ala

Ser

670

Ser

Ile

Val

Leu

Ser

Cys

Phe

Lys

Thr

Pro

575

Ser

Ser

Ser

Ala

Gly

655

Gln

Ile

Ser

Asp

Leu

735

Gly

PCT/US2004/015512

Gly

Asn

Arg

Asp

560

Cys

Ser

Thr

Thr

Glu

640

Ile

Lys

Ala

Ile

Cys

720

Leu

Ile



WO 2005/021707 PCT/US2004/015512
44/102

740 745 750

Ala Ala Glu Gln Asp Arg Asn Thr Arg Glu Val Phe Ala Gln Val Lys
755 760 765

Gln Met Tyr Lys Thr Pro Thr Leu Lys Tyr Phe Gly Gly Phe Asn Phe
770 775 780

Ser Gln Ile Leu Pro Asp Pro Leu Lys Pro Thr Lys Arg Ser Phe Ile
785 790 795 800

Glu Asp Leu Leu Phe Asn Lys Val Thr Leu Ala Asp Ala Gly Phe Met
805 810 815

Lys Gln Tyr Gly Glu Cys Leu Gly Asp Ile Asn Ala Arg Asp Leu Ile
820 825 830

Cys Ala Gln Lys Phe Asn Gly Leu Thr Val Leu Pro Pro Leu Leu Thr
835 840 845

Asp Asp Met Ile Ala Ala Tyr Thr Ala Ala Leu Val Ser Gly Thr Ala
850 855 860

Thr Ala Gly Trp Thr Phe Gly Ala Gly Ala Ala Leu Gln Ile Pro Phe
865 870 875 880

Ala Met Gln Met Ala Tyr Arg Phe Asn Gly Ile Gly Val Thr Gln Asn
885 890 895

Val Leu Tyr Glu Asn Gln Lys Gln Ile Ala Asn Gln Phe Asn Lys Ala
200 905 910

Ile Ser Gln Ile Gln Glu Ser Leu Thr Thr Thr Ser Thr Ala Leu Gly
915 920 925

Lys Leu Gln Asp Val Val Asn Gln Asn Ala Gln Ala Leu Asn Thr Leu
930 935 940

Val Lys Gln Leu Ser Ser Asn Phe Gly Ala Ile Ser Ser Val Leu Asn
945 950 955 260

Asp Ile Leu Ser Arg Leu Asp Lys Val Glu Ala Glu Val Gln Ile Asp
965 970 975

Arg Leu Ile Thr Gly Arg Leu Gln Ser Leu Gln Thr Tyr Val Thr Gln
980 985 990



Gln

Thr

Phe

Pro

Glu

Ala

Trp

Thr

Ile

Ser

Pro

Val

Asn

Glu

Ala

WO 2005/021707

Leu Ile Arg Ala Ala Glu Ile
995

Lys
1010

Cys
1025

His
1040

Arg
1055

Tyr
1070

Phe
1085

Asp
1100

Ile
1115

Phe
1130

Asp
1145

Asn
1160

Leu
1175

Gln
1190

Gly
1205

Met

Gly

Gly

Asn

Phe

Ile

Asn

Asn

Lys

Val

Ile

Asn

Tyr

Leu

Ser

Lys

Val

Phe

Pro

Thr

Thr

Asn

Glu

Asp

Gln

Glu

Ile

Ile

Glu

Gly

Val

Thr

Arg

Gln

Phe

Thr

Glu

Leu

Lys

Ser

Lys

Ala

Cys

Tyr

Phe

Thr

Glu

Arg

Val

Val

Leu

Gly

Glu

Leu

Trp

Ile

1000

val
1015

His
1030

Leu
1045

Ala
1060

Gly
1075

Asn
1090

Ser
1105

Tyr
1120

Asp
1135

Asp
1150

Ile
1165

Ile
1180

Pro
1195

Val
1210

Leu

Leu

His

Pro

val

Phe

Gly

Asp

Lys

Ile

Asp

Asp

Trp

Met

45/102

Gly

Met

Val

Ala

Phe

Phe

Asn

Pro

Tyr

Ser

Arg

Leu

Tyr

Val

Gln

Ser

Thr

Ile

Val

Ser

Cys

Leu

Phe

Gly

Leu

Gln

Val

Thr

Ser

Phe

Tyr

Cys

Phe

Pro

Asp

Gln

Lys

Ile

Asn

Glu

Trp

Ile

1005

Lys
1020

Pro
1035

Val
1050

His
1065

Asn
1080

Gln
1095

val
1110

Pro
1125

Asn
1140

Asn
1155

Glu
1170

Leu
1185

Leu
1200

Leu
1215

Arg

Gln

Pro

Glu

Gly

Ile

Val

Glu

Ala

Val

Gly

Gly

Leu

Val

Ala

Ser

Gly

Thr

Ile

Ile

Leu

Thr

Ser

Ala

Lys

Phe

Cys

PCT/US2004/015512

Arg Ala Ser Ala Asn Leu Ala Ala

Asp

Ala

Gln

Lys

Ser

Thr

Gly

Asp

Ser

Val

Lys

Tyr

Ile

Cys



WO 2005/021707

Met Thr
1220

Ser Cys
1235

Ser Cys Cys Ser Cys

1225

1240

Gly val Lys Leu His Tyr Thr

1250

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

24

DNA
<220>
<223>

<400> 24
atgtttatct

actttcgacg
tactatccag
ccgttttatt
ataccattca
tgggtctteg
actaacgtgg
tctaagccta
ttegaataca
catctgagag
cagcccattg
aaactgccce
gcgcaagaca
acatttatgce
aatccactgg
cagacgtcta
aatttgtgee
gagcggaaaa
tttagcacgt

aacgtttatg

3588

tcctectett
acgtccagge
atgagatttt
caaatgtaac
aagacggcat
gcteccacaat
taatccgtge
tgggcaccca
tatcagatgce
agtttgtctt
atgtggtgcg
tgggtatcaa
tatggggaac
tgaagtacga
ctgaattgaa
attttcgagt
cctteggtga
agataagcaa
tcaagtgtta

cagactcctt

1255

Artificial Sequence

Fully optimized soluble S

cctgacgetce
ccctaactat
tcggagegac
cggcettecac
ttacttcgece
gaacaataaa
ctgcaatttce
gactcacaca
attctctttg
caaaaacaag
ggacctccet
tattactaac
cagcgeggea
cgagaacgga
atgcteccgtg
ggttccctca
agtgttcaat
ctgtgtecgeg
cggggtgagt

tgttgtaaag

46/102

Leu Lys Gly Ala Cys

protein

actagcggat
actcaacata
actctgtact
accattaacc
gcaacagaaa
tctecagtectg
gagctttgtg
atgatctttg
gatgtcagtg
gacggcttte
tcagggttta
tttcgagcceca
gcectattteg
accattaccg
aagagctttg
ggagatgtgg
gccacaaagt
gattacagtg

gctactaaac

ggtgatgacg

Ser
1230

1245

ccgacttaga
cctccagtat
taacacagga
atacatttgg
agagcaatgt
tcatcatcat
acaacccatt
acaatgcecttt
aaaagtctgg
tctacgttta
acacattgaa
tcttgaccge
tecggttatct
atgctgtcga
agatcgataa
ttagattccc
tccegtetgt
tcctatataa
tgaatgattt

tgcgccaaat

PCT/US2004/015512

Cys Gly

Cys Lys Phe Asp Glu Asp Asp Ser Glu Pro Val Leu Lys

tcggtgtacc
gcgeggggtg
cctgtttcta
caatccecgtg
tgtgagggayg
caataacagc
cttegecegtg
caactgcace
aaactttaaa
caagggttat
accaatattc
ctttteeccee
gaagcccact
ttgttcacag
ggggatttac
caatatcaca
ctacgecttgg
ctcgaccttt
atgttttagt

tgecacctggg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200
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cagaccggag
ctecgectgga
agatacctca
agcccggacg
tatggetttt
ttegagetge
aagaaccaat
tccteccaaga
agtgtgaggg
gttagtgtga
gtgaactgca
atctatagca
catgtcgaca
cacacggtga
cteggegeag
tccatttcca
aatatgtaca
ttctgecacac
agagaagtgt
gggttcaatt
gaagatctte
gagtgtctcg
acagtgctee
agcggcaccg
gctatgecaga
aatcagaagc
accaccacaa
ctaaataccc
gatatactat

ggcecgectce

tgatcgcaga
acactcgcaa
ggcacggcaa
gcaagccctg
ataccacaac
tgaacgegcc
gcgtaaattt
ggtttcaacc
atcctaagac
taacccectgg
cagacgtgtc
ctggcaataa
cttecttacga
gcttgetgeg
attcaagtat
tcacaactga
tttgtgggga
agctgaatag
ttgceccaggt
ttagccagat
tgttcaacaa
gggatattaa
cceccacttet
ccacagccdgg
tggegtacag
agattgcgaa
gcacggcact
tggttaagca
caagactgga

agagccttca

ttataactac
catcgacgca
gctgcggecet
tactecctcece
cggcatcggce
tgccaccgta
caatttcaat
tttccagcag
ctctgaaatc
gacaaatgct
aaccgccate
cgtgttccaa
gtgtgatata
cteccaccagt
cgecctacage
ggttatgcct
ctctaccgag
agccctgagce
gaaacagatg
ccttectgac
agttacttta
tgccecgegat
gacggatgat
ttggacatte
gttcaacgga
ccagttcaac
gggaaagctg
gctgtetage
caaagtggag

gacgtatgtg

47/102

aaacttccag
accagcaccg
tttgagcggg
gcacttaact
taccagccct
tgtgggcceca
ggccttacag
tttggacgtg
ctggatatat
agttccgaag
cacgctgate
acgcaggccg
ccaatcggag
cagaagagta
aataacacta
gtctececatgg
tgcgcectaacc
ggaattgccg
tataagactc
ccettgaage
gcggacgccg
ctcatctgtg
atgatcgccg
ggagctggag
ataggcgtga
aaagccattt
caagacgtgg
aattttggag
gcagaggtcc

acacagcagce

acgactttat
ggaactataa
atatctcaaa
gttactggcc
accgggtggt
agctttcgac
gaaccggtgt
acgtctcaga
ctcectgtte
tggcegtact
aactcacacc
gctgecttat
ccggecatcectg
ttgtecgecata
tcgetattee
ctaagacttc
ttttactgeca
ctgagcagga
caaccttgaa
cgaccaaaag
ggttcatgaa
ctcagaaatt
cttacacagc
ccgecattaca
cccagaacgt
ctcaaatcca
tcaaccagaa
cgatttecate
aaatcgaccg

tgataagagc

PCT/US2004/015512
gggatgecgtg 1260
ttacaaatac 1320
cgtcccattt 1380
actgaacgat 1440
ggtgctatcect 1500
agatctcatc 1560
gctgacaccce 1620
ctttactgac 1680
cttecggtggg 1740
ctatcaagac 1800
ggcttggegyg 1860
aggggcagag 1920
cgccteatac 1980
caccatgtca 2040
taccaacttt 2100
cgtggactgce 2160
gtatggctcc 2220
tagaaatacg 2280
gtatttcgga 2340
gagctteatce 2400
acagtatggce 2460
caacggccte 2520
cgcactcgtg 2580
gattccattc 2640
gttgtatgaa 2700
ggagtccectg 2760
cgcccaagcec 2820
tgtccttaac 2880
cctgattacg 2940
tgctgaaata 3000



WO 2005/021707

cgagecctegg
cgtgtegatt
ggcgtagtgt
ccagccatct
gggacaagct
aacacatttg
gaccccttge
cacacctctce
attcagaaag
gacctacagg
<210>
<211>

<212>
<213>

25

DNA
<220>
<223>

<400> 25
atgttcatct

accttecgacg
tactaccceg
cccttctaca
atcececttea
tgggtgtteg
accaacgtgg
agcaagccca
ttcgagtaca
cacctgeggg
cagcccatcg
aagctgcccce
gcccaggaca
accttecatge
aaccccctgg

cagaccagca

3588

ctaatctgge
tctgeggeaa
ttctgecacgt
gccatgaggg
ggttcattac
tatctggtaa
aacctgagcet
cagacgtgga
agattgatag

agctecggtaa

tcectgetgtt
acgtgcaggc
acgagatctt
gcaacgtgac
aggacggcat
gcagcaccat
tgatcecggge
tgggcaccca
tcagegacge
agttcegtgtt
acgtggtgeg
tgggcatcaa
tctggggecac
tgaagtacga
ccgagctgaa

acttccgggt

cgcaaccaaa
aggttaccat
gacttatgta
aaaagcatat
tcaaaggaat
ctgcgacgta
ggatagcecttt
cctgggagac
actaaacgaa

gtacgaacag

Artificial Sequence

Uniform optimization of S

cctgaccctg
ccccaactac
ccggagegac
cggcttcecac
ctacttegec
gaacaacaag
ctgcaactte
gacccacacc
cttecagectg
caagaacaag
ggacctgccc
catcaccaac
cagcgcegec
cgagaacggce
gtgcagcgtg

ggtgcccagce

48/102

atgtccgaat
ttgatgtcat
ccttegecagg
ttcceccgag
tttttttege
gttatcggga
aaggaagagc
atctceggea
gttgctaaga

tacatcaaat

protein

accagcggca
acccagcaca
accctgtacce
accatcaacc
gccaccgaga
agccagagcg
gagctgtgeg
atgatcttceg
gacgtgagceg
gacggcttee
agcggcttca
ttcegggeca
gcectactteg
accatcaccg
aagagcttcg

ggcgacgtgg

gcgtectggg
ttccacaggc
aaaggaactt
aaggtgtttt
cacagatcat
ttatcaataa
tggacaagta
ttaatgcaag

acttgaatga

ggccgtgg

gcgacctgga
ccagcagcat
tgacccagga
acaccttecgg
agagcaacgt
tgatcatcat
acaacccctt
acaacgccett
agaagagcgg
tgtacgtgta
acaccctgaa
tectgaccge
tgggctacct
acgccgtgga
agatcgacaa

tgeggttece

PCT/US2004/015512
gcagtccaaa 3060
ggctcctcecac 3120
cacaactgcc 3180
cgttttcaac 3240
taccactgat 3300
tacggtctat 3360
ctttaagaat 3420
tgttgtgaat 3480
gagtttaatt 3540

3588
ccggtgecacce 60
gcggggegtyg 120
cctgttectg 180
caaccccgtg 240
ggtgegggge 300
caacaacagc 360
cttcgeegtg 420
caactgcacc 480
caacttcaag 540
caagggctac 600
gcccatette 660
cttcagcccece 720
gaagcccacc 780
ctgcagccag 840
gggcatctac 900
caacatcacc 960



WO 2005/021707

aacctgtgcec
gagcggaaga
ttcagcacct
aacgtgtacg
cagaccggcg
ctggcectgga
cggtacctge
agccccgacg
tacggcecttet
ttcgagetge
aagaaccagt
agcagcaagc
agcgtgceggg
gtgagcgtga
gtgaactgca
atctacagca
cacgtggaca
cacaccgtga
ctgggcgceg
agcatcagca
aacatgtaca
ttectgcacce
cgggaggtgt
ggcttcaact
gaggacctgc
gagtgecctgg
accgtgcectge
agcggcaccg
gccatgcaga

aaccagaagc

cctteggega
agatcagcaa
tcaagtgcta
ccgacagcett
tgatcgecega
acacccggaa
ggcacggcaa
gcaagccctg
acaccaccac
tgaacgcccc
gcgtgaactt
ggttccagecce
accccaagac
tcaccceegg
ccgacgtgag
ccggcaacaa
ccagctacga
gecetgetgeg
acagcagcat
tcaccaccga
tectgcggega
agctgaaccg
tecgeeccaggt
tcagccagat
tgttcaacaa
gcgacatcaa
cceceectget
ccaccgccgg
tggcctacceg

agatcgccaa

ggtgttcaac
ctgcgtggece
cggcgtgagce
cgtggtgaag
ctacaactac
catcgacgcce
getgeggecce
caccececcecc
cggcatcgge
cgccaccgtg
caacttcaac
cttccagcag
cagcgagatc
caccaacgcc
caccgccatce
cgtgttccag
gtgcgacatc
gagcaccagc
cgcctacagce
ggtgatgecce
cagcaccgag
ggcecctgage
gaagcagatg
cctgcecececgac
ggtgaccctg
cgcececgggac
gaccgacgac
ctggacctte
gttcaacggc

ccagttcaac

49/102

gccaccaagt
gactacagcg
gccaccaagce
ggcgacgacg
aagctgccceg
accagcaccg
ttcgageggg
gcectgaact
taccagccect
tgcggcececca
ggcctgaccg
ttcggeceggg
ctggacatca
agcagcgagg
cacgccgacce
acccaggccg
cccatcggeg
cagaagagca
aacaacacca
gtgagcatgg
tgcgecaacce
ggcatcgeceg
tacaagaccc
ccectgaage
gccgacgccg
ctgatcectgceg
atgatcgccg
ggcgecggceyg
atcggcgtga

aaggccatca

tcecececagegt
tgctgtacaa
tgaacgacct
tgcggcagat
acgacttcat
gcaactacaa
acatcagcaa
gctactggcece
accgggtggt
agctgagcac
gcaccggegt
acgtgagcga
gccectgeag
tggcecgtgcet
agctgacccce
gctgectgat
ccggcatctg
tcgtggecta
tcgeecatcece
ccaagaccag
tgctgctgcea
ccgagcagga
ccaccctgaa
ccaccaagcg
gcttcatgaa
cccagaagtt
cctacaccgce
ccgceectgea
cccagaacgt

gccagatcca

PCT/US2004/015512
gtacgcectgg 1020
cagcaccttce 1080
gtgcttcage 1140
cgcceceeggce 1200
gggctgegtg 1260
ctacaagtac 1320
cgtgecectte 1380
cctgaacgac 1440
ggtgctgagce 1500
cgacctgatce 1560
gctgaccccce 1620
cttcaccgac 1680
ctteggegge 1740
gtaccaggac 1800
cgecetggegg 1860
cggcgceccgag 1920
cgccagctac 1980
caccatgagc 2040
caccaacttce 2100
cgtggactge 2160
gtacggcagc 2220
ccggaacacce 2280
gtacttcggce 2340
gagcttcatc 2400
gcagtacggce 2460
caacggcctg 2520
cgcectggtyg 2580
gatcccette 2640
gctgtacgag 2700

ggagagcctg

2760



WO 2005/021707

accaccacca
ctgaacaccc
gacatcctga
ggccggctge
cgggccagceg
cgggtggact
ggcgtggtgt
ccegecatcet
ggcaccagct
aacaccttcg
gaccccctge
cacaccagcc

atccagaagg

gacctgcagg

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

26

DNA
<220>
<223>

<400> 26
atgtttatct

acattcgatg
tactacccag
cctttetact
attccattta
tgggtttteg
acaaacgtgg
agcaaaccca
tttgagtaca
cacctgagag
cagccgatceg

aagctcccac

2049

gcaccgecct
tggtgaagca
gceggetgga
agagcctgca
ccaacctggce
tctgcggeaa
tecctgecacgt
gccacgaggdg
ggttcatcac
tgagcggcaa
agcccgagcet
ccgacgtgga
agatcgaccg

agctgggcaa

ttttgctgtt
acgtccaagce
atgagatctt
ctaatgtaac
aggatggtat
gcteccaccat
tgatcagggce
tggggacgca
tatccgatge
agttcgtett
acgtggtgeg

tgggtatcaa

gggcaagctg
gctgagcage
caaggtggag
gacctacgtyg
cgccaccaag
gggctaccac
gacctacgtg
caaggcctac
ccagcggaac
ctgcgacgtg
ggacagctte
cctgggegac
gctgaacgag

gtacgagcag

Artificial Seguence

tctcacatta
ccccaactac
taggtcegac
tgggttccat
ttacttegce
gaacaataag
atgtaatttt
gactcacacg
cttttctcta
taagaacaag
ggacctaccc

tataactaac

50/102

caggacgtgg
aacttcggcg
gccgaggtgce
acccagcagce
atgagcgagt
ctgatgagct
cccagccadg
ttecceeecggg
ttecttcagee
gtgatcggeca
aaggaggagc
atcagcggeca
gtggccaaga

tacatcaagt

Fully Optimized soluble S1 protein

acttcggggt
actcagcata
accctttatce
accatcaacc
gcgaccgaga
agtcagtceg
gaattgtgcg
atgatcttcg
gatgtgteceg
gacggtttet
agcggattca

ttcagagcca

tgaaccagaa
ccatcagcag
agatcgaccg
tgatcecggge
gegtgetggg
tcceccagge
agcggaactt
agggegtgtt
cccagatcat
tcatcaacaa
tggacaagta
tcaacgcceag

acctgaacga

ggccctgg

ctgacctgga
catctagcat
tgacccagga
atacctttgg
aatcaaatgt
taattatcat
acaacccttt
ataacgcttt
aaaaatcagg
tgtacgtgta
acaccctcaa

ttctcacage

PCT/US2004/015512
cgcccagged 2820
cgtgctgaac 2880
gctgatcacc 2940
cgccgagate 3000
ccagagcaag 3060
cgccececcac 3120
caccaccgcc 3180
cgtgttcaac 3240
caccaccgac 3300
caccgtgtac 3360
cttcaagaac 3420
cgtggtgaac 3480
gagcctgatce 3540

3588
ccggtgeacce 60
gcgeggegtyg 120
cectttttett 180
caacccagtg 240
tgtgecgegge 300
taacaatagt 360
cttegetgta 420
caattgcacg 480
gaattttaag 540
caagggatac 600
gceccattttt 660
tttetecteca 720



WO 2005/021707

gctcaggata
accttcatgt
aaccccctcg
cagaccagta
aatctatgtce
gagcgaaaaa
ttecagcacct
aacgtttatg
caaactggcg
ctecgecatgga
aggtatcttce
agtcccgatg
tacgggttcect
ttecgaactge
aagaatcagt
agctccaagce
tcagtgcgag
gtgtctgtca
gttaattgta
atctactcca
cacgtcgaca

cacacagtaa

ctgggcgec

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

27
2049
DNA

<220>

<223>

<400> 27

tttgggggac

tgaaatacga
cagagttgaa
actttagagt
ctttecggaga
agatatctaa
ttaagtgtta
ccgattectt
ttatcgctga
atacgcgcaa
ggcacgggaa
gaaaaccatg
acacgacaac
tgaatgctcce
gcgtgaattt
gcttccagee
atcccaagac
ttactecctgg
cagacgtcag
caggaaataa
ccagctacga

gcctgetgeg

tagtgecggea
tgagaacgga
atgctcagtt
cgtgccgtca
agtgttcaat
ctgcgtegea
tggggtgtca
cgttgtcaag
ctataactat
catcgatgeg
attacggccg
tactecctcececa
tggaataggc
cgccacggtg
caatttcaac
ctteccageaa
cagtgaaata
gacgaatgcc
taccgccata
tgtgtttcag
atgtgatatc

gagcaccagt

Artificial Sequence

51/102

gcttatttcg
accataactg
aaatcctttg
ggcgacgtcg
gccacaaagt
gactacagcg
gcaacaaaac
ggagacgatg
aaactgccag
acctctaccg
ttcgagcgag
gccctecaatt
tatcagcctt
tgcggtceccaa
ggcctgacag
tttggcaggg
ctagacattt
tcgagcgagg
catgctgatce
acacaagcag
cctatceggtg

cagaagtcca

tgggatacct
acgcagttga
agatcgacaa
tgaggtttcc
tcecececagegt
tactgtataa
tgaacgatct
tccgtcaaat
acgattttat
gaaactacaa
atatttcgaa
gttactggcecc
atcgtgtcegt
aactcagcac
gcacaggcgt
atgtgtccga
ctecegtgtag
tggcggtgatt
agctgactcce
gttgectgat
ccggeatcetg

ttgtggcecta

Uniform optimization of soluble S1 protein

PCT/US2004/015512
taagcccaca 780
ctgctecacag 840
gggtatttac 900
taacatcaca 960
gtacgcetgg 1020
cagcactttt 1080
ctgcttttca 1140
tgctceeggg 1200
ggggtgtgtc 1260
ctataaatat 1320
cgtgcettte 1380
attgaatgac 1440
cgttetttcet 1500
cgacctgatce 1560
tctgacccceca 1620
ctttaccgat 1680
ctttggcgge 1740
atatcaggac 1800
tgcatggaga 1860
cggagccgaa 1920
cgctagttat 1980
tactatgtcc 2040

2049

‘atgttcatet tcetgetgtt cctgaccctg accagecggeca gcgacctgga cagatgcacc

accttcgacg acgtgcaggc ccccaactac acccagcaca ccagcagcat gagaggcgtg

60

120



WO 2005/021707

tactaccccyg
cccttectaca
atccccttcea
tgggtgtteg
accaacgtgg
agcaagccca
ttcgagtaca
cacctgagag
cagcccateg
aagctgcccc
gcccaggaca
accttcatge
aaccccctgg
cagaccagca
aacctgtgece
gagagaaaga
ttcagcacct
aacgtgtacg
cagaccggcg
ctggecctgga
agatacctga
agccccgacg
tacggcttet
ttcgagctge
aagaaccagt
agcagcaaga
agcgtgagag
gtgagcgtga
gtgaactgca
atctacagca

cacgtggaca

acgagatctt
gcaacgtgac
aggacggcat
gcagcaccat
tgatcagagc
tgggcaccca
tcagcgacgce
agttegtgtt
acgtggtgag
tgggcatcaa
tctggggcac
tgaagtacga
ccgagcectgaa
acttcagagt
cctteggega
agatcagcaa
tcaagtgcta
ccgacagett
tgatcgececga
acaccagaaa
gacacggcaa
gcaagccctg
acaccaccac
tgaacgccece
gegtgaactt
gattccagece
accccaagac
tcacceceegg
ccgacgtgag
ccggcaacaa

ccagctacga

cagaagcgac
cggcttececac
ctacttcgee
gaacaacaag
ctgcaacttc
gacccacacce
cttcagecctg
caagaacaag
agacctgccce
catcaccaac
cagcgccgece
cgagaacggce
gtgcagegtg
ggtgcccage
ggtgttcaac
ctécgtggcc
cggegtgage
cgtggtgaag
ctacaactac
catcgacgcecce
gctgagaccc
cacccccece
cggcatcgge
cgccacegtg
caacttcaac
cttccagcag
cagcgagatc
caccaacgcc
caccgccatce
cgtgttccag

gtgcgacatc

52/102

accctgtacc
accatcaacc
gccaccgaga
agccagagcg
gagctgtgcg
atgatcttcg
gacgtgagcg
gacggcttcce
agcggcttceca
ttcagagcca
gcctactteg
accatcaccg
aagagcttcg
ggcgacgtgg
gccaccaagt
gactacagecg
gccaccaagc
ggcgacgacg
aagctgeeccg
accagcaccg
ttecgagagag
gccctgaact
taccagcccet
tgcggecccea
ggcctgaccg
ttcggcagag
ctggacatca
agcagcgagg
cacgccgacc
acccaggccg

cccateggeg

tgacccagga
acaccttcgg
agagcaacgt
tgatcatcat
acaacccctt
acaacgccett
agaagagcgg
tgtacgtgta
acaccctgaa
tcctgaccge
tgggctacct
acgccgtgga
agatcgacaa
tgagattccc
tcececagegt
tgctgtacaa
tgaacgacct
tgagacagat
acgacttcat
gcaactacaa
acatcagcaa
gctactggcece
acagagtggt
agctgagcac
gecaccggegt
acgtgagecga
gcccctgeag
tggcegtget
agctgacccce
gctgeccetgat

ccggeatcectg

PCT/US2004/015512
cctgttectg 180
caaccccgtg 240
ggtgagaggc 300
caacaacagc 360
cttegeegtg 420
caactgcacc 480
caacttcaag 540
caagggctac 600
gccecatcette 660
cttcagceccecce 720
gaagcccacc 780
ctgcagccag 840
gggcatctac 200
caacatcacc 960
gtacgcctgg 1020
cagcaccttce 1080
gtgcttcagce 1140
cgcecceeggce 1200
gggcetgegtg 1260
ctacaagtac 1320
cgtgeccette 1380
cctgaacgac 1440
ggtgectgagce 1500
cgacctgatce 1560
gctgaccecce 1620
cttcaccgac 1680
cttecggegge 1740
gtaccaggac 1800
cgcctggaga 1860
cggcgccgag 1920
cgccagctac 1980



WO 2005/021707

53/102

PCT/US2004/015512

cacaccgtga gcctgctgag aagcaccage cagaagagca tecgtggecta caccatgagce

ctgggegece

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

28
1539
DNA

<220>
<223>

<400> 28
gacagttcaa

ataacaacag
atctgcggag
cagctcaacc
tttgctcaag
ttcagtcaga
ctgttcaaca
ggcgacatta
ccgeccactge
gcaactgctg
atggcctaca
cagatcgcca
tccacggcac
ctegtcecaage
agtcggctceg
cagtcattge
gccaatctgyg
ttttgcggcea
tttetgecatg
tgtecatgaag
tggtttatca
gtctctggaa

cagcccgaac

tcgectatte
aggtgatgcce
attctacaga
gggegcetgag
tgaaacaaat
ttctgccaga
aagttacctt
acgcacgaga
tgactgatga
gctggacgtt
ggttcaatgg
accagttcaa
tcggtaaact
aactgagttc
acaaagtgga
agacctacgt
ccgctaccaa
agggctatca
tgacatacgt
gcaaagctta
cacaaaggaa
actgtgacgt

ttgactettt

Artificial Sequence

Fully optimized S2 protein

gaacaacact
agtgtccatg
atgtgcaaac
cggcattgcet
gtataagacc
cccactcaaa
ggccgacget
cctgatcectge
tatgattgee
tggcgetggg
aattggtgtc
taaagctatt
gcaggacgtg
caatttecggg
ggccgaagtc
tacccageag
aatgtctgag
cctecatgtee
gcctagccag
tttteceecge
tttettetcec

cgttataggce

caaggaggaa

atagcaatcce
gcaaagacta
ttgctgctac
gccgaacadgg
ccaacattga
cccaccaaga
gggtttatga
gceccagaagt
gcttacactg
geggecttac
actcagaatg
tcacagattc
gtgaatcaga
gccatatcta
caaatagacc
ttgatccgeg
tgtgtgcteg
ttcecctecaag
gagagaaact
gagggggtgt
ccccagatca
atcatcaata

ctagataagt

caacaaattt
gcgtagactg
agtatggatc
atcgcaatac
aatacttcgg
ggagctttat
agcaatacgg
ttaacgggcet
cggecettgt
agatccettt
tcectgtacga
aggaatcact
acgctcaggce
gcgtattgaa
gtettatcac
ccgetgagat
gacaaagtaa
cagcacccea
ttaccactgce
tcgttttcaa
tcaccacecga
atacagtata

acttcaagaa

ttcaatttct
caatatgtac
gttctgtacce
gagagaggtg
tggattcaat
tgaagatctt
tgagtgcctg
cacggtttta
gagtggtacc
tgccatgcag
gaaccagaaa
taccacaact
actaaataca
cgacatccte
aggcagacta
acgagcctcce
gcgggtggat
cggagtcegtt
gcetgecatt
cggaactage
caacaccttt
cgatceccctg

tcacaccage

2040

2049

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380



WO 2005/021707

54/102

PCT/US2004/015512

ccggatgtag atttagggga tattagcggg attaacgcat ccgtggtcaa catccaaaaa

gagattgaca gactgaacga agtggcgaag aacctgaatg agtccctgat cgatcttcag

gagctgggca agtatgaaca gtatatcaag tggcettgg

<210> 29
<211> 1539
<212> DNA
<213>

<220>

<223>

<400> 29

Artificial Sequence

Uniform Optimization of S2 protein

gacagcagca tcgcctacag caacaacacc atcgccatcc

atcaccaccg
atctgcggeg
cagctgaacc
ttecgececagg
ttcageccaga
ctgttcaaca
ggcgacatca
cccecectge
gccaccgcecyg
atggcctacc
cagatcgcca
agcaccgcce
ctggtgaagce
agccggetgg
cagagcctge
gccaacctgg
ttctgeggea
ttecctgcacg
tgccacgagg
tggttcatca
gtgagcggca

cagcccgage

aggtgatgcc
acagcaccga
gggccctgag
tgaagcagat
tcctgeeega
aggtgaccct
acgcccggga
tgaccgacga
gctggacctt
ggttcaacgg
accagttcaa
tgggcaagct
agctgagcag
acaaggtgga
agacctacgt
ccgccaccaa
agggctacca
tgacctacgt
gcaaggccta
cccagcggaa
actgcgacgt

tggacagctt

cgtgagcatg
gtgcgccaac
cggcatcgec
gtacaagacc
cccectgaag
ggccgacgec
cctgatctge
catgatcgcc
cggcgeegge
catecggegtg
caaggccatc
gcaggacgtg
caacttegge
ggccgaggtyg
gacccagcag
gatgagcgag
cectgatgage
gcccagccag
cttceceeegg
cttecttecage
ggtgatcgge

caaggaggag

gccaagacca
ctgctgetge
gccgageagyg
cccaccctga
cccaccaagce
ggcttcatga
gcccagaagt
gcctacaccg
gccgecctge
acccagaacg
agccagatcc
gtgaaccaga
gccatcagea
cagatcgacc
ctgatcecggg
tgcgtgetgg
ttceceecagg
gagcggaact
gagggcgtgt
cccecagateca
atcatcaaca

ctggacaagt

ccaccaactt
gcgtggactg
agtacggcag
accggaacac
agtacttcgg
ggagcttcat
agcagtacgg
tcaacggecet
ccgceectggt
agatcccctt
tgctgtacga
aggagagcct
acgcccaggce
gcgtgctgaa
ggctgatcac
ccgccgagat
gccagagcaa
ccgececeeca
tcaccaccge
tcgtgttcaa
tcaccaccga
acaccgtgta

acttcaagaa

cagcatcagce
caacatgtac
cttectgcacc
ccgggaggtyg
cggcttcaac
cgaggacctg
cgagtgectg
gaccgtgetg
gagcggcacc
cgccatgcag
gaaccagaag
gaccaccacc
cctgaacacc
cgacatcctg
cggecggetg
ccgggecage
gcgggtggac
cggegtggtg
cceegecatce
cggcaccagc
caacacctte
cgaccccctg

ccacaccagc

1440

1500

1539

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380



WO 2005/021707

55/102

PCT/US2004/015512

cccgacgtgg acctgggega catcagegge atcaacgcca gegtggtgaa catccagaag

gagatcgacc ggctgaacga ggtggccaag aacctgaacg agagcctgat cgacctgcag

gagctgggca agtacgagca gtacatcaag tggccctgg

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

30
3633
DNA

<220>
<223>

<400> 30
atggatgcaa

agccccagtg
caggctccca
atcttecegea
gtcacagggt
ggcatttatt
acaatgaata
cgagcctgta
actcagaccc
gatgettttt
gtctttaaaa
gtgegggacc
atcaatatta
ggaacctccg
tatgacgaaa
ttgaagtgct
agggtggtge
ggtgaggtgt
agcaactgtg
tgctatggtg
tcecttegtgg

gccgattaca

tgaagcgggyg
ccagaggtag
attacaccca
gtgataccct
ttcacaccat
tecgcagceccac
ataaatctca
atttcgagtt
atacgatgat
cactcgacgt
ataaagacgg
tgccaagegg
caaacttcag
ccgeegecta
atgggacgat
cagtcaagag
cctecggaga
ttaatgcaac
ttgccgatta
tgtcecgecac

tgaaagggga

attacaagtt

Artificial Sequence

cctgtgetge
cggcagcgat
gcacaccagt
atatttaaca
caaccacacc
agagaagtcg
gtccgtgatce
atgcgataat
tttcgataac
ttcagaaaag
gttecctgtac
ttttaatace
ggctateccte
cttecgtegga
taccgacgece
ctttgagatc
tgtagttcgce
taaattccececce
cagcgtcctt
taagttgaac
tgacgtgcgt

gcctgacgac

Fully optimized TPA-S protein

gtgctcecectge
ttggataggt
tctatgagag
caagatttat
tteggcaacc
aatgtagtgce
attattaaca
ccattttteg
gcattcaatt
tctgggaact
gtgtataaag
ctgaagccca
accgectttta
tatttgaaac
gtagactgta
gacaagggaa
ttcecccaaca
tcagtgtatg
tataactcaa
gacctctget
cagattgcac

ttecatgggct

tctgegggge
gcaccacatt
gagtatacta
tcttacccett
ccgtgatece
ggggttgggt
actctacgaa
cggtcagtaa
gtacgtttga
tcaagcattt
gataccagcc
tctttaaget
gcccagetcea
caaccacatt
gtcagaaccc
tttatcaaac
tcaccaacct
cctgggaaag
cattcttete
ttagtaacgt

cgggccagac

gcgttetage

ggtgtttgtg
tgatgacgtg
ccctgacgag
ctactccaac
gtttaaagat
gtttggateca
tgtggttata
accaatgggce
atacatttct
aagagagttc
tatcgacgtg
gcececectggga
ggacatatgg
catgctgaag
tttggcggag
tagcaacttce
gtgcececgtte
aaagaaaatt
tacctttaag
gtacgctgat
cggagtaatc

atggaatacc

1440

1500

1532

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320



WO 2005/021707

cgcaacatag
ggtaagctgc
ccatgcaccce
accactggga
gcgcctgcaa
aactttaact
caaccattcecc
aaaacatcag
ccaggcacta
gtgagcacgg
aataacgtct
tatgaatgtg
ttaagatcaa
tcaattgecct
accgaggtga
ggggactcca
aaccgegcat
caggttaaac
cagatactcc
aataaggtga
attaacgcca
cttectgacgg
gctgggtgga
taccgattta
gctaatcagt
gctectgggaa
aagcagctta
ctggacaagg
ttgcagactt
cttgccgega

ggcaaaggcet

atgccacctc
ggccttttga
cacctgccct
tcggttatca
cagtctgcgg
tcaatgggct
aacagttcgg
agatccttga
atgctagtag
caatccacgce
ttcagaccca
atattcccat
ccagccagaa
atagcaacaa
tgceegtgte
cagaatgcgce
tgtctgggat
aaatgtacaa
ctgaccctcet
cactecgeccga
gagacctgat
acgacatgat
cetttggege
acgggatcgg
ttaacaaggc
aactgcagga
gttccaattt
tcgaggecga
acgtgactca
ccaagatgtc

accatctgat

aacggggaac
gcgggatatc
gaattgttat
accctaccgg
acccaagctg
caccggtacc
ccgtgacgtt
catatcgcceg
cgaagtcgcet
tgaccagctg
ggcecggetgt
cggcgetgga
atctattgtg
taccattgca
tatggcgaaa
caacctgett
tgcegecgag
gacaccgaca
aaagcctact
tgctggcette
ctgtgecccag
tgctgcatac
tggcgcageg
cgtgactcag
aatcagccag
cgtggtgaat
cggggccatce
agttcagatc
gcagctcata
cgagtgtgtt

gagctteccce

56/102

tacaactaca
tccaatgtge
tggcectttga
gtegtegtcece
tcgacagacc
ggtgttctga
tccgatttta
tgttettttg
gtactatacc
acccecegecet
ctgattgggag
atttgtgcta
gcttacacaa
atccctacca
acttccgtcg
ctgcagtatg
caggatagga
cttaagtact
aaacgcagtt
atgaaacaat
aagttcaacg
acagccgecec
ttgecagattc
aatgttttgt
atacaagaat
cagaatgcac
tectecgttt
gaccgcctga
agggctgcag
ctcggtecagt

caggccgcac

agtacagata
cttttagecc
acgattatgg
tgagttttga
ttatcaagaa
ctcecatctag
cggatteggt
gaggcgtgte
aggacgtgaa
ggegeatcta
ctgagcacgt
gctatcacac
tgtctectegg
attttagtat
attgcaacat
gaagcttctg
atactagaga
tcggaggttt
tcatcgagga
acggagaatg
gtetgacagt
tagttagecgg
cattcgegat
atgagaacca
ctctgactac
aggccctcaa
taaatgatat
tcacagggag
agattagggc
ccaaacgggt

ccecatggegt

PCT/US2004/015512

tctgagacac
cgatggcaaa
attctacact
actcttgaac
tcagtgtgtg
taagcgattt
gcgtgatcca
tgtgattaca
ctgecaccgac
cagtacaggce
cgacacttcc
agtctcectt
cgcagactca
atccataacc
gtatatctge
tactcaacte
ggtgttecgcet
taacttttece
tcteetgttt
cctgggagac
acttcctcce
cacagccaca
gcagatggcet
gaaacagatc
cacaagcacc
cacgctegtg
cctgagtege
gctacaatca
ctctgcaaac
tgacttttgt

agtctttectg

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

3000

3060

3120

3180



WO 2005/021707

cacgtaactt
gaaggtaaag
attacgcagc
ggcaattgtg
gaactggatt
gtggacctag
gaccgactta
ggcaagtatg
<210>
<211>

<212>
<213>

31

<220>
<223>

<400> 31

3633
DNA
Artificial Sequence

atgtgccatce
catatttccc
ggaatttcectt
acgtcgtcat
cttttaagga
gcgatatcte
atgaggttgce

aacaatatat

ccaagaaagg
tcgagaaggg
ctcaccacaa
tggaattata
ggagctcgac
tgggattaat
caagaatctg

caaatggcca

atggacgcca tgaagcgggg cctgtgcetge

agccccageg
caggccccca
atcttcecgga
gtgaccggcet
ggcatctact
accatgaaca
cgggcctgea
acccagacce
gacgccttca
gtgttcaaga
gtgcgggacc
atcaacatca
ggcaccagcg
tacgacgaga
ctgaagtgca

cgggtggtge

ccecggggcag

actacaccca
gcgacaccct
tccacaccat
tcgecegececac
acaagagcca
acttcgaget
acaccatgat
gcetggacgt
acaaggacgg
tgceccagegg
ccaacttceg
ccgecgecta
acggcaccat
gcgtgaagag

ccagcggcga

cggcagcgac
gcacaccagc
gtacctgacc
caaccacacc
cgagaagagc
gagcgtgate
gtgcgacaac
cttcgacaac
gagcgagaag
cttectgtac
cttecaacacc
ggccatecctg
cttegtggge
caccgacgcc

cttcgagatce

cgtggtgegg

571102

aacttcacta
gtatttgttt
atcatcacta
aacaacactg
aagtacttca
gcctcagtag
aatgagagtc

tgg

gtgctgectge
ctggaccggt
agcatgecggg
caggacctgt
ttceggcaacce
aacgtggtge
atcatcaaca
ccecttetteg
gccttcaact
agcggcaact
gtgtacaagg
ctgaagccca
accgcctteca
tacctgaagce
gtggactgca
gacaagggca

ttcececcaaca

cggcgccagce
tcaacgggac
ctgataacac
tgtacgatcc
aaaaccatac
tcaacatcca

tcatcgatct

Uniform optimization of TPA-S protein

tgtgeggege
gcaccacctt
gegtgtacta
tcectgecectt
cecgtgatcecce
ggggctgggt
acagcaccaa
ccgtgagcaa
gcaccttcga
tcaagcacct
gctaccagecce
tcttcaaget
gcececcgecca
ccaccacctt
gccagaaccce
tctaccagac

tcaccaacct

PCT/US2004/015512

catatgccat
tagctggttt
attcgtcage
tctgcagcecg
ctcgececgac
gaaggagata

gcaagaactt

cgtgttegtg
cgacgacgtg
ccccgacgag
ctacagcaac
cttcaaggac
gttecggecage
cgtggtgatc
gcccatggge
gtacatcagce
gcgggagtte
catcgacgtg
gececectggge
ggacatctgg
catgctgaag
cctggccegag
cagcaacttc

gtgccecctte

3240

3300

3360

3420

3480

3540

3600

3633

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020



WO 2005/021707

ggcgaggtgt
agcaactgcg
tgctacggcg
agcttcgtgg
gccgactaca
cggaacatcg
ggcaagctge
ccetgcaccece
accaccggca
gcccccgeca
aacttcaact
cagcccttee
aagaccagcg
cccggeacca
gtgagcaccg
aacaacgtgt
tacgagtgcg
ctgcggagea
agcatcgect
accgaggtga
ggcgacagca
aaccgggecc
caggtgaagc
cagatccetgce
aacaaggtga
atcaacgcce
ctgctgaccg
gccggctgga
taccggttcea

gccaaccagt

gccctgggca

tcaacgccac
tggcecgacta
tgagcgceccac
tgaagggcga
actacaagct
acgccaccag
ggccettega
cccccéccct
tcggctacca
cecgtgtgegg
tcaacggcecet
agcagttcgg
agatcctgga
acgccagcag
ccatccacgce
tccagaccca
acatccccat
ccagccagaa
acagcaacaa
tgcecgtgag
ccgagtgege
tgagcggeat
agatgtacaa
ccgacccect
ccectggecga
gggacctgat
acgacatgat
cctteggege
acggcatcgg
tcaacaaggc

agctgcagga

caagttccce
cagcgtgcetg
caagctgaac
cgacgtgegg
gccegacgac
caccggcaac
gcgggacatce
gaactgctac
gccctaccgg
ccccaagetg
gaccggcacc
ccgggacgtyg
catcagcccecc
cgaggtggcc
cgaccagctg
ggcecggcetge
cggcgecgge
gagcatcgtg
caccatcgcce
catggccaag
caacctgcetg
cgccgcecgag
gacccccacce
gaagcccacc
cgeceggette
ctgcgeccag
cgccegectac
cggcgecgec
cgtgacccag
catcagccag

cgtggtgaac

58/102

agcgtgtacg
tacaacagca
gacctgtgcet
cagatcgccc
ttecatgggct
tacaactaca
agcaacgtgce
tggcccctga
gtggtggtge
agcaccgacc
ggcgtgctga
agcgacttca
tgcagcttcg
gtgctgtacc
acccccegecet
ctgatcggeg
atctgcgccea
gcctacacca
atcceccacca
accagegtgg
ctgcagtacg
caggaccgga
ctgaagtact
aagcggagct
atgaagcagt
aagttcaacg
accgccgecc
ctgcagatcce
aacgtgctgt
atccaggaga

cagaacgccce

cctgggagcg
ccttettecag
tcagcaacgt
ccggccagac
gcgtgcectgge
agtaccggta
ccttecagecce
acgactacgg
tgagcttcga
tgatcaagaa
cccccageag
ccgacagegt
gcggegtgag
aggacgtgaa
ggcggatcta
ccgagcacgt
gctaccacac
tgagcctggg
acttcagcat
actgcaacat
gcagcttectg
acacccggga
tcggeggett
tcatcgagga
acggcgagtg
gcectgacegt
tggtgagegg
ccttegecat
acgagaacca
gcetgaccecac

aggccctgaa

PCT/US2004/015512
gaagaagatc 1080
caccttcaag 1140
gtacgccgac 1200
cggcgtgate 1260
ctggaacacc 1320
cctgecggeac 1380
cgacggecaag 1440
cttectacacce 1500
gctgctgaac 1560
ccagtgcgtg 1620
caagcggttce 1680
gcgggaccce 1740
cgtgatcacce 1800
ctgcaccgac 1860
cagcaccggc 1920
ggacaccagc 1980
cgtgagcectg 2040
cgccgacagce 2100
cagcatcacc 2160
gtacatctge 2220
cacccagctg 2280
ggtgttecgcece 2340
caacttcage 2400
cctgetgtte 2460
cctgggegac 2520
gctgeccece 2580
caccgccacce 2640
gcagatggec 2700
gaagcagatc 2760
caccagcacce 2820

caccctggtg

2880



WO 2005/021707

aagcagctga
ctggacaagg
ctgcagacct
ctggccgeca
ggcaagggcet
cacgtgacct
gagggcaadgg
atcacccagc
ggcaactgcg
gagctggaca
gtggacctygg
gaccggctga
ggcaagtacg
<210>
<211>

<212>
<213>

32

<220>
<223>

<400> 32

2094
DNA
Artificial Sequence

gcagcaactt
tggaggccga
acgtgaccca
ccaagatgag
accacctgat
acgtgcccag
cctacttcecee
ggaacttctt
acgtggtgat
gcttcaagga
gcgacatcag
acgaggtggc

agcagtacat

cggcgceccate
ggtgcagatc
gcagctgatc
cgagtgecgtg
gagcttcccc
ccaggagedg
ccgggaggge
cagcccccag
cggcatcate
ggagctggac
cggcatcaac
caagaacctg

caagtggccce

atggacgcca tgaagcgagg actgtgctge

agtccatccg
caggcaccaa
atcttcecgga
gtgacaggct
gggatttact
acaatgaaca
agagcatgca
actcaaacac
gacgccttea
gtgtttaaga

gtgcgtgatce

ccegggggte

attacaccca
gtgacaccct
ttecacaccat
ttgctgetac
ataagtctca
acttcgagct
ataccatgat
gcctagacgt
acaaagatgg

tgcectecgg

gggatctgac
acatacttca
gtatctgact
taaccatacc
tgagaaaagt
gagtgtcate
ctgtgataac
cttcgacaat
ctecggaaaag
atttttgtac

cttcaacacc

59/102

agcagcgtge
gaccggctga
cgggeccgceceg
ctgggccaga
caggccgecc
aacttcacca
gtgttegtgt
atcatcacca
aacaacaccg
aagtacttca
gccagegtgg
aacgagagcc

tgg

gttttgttge
ctagatagat
tccatgecgeg
caggacctgt
ttcgggaatc
aatgttgtca
atcattaaca
cctttetttg
gcgttcaatt
tccggaaact
gtatacaagg

ctgaagccta

tgaacgacat
tcaccggceg
agatccgggce
gcaagcgggt
cccacggegt
ccgcccecge
tcaacggcac
ccgacaacac
tgtacgaccc
agaaccacac
tgaacatcca

tgategacct

Fully optimized soluble TPA-S1 protein

tgtgcggege
gcacgacctt
gcgtttacta
ttctgeecett
cagtaatcce
gggggtgggt
attctaccaa
ctgtgtctaa
gtacctttga
ttaaacacct
gttatcagcc

tattcaaact

PCT/US2004/015512
cctgagecegg 2940
gctgcagagce 3000
cagcgccaac 3060
ggacttctgc 3120
ggtgttectg 3180
catctgccecac 3240
cagctggtte 3300
cttegtgage 3360
cctgcagecce 3420
cagccccgac 3480
gaaggagate 3540
gcaggagcetg 3600

3633
agtttttgte 60
cgatgacgtg 120
tccegacgaa 180
ctacagcaat 240
ttttaaggat 300
ttttggctca 360
tgtagtcatc 420
gceccatggge 480
gtatatatca 540
gcgggaatte 600
tatcgatgtc 660
acccctaggg 720



WO 2005/021707

atcaacatca
ggaacttccg
tatgatgaga
ctgaaatgct
cgggtegtge
ggcgaggtgt
tctaattgtg
tgttatggcg
tcttttgtgg
gcggactaca
aggaacattg
gggaaactca
ccctgtaccee
accacaggga
gctececegega
aactttaact
cagccattte
aagacttctg
cccggtacca
gtctctacag
aacaatgttt
tacgagtgeg
ctgagaagca
33

2091
DNA

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

<220>
<223>

<400> 33

ccaattttag
ccgctgecta
atggcacaat
ccgtaaagag
cctetggega
tcaacgctac
tggcagatta
tgagcgecac
ttaagggaga
actataaact
acgcaacgag
gaccttttga
cacctgecect
tcgggtacca
ctgtgtgtgg
ttaatggcett
agcaatttgg
agattttaga
acgccteate
ccattcacge
tccagactca
atattcccat

Caagccagaa

ggcaatactt
ctttgtgggce
cacggatgca
cttcgaaatt
cgttgtecegg
aaaattccca
ttcegtgtta
caagcttaac
cgatgtgcga
gcccgacgat
caccgggaac
acgagatatt
gaactgctat
gccctatege
gcecgaagttyg
gacaggtaca
cagagatgtg
catctcacct
cgaagtggcet
cgatcagetg
ggcecggttgt
aggtgcecgge

atcaattgtg

Artificial Sequence

60/102

acggcatttt
tatctcaage
gtggattgcet
gataaaggaa
ttcceccaaca
agtgtctacg
tacaacagca
gacctctgcet
cagatcgceccee
ttcatgggtt
tataattaca
agcaacgtcc
tggcctctea
gtggtggtte
agtactgact
ggtgtgctca
tctgacttta
tgttcetttg
gtecctgtatce
acaccagctt
ctgattggcg
atttgtgcga

gcatacacaa

cccecagececa
ctactacttt
cgcagaatcce
tctatcagac
tcaccaacct
cctgggagag
cattcttcte
tcteccaatgt
cggggcaaac
gtgtgcttge
aatatcgtta
ctttctecacc
acgactacgg
tctectttga
taataaaaaa
caccgagtag
cagacagcgt
gaggagtgag
aggacgttaa
ggcgecatcta
ccgageacgt
gctaccacac

tgtccttggg

Uniform optimization of soluble TPA-S1 protein

atggacgcca tgaagcgggg cctgtgetge gtgectgetge tgtgeggege cgtgttegtg

agccccageg cccggggcag cggcagcgac ctggaccggt gcaccacctt cgacgacgtg

caggccccca actacaccca gcacaccadc agcatgecggg gegtgtacta ccceccgacgag

PCT/US2004/015512
ggacatctgg 780
catgcttaag 840
acttgctgag 900
cagcaacttce 960
ctgcccatte 1020
gaaaaagatc 1080
‘aacgttcaag 1140
atacgctgac 1200
cggagtgatt 1260
ttggaatacg 1320
cctgecgeceat 1380
ggatgggaag 1440
cttctacact 1500
actccttaat 1560
tcaatgcgta 1620
caaaaggttc 1680
gcgegatect 1740
cgtgataact 1800
ttgcaccgat 1860
cagtaccggt 1920
cgacacatct 1280
tgtatcactg 2040
agca 2094

60

120

180



WO 2005/021707

atcttccgga
gtgaccggct
ggcatctact
accatgaaca
cgggcctgcea
acccagaccc
gacgccttcea
gtgttcaaga
gtgcgggacc
atcaacatca
ggcaccagcg
tacgacgaga
ctgaagtgca
cgggtggtge
ggcgaggtgt
agcaactgcg
tgctacggeg
agcttegtgg
gccgactaca
cggaacatceg
ggcaagctgce
ccctgeaccece
accaccggca
geccccegeca
aacttcaact
cagcccttec
aagaccagcg
cececggecacca
gtgagcaccg

aacaacgtgt

gcgacaccct
tccacaccat
tcgecgecac
acaagagcca
acttcgagcet
acaccatgat
gcctggacgt
acaaggacgg
tgcccagegg
ccaacttceg
ccgecegecta
acggcaccat
gcgtgaagag
ccagcggcga
tcaacgccac
tggccgacta
tgagcgccac
tgaagggcga
actacaagct
acgccaccag
ggceccttega
cceecgececet
tcggctacea
ccgtgtgegg
tcaacggect
agcagttcgg
agatcctgga
acgccagcag
ccatccacgce

tcecagacccea

gtacctgacc
caaccacacc
cgagaagagc
gagcgtgate
gtgcgacaac
cttcgacaac
gagégagaag
cttectgtac
cttcaacacc
ggccatectg
cttegtgggce
caccgacgcc
cttegagatce
cgtggtgcgg
caagttcccce
cagcgtgetg
caagctgaac
cgacgtgegg
gcccgacgac
caccggcaac
gcgggacatc
gaactgctac
gcectaccgg
ccccaagetg
gaccggcacce
ccgggacgtg
catcageccecece
cgaggtggcc
cgaccagctg

ggeceggctge

61/102

caggacctgt
ttecggcaacc
aacgtggtgc
atcatcaaca
ccettetteg
gccttcaact
agcggcaact
gtgtacaagg
ctgaagccca
accgccttceca
tacctgaagce
gtggactgca
gacaagggca
ttccecaaca
agcgtgtacg
tacaacagca
gacctgtgcet
cagatcgecee
ttcatggget
tacaactaca
agcaacgtgc
tggcccctga
gtggtggtgce
agcaccgacc
ggcgtgctga
agcgacttca
tgcagcttceg
gtgctgtacce
acccccgect

ctgatcggceg

tecctgeecett
ccgtgatceccece
ggggcetgggt
acagcaccaa
ccgtgagcaa
gcaccttcga
tcaagcacct
gctaccagcec
tcttcaagct
gccecgeeca
ccaccacctt
gccagaaccce
tctaccagac
tcaccaacct
cctgggageg
ccttctteag
tcagcaacgt
ccggccagac
gecgtgetgge
agtaccggta
ccttcecagecce
acgactacgg
tgagcttcga
tgatcaagaa
cccccagcag
ccgacagegt
gcggcegtgag
aggacgtgaa
ggcggatcta

ccgagcacgt

PCT/US2004/015512
ctacagcaac 240
cttcaaggac 300
gttcggcagce 360
cgtggtgatce 420
gcccatggge 480
gtacatcage 540
gcgggagtte 600
catcgacgtg 660
gcececetggge 720
ggacatctgg 780
catgctgaag 840
cctggecgag 900
cagcaactte 960
gtgcceccette 1020
gaagaagatc 1080
caccttcaag 1140
gtacgcecgac 1200
cggegtgatce 1260
ctggaacacc 1320
cctgeggeac 1380
cgacggcaag 1440
cttctacacc 1500
gctgectgaac 1560
ccagtgegtg 1620
caagcggttce 1680
gcgggacccce 1740
cgtgatcacc 1800
ctgcaccgac 1860
cagcaccggce 1920

ggacaccagc

1980



WO 2005/021707

62/102

PCT/US2004/015512

tacgagtgcg acatccccat cggcgccgge atctgegcca gctaccacac cgtgagcectg

ctgcggagca ccagccagaa gagcatcgtg gcctacacca tgagecctggg c

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

34
1623
DNA

<220>
<223>

<400> 34
atggatgcaa

agtccctcetg
attcctacaa
acctctgteg
ttgcagtatg
caagatcgga
ctcaaatact
aagcgcagtt
atgaagcagt
aagttcaacg
accgccgcac
ctgcaaatcc
aatgtcetat
attcaggagt
cagaacgctce
tececteegtge
gatagactta
cgtgcectgeag
ctgggacaga
caggccgccece
aatttcacca
gtgttegttt
ataattacaa

aataatactg

tgaaaagagg
ccaggggaayg
atttttccat
actgcaacat
gctecgttttg
ataccaggga
tcggggggtt
ttatcgaaga
acggagagtg
gtctgacagt
tggttagtgg
cattcgecgat
acgagaacca
ccecttactac
aggccttaaa
tcaacgatat
ttacaggcag
agatccgegce
gcaagagagt
cccatggagt
ccgcacctge
ttaacgggac
cagacaacac

tgtatgacce

Artificial Sequence

cctgtgttgt
cggcgacagc
ctcaatcacg
gtacatctge
cacccagttg
ggtcttegeg
caactttagc
cttactcttt
cctgggggat
gcttecgect
tacggccaca
gcagatggca
gaagcaaatc
aaccagtact
tacccttgtt
cctgagecge
gcttcagtet
ttcegecaac
ggacttttgt
ggtattccta
catttgccac
ttcatggttt
ttttgtgagce

gctgcagccce

Fully optimized soluble TPA-S2

gttctgetge
agtatagcect
acggaagtca
ggagactcta
aatcgggccce
caagtcaagc
caaatcctgc
aataaggtga
atcaacgegce
ctcctgaccg
gcaggctgga
tacagattta
gctaaccagt
gctttaggta
aaacagctat
ctcgataagg
ctecagacct
ttggctgeaa
gggaaaggct
cacgtgacgt
gaagggaagg
ataactcaaa
ggcaattgecg

gaactggaca

tgtgtgggge
actcaaacaa
tgccagttag
ctgagtgege
tcagtggcat
agatgtacaa
cagacccecet
cattagctga
gggacctaat
atgatatgat
cctteggtge
acggcattgg
tcaacaaagc
aactgcaaga
cctcaaactt
tggaagcgga
atgtcacaca
caaagatgtce
atcacttgat
acgttccatc
cttatttcce
ggaatttctt
acgtggtcat

gctttaaaga

ggtatttgtg
taccatcgece
catggccaaa
aaacctgctce
tgccgecagaa
aacccctaca
caagcctact
tgeccggattce
ctgtgececag
cgcagcttac
cggtgctgcce
agtcacccag
catatcccag
tgtagtgaac
tggggctatc
ggtccagatc
acagctcatt
tgaatgtgtyg
gagcttcecce
tcaagaacga
tcgagagggce
ctcgececeag

aggtattatt

ggagctggac

2040

2091

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440
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63/102

PCT/US2004/015512

aaatacttca agaatcatac ttcacccgac gtggatctgg gcgacatatc cggaatcaat

gcetetgtgg taaacattca gaaggagatc gatcggctga acgaagtggce taagaatctg

aatgaatcat tgattgacct tcaggagttg ggcaagtatg agcagtatat taaatggcca

tgg

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

35
1623
DNA

<220>
<223>

<400> 35
atggacgcca

agccccageg
atccccacca
accagcgtgg
ctgcagtacg
caggaccgga
ctgaagtact
aagcggagcet
atgaagcagt
aagttcaacg
accgecgecce
ctgcagatcc
aacgtgctgt
atccaggaga
cagaacgccce
agcagcgtge
gaccggctga
cgggecgceceg
ctgggccaga
caggcegecce

aacttcacca

tgaagcgggg
cceggggcag
acttcagcat
actgcaacat
gcagcettctg
acacccggga
tcggeggett
tcatcgagga
acggcgagtg
gcctgaccegt
tggtgagcgg
ccttegecat
acgagaacca
gcctgaccac
aggccctgaa
tgaacgacat
tcaccggecg
agatccggge
gcaagcgggt
cccacggegt

cecgeeeccge

Artificial Sequence

cctgtgetge
cggcgacagce
cagcatcacc
gtacatctge
cacccagctg
ggtgttcgcece
caacttcagc
cctgetgtte
cctgggcgac
gectgeceecece
caccgccacce
gcagatggcec
gaagcagatc
caccagcacc
caccctggtyg
cctgageegg
gctgcagage
cagcgccaac
ggacttctge
ggtgttcctg

catctgccac

gtgctgetge
agcatcgcct
accgaggtga
ggcgacagca
aaccgggecce
caggtgaage
cagatcctge
aacaaggtga
atcaacgccc
ctgctgaccg
geeggetgga
taccggttca
gccaaccagt
gccctgggea
aagcagctga
ctggacaagg
ctgcagacct
ctggccecgecea
ggcaagggct

cacgtgacct

gagggcaagg

Uniform optimization of TPA-S2 protein

tgtgecggege
acagcaacaa
tgccegtgag
ccgagtgege
tgagcggecat
agatgtacaa
ccgaccecect
ccetggecga
gggacctgat
acgacatgat
cetteggege
acggcatcgg
tcaacaaggc
agctgcagga
gcagcaactt
tggaggccga
acgtgaccca
ccaagatgag
accacctgat
acgtgcccag

cctacttece

cgtgttegtg
caccatcgcece
catggccaag
caacctgcectg
cgcegecgag
gaccceceace
gaagcccacce
cgcecggcette
ctgcgecceag
cgcegectac
cggcgccgec
cgtgacccag
catcagccag
cgtggtgaac
cggegecate
ggtgcagatc
gcagctgatce
cgagtgcgtg
gagcttcecccec
ccaggagcgg

ccgggaggdggce

1500

1560

1620

1623

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

260

1020

1080

1140

1200

1260
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gtgttecgtgt
atcatcacca
aacaacaccg
aagtacttca
gccagcegtgg
aacgagagcc
tgg

<210>
<211>

<212>
<213>

36
1269
DNA

<220>
<223>

<400> 36
atgtccgata

ccaacagaca
cggagacctc
ggaaaagagg
cctgacgatce
aagatgaagg
agtctgecccet
aatactccga
caattacccc
tcacaagcca
ggatcatcta
gctectgcectat
cagcagcagg
cagaaacgta
gaacagacac
cactggcecge
attggcatgg
gatgataaag

tataagacct

tcaacggcac
ccgacaacac
tgtacgaccc
agaaccacac
tgaacatcca

tgatecgacct

atggtcccca
gtaccgataa
agggattacc
aactgagatt
aaattggcta
agcttagcce
acggcgctaa
aagatcacat
agggaactac
gttcacgcetc
ggggaaactc
tgectggaccg
gtcaaacagt
cggccacaaa
agggcaattt
agategctca
aggtgacacc
atccccagtt

tccececcaac

cagctggttce
cttegtgage
cctgecagecce
cagccccgac
gaaggagatc

gcaggagctg

Artificial Sequence

Fully optimized N protein

gtctaaccag
caaccagaac
aaataatacc
ccctagagga
ttatcgacgt
acgctggtac
caaggaggga
cggcaccaga
tctgcegaag
cagcteccegg
tceegecegg
gctcaaccag
gaccaaaaaa
gcaatacaat
cggcgatcaa
gtttgcacct
atcaggtact
taaggacaac

cgaaccaaag

64/102

atcacccagc
ggcaactgcg
gagctggaca
gtggacctgg
gaccggcetga

ggcaagtacg

aggtcggege
ggcggaagaa
gcaagctggt
caaggggtge
gcgactegee
ttttactatc
atagtatggg
aatcctaaca
gggttctatg
tcgaggggta
atggcctcag
ctcgagtcca
agtgcagccg
gtgacccaag
gatttgatac
agcgecteceg
tggttaacgt
gttatcctece

aaggacaaga

ggaacttctt
acgtggtgat
gcttcaagga
gcgacatcag
acgaggtggc

agcagtacat

caagaatcac
acggggcecag
tcacageccect
ctattaatac
gtgttagagg
tgggaaccgg
tcgecacgga
ataacgcege
cggagggaag
attcecgaaa
gceggedgega
aagtctctgg
aggccagcaa
cctttggaag
gacagggcac
ctttectttgg
accacggggce
tgaataagca

agaagaagac

PCT/US2004/015512

cagcccccag
cggcatcate
ggagctggac
cggcatcaac
caagaacctg

caagtggccce

attcggggge

gcccaagcag
gacccagcat
taatagcggg
gggggacggyg
acctgaagct
aggtgcgttg
aaccgtgcta
ccgeggegge
cagcaccceg
aacagctctg
taaaggtcag
gaaaccacgc
gcgggggccec
tgactacaaa
catgagtcgg
aatcaaactt
tattgacgcce

agacgaggca

1320

1380

1440

1500

1560

1620

1623

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

260

1020

1080

1140
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65/102

PCT/US2004/015512

cagcctcectee cccagaggca gaaaaagcag cctactgtca cccttetgec cgcectgcagac

atggatgact tttccecgeca actccagaac tctatgagtg gggcttccge tgactctacg

caggcctga

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

37
1266
DNA

<220>
<223>

<400> 37
atgagcgaca

cccaccgaca
agaagacccce
ggcaaggagg
ccecgacgace
aagatgaagg
agcctgeect
aacaccccca
cagctgcecece
agccaggcca
ggcagcagca
gcecctgetge
cagcagcagyg
cagaagagaa
gagcagaccc
cactggcccce
atcggcatgg
gacgacaagg
tacaagacct
cagcccctge
atggacgact

caggcce

acggccccca
gcaccgacaa
agggcctgcece
agctgagatt
agatcggcta
agctgagccc
acggcgccaa
aggaccacat
agggcaccac
gcagcagaag
gaggcaacag
tgctggacag
gccagaccgt
ccgecaccaa
agggcaactt
agatcgccca
aggtgaccce
accccecagtt
tcececccac
cccagagaca

tcagcagaca

Artificial Sequence

Uniform optimization of N

gagcaaccag
caaccagaac
caacaacacc
ccccagaggc
ctacagaaga
cagatggtac
caaggagggc
cggcaccaga
cctgecccaag
cagcagcaga
cceccagecaga
actgaaccag
gaccaagaag
gcagtacaac
cggcgaccag
gttegeceece
cagcggcacce
caaggacaac
cgagcccaag
gaagaagcag

gctgcagaac

protein

agaagcgccce
ggcggcagaa
gccagctggt
cagggcgtge
gccaccagaa
ttctactacc
atcgtgtggg
aaccccaaca
ggcttctacg
agcagaggca
atggccagceg
ctggagagca
agcgccgeeg
gtgacccagg
gacctgatca
agcgccageg
tggctgacct
gtgatecctge
aaggacaaga

cccaccgtga

agcatgagceg

ccagaatcac
acggcgccag
tcaccgceccecet
ccatcaacac
gagtgagagg
tgggcaccgg
tggccaccga
acaacgccgce
ccgagggcag
acagcagaaa
gcggcggcega
aggtgagegg
aggccagcaa
cctteggcecag
gacagggcac
ccttettegg
accacggcgce
tgaacaagca
agaagaagac
ccectgetgece

gcgccagege

ctteggegge
acccaagcag
gacccagcac
caacagcggc
cggcgacggce
ccececgaggec
gggcgecccetyg
caccgtgctg
cagaggcggce
cagcacccce
gaccgccctg
caagggccag
gaagcccaga
aagaggccecce
cgactacaag
catgagcaga
catcaagctg
catcgacgcc
cgacgaggcce
cgccgecgac

cgacagcacc

1200

1260

1269

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1266



WO 2005/021707 PCT/US2004/015512
66/102

<210> 38
<211> 1209
<212> DNA

<213> Artificial Sequence

<220>
<223> Fully optimized N protein lacking NLS

;igg;tgiia atggcceccca gtctaaccag aggagcgcac cgcggatcac gttceggtgge 60
ccaaccgact caacagacaa taatcagaac ggaggacgca atggtgcacg tcctaagcag 120
agacgccecc aagggctgece taataataca gcaagttggt ttaccgcact cacacaacat 180
ggaaaggaag agttgcggtt ccccegegge cagggegtge ccatcaacac aaatagcgga 240
cccgacgatc agatcggata ttaccgaaga gctacaagga gagttcgegg cggggatgge 300
aagatgaagg agctatcacc acgatggtac ttctattacc tcgggacagg cccagaggcc 360

tcgectaccat acggggccaa caaggagggt attgtcectggg tecgetaccga aggggccctg 420

aatacaccta aagaccacat aggtaccaga aatcccaaca ataacgccge gaccgtgtta 480
cagcttceecte agggaacgac ccttccaaaa gggttttacg cegaaggatc teggggaggg 540
tcacaggcta gctccecgtag ctectcaagg tccaggggga attctagaaa cagtacaccc 600
ggctctagee gtggtaacte cccagectcege atggcatccg geggagggga aaccgctetg 660
gctctgectee tgttagatcg gttgaaccaa ctggaatcga aggtatccgg aaagggacag 720
cagcagcaag gccagactgt gactaagaag tccgcggecg aggccagtaa gaaaccccgce 780
cagaaacgaa ctgccaccaa acagtataat gtgacacagg ccttcggcag acggggtcca 840
gagcagaccc aaggcaactt cggggatcag gacctgatte ggcagggtac cgactataag 900
cactggccge aaattgctceca gtttgectecec agtgecgagtg ccttettegg catgtctagg 960

atcgggatgg aggttactcc tagcggcact tggcttactt atcacggage catcaaactc 1020
gatgataagg acccacagtt taaggataac gtgattctge tgaacaaaca tatagacgeg 1080
taccctctee cgcaaaggca gaaaaaacag cctaccgtca cgttactgcc tgccgcagac 1140

atggacgact tttctagaca gttgcaaaac agcatgtcag gcgcatccgce cgatagcact 1200

caagcttga 1209
<210> 39

<211> 1206

<212> DNA

<213> Artificial Sequence

<220>
<223> Uniform optimization of N protein lacking NLS



WO 2005/021707

<400> 39
atgagcgaca

cccaccgaca
agaagacccc
ggcaaggagg
cccgacgacce
aagatgaagg
agcctgecect
aacaccccca
cagctgcccec
agccaggcca
ggcagcagca
gcectgetge
cagcagcagg
cagaagagaa
gagcagaccc
cactggceccce
atcggeatgg
gacgacaadgg
taccececcetge
atggacgact
caggcc
<210>

<211>

<212>
<213>

40
666
DNA

<220>

<223>

<400> 40

acggccccca
gcaccgacaa
agggcctgece
agctgagatt
agatcggcta
agctgagccc
acggcgccaa
aggaccacat
agggcaccac
gcagcagaag
gaggcaacag
tgctggacag
gccagaccgt
ccgccaccaa
agggcaactt
agatcgeccca
aggtgacccc
acccccagtt
cccagagaca

tcagcagaca

gagcaaccag
caaccagaac
caacaacacc
ccccagaggce
ctacagaaga
cagatggtac
caaggagggce
cggcaccaga
cctgeccaag
cagcagcaga
ccececgecaga
actgaaccag
gaccaagaag
gcagtacaac
cggcgaccag
gttcgeeccee
cagcggcacc
caaggacaac
gaagaagcag

gctgcagaac

Artificial Sequence

Fully optimized M protein

atggctgaca acggcaccat aaccgtcgag

ttggtgatag gattcctctt tctggcecatgg

cgcaataggt ttttgtacat tatcaagctg

ctagecctgtt ttgttttgge ggecegtgtat

67/102

agaagcgccc
ggcggcagaa
gccagetggt
cagggcgtge
gccaccagaa
ttctactacc
atcgtgtggg
aaccccaaca
ggcttctacg
agcagaggca
atggccagcg
ctggagagca
agcgccgceceg
gtgacccagg
gacctgatca
agcgccageg
tggctgacct
gtgatcctge
cccaccgtga

agcatgagcg

gagcttaaac
atcatgttge
gtcttecttt

cggatcaatt

ccagaatcac
acggcgccag
tcacegeect
ccatcaacac
gagtgagagg
tgggcaccgg
tggccaccga
acaacgccgce
ccgagggcag
acagcagaaa
gcggceggcega
aggtgagcgg
aggccagcaa
cctteggecag
gacagggcac
ccttettegg
accacggcgce
tgaacaagca

ccetgetgee

gcgcecagege

agttattaga
ttcagttcge

ggctgectetg

gggtgacagg

PCT/US2004/015512
ctteggeggce 60
acccaagcag 120
gacccagcac 180
caacagcgge 240
cggcgacggce 300
ccceogaggcec 360°
gggcgccectg 420
caccgtgcetg 480
cagaggcggc 540
cagcaccecce 600
gaccgccectg 660
caagggccag 720
gaagcccadga 780
aagaggcccce 840
cgactacaag 900
catgagcaga 260
catcaagctg 1020
catcgacgcce 1080
cgcegecgac 1140
cgacagcacce 1200

1206
acaatggaac 60
ctattctaac 120
gccegtaaca 180
tggcattgcet 240
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attgcgatgg
ctgtttgece
gtgcctttac
gcagtcatca
aaggatctgce
ggagctagcce
ggaaattaca
cagtga
<210>

<211>

<212>
<213>

41
663

<220>
<223>

<400> 41
atggccgaca

ctggtgatcg
agaaacagat
ctggcecctget
atcgccatgg
ctgttcgeeca
gtgcccecetga
gcecgtgatca
aaggacctgce
ggcgecagcec
ggcaactaca
cag

<210>
<211>

<212>
<213>

42
231
DNA

<220>

<223>

<400> 42

DNA
Artificial Seguence

cttgcategt
gaacaaggag
gcggcactat
taagggggca
cgaaggaaat
agagagtggg

aactcaacac

acggcaccat
gcttectgtt
tcctgtacat
tcgtgetgge
cctgecategt
gaaccagaag
gaggcaccat
tcagaggcca
ccaaggagat
agagagtggg

agctgaacac

ggggctgatg
tatgtggtcet
cgtgaccegy
cctcagaatg
tactgttgca
taccgactce

agatcatgca

Uniform optimization of M

caccgtggag
cctggecectgg
catcaagctg
cgccgtgtac
gggcctgatg
catgtggagc
cgtgaccaga
cctgagaatg
caccgtggec
caccgacagc

cgacecacgcec

Artificial Sequence

Fully optimized E protein

68/102

tggctgtegt
tttaaccccg
cctctaatgg
gccgggeace
acttcacgaa
ggcttegetg

ggaagcaatg

protein

gagctgaagc
atcatgetge
gtgttcectgt
agaatcaact
tggctgaget
ttcaaccccg
ccecctgatgg
gcecggecacc
accagcagaa
ggcttecgcecg

ggcagcaacg

atttegttgce
agaccaatat
aatcecgagct
cacttgggag
cgctgagcta
cctacaaccg

ataacatecge

agctgctgga
tgcagttege
ggctgctgtg
gggtgaccgg
acttegtggce
agaccaacat
agagcgagcet
ccetgggeag
ccctgageta
cctacaacag

acaacatcge

PCT/US2004/015512
ctcattccgg 300
tctgctcaat 360
ggtaattggc 420
atgcgacatc 480
ttacaaactg 540
ctaccgtatce 600
cctectggte 660

666
gcagtggaac 60
ctacagcaac 120
gceegtgace 180
cggcatcgcece 240
cagcttcaga 300
cctgetgaac 360
ggtgatecggce 420
atgcgacatc 480
ctacaagctg 540
atacagaatc 600
cctgetggtg 660

663

atgtacagct ttgtgtctga agaaacagga acgttgatag ttaatagtgt tttgetttte

60
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69/102

ttagcgtteg tagtcttcet tcecttgtcaca cttgeccattt taactgeget tegtetatge 120
gcttactgtt gcaatatcgt aaacgtgteg cttgttaaac caacggttta cgtatactcg 180
cgagttaaaa acctgaattc ttcagaaggt gttcctgatc tgctagtcta a 231
<210> 43

<211> 231

<212> DNA

<213> Artificial Sequence

<220>

<223> Uniform optimization of E protein

<400> 43

atgtacagct tcgtgagcga ggagaccggce accctgatcg tgaacagegt gctgctgtte 60
ctggectteg tggtgttcoct gectggtgace ctggccatce tgaccgecccect geggetgtge 120
gcctactget gcaacatcgt gaacgtgagc ctggtgaagce ccaccgtgta cgtgtacagce 180
cgggtgaaga acctgaacag cagcgagggc gtgcccgacc tgctggtgtg a 231
<210> 44

<211> 3588

<212> DNA

<213> Artificial Sequence

<220>

<223> Minimal optimization of soluble S protein

<400> 44

atgtttatct tcctgetgtt tetgacactg acaageggceca gtgacctgga tagatgcaca 60
acgtttgacg acgtgcaggce cceccaactac acccagcata catccagecat gaggggcegtt 120
tactaccceg atgagatcett tagaagtgat actctgtatc tgactcagga cctgtttcetg 180
cccttetatt ctaacgttac tggectteccat acaatcaacc acaccttcgg caaccccgta 240
atacccttta aggatggcat ctactttgcc gccaccgaga agtctaacgt agtgagagge 300
tgggtgttecg gcagtactat gaacaacaag tctcagtctg tgataataat caacaactcc 360
actaacgtcg tcatcagagc ctgtaacttc gagectgtgceg ataacccett cttegecegtt 420
tcgaagcceca tgggcactceca gacccataca atgatctttg ataacgcctt caactgcacce 480
tttgagtata tctectgatge cttecagtctg gatgtgtecg agaagtcagg caacttcaag 540
catctgagag agtttgtgtt caagaacaag gatggctttc tgtacgtcta caagggctac 600
cagceccatag atgtggtacg tgacctgccecc agecggettca acactctgaa geccatatte 660
aagctgccece tgggcataaa cattaccaac tttagagcca ttctgacggce cttctcececce 720
gcccaggata tctggggcac aagtgccgee gectactteg tgggctacct gaagcccaca 780
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acttttatgc
aaccccectgg
cagacaagca
aacctgtgcec
gagaggaaga
ttcagtaccet
aacgtgtatg
cagacaggcg
ctggcectgga
agatatctgce
tceceececgatg
tatggcttct
ttcgagetge
aagaaccagt
agcagcaagc
tcecgtgagag
gtgtcagtta
gtgaactgca
atttatagta
catgtagata
cacaccgttt
ctgggcgecyg
tctattteta
aacatgtaca
ttctgeacce
agagaggttt
ggctttaact
gaggacctge
gagtgcctgg
acagtactgce

tctggcactg

tgaagtacga
ccgagctgaa
acttccgegt
cctteggega
agatttcaaa
ttaagtgcta
ccgatagett
tcatcgeecga
acacgaggaa
ggcacggcaa
gcaagccctg
acaccacaac
tgaacgcccce
gtgtgaactt
ggtteccagece
atcccaagac
ttacacccgg
ctgatgtgag
cgggcaacaa
cgtcttatga
ctetgetgeg
atagctctat
tcactacaga
tectgeggega
agctgaacag
tcgeeccaggt
tttctcagat
tgttcaacaa
gcgatatcaa
ccccecectget

ccaccgecgg

cgagaacggce
gtgctcagtt
ggtccccage
ggtattcaac
ctgegtggec
cggegtgtet
cgtcgtcaag
ctacaactac
catagatgcc
gctgaggeccece
cactccceccecce
tggcatcgge
cgccacagte
caactttaac
cttecagcag
ttccgagata
cactaacgcc
tacagccatc
cgtcttteag
gtgcgacatce
aagtacttct
cgcctatage
ggtgatgccc
tagtacagag
agccctgtcet
taagcagatg
tetgeccegat
ggtgactctg
cgccagagac
gactgatgac

ctggaccttt

70/102

accataacag
aagagttttg
ggcgatgtgg
gccacaaagt
gactactcgg
gccacaaagc
ggcgacgacg
aagctgcccg
accagcactg
ttcgagagag
gccctgaact
tatcagcecct
tgcggcecccea
ggcctgactyg
tttggcagag
ctggatatca
tegtecgagg
cacgccgace
actcaggccg
ccecatcggeg
cagaagtcta
aacaacacta
gtectccatgg
tgcgccaacc
ggcatcgcceg
tacaagactc
ccecctgaage
gccgacgecg
ctgatctgtg
atgattgccg

ggcgeceggceg

atgcecgtgga
agatagataa
tgaggtttce
tcececteegt
tgctgtataa
tgaacgatct
tcagacagat
acgatttcat
gcaactacaa
acatctctaa
gctactggece
accgecgtagt
agctgtccac
gcaccggegt
acgtgtctga
gtcecctgete
tagccgttet
agctgacccce
gctgectgat
ccggecatetg
tagtggeccta
tageccatccce
ccaagaccag
tgetgetgea
ccgagcagga
ccactctgaa
ccactaagag
gctttatgaa
ccecagaagtt
cctatacggc

ccgeectgea

PCT/US2004/015512

ctgttctcag
gggcatctat
caacattacc
ttacgcctgg
ctctacttte
gtgectttage
cgcececcgge
gggctgegtg
ctacaagtac
cgttececettt
cctgaacgac
cgtgctgteg
tgacctgatt
gctgacaccce
tttcacagat
cttecggegge
gtatcaggac
cgcctggegg
cggcgccgag
cgccagctat
caccatgtct
cacaaacttc
cgttgattge
gtatggcagc
taggaacaca
gtactttggc
gagtttcata
gcagtacgge
taacggcctg
cgcccetggtg

gatacccettt

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580

2640
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gccatgcaga
aaccagaagc
accactacat
ctgaacaccc
gatatactga
ggcagactgce
agagccagtg
agggtagact
ggcgtegtgt
ccecgecatcet
ggcacgagtt
aacacttttg
gacccectge
catactagcc
atacagaagg
gacctgcagg
<210>
<211>

<212>
<213>

45

<220>
<223>

<400> 45
atgttcatct

acctttgacg
tattaccccg
cccettttact
atccccttea
tgggtcttceg
actaacgtgg
tccaagecca

ttcgagtata

2049
DNA
Artificial Sequence

tggcctaccg
agatagccaa
ctactgcect
tggttaagca
gtecggctgga
agtctctgea
ccaacctgge
tttgtggcaa
ttctgecatgt
gccacgaggg
ggttcatcac
taagtggcaa
agccegaget
ccgacgttga
agatcgatag

agctgggcaa

tcctgetgtt
atgtacaggc
acgagatctt
ctaacgtgac
aggatggcat
gcagtacgat
ttataagagce
tgggcacaca

taagcgatgce

attcaacggc
ccagttcaac
gggcaagctyg
gctgtcaagt
taaggtggag
gacatatgtt
cgccactaag
gggctatcac
cacttatgtt
caaggcctat
ccagcgaaac
ctgcgatgte
ggattcattc
tectgggegac
actgaacgag

gtacgagcag

tctgacactg
ccccaactac
cagaagtgac
tggctttcac
ctattttgcce
gaacaacaag
ctgcaactte
gacccacacc

cttcagtcetg

71/102

ataggcgtaa
aaggccatct
caggacgtag
aacttcggeg
gcegaggtge
actcagcagc
atgtccgagt
ctgatgtcect
ccctcacagg
ttccececaggg
ttcttttege
gtcatecggca
aaggaggagc
ataagcggca
gtggccaaga

tacatcaagt

acttectggcet
actcagcaca
actctgtacc
actatcaacc
gccaccgaga
tctcagtceg
gagctgtgeg
atgatattcg

gatgtttctg

cccagaacgt
ctcagattca
tgaaccagaa
ccatctctag
agattgacag
tgataagggc
gcgtectggg
tccecececagge
agaggaactt
agggcgtett
cccagataat
taatcaacaa
tggacaagta
tcaacgccag

acctgaacga

ggcectgg

Minimal optimization of soluble S1 protein

cagatctgga
catcgtcecat
tgacacagga
ataccttegg
agtccaacgt
tgataatcat
acaacccctt
acaacgcctt

agaagtcagg

PCT/US2004/015512
tctgtatgag 2700
ggagtctctg 2760
cgccecaggec 2820
cgttectgaac 2880
actgatcaca 2940
cgecgagatt 3000
ccagagtaag 3060
cgececeocacac 3120
cacgaccgcece 3180
cgtattcaac 3240
tacaacggac 3300
cacggtttac 3360
cttcaagaac 3420
tgtagtcaac 3480
gtctctgata 3540

3588
tagatgcact 60
gcgaggcegtg 120
cctgttectg 180
caaccccecgta 240
ggtgaggggc 300
aaacaacagt 360
cttegeegtg 420
taactgtact 480

caactttaag

540
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catctgagag
cagcccatag
aagctgceccece
gcccaggata
acattcatgce
aaccccctgg
cagacttcta
aacctgtgcce
gagaggaaga
ttttctacat
aacgtgtatg
cagacaggcg
ctggecctgga
aggtatctga
agtcccgacg
tacggectttt
ttcgagetge
aagaaccagt
tctagtaaga
agtgtgagag
gtgtectgtca
gtcaactgta
atttactcta
catgtggata
cataccgtgt

ctgggegcece

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

46

DNA

<220>
<223>

1539

agttcgtatt
atgtcgtgeg
tgggcatcaa
tatggggcac
tgaagtacga
ccgagctgaa
actttcgggt
cctteggega
agatttcgaa
tcaagtgcta
ccgactcatt
tgatcgccga
acacaaggaa
gacacggcaa
gcaagccctyg
ataccactac
tgaacgccece
gcgtaaactt
gattccagcc
atcccaagac
taacgccegg
cagacgtctce
ccggcaacaa
cttectacga

ctctgctgag

caagaacaag
ggatctgece
cataaccaac
tagcgcecgece
tgagaacggce
gtgcagtgtg
ggttceccagce
ggtgtttaac
ctgecgtggcece
cggcgtcagt
tgtagttaag
ttataactat
catcgatgcece
gctgaggecee
cactcccecee
aggcatcggc
cgccactgtt
taactttaac
ctttcagcag
cagcgagatc
cacgaacgcce
cacagccata
cgtecttecag
gtgcgacata

atctacctcet

Artificial Sequence

72/102

gacggctttc
agcggcettcea
tttagagcca
gcctattteg
acaattacgg
aagtctttcg
ggcgacgttg
gccacaaagt
gactatagcg
gccactaagc
ggcgatgatg
aagctgcccg
actagcactg
ttecgagegag
gccectgaact
taccagccct
tgcggeccca
ggcctgacag
ttcggcegeg
ctggacatta
tettetgagg
cacgccgatc
acccaggecg
cccatecggeg

cagaagadta

tgtatgttta
acacactgaa
tcectgactge
tcggctacct
atgccgtaga
agatcgacaa
ttaggtttce
tccecteegt
tcctgtacaa
tgaacgacct
tgagacagat
acgatttcat
gcaactacaa
atatcagtaa
gctattggcece
acagggttgt
agctgtcaac
gcacaggegt
acgtcagcga
gtccctgtte
tcgeegttet
agctgactcc
gctgectgat
ccggecatttg

tcgttgecta

Minimal optimization of soluble S2 protein

PCT/US2004/015512

taagggctac
gcccattttt
ctttagcecce
gaagcccacc
ttgcagtcag
gggcatatac
caacatcacc
atatgcctgg
ctectacattce
gtgcttcage
tgcceecegge
gggctgegtt
ctacaagtac
cgtacccette
cctgaacgac
ggtgctgagce
ggatctgatc
cctgactcecece
ttttacggat
ttteggcgge
gtaccaggac
cgectggaga
cggcgccgag
cgectegtac

cactatgtcc

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

2049
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<400> 46
gatagcagca

ataactaccg
atctgtggeg
cagctgaaca
ttcgceccagg
ttctctcaga
ctgttcaaca
ggcgacatca
ccecccectge
gccactgecg
atggcctaca
cagatcgcca
agtaccgccce
ctggttaagc
tctaggctgg
cagagtctge
gccaacctgg
ttctgeggea
ttecetgeacg
tgccacgagg
tggttcateca
gtttcgggceca
cagcccgagce
cccgatgtgg
gagatagata
gagctgggcea
<210>
<211>

<212>
<213>

47

DNA

<220>
<223>

1620

tagcctacte
aggtgatgcc
attctacaga
gggccctgte
taaagcagat
tactgccega
aggttaccct
acgccagaga
tgactgacga
gctggacatt
gatttaacgg
accagtttaa
tgggcaagcet
agctgtctag
acaaggtcga
agacttatgt
ccgccacaaa
agggctatca
taacttacgt
gcaaggccta
cccagaggaa
actgcgacgt
tggacagctt
acctgggcga
gactgaacga

agtacgagca

aaacaacacg
cgtgagcatg
gtgtgccaac
tggcatcgece
gtataagacg
cceccectgaag
ggccgatgece
tctgatatge
catgatecgcc
cggcgeaggc
cattggegtc
caaggccata
gcaggatgta
caacttcggce
ggccgaggtg
aactcagcag
gatgtctgag
tctgatgtct
gceccagtcag
cttcccceaga
ctttttecage
agtgatcgge
taaggaggag
catttctggce
ggttgccaag

gtatataaag

Artificial Sequence

73/102

atcgecatcce
gccaagacat
ctgctgetge
gcegageagg
cccactctga
cccactaaga
ggctttatga
gcccagaagt
gcctatacceg
gccgecctge
actcagaacg
agccagatcc
gtgaaccaga
gccatcagta
cagattgatc
ctgatcagag
tgegtectgg
ttteceecagg
gagagaaact
gagggcgtgt
cceccagatceca
ataataaaca
ctggacaagt
ataaacgcct
aacctgaacg

tggccctgg

Minimal optimization of TPA-S protein

ccacaaactt
cggtagattg
agtacggctc
atcggaacac
agtacttecgg
ggtcttttat
agcagtatgg
tcaacggect
ccgecctggt
agatccecctt
tcectgtatga
aggagtcact
acgcccagge
gtgttctgaa
gcctgattac
ccgecgagat
gccégagtaa
ccgeccccca
ttaccactge
ttgtgttcaa
taacaactga
acaccgtgta
actttaagaa
ccgtegtcaa

agtccctgat

PCT/US2004/015512
ttccatttce 60
caacatgtac 120
tttctgecacg 180
acgggaggtt 240
cggcttcaac 300
cgaggatctg 360
cgagtgccetg 420
gactgtgcectg 480
gagtggcaca 540
cgccatgcag 600
gaaccagaag 660
gacaacgaca 720
cctgaacact 780
cgatattcetg 840
cggcagactyg 900
tcgagectcce 960
gagggttgac 1020
cggcgtegtg 1080
ccecgecate 1140
cggcacatcet 1200
caacacttte 1260
cgatccectg 1320
ccatacctca 1380
catccagaag 1440
cgatctgcecag 1500

1539
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<400> 47
atggatgcca

agccccagceg
atacccacaa
actagtgtag
ctgcagtatg
caggaccgga
ctgaagtatt
aagaggtctt
atgaagcagt
aagtttaacg
actgcecgecec
ctgcagatcce
aacgtcctgt
attcaggaga
cagaacgccce
tccteggtge
gatagactga
agagccgecg
ctgggccagt
caggccgcecece
aactttacca
gtgttegttt
attataacaa
aacaacacag
aagtatttta
gccagtgteg
aacgagtcac
48

231
DNA

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

tgaagcgagg
cceggggeag
acttctctat
actgcaacat
gctetttetg
acacaagaga
ttggcggett
tcatecgagga
acggcgagtg
gcctgacggt
tggtectetgg
ccttegecat
acgagaacca
gcctgacaac
aggccctgaa
tgaacgacat
tcacaggcag
agatcagagc
ctaagagagt
cccatggegt
cggecceccge
ttaacggcac
cagataacac
tgtacgatcce
agaaccacac
tgaacataca

tgatcgatct

cctgtgttge
tggcgacagce
atctataact
gtacatctgce
cacccagctg
ggttttecgec
caacttctect
cctgcectgtte
cctgggegac
cctgceecccee
caccgecace
gcagatggcece
gaagcagatce
cactagcact
cacactggtt
actgtcaagg
actgcagagce
ctcagccaac
cgatttctgce
tgtattcctg
catctgceccac
tagctggttt
tttecgtgtece
cctgecagece
ttccececegat
gaaggagatc

gcaggagctyg

Artificial Sequence

74/102

gtactgctgc
agcatcgecect
acggaggtga
ggcgactcta
aacagagccc
caggtaaage
cagatcctgce
aacaaggtca
attaacgccce
ctgectgacag
gcecggetgga
tatagattta
gccaaccagt
gcectgggea
aagcagctga
ctggacaagg
ctgcagacct
ctggcecgeca
ggcaagggct
catgtgacat
gagggcaagg
attacccaga
ggcaactgcg
gagctggata
gtagacctgg
gataggctga

ggcaagtacg

tgtgecggege
attcgaacaa
tgccegtgte
ctgagtgcege
tgagtggcat
agatgtacaa
ccgatccect
ctetggecega
gcgacctgat
atgatatgat
cttteggege
acggcatagg
ttaacaaggc
agctgcagga
gttctaactt
tcgaggcega
acgttacaca
cgaagatgtc
accacctgat
atgttcecte
cctacttece
ggaacttctt
atgttgtgat
gttttaagga
gcgatatcag
acgaggtggce

agcagtatat

PCT/US2004/015512

cgtgtttgtg
cactattgcce
tatggccaag
caacctgcectg
cgcecgecgag
gacccccact
gaagcccacc
tgeceggette
ctgtgcccag
cgeccgectac
cggcgecgec
cgtaactcag
catctcccag
cgtggtgaac
tggcgceccata
ggttcagata
gcagctgatce
tgagtgcgtce
gagtttcecce
ccaggagagyg
cagagagggc
ctecececececag
aggcatcatt
ggagctggac
tggcataaac
caagaacctg

taagtggccec

60

120

180

2490

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620



WO 2005/021707
<220>
<223>
<400> 48

Minimal optimization of E

atgtatagtt ttgtgagtga ggagacgggc

ctggectttg ttgtettecct getggtaact

gcctactget gecaacategt gaacgtetet

agggtgaaga acctgaactce cagcgagggc

<210> 49
<211> 1620
<212> DNA
<213>

<220>

<223>

<400> 49

Artificial Sequence

atggatgcca tgaagcgagg cctgtgttge

agccccagceg
atacccacaa
actagtgtag
ctgcagtatg
caggaccgga
ctgaagtatt
aagaggtctt
atgaagcagt
aagtttaacg
actgececgecc
ctgcagatcc
aacgtecctgt
attcaggaga
cagaacgcce
tceteggtge
gatagactga
agagccgceg

ctgggccagt

cccggggceag

acttctctat
actgcaacat
gctetttetg
acacaagaga
ttggcggett
tcatcgagga
acggcgagtyg
gcetgacggt
tggtctctgg
ccttegecat
acgagaacca
gcctgacaac
aggccctgaa
tgaacgacat
tcacaggcag
agatcagagce

ctaagagagt

tggcgacagce
atctataact
gtacatctge
cacccagctg
ggttttcgce
caacttctcet
cctgetgtte
cetgggcgac
cctgececceccece
caccgccacce
gcagatggecc
gaagcagatce
cactagcact
cacactggtt
actgtcaagg
actgcagagce
ctcagccaac

cgatttctge

75/102

protein

accctgattg
ctggccatcce
ctggtaaagc

gttcccgate

gtactgctgce
agcatcgceccet
acggaggtga
ggcgactcta
aacagagccc
caggtaaagc
cagatcctge
aacaaggtca
attaacgccce
ctgectgacag
gccggetgga
tatagattta
gccaaccagt
gcecctgggea
aagcagctga
ctggacaagg
ctgcagacct

ctggcecgcecea

ggcaagggct

tcaactcagt
tgactgccect
ccacagttta

tgctggtatg

Minimal optimization of TPA-S2 protein

tgtgcggegce
attcgaacaa
tgccegtgte
ctgagtgcge
tgagtggcat
agatgtacaa
ccgatececect
ctetggecga
gcgacctgat
atgatatgat
cttteggege
acggcatagg
ttaacaaggce
agctgcagga
gttctaactt
tcgaggccga
acgttacaca
cgaagatgtc

accacctgat

PCT/US2004/015512

gctgetgtte
gagactgtgce
cgtgtattct

a

cgtgtttgtg
cactattgcc
tatggccaag
caacctgcetg
cgccgecgag
gacccccact
gaagcccacc
tgcecggette
ctgtgeccag
cgeccgectac
cggcgecgec
cgtaactcag
catctcceag
cgtggtgaac
tggcgccata
ggttcagata
gcagctgatc
tgagtgcgte

gagtttccecce

60

120

180

231

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140



WO 2005/021707

caggccgecce
aactttacca
gtgttecgttt
attataacaa
aacaacacag
aagtatttta
gccagtgteg
aacgagtcac
<210>
<211>

<212>
<213>

50

DNA
<220>
<223>

<400> 50
atggttatct

accttcgacg
tactaccccg
cccttetaca
atccectttea
tgggtgttcg
accaacgtgg
tccaaaccta
ttecgagtaca
cacctgeggg
cagcccateg
aagctgccce
gcccaggata
accttcatgce
aaccccctgg
cagaccagca
aacctgtgcce

gagcggaaga

2052

cccatggegt
cggcceccccge
ttaacggcac
cagataacac
tgtacgatcc
agaaccacac
tgaacataca

tgatcgatct

ttetgetgtt
acgtgcaggc
acgagatttt
gcaacgtgac
aggacggcat
gcagcaccat
tgatccgggce
tgggcaccca
tcagcgacgce
agttecgtgtt
acgtggtgag
tgggcatcaa
tectggggeac
tgaagtacga
ccgagctgaa
acttcagagt
cctteggega

agatcagcaa

tgtattcctg
catctgeccecac
tagectggttt
tttegtgtec
cctgcagecce
ttcecececgat
gaaggagatc

gcaggagctg

Artificial Sequence

Sequence contain in VR9208

cctcacccecte
cceccaactac
cagaagcgac
cggcttccac
ctacttcgcece
gaacaacaag
ctgcaatttc
gacccacacce
cttecagecetg
caagaacaag
agacctgccee
catcaccaac
cagcgccgcet
cgagaacggc
gtgcagecgtg
ggtgectage
ggtgttcaac

ctgegtggcce

76/102

catgtgacat
gagggcaagg
attacccaga
ggcaactgcg
gagctggata
gtagacctgg
gataggctga

ggcaagtacg

accagcggca
acccagcaca
accctgtacc
accatcaacc
gccaccgaga
agccagagcg
gagctgtgeg
atgatcttcg
gatgtgagcg
gacggcttce
agcggcttca
ttccgggceca
gcctacttceg
accatcaccyg
aagagcttcg
ggcgatgtgg
gcecaccaagt

gattacagcg

atgttcecte
cctacttecece
ggaacttctt
atgttgtgat
gttttaagga
gcgatatcag
acgaggtggc

agcagtatat

gcgatctgga
ccagcagcat
tcacccagga
acaccttcgg
agagcaatgt
tgatcatcat
acaacccttt
acaacgcctt
agaagagcgg
tgtacgtgta
acaccctgaa
tccteacege
tgggectacct
atgccgtgga
agatcgacaa
tgaggttcce
toecctagegt

tgctgtacaa

PCT/US2004/015512

ccaggagagyg
cagagagggce
ctecceeccecag
aggcatcatt
ggagctggac
tggcataaac
caagaacctg

taagtggccce

taggtgcacc
gaggggcgtg
cctgttectg
caaccccegtg
ggtgcgggge
caacaacagc
cttegeegtg
caactgcacc
caacttcaag
caagggctac
geccatcette
ctttageccct
gaagcctacc
ctgcagecag
gggcatctac
caatatcacc
gtacgccetgg

cteccacctte

1200

1260

1320

1380

1440

1500

1560

1620

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080



WO 2005/021707

ttcagcacct
aacgtgtacg
cagaccggcg
ctggcctgga
cgctacctga
agcceccgacg
tacggcttct
ttecgagcectgce
aagaaccagt
agcagcaaga
agcgtgaggg
gtgtccgtga
gtgaactgca
atctacagca
cacgtggaca
cacaccgtga

ctgggcgect

<210> 51

<400>
000

51

<210> 52

<400> 52
000

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

53
231
DNA

<220>

<223>

<400> 53

tcaagtgcta
ccgactcecatt
tgatcgccga
acaccagaaa
ggcacggcaa
gcaagccectg
acaccaccac
tgaacgcccce
gcgtgaactt
gattccagcec
atcctaagac
tcacccecgg
ccgacgtgag
ccggcaacaa
ccagctacga
gcectgetgag

ga

cggecgtgage
cgtggtgaag
ctacaactac
catcgacgcece
gctgagaccc
caccccecect
cggcatcgge
tgccacegtg
caacttcaac
cttccagcag
cagcgagatce
caccaacgcc
caccgccatce
cgtgttccag
gtgcgacatce

aagcaccagc

Artificial Sequence

77/102

gccaccaagc
ggcgacgacg
aagcttcccg
acctccaccg
ttcgageggg
gccetgaact
tatcagccct
tgcggccceca
ggcctecaccg
ttcggcaggg
ctggacatca
agcagcgagg
cacgccgace
acccaggeceg
cccatcggag

cagaagagca

Minimal optimization of E protein

tgaacgacct
tgagacagat
acgacttcat
gcaactacaa
acatctccaa
gctactggece
acagagtggt
agctgagcac
gcaccggcegt
acgtgagcga
gcccttgeag
tggccgtget
agctcacccce
gctgectceat
ccggecatctg

tcgtggecta

PCT/US2004/015512
gtgcttcage 1140
cgececectgge 1200
gggctgegtyg 1260
ttacaagtac 1320
cgtgcoccoctte 1380
cctgaacgac 1440
ggtgctgagce 1500
cgacctcatce 1560
gctcecacccce 1620
tttcaccgac 1680
ctteggegge 1740
gtaccaggac 1800
cgcctggaga 18690
cggegecgag 1920
cgccagcectac 1980
caccatgage 2040

2052

atgtatagtt ttgtgagtga ggagacgggc accctgattg tcaactcagt gctgetgtte

ctggccetttg ttgtcttecect getggtaact ctggececatcece tgactgecect gagactgtge

60

120



WO 2005/021707

78/102

PCT/US2004/015512

gcctactget gcaacatcgt gaacgtcetct ctggtaaage ccacagttta cgtgtattct

agggtgaaga acctgaactc cagcgagggc gttccecgate tgetggtatg a

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

54
1542
DNA

<220>
<223>

<400> 54
atggatagtt

agcattacta
tacatctgeg
acacaactaa
gtgttcgete
aatttttcac
ttgctcttta
ctaggtgata
tfgccacctc
actgccactyg
caaatggcat
aaacaaatcg
acatcaactg
acacttgtta
ctttecgegac
cttcaaagece
tctgctaate
gacttttgtg
gtcttectac
atttgtcatg
tcttggttta
tttgtcteag
ctgcaacctg

tcaccagatg

caattgectta
cagaagtaat
gagattctac
atecgtgecact
aagtcaaaca
aaatattace
ataaggtgac
ttaatgctag
tgctecactga
ctggatggac
ataggttcaa
ccaaccaatt
cattgggcaa
aacaacttag
ttgataaagt
ttcaaaccta
ttgectgcetac
gaaagggcta
atgtcacgta
aaggcaaagc
ttacacagag
gaaattgtga
agctcgacte

ttgatcttgg

Artificial Sequence

ctctaataac
gcctgtttcet
tgaatgtgct
ctcaggtatt
aatgtacaaa
tgaccctcta
actcgctgat
agatctcatt
tgatatgatt
atttggtgét
tggcattgga
taacaaggcg
gctgecaagac
ctctaatttt
¢gaggcggag
tgtaacacaa
taaaatgtct
ccaccttatg
tgtgccatcce
atacttccct
gaacttettt
tgtegttatt
attcaaagaa

cgacatttca

Optimized soluble S2 protein with MET

accattgcta
atggctaaaa
aatttgctte
gctgectgaac
accccaactt
aagccaacta
gctggcttcea
tgtgcgcaga
gctgectaca
ggcgectgete
gttacccaaa
attagtcaaa
gttgttaacc
ggtgcaattt
gtacaaattg
caactaatca
gagtgtgttce
tcetteccac
caggagagga
cgtgaaggtg
tctcecacaaa
ggcatcatta
gagctggaca

ggcattaacg

tacctactaa
cectecegtaga
teccaatatgg
aggatcgcaa
tgaaatattt
agaggtettt
tgaagcaata
agttcaatgg
ctgctgetcet
ttcaaatacc
atgttctcta
ttcaagaatc
agaatgctca
caagtgtgct
acaggttaat
gggctgetga
ttggacaatc
aagcagceccc
acttcaccac
tttttgtgtt
taattactac
acaacacagt
agtacttcaa

cttctgtegt

cttttcaatt
ttgtaatatg
tagettttge
cacacgtgaa
tggtggtttt
tattgaggac
tggegaatgce
acttacagtg
agttagtggt
ttttgetatg
tgagaaccaa
acttacaaca
agcattaaac
aaatgatatc
tacaggcaga
aatcagggcet
aaaaagagtt
gcatggtgtt
agcgccagca
taatggcact
agacaataca
ttatgatcct
aaatcataca

caacattcaa

180

231

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440



WO 2005/021707 PCT/US2004/015512
79/102

aaagaaattg accgcctcaa tgaggtcgct aaaaatttaa atgaatcact cattgacctt 1500

caagaattgg gaaaatatga gcaatatatt aaatggcctt gg 1542
<210> 55

<211> 9

<212> PRT

<213> Artificial Sequence

<220>
<223> H-2Kd binding pepride

<400> 55

Thr Tyr Gln Arg Thr Arg Ala Leu Val

1 5
<210> 56

<211l> 514

<212> PRT

<213> Artificial Sequence

<220>
<223> Optimized S2 protein with MET

<400> 56
Met Asp Ser Ser Ile Ala Tyr Ser Asn Asn Thr Ile Ala Ile Pro Thr

1 5 10 15

Asn Phe Ser Ile Ser Ile Thr Thr Glu Val Met Pro Val Ser Met Ala
20 25 30

Lys Thr Ser Val Asp Cys Asn Met Tyr Ile Cys Gly Asp Ser Thr Glu
35 40 45

Cys Ala Asn Leu Leu Leu Gln Tyr Gly Ser Phe Cys Thr Gln Leu Asn
50 55 60

Arg Ala Leu Ser Gly Ile Ala Ala Glu Gln Asp Arg Asn Thr Arg Glu
65 70 75 80

Val Phe Ala Gln Val Lys Gln Met Tyr Lys Thr Pro Thr Leu Lys Tyr
85 20 95

Phe Gly Gly Phe Asn Phe Ser Gln Ile Leu Pro Asp Pro Leu Lys Pro
100 105 110

Thr Lys Arg Ser Phe Ile Glu Asp Leu Leu Phe Asn Lys Val Thr Leu
115 120 125



Ala

Asn

145

Leu

Leu

Ala

Ile

Asn

225

Thr

Gln

Ile

Ala

Gln

305

Ser

Ser

Pro

WO 2005/021707

Asp

130

Ala

Pro

Val

Leu

Gly

210

Gln

Ser

Ala

Ser

Glu

290

Thr

Ala

Lys

Gln

Ala

Arg

Pro

Ser

Gln

195

Val

Phe

Thr

Leu

Ser

275

val

Tyr

Asn

Arg

Ala
355

Gly

Asp

Leu

Gly

180

Ile

Thr

Asn

Ala

Asn

260

val

Gln

Val

Leu

val

340

Ala

Phe

Leu

Leu

165

Thr

Pro

Gln

Lys

Leu

245

Thr

Leu

Ile

Thr

Ala

325

Asp

Pro

Met

Ile

150

Thr

Ala

Phe

Asn

Ala

230

Gly

Leu

Asn

Asp

Gln

310

Ala

Phe

Lys

135

Cys

Asp

Thr

Ala

Val

215

Ile

Lys

Val

Asp

Arg

295

Gln

Thr

Cys

Gly

Gln

Ala

Asp

Ala

Met

200

Leu

Ser

Leu

Lys

Ile

280

Leu

Leu

Lys

Gly

Val
360

Tyr

Gln

Met

Gly

185

Gln

Tyr

Gln

Gln

Gln

265

Leu

Ile

Tle

Met

Lys

345

Val

80/102

Gly

Lys

Ile

170

Trp

Met

Glu

Tle

Asp

250

Leu

Ser

Thr

Arg

Ser

330

Gly

Phe

Glu

Phe

155

Ala

Thr

Ala

Asn

Gln

235

Val

Ser

Arg

Gly

Ala

315

Glu

Tyr

Leu

Cys

140

Asn

Ala

Phe

Tyx

Gln

220

Glu

val

Ser

Leu

Arg

300

Ala

Cys

Leu

Gly

Tyr

Gly

Arg

205

Lys

Ser

Asn

Asn

Asp

285

Leu

Glu

Val

Leu

Val
365

Gly

Leu

Thr

Ala

190

Phe

Gln

Leu

Gln

Phe

270

Lys

Gln

Ile

Leu

Met

350

Thr

Asp

Thr

Ala

175

Gly

Asn

Ile

Thr

Asn

255

Gly

Val

Ser

Arg

Gly

335

Ser

Tyr

PCT/US2004/015512

Tle

Val

160

Ala

Ala

Ala

Thr

240

Ala

Ala

Glu

Leu

Ala

320

Gln

Phe

Val



WO 2005/021707 PCT/US2004/015512

81/102
Pro Ser Gln Glu Arg Asn Phe Thr Thr Ala Pro Ala Ile Cys His Glu
370 375 380
Gly Lys Ala Tyr Phe Pro Arg Glu Gly Val Phe Val Phe Asn Gly Thr
385 390 395 400
Ser. Trp Phe Ile Thr Gln Arg Asn Phe Phe Ser Pro Gln Ile Ile Thr
405 410 415
Thr Asp Asn Thr Phe Val Ser Gly Asn Cys Asp Val Val Ile Gly Ile
420 425 430
Ile Asn Asn Thr Val Tyr Asp Pro Leu Gln Pro Glu Leu Asp Ser Phe
435 440 445
Lys Glu Glu Leu Asp Lys Tyr Phe Lys Asn His Thr Ser Pro Asp Val
450 455 460
Asp Leu Gly Asp Ile Ser Gly Ile Asn Ala Ser Val Val Asn Ile Gln
465 470 475 480
Lys Glu Ile Asp Arg Leu Asn Glu Val Ala Lys Asn Leu Asn Glu Ser
485 490 495
Leu Ile Asp Leu Gln Glu Leu Gly Lys Tyr Glu Gln Tyr Ile Lys Txrp
500 505 510
Pro Trp
<210> 57
<211> 1242
<212> DNA
<213> Artificial Sequence
<220>
<223> Fragment of S protein
<400> 57
gtcgacatgg ttatctttct getgttccte accctcacca geggcagega tctggatagg 60
tgcaccacct tcgacgacgt gcaggccccc aactacacce agcacaccag cagcatgagg 120
ggcgtgtact accccgacga gattttcaga agcgacacce tgtacctcac ccaggacctg 180
ttcectgecet tcectacagcaa cgtgaccgge ttccacacca tcaaccacac cttcggecaac 240
cccgtgatce ctttecaagga cggcatctac ttegeecgecca ccgagaagag caatgtggtg 300
cggggctggg tgtteggcag caccatgaac aacaagagcc agagegtgat catcatcaac 360



WO 2005/021707

aacagcacca
gcegtgteca
tgcaccttcg
ttcaagcacc
ggctaccagc
atcttcaagce
ageccctgcecece
cctaccacct
agccagaacc
atctaccaga
atcaccaacc
gcctgggage
accttcttcea
ttcagcaacg
cctggecaga
<210>
<211>

<212>
<213>

58
412
PRT

<220>
<223>
<400> 58
Met Val Ile
1

Asp Arg Cys

His Thr Ser
35

Ser Asp Thr
50

Asn Val Thr
65

acgtggtgat
aacctatggg
agtacatcag
tgcgggagtt
ccatcgacgt
tgeccecectggg
aggatatctg
tcatgctgaa
ccetggecga
ccagcaactt
tgtgccectt
ggaagaagat
gcaccttcaa
tgtacgccga

ccggegtgat

Phe Leu

Thr Thr

20

Ser Met

Leu Tyr

Gly Phe

Leu

Phe

Arg

Leu

His
70

ccgggectge
cacccagacc
cgacgcctte
cgtgttcecaag
ggtgagagac
catcaacatc
gggcaccagc
gtacgacgag
gctgaagtge
cagagtggtg
cggcgaggtg
cagcaactgce
gtgctacgge
ctcattcegtg

cgccgactac

Artificial Sequence

Fragment of S protein

Phe Leu

Asp

Asp

Val
40

Gly

Thr
55

Gln

Thr Ile

Thr

Val

25

Tyr

Asp

Asn

82/102

aatttecgage
cacaccatga
agcctggatg
aacaaggacyg
ctgecccageg
accaacttcc
gccgetgect
aacggcacca
agcgtgaaga
cctagcggeg
ttcaacgcca
gtggccgatt
gtgagcgceca
gtgaagggeg

aactacaagc

Leu Thr

10

Gln Ala

Tyr Pro
Phe

Leu

Thr
75

His

tgtgcgacaa
tcttecgacaa
tgagcgagaa
gcttecectgta
gcttcaacac
gggccatect
acttcgtggg
tcaccgatge
gcttecgagat
atgtggtgag
ccaagttccec
acagcgtget
ccaagctgaa
acgacgtgag

tt

Ser Gly Ser

Pro

Asn Tyr

Glu Ile
45

Asp

Leu Pro Phe

60

Phe Gly Asn

PCT/US2004/015512

ccctttette
cgccttcaac
gagcggcaac
cgtgtacaag
cctgaagecc
caccgceccttt
ctacctgaag
cgtggactgce
cgacaagggc
gttecccaat
tagecgtgtac
gtacaactcc
cgacctgtgce

acagatcgcc

Asp Leu

15

Thr Gln

Phe Arg
Ser

Tyr

val
80

Pro

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1242



Ile

val

Ser

Asn

Gly

145

Phe

Gly

Phe

Leu

Gly

225

Ala

Leu

Thr

Ser

Phe

305

Asn

WO 2005/021707

Pro Phe Lys Asp

Val

Val

Phe

130

Thr

Glu

Asn

Leu

Pro

210

Ile

Gln

Lys

Asp

Val

290

Arg

Leu

Arg

Ile

115

Glu

Gln

Tyr

Phe

Tyr

195

Ser

Asn

Asp

Pro

Ala

275

Lys

val

Cys

Gly

100

Ile

Leu

Thr

Ile

Lys

180

Val

Gly

Ile

Ile

Thir

260

Val

Ser

Val

Pro

85

Trp

Ile

Cys

His

Ser

165

Tyx

Phe

Thr

Trp

245

Thr

Asp

Phe

Pro

Phe

Gly

Val

Asn

Asp

Thr

150

Asp

Leu

Lys

Asn

Asn

230

Gly

Phe

Cys

Glu

Ser

310

Gly

Ile

Phe

Asn

Asn

135

Met

Ala

Arg

Gly

Thr

215

Phe

Thr

Met

Ser

Ile

295

Gly

Glu

TYyTY

Gly

Ser

120

Pro

Ile

Phe

Glu

Tyx

200

Leu

Arg

Ser

Leu

Gln

280

Asp

Asp

vVal

Phe

Ser

105

Thr

Phe

Phe

Ser

Phe

185

Gln

Lys

Ala

Ala

Lys

265

Asn

Lys

val

Phe

83/102

Ala

90

Thrx

Asn

Phe

Asp

Leu

170

val

Pro

Pro

Tle

Ala

250

Tyr

Pro

Gly

Val

Asn

Ala

Met

Val

Ala

Asn

155

Asp

Phe

Ile

Ile

Leu

235

Ala

Asp

Leu

Ile

Arg

315

Ala

Thr

Asn

vVal

val

140

Ala

Val

Lys

Asp

Phe

220

Thx

Tyr

Glu

Ala

Tyr

300

Phe

Thr

Glu

Asn

Ile

125

Ser

Phe

Ser

Asn

Vval

205

Lys

Ala

Phe

Asn

Glu

285

Gln

Pro

Lys

Lys

Lys

110

Arg

Lys

Asn

Glu

Lys

1920

val

Leu

Phe

val

Gly

270

Leu

Thr

Asn

Phe

Ser

95

Ser

Ala

Pro

Cys

Lys

175

Asp

Arg

Pro

Ser

Gly

255

Thr

Lys

Ser

Ile

Pro

PCT/US2004/015512

Asn

Gln

Cys

Met

Thr

160

Ser

Gly

Asp

Leu

Pro

240

Tyr

Ile

Cys

Asn

Thr

320

Ser
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Val Tyr Ala

Ser Val Leu

355

Val Ser
370

Ala

Asp Ser Phe

385

Gln Thr

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

59
1432
DNA

<220>

<223>

<400> 59

Gly

325

Trp Glu
340

Tyr Asn Ser

Thr Lys

Val val

Arg

Leu

Lys

Lys Lys

Thr Phe
360

Asn Asp
375

390

val Ile
405

Ala

Artificial Sequence

Fragment of S protein

aagcttcececg acgacttcat gggectgegtg

acctccaccg
ttecgageggg
gcccectgaact
tatcagcect
tgecggcccca
ggcctcaccg
ttcggcaggyg
ctggacatca
agcagcgagg
cacgccgacc
acccaggccg
cccatecggag
cagaagagca

aacaacacca

gcaactacaa
acatctccaa
gctactggec
acagagtggt
agctgagcac
gcaccggegt
acgtgagcga
gceccttgeag
tggcegtget
agctcacccce
gctgecetcat
ccggecatetg
tecgtggecta

tcgecatcece

ttacaagtac
cgtgcectte
cctgaacgac
ggtgctgagc
cgaccteatce
gctcaccecce
tttcaccgac
ctteggegge
gtaccaggac
cgcctggaga
cggcgecgag
cgccagctac
caccatgagc

caccaacttc

Gly Asp Asp

Asp Tyr Asn

84/102

330

Ile
345

Ser Asn

Phe Ser Thr

Leu Cys Phe

Val Arg

395

Tyr
410

Lys

ctggcctgga
cgctacctga
agccccgacg
tacggcecttcet
ttecgagctge
aagaaccagt
agcagcaaga
agcgtgaggg
gtgtcegtga
gtgaactgca
atctacagca
cacgtggaca
cacaccgtga
ctgggegecg

agcatctcca

PCT/US2004/015512

335

Cys Val Ala Asp Tyr

350

Phe Lys Cys Tyr Gly

365

Ser Asn Val Tyr Ala

380

Gln Ile Ala Pro Gly

Leu

acaccagaaa
ggcacggcaa
gcaagcecctg
acaccaccac
tgaacgececce
gcgtgaactt
gattccagce
atcctaagac
tcacceceegg
ccgacgtgag
ccggcaacaa
ccagctacga
gcectgetgag
acagcagcat

tcaccaccga

400

catcgacgcc
gctgagaccc
cacceccecect
cggcatecgge
tgccaccgtg
caacttcaac
cttecagecag
cagcgagatce
caccaacgcc
caccgccatce
cgtgtteccag
gtgcgacatc
aagcaccagc
cgectacagce

ggtgatgccc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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gtgagcatgg
tgcgeccaacc
ggcattgcecg
tataagaccc
cctetgaage
gccgacgecg
ctcatctgeg
atgatcgcceg
ggcgccggag
<210>
<211>

<212>
<213>

60

<220>
<223>

<400> 60
accggttcaa

ccaaccagtt
ccetgggcaa
agcagctgag
tggataaggt
tgcagaccta
tggccgecac
gcaagggcta
acgtgaccta
agggcaaggce
tcaccecageg
gcaattgcga
agctggatag
tggacctggg
accggctgaa

gaaagtacga

1118
DNA
Artificial Sequence

ccaagaccag
tgctgetgea
ccgagcagga
ccaccctgaa
ccaccaagcg
gctttatgaa
cccagaagtt
cctatacage

ccgcectgea

tggcatcgge
caataaggcce
gctgcaggac
cagcaacttc
ggaggccgag
cgtgacccag
caagatgagc
tcacctcatg
cgtgecctage
ctacttcccce
gaacttcttc
cgtggtcatc
cttcaaggag
cgacatcagce
cgaggtggcec

gcagtacate

cgtggattge
gtacggcagc
cagaaacacc
gtacttecgge
gagcttcatce
gcagtacgge
caacggcttg
cgccctggtg

gatcccecctte

Fragment of S protein

gtgacccaga
atctceccaga
gtggtgaacc
ggcgccecatca
gtgcagatcg
cagctcatca
gagtgcgtge
agcttcceccete
caggagagga
agagagggcg
agcccccaga
ggcatcatca
gagctggaca
ggcatcaatg
aagaacctga

aagtggccct

85/102

aacatgtaca
ttctgcacce
agggaggtgt
gggttcaact
gaggacctge
gagtgcctgg
accgtgctge
tcaggcaccg

gccatgcaga

acgtgctgta
tccaggagag
agaacgccca
gcagcgtget
acagactcat
gagccgecga
tgggccagag
aggccgetcce
atttcaccac
tgttegtgtt
tcatcaccac
ataacaccgt
agtacttcaa
ccagegtggt
acgagagcct

ggtacgtgtg

tctgeggega
agctgaacag
tcgececaggt
tcagccagat
tgttcaacaa
gcgatatcaa
cccectetget
ccaccgecgyg

tggcctaccg

cgagaaccag
cctcaccacce
ggccctgaat
gaacgacatc
caccggcaga
gatcagagcc
caagagagtg
ccacggegtg
cgccccagece
taacggcacc
agacaacacc
gtacgaccce
gaaccacacc
gaacatccag
catcgacctg

gctgggette

PCT/US2004/015512

cagcaccgag
agccctgagce
gaagcagatg
cctgeccegat
ggtgaccctg
cgccagggac
caccgatgat

ctggaccttt

gt

aagcagatcg
acaagcaccg
accctggtga
ctgagcaggce
ctgcagagce
agcgccaatce
gacttctgeg
gtgttcctge
atctgecacg
agcetggttcea
ttegtgtecg
ctgcageccecg
tcecececegacg
aaggagatcyg
caggagctgg

atcgecggece

960

1020

1080

1140

1200

1260

1320

1380

1432

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960
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86/102

PCT/US2004/015512

tcategeecat cgtgatggtg accatcctge tgtgectgcat gaccagetgc tgctcectgece

tgaagggcgc ctgcagcetgt ggcagctgcect gcaagttcga cgaggacgac tcagagcceg

tgctgaaggg cgtgaagctg cactacacct gaagatct

61
3780
DNA

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

<220>
<223>

<400> 61
gtcgacatgg

tgcaccacct
ggcgtgtact
ttecetgeccet
ccegtgatcece
cggggctggyg
aacagcacca
gccgtgteca
tgcacctteg
ttecaagcacc
ggctaccagc
atcttcaagce
agccctgece
cctaccacct
agccagaacc
atctaccaga
atcaccaacc
gectgggage
accttcttca
ttcagcaacg
cctggeccaga
tgecgtgetgg

aagtaccgcet

ttatctttet
tcgacgacgt
accccgacga
tctacagcaa
ctttcaagga
tgttcggcag
acgtggtgat
aacctatggg
agtacatcag
tgcgggagtt
ccatcgacgt
tgceccectggg
aggatatctg
tcatgctgaa
ccectggecga
ccagcaactt
tgtgcccctt
ggaagaagat
gcaccttcaa
tgtacgeccga
ccggcegtgat
cctggaacac

acctgaggca

Artificial Sequence

Mutated S protein

gctgttecte
gcaggccccec
gattttcaga
cgtgaccggce
cggcatctac
caccatgaac
ccgggectge
cacccagacc
cgacgcctte
cgtgttcaag
ggtgagagac
catcaacatc
gggcaccagce
gtacgacgag
gctgaagtge
cagagtggty
cggcgaggtg
cagcaactgce
gtgctacggce
ctcattecgtg
cgccgactac
cagaaacatc

cggcaagctg

accctcacca
aactacaccc
agcgacaccc
ttecacacca
ttecgececgeca
aacaagagcc
aatttecgagce
cacaccatga
agcctggatg
aacaaggacg
ctgeccageg
accaacttce
gccgetgect
aacggcacca
agcgtgaaga
cctageggeyg
ttcaacgcca
gtggcegatt
gtgagcgceca
gtgaagggcg
aactacaagc
gacgccacct

agaccctteg

gcggcagcega
agcacaccag
tgtacctcac
tcaaccacac
ccgagaagag
agagcgtgat
tgtgcgacaa
tecttegacaa
tgagcgagaa
gcttectgta
gcttcaacac
gggccatcct
acttecgtggg
tcaccgatgce
gcttcgagat
atgtggtgag
ccaagttccece
acagcgtgcet
ccaagctgaa
acgacgtgag
ttececgacga
ccaccggcaa

agcgggacat

tctggatagg
cagcatgagg
ccaggacctg
cttcggecaac
caatgtggtg
catcatcaac
ccetttette
cgcctteaac
gagcggcaac
cgtgtacaag
cctgaagece
caccgecettt
ctacctgaag
cgtggactge
cgacaagggc
gttccceccaat
tagcgtgtac
gtacaactcce
cgacctgtge
acagatcgcc
cttecatggge
ctacaattac

ctcecaacgtg

1020

1080

1118

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380
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ccecttecagece
aacgactacg
ctgagctteg
ctcatcaaga
acccccagca
accgacagcg
ggcggegtgt
caggacgtga
tggagaatct
gccgagecacg
agctaccaca
atgagcctgg
aacttcagca
gattgcaaca
ggcagcttcet
aacaccaggg
ttecggegggt
ttcatcgagg
tacggcgagt
ggcttgaccg
ctggtgtcag
cccttcegeca
tacgagaacc
agcctcacca
caggccctga
ctgaacgaca
atcaccggca
gagatcagag
agcaagagag

ccccacggeg

ccgacggcaa
gcttctacac
agctgctgaa
accagtgegt
gcaagagatt
tgagggatcc
ccgtgatcac
actgcaccga
acagcaccgyg
tggacaccag
ccgtgagect
gcgccegacag
tctcecatecac
tgtacatctg
gcacccagcet
aggtgttcge
tcaacttcag
acctgectgtt
gcctgggega
tgectgeeccee
gcaccgccac
tgcagatgge
agaagcagat
ccacaagcac
ataccctggt
tcctgageag
gactgcagag
ccagcgccaa
tggacttcectg

tggtgttect

gccctgecacce
caccaccggce
cgcecectgece
gaacttcaac
ccagccectte
taagaccagce
cceceggeace
cgtgagcacc
caacaacgtg
ctacgagtgc
gctgagaagc
cagcatcgece
caccgaggtg
cggcgacagce
gaacagagcc
ccaggtgaag
ccagatcctg
caacaaggtg
tatcaacgce
tctgcectcecace
cgceggetgg
ctaccggtte
cgccaaccag
cgcectgggce
gaagcagctg
gctggataag
cctgcagacc
tctggcegece
cggcaagggce

gcacgtgacce

87/102

ccecectgecce
atcggctate
accgtgtgeg
ttcaacggcc
cagcagttcg
gagatcctgg
aacgccagca
gccatccacg
ttccagacce
gacatccecea
accagccaga
tacagcaaca
atgcccgtga
accgagtgceg
ctgageggcea
cagatgtata
ccecgatcectce
accctggcecg
agggacctca
gatgatatga
acctttggeg
aatggcatcg
ttcaataagg
aagctgcagg
agcagcaact
gtggaggccg
tacgtgacce
accaagatga
tatcacctca

tacgtgecta

tgaactgcta
agccctacag
gcceccaagcet
tcaccggcac
gcagggacgt
acatcagccc
gcgaggtgge
ccgaccaget
aggccggetg
tcggageccegg
agagcatcgt
acaccatcge
gcatggccaa
ccaacctget
ttgccgecga
agacccccac
tgaagcccac
acgccggett
tctgegececea
tegecgecta
ccggagecge
gcgtgaccca
ccatctecca
acgtggtgaa
tcggcogecat
aggtgcagat
agcagctcat
gcgagtgegt
tgagcttccec

gccaggagag

PCT/US2004/015512
ctggccecectg 1440
agtggtggtg 1500
gagcaccgac 1560
cggegtgete 1620
gagcgatttce 1680
ttgcagctte 1740
cgtgctgtac 1800
cacceeccgec 1860
ccteategge 1920
catctgegece 1980
ggcctacacc 2040
cateccccacce 2100
gaccagcgtg 2160
gctgcagtac 2220
gcaggacaga 2280
cctgaagtac 2340
caagcggagce 2400
tatgaagcag 2460
gaagttcaac 2520
tacagccgece 2580
cctgecagatce 2640
gaacgtgetg 2700
gatccaggag 2760
ccagaacgcc 2820
cagcagcgtg 2880
cgacagactc 2940
cagagccgcce 3000
gctgggecag 3060
tcaggccgcet 3120
gaatttcacc 3180
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88/102
accgccccag ccatctgcca cgagggcaag gectacttcece
tttaacggca ccagctggtt catcacccag cggaacttct
acagacaaca ccttecgtgtc cggcaattgce gacgtggtca
gtgtacgacc ccctgcagce cgagctggat agcttcaagg
aagaaccaca cctcceeccga cgtggacctg ggcgacatca
gtgaacatcc agaaggagat cgaccggctg aacgaggtgg
ctcatcgacc tgcaggagct gggaaagtac gagcagtaca
tggctgggct tcatcgcecgg cctcecatcgece ategtgatgg
atgaccagct gctgctectg cctgaaggge gectgeaget
gacgaggacg actcagagcc cgtgctgaag ggcgtgaagce
<210> 62
<211> 1255
<212> PRT
<213> Artificial Seguence
<220>
<223> Mutated S protein
<400> 62
Met Val Ile Phe Leu Leu Phe Leu Thr Leu Thr
1 5 10
Asp Arg Cys Thr Thr Phe Asp Asp Val Gln Ala
20 25
His Thr Ser Ser Met Arg Gly Val Tyr Tyr Pro
35 40
Ser Asp Thr Leu Tyr Leu Thr Gln Asp Leu Phe
50 55
Asn Val Thr Gly Phe His Thr Ile Asn His Thr
65 70 75
Ile Pro Phe Lys Asp Gly Ile Tyr Phe Ala Ala
85 90
Val Val Arg Gly Trp Val Phe Gly Ser Thr Met
100 105
Ser Val Ile Ile Ile Asn Asn Ser Thr Asn Val
115 120

ccagagaggg
tcagccccecea
tcggcatcat
aggagctgga
gcggcatcaa
ccaagaacct
tcaagtggcc
tgaccatcct
gtggcagctg

tgcactacac

Ser Gly Ser

Pro Asn Tyr

30

Glu
45

Asp Ile

Leu Pro Phe

60

Phe Gly Asn

Thr Glu Lys

Asn Asn Lys

110

Val Ile

125

Arg

PCT/US2004/015512

cgtgttcgtyg
gatcatcacc
caataacacc
caagtacttce
tgccagegtg
gaacgagagc
ctggtacgtg
gectgtgetge
ctgcaagttc

ctgaagatct

Asp Leu

15

Thr Gln

Phe Arg
Ser

Tyr

Val
80

Pro

Ser Asn

95

Ser Gln

Ala Cys

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780



Asn

Gly

145

Phe

Gly

Phe

Leu

Gly

225

Ala

Leu

Thr

Ser

Phe

305

Asn

Val

Ser

WO 2005/021707

Phe

130

Thr

Glu

Asn

Leu

Pro

210

Ile

Gln

Lys

Asp

Val

290

Arg

Leu

Tyr

val

Glu

Gln

Tyr

Phe

Tyr

195

Ser

Asn

Asp

Pro

Ala

275

Lys

Val

Cys

Ala

Leu
355

Leu

Thr

Ile

Lys

180

Val

Gly

Ile

Ile

Thr

260

Val

Ser

Val

Pro

Trp

340

Tyr

Cys

Ser

165

His

Tyr

Phe

Thr

Trp

245

Thr

Asp

Phe

Pro

Phe

325

Glu

Asn

Asp

Thr

150

Asp

Leu

Lys

Asn

Asn

230

Gly

Phe

Cys

Glu

Ser

310

Gly

Arg

Ser

Asn

135

Met

Ala

Arg

Gly

Thr

215

Phe

Thr

Met

Ser

Ile

295

Gly

Glu

Lys

Thr

Pro

Ile

Phe

Glu

Tyr

200

Leu

Arg

Ser

Leu

Gln

280

Asp

Asp

Val

ys

Phe
360

Phe

Phe

Ser

Phe

185

Gln

Lys

Ala

Ala

Lys

265

Asn

Lys

Val

Phe

Ile

345

Phe

89/102

Phe

Asp

Leu

170

Val

Pro

Pro

Ile

Ala

250

Tyr

Pro

Gly

val

Asn

330

Ser

Ser

Ala

Asn

155

Asp

Phe

Ile

Ile

Leu

235

Ala

Asp

Leu

Ile

Arg

315

Ala

Asn

Thr

vVal

140

Ala

Val

Lys

Asp

Phe

220

Thr

Tyr

Glu

Ala

Tyr

300

Phe

Thr

Cys

Phe

Ser

Phe

Ser

Asn

Val

205

Lys

Ala

Phe

Asn

Glu

285

Gln

Pro

Lys

val

Lys
365

Lys

Asn

Glu

Lys

190

Val

Leu

Phe

Val

Gly

270

Leu

Thr

Asn

Phe

Ala

350

Cys

Pro

Cys

Lys

175

Asp

Arg

Pro

Ser

Gly

255

Thr

Lys

Ser

Ile

Pro

335

Asp

Tyxr

PCT/US2004/015512

Met

Thr

160

Ser

Gly

Asp

Leu

Pro

240

Tyr

Ile

Cys

Asn

Thr

320

Ser

Tyr

Gly



Val

Asp

385

Gln

Met

Thr

Arg

Lys

465

Tyr

val

Pro

Phe

Phe

545

Ser

Ser

Glu

WO 2005/021707

Ser

370

Ser

Thr

Gly

Gly

Pro

450

Pro

Gly

Val

Lys

Asn

530

Gln

Val

Phe

Val

Ala

Phe

Gly

Cys

Asn

435

Phe

Cys

Phe

Leu

Leu

515

Gly

Pro

Arg

Gly

Ala
595

Thr

Val

Val

Val

420

Tyr

Glu

Thr

Tyx

Ser

500

Ser

Leu

Phe

Asp

Gly

580

Val

Lys

Val

Ile

405

Leu

Asn

Arg

Pro

Thr

485

Phe

Thr

Thr

Gln

Pro

565

Val

Leu

Leu

Lys

390

Ala

Ala

Tyr

Asp

Pro

470

Thr

Glu

Asp

Gly

Gln

550

Lys

Ser

Tyr

Asn

375

Gly

Asp

Trp

Lys

Ile

455

Ala

Thr

Leu

Leu

Thr

535

Phe

Thr

Val

Gln

Asp

Asp

Tyr

Asn

Tyr

440

Ser

Leu

Gly

Leu

Ile

520

Gly

Gly

Ser

Ile

Asp
600

Leu

Asp

Asn

Thr

425

Arg

Asn

Asn

Ile

Asn

505

Lys

Val

Arg

Glu

Thr

585

Val

90/102

cys

Val

Tyr

410

Arg

Tyr

Val

Cys

Gly

490

Ala

Asn

Leu

Asp

Tle

570

Pro

Asn

Phe

Arg

395

Lys

Asn

Leu

Pro

Tyr

475

Tyr

Pro

Gln

Thr

Val

555

Leu

Gly

Cys

Ser

380

Gln

Leu

Ile

Arg

Phe

460

Trp

Gln

Ala

Cys

Pro

540

Ser

Asp

Thr

Thr

Asn

Ile

Pro

Asp

His

445

Ser

Pro

Pro

Thr

Val

525

Ser

Asp

Tle

Asn

Asp
605

Val

Ala

Asp

Ala

430

Gly

Pro

Leu

Tyr

Val

510

Asn

Ser

Phe

Ser

Ala

590

Val

Tyr

Pro

Asp

415

Thr

Lys

Asp

Asn

Arg

495

Cys

Phe

Lys

Thr

Pro

575

Ser

Ser

PCT/US2004/015512

Ala

Gly

400

Phe

Ser

Leu

Gly

Asp

480

val

Gly

Asn

Arg

Asp

560

Cys

Ser

Thr



Ala

Gly

625

His

Cys

Ser

Tyxr

Thr

705

Asn

Gln

Ala

Gln

Ser

785

Glu

Lys

Cys

Asp

WO 2005/021707

Ile

610

Asn

val

Ala

Ile

Ser

690

Thr

Met

Tyr

Ala

Met

770

Gln

Asp

Gln

Ala

Asp

Asn

Asp

Ser

Val

675

Asn

Glu

Tyxr

Gly

Glu

755

Tyr

Ile

Leu

Tyxr

Gln

835

Met

Ala

Val

Thr

Tyr

660

Ala

Asn

Val

Ile

Ser

740

Gln

Lys

Leu

Leu

Gly

820

Lys

Ile

Asp

Phe

Ser

645

His

Tyr

Thr

Met

Cys

725

Phe

Asp

Thr

Pro

Phe

805

Glu

Phe

Ala

Gln

Gln

630

Tyr

Thr

Thr

Ile

Pro

710

Gly

cys

Arg

Pro

Asp

790

Asn

Cys

Asn

Ala

Leu

615

Thr

Glu

Val

Met

Ala

695

Val

Asp

Thr

Asn

Thr

775

Pro

Lys

Leu

Gly

Tyr

Thr

Gln

Cys

Ser

Ser

680

Ile

Ser

Ser

Gln

Thr

760

Leu

Leu

Val

Gly

Leu

840

Thr

Pro

Ala

Asp

Leu

665

Leu

Pro

Met

Thr

Leu

745

Arg

Lys

Lys

Thr

Asp

825

Thr

Ala

91/102

Ala

Gly

Ile

650

Leu

Gly

Thr

Ala

Glu

730

Asn

Glu

Tyr

Pro

Leu

810

Ile

Val

Ala

Trp

Cys

635

Pro

Arg

Ala

Asn

Lys

715

Cys

Arg

Val

Phe

Thr

795

Ala

Asn

Leu

Leu

Arg

620

Leu

Ile

Ser

Asp

Phe

700

Thr

Ala

Ala

Phe

Gly

780

Lys

Asp

Ala

Pro

Val

Ile

Ile

Gly

Thr

Ser

685

Ser

Ser

Asn

Leu

Ala

765

Gly

Arg

Ala

Arg

Pro

845

Ser

Tyr

Gly

Ala

Ser

670

Ser

Ile

Val

Leu

Ser

750

Gln

Phe

Ser

Gly

Asp

830

Leu

Gly

Ser

Ala

Gly

655

Gln

Ile

Ser

Asp

Leu

735

Gly

Val

Asn

Phe

Phe

815

Leu

Leu

Thr

PCT/US2004/015512

Thr

Glu

640

Ile

Lys

Ala

Ile

cys

720

Leu

Ile

Lys

Phe

Ile

800

Met

Ile

Thr

Ala



Thr

865

Ala

val

Ile

Lys

Val

945

Asp

Arg

Gln

Thr

Phe

Pro

Glu

Ala

Trp

WO 2005/021707

850

Ala

Met

Leu

Ser

Leu
930

Lys

Ile

Leu

Leu

Lys
1010

Cys
1025

His
1040

Arg
1055

Tyr
1070

Phe
1085

Gly

Gln

TyY

Gln

915

Gln

Gln

Leu

Ile

Ile
995

Met

Gly

Gly

Asn

Phe

Ile

Trp

Met

Glu

900

Ile

Asp

Leu

Ser

Thr

980

Arg

Thr

Ala

885

Asn

Gln

Phe

870

Tyr

Gln

Glu

Val Vval

Ser

Arg
965

Ser
950

Leu

Gly Arg

Ala Ala

Ser Glu

Lys

val

Gly

Val

Phe Thr

Pro Arg

Thr Gln

Cys

Tyr

Phe

Thr

Glu

Arg

855

Gly Ala

Arg

Lys Gln

Ser Leu

Phe

Gly

Asn

Ile

92/102

Ala

Gly

Ala

860

875

890

905

920

Asn Gln

935

Asn Phe

Asp Lys

Leu Gln

Thxr

Asn

Gly

Val

Ser

Ala

Thr

Ala

Ala

Glu

Ile

Asn

Thr

Gln

Ile

Leu Gln

Gly Vval

Gln Phe

Ser Thr

925

Ala Leu

940

955

970

985

Glu Ile
1000

Val
1015

His
1030

Leu
1045

Ala
1060

Gly
1075

Asn
1090

Leu

Leu

Pro

Val

Phe

Gly

Met

Val

Ala

Phe

Phe

Leu

Gln

Ser

Thr

Ile

Val

Ser

Ala

Gln

Ser

Phe

Tyr

Cys

Phe

Pro

Ser Ser

Glu Vval

Thr Tyr

Ile

Thr

Asn

910

Ala

Asn

Val

Gln

Val
990

1005

Lys Arg

1020

Pro
1035

Val
1050

Gln

Pro

Ala

Pro

Gln

895

Lys

Leu

Thr

Leu

Ile

975

Thr

Val

Ser

PCT/US2004/015512

Phe

880

Asn

Ala

Gly

Leu

Asn

960

Asp

Gln

Arg Ala Ser Ala Asn Leu Ala Ala

Asp

Ala

Gln

Hig
1065

Asn
1080

Gln
1095

Glu

Gly

Ile

Gly Lys

Thr Ser

Ile Thr



WO 2005/021707 PCT/US2004/015512
93/102

Thr Asp Asn Thr Phe Val Ser Gly Asn Cys Asp Val Val Ile Gly
1100 1105 1110

Ile Ile Asn Asn Thr Val Tyr Asp Pro Leu Gln Pro Glu Leu Asp
1115 1120 1125

Ser Phe Lys Glu Glu Leu Asp Lys Tyr Phe Lys Asn His Thr Ser
1130 1135 1140

Pro Asp Val Asp Leu Gly Asp Ile Ser Gly Ile Asn Ala Ser Val
1145 1150 1155

Val Asn Ile Gln Lys Glu Ile BAsp Arg Leu Asn Glu Val Ala Lys
1160 1165 1170

Asn Leu Asn Glu Ser Leu Ile Asp Leu Gln Glu Leu Gly Lys Tyr
1175 1180 1185

Glu Gln Tyr Ile Lys Trp Pro Trp Tyr Val Trp Leu Gly Phe Ile
1190 1195 1200

Ala Gly Leu Ile Ala Ile Val Met Val Thr Ile Leu Leu Cys Cys
1205 1210 1215

Met Thr Ser Cys Cys Ser Cys Leu Lys Gly Ala Cys Ser Cys Gly
1220 1225 1230

Ser Cys Cys Lys Phe Asp Glu Asp Asp Ser Glu Pro Val Leu Lys
1235 1240 1245

Gly val Lys Leu His Tyr Thr
1250 1255

<210> 63

<211> 1281

<212> DNA

<213> Artificial Sequence

<220>

<223> Mutated N protein

<400> 63

gtcgacatga gcgacaacgg cccccagagc aaccagagaa gcgcccccag aatcaccttt 60

ggcggcccta ccgacagcac cgacaacaaC cagaacggcg gcagaaacgg cgccagaccce 120

aagcagagga gaccccagdg cctgcccaac aacaccgcca gctggttcac cgecctcace 180



WO 2005/021707

cagcacggca
agcggcccag
gacggcaaga
gaggccagcce
gccctgaata
gtgctgecagce
ggcggceagcec
acccccggea
gcectggece
ggccagcaac
cccaggcaga
ggccccgagce
tacaagcact
agccggateg
aagctggacg
gacgcctaca
gaggcccagc
gccgacatgg

tcaacccagg

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

64

DNA
<220>
<223>

<400> 64
atggacagca

agcatcacca
tacatctgeg
acccagctga
gtgttcgecce
aacttcagcc

ctgctgttca

1542

aggaggagct
acgatcagat
tgaaggagct
tgcectacgg
cccccaagga
tgccccaggyg
aggccagcag
gcagcagagyg
tgctgetcecet
agcagggaca
agagaaccgc
agacccaggg
ggcctcagat
gcatggaggt
acaaggaccc
agaccttccc
cccectgececca
acgacttcag

cctgaagatce

gcatcgecta
ccgaggtgat
gcgacagcac
accgggecct
aggtgaagca
agatcctgcce

acaaggtgac

gagattccce
cggctactac
gagccceegg
cgccaacaag
ccacatcggce
caccaccctg
cagaagcagc
aaattcacce
ggacaggctg
gaccgtgacc
caccaagcag
caatttegge
cgccecagttce
gacccccage
ccagttcaag
acccaccgag
gagacagaag
ccgccagetg

t

Artificial Sequence

cagcaacaac
gcecegtgage
cgagtgcgcec
gagcggeatc
gatgtacaag
cgacccectg

cctggecegac

94/102

agaggccagg
cggagggcca
tggtacttect
gagggcatcg
accaggaacc
cccaagggcet
agcaggagca
gecagaatgg
aatcagctgg
aagaagtctg
tacaatgtga
gaccaggacc
gcccccageg
ggcacctggce
gacaacgtga
cccaagaagg
aagcagccca

cagaatagca

accatcgcca
atggccaaga
aacctgctge
gcegeecgagce
acccceaccce
aagcccacca

gcecggcettea

gcgtgeccat
ccagaagagt
actacctggg
tgtgggtggce
ccaacaacaa
tctacgcecga
ggggcaacag
ccagcggegg
agagcaaggt
ccgecegaggc
cccaggcectt
tcatcagaca
ccagcgectt
tcacctacca
tcectgetgaa
acaagaagaa
ccegtgaccct

tgagcggegce

Uniform optimization of S2 protein with MET

tccccaccaa
ccagegtgga
tgcagtacgg
aggaccggaa
tgaagtactt
agcggagett

tgaagcagta

PCT/US2004/015512

caataccaac
gagaggeggce
caccggccect
caccgagggc
tgeccgecace
gggcagcaga
cagaaatagc
aggcgagacc
gagcggcaag
cagcaagaag
cggcagaaga
gggcaccgac
ctteggeatg
cggcgcecatc
caagcacatc
gaaaaccgac
gctgecetgece

ctetgeegat

cttecageate
ctgcaacatg
cagcttctge
cacccgggag
cggcggette

catcgaggac

cggcgagtgce

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1281

60

120

180

240

300

360

420



WO 2005/021707

ctgggcgaca
ctgcceccece
accgccaccyg
cagatggecct
aagcagatcg
accagcaccg
accctggtga
ctgagccgge
ctgcagagcce
agcgccaacce
gacttectgeg
gtgttcctge
atctgccacg
agctggttca
ttegtgageg
ctgcagecceccg
agccccgacyg
aaggagatcg
caggagctgg
<210>
<211>

<212>
<213>

65

DNA
<220>
<223>

<400> 65
atggacagtt

tctataacaa
tacatctgeg
acccagctca
gtgtttgcte

aatttcagtce

1542

tcaacgceeg
tgctgaccga
ccggctggac
accégttcaa
ccaaccagtt
ccctgggcaa
agcagctgag
tggacaaggt
tgcagaccta
tggecegcecac
gcaagggcta
acgtgaccta
agggcaaggc
tcacccageg
gcaactgcga
agctggacag
tggacetggg
accggctgaa

gcaagtacga

caatcgceccta
cagaggtgat
gagattctac
accgggegcet
aagtgaaaca

agattctgcc

ggacctgatc
cgacatgatc
ctteggegee
cggcateggce
caacaaggcce
gctgcaggac
cagcaacttce
ggaggccgag
cgtgacccag
caagatgagc
ccacctgatg
cgtgccecage
ctacttececce
gaacttcttce
cgtggtgatce
cttcaaggag
cgacatcagc
cgaggtggec

gcagtacatc

Artificial Sequence

ttcgaacaac
gccagtgtce
agaatgtgca
gagcggcatt
aatgtataag

agacccactc

95/102

tgcgececcaga
gcegectaca
ggcgeccgece
gtgacccaga
atcagccaga
gtggtgaacc
ggcgccatca
gtgcagatcg
cagctgatcc
gagtgcgtgce
agcttecccece
caggagcgga
¢gggagggcyg
agcccccaga
ggcatcatca
gagctggaca
ggcatcaacg
aagaacctga

aagtggccct

Fully optimized S2 protein with MET

actatagcaa
atggcaaaga
aacttgctgce
gctgccgaac
accccaacat

aaacccacca

agttcaacgg
ccgecgecect
tgcagatccce
acgtgctgta
tccaggagag
agaacgccca
gcagcgtgcet
accggctgat
gggccgecga
tgggccagag
aggccgeccec
acttcaccac
tgttcgtgtt
tcatcaccac
acaacaccgt
agtacttcaa
ccagegtggt
acgagagcct

99

tcccaacaaa
ctagcgtaga
tacagtatgg
aggatcgcaa
tgaaatactt

agaggagctt

PCT/US2004/015512

cctgaccgtg
ggtgagcgge
cttegecatg
cgagaaccag
cctgaccace
ggccctgaac
gaacgacatc
caccggccogg
gatccgggece
caagcgggtyg
ccacggegtg
cgcceecgec
caacggcacc
cgacaacacc
gtacgaccce
gaaccacacc
gaacatccag

gatcgacctg

tttttecaatt
ctgcaatatg
atcgttetgt
tacgagagag
cggtggattc

tattgaagat

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1542

60

120

180

240

300

360



WO 2005/021707

cttctgttca
ctgggcgaca
ttaccgeccac
accgcaactg
cagatggcct
aaacagatcg
acttccacgg
acactcgtca
ctcagtcgge
ctacagtcat
tcegeccaatce
gatttttgceg
gtttttctge
atttgtcatg
agctggttta
tttgtctcetg
ctgcagcccg
agcceccggatg
aaagagattg
caggagctgg
<210>
<211>

<212>
<213>

66

DNA
<220>
<223>

<400> 66
atggatagca

tccataacta
tacatctgtg
acgcagctga
gttttegece

aacttctctc

1542

acaaagttac
ttaacgcacg
tgctgactga
ctggctggac
acaggttcaa
ccaaccagtt
cactcggtaa
agcaactgag
tcgacaaagt
tgcagaccta
tggccgetac
gcaagggcta
atgtgacata
aaggcaaagc
tcacacaaag
gaaactgtga
aacttgactc
tagatttagg
acagactgaa

gcaagtatga

gcatagecta
ccgaggtgat
gcgattctac
acagggccct
aggtaaagca

agatactgec

cttggccgac
agacctgatc
tgatatgatt
gtttggcget
tggaattggt
caataaagct
actgcaggac
tteccaattte
ggaggccgaa
cgttacccag
caaaatgtct
tcacctcatg
cgtgeetage
ttattttece
gaatttctte
cgtegttata
tttcaaggag
ggatattagc
cgaagtggcg

acagtatatc

Artificial Sequence

ctcaaacaac
gceegtgage
agagtgtgcc
gtctggecate
gatgtataag

cgaccccctg

96/102

gctgggttta
tgcgeccaga
gccgettaca
ggggcggcecet
gtcactcaga
atttcacaga
gtggtgaatc
ggggccatat
gtccaaatag
cagttgatcc
gagtgtgtgce
tectteecte
caggagagaa
cgcgaggggg
tcecececcaga
ggcatcatca
gaactagata
gggattaacg
aagaacctga

aagtggcecctt

acgatcgecca
atggccaaga
aacctgctgce
gccgecgagce
acgcccactce

aagcccacta

tgaagcaata
agtttaacgg
ctgecggecect
tacagatccc
atgtcctgta
ttcaggaatc
agaacgctca
ctagcgtatt
accgtcttat
gcgecgcetga
tcggacaaag
aagcagcacc
actttaccac
tgttegtttt
tecatcaccac
ataatacagt
agtacttcaa
catcegtggt

atgagtccct

g9

Minimal optimization of S2 protein with MET

tcceccacaaa
catcggtaga
tgecagtacgg
aggatcggaa
tgaagtactt

agaggtcttt

PCT/US2004/015512
cggtgagtgce 420
gctcacggtt 480
tgtgagtggt 540
ttttgcecatg 600
cgagaaccag 660
acttaccaca 720
ggcactaaat 780
gaacgacatc 840
cacaggcaga 900
gatacgagcce 960
taagcgggtg 1020
ccacggagtc 1080
tgcgectgee 1140
caacggaact 1200
cgacaacacc 1260
atacgatccc 1320
gaatcacacc 1380
caacatccaa 1440
gatcgatctt 1500

1542
cttttececatt 60
ttgcaacatg 120
ctectttetge 180
cacacgggag 240
cggeggcette 300
tatcgaggat 360



WO 2005/021707

ctgctgttea
ctgggcgaca
ctgcecceccece
acagccactg
cagatggcct
aagcagatcg
acaagtaccg
actctggtta
ctgtctagge
ctgcagagtc
tccgeccaacc
gacttctgeg
gtgttecectge
atctgecacg
tettggttca
ttecgtttegg
ctgcagccecceg
tcacccgatyg
aaggagatag
caggagctgg
<210>
<211>

<212>
<213>

67

DNA
<220>
<223>

<400> 67
atgttcatct

accttecgatg
tactaccceg
cccttctaca

atccccttceca

3588

acaaggttac
tcaacgccag
tgctgactga
ccggcetggac
acagatttaa
ccaaccagtt
ccectgggcaa
agcagctgtc
tggacaaggt
tgcagactta
tggcecgecac
gcaagggcta
acgtaactta
agggcaaggc
tcacccagag
gcaactécga
agctggacag
tggacctggg
atagactgaa

gcaagtacga

tectgetgtt
acgtgcaggce
atgagatctt
gcaacgtgac

aggacggcat

cctggecgat
agatctgata
cgacatgatc
attcggegee
cggcattgge
taacaaggcc
gctgcaggat
tagcaactte
cgaggccgag
tgtaactcag
aaagatgtct
tcatctgatg
cgtgecccagt
ctactteccece
gaactttttce
cgtagtgatc
ctttaaggag
cgacatttct
cgaggttgece

gcagtatata

Artificial Sequence

Standardized optimization

cctgaccectg
ccccaactac
ccgcagegac
cggctteecac

ctacttegee

97/102

gccggettta
tgcgeccaga
gccgectata
ggcgecegecce
gtcactcaga
ataagccaga
gtagtgaacc
ggcgccatca
gtgcagattg
cagctgatca
gagtgcgtcc
tettttecee
caggagagaa
agagagggcg
agcccccaga
ggcataataa
gagctggaca
ggcataaacg
aagaacctga

aagtggccct

of soluble

accagcggca
acccagcata
accctgtace
accatcaacc

gccaccgaga

tgaagcagta
agttcaacgg
ccgecgececet
tgcagatccce
acgtecctgta
tccaggagtce
agaacgccca
gtagtgttct
atcgecctgat
gagccgecga
tgggccagag
aggccgececce
actttaccac
tgtttgtgtt
tcataacaac
acaacaccgt
agtactttaa
cctecegtegt
acgagtccecct

g9

S protein

gcgacctgga
ccagcagcat
tgacccagga
ataccttecgg

agagcaacgt

PCT/US2004/015512

tggcgagtge
cctgactgtg
ggtgagtggce
cttcgeecatg
tgagaaccag
actgacaacg
ggcectgaac
gaacgatatt
taccggcaga
gattcgagcc
taagagggtt
ccacggcgte
tgceeccegee
caacggcaca
tgacaacact
gtacgatccc
gaaccatacc
caacatccag

gatcgatctg

tecgetgeacc
gcgeggegtg
cctgttectg

caacccegtg

ggtgcgegge

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1542

60

120

180

240

300



WO 2005/021707

tgggtgtteg
accaacgtgg
agcaagccca
ttecgagtaca
catctgegeg
cagcccatcg
aagctgcccce
gcccaggaca
accttecatge
aaccccctgg
cagaccagca
aacctgtgtce
gagcgcaaga
ttcagcacct
aacgtgtacg
cagaccggcg
ctggectgga
cgctacctge
agccccgatg
tacggcttct
ttegagctge
aagaaccagt
agcagcaagc
agcgtgcegeg
gtgagcgtga
gtgaactgta
atctacagca
catgtggaca
cacaccgtga
ctgggcgeeg

agcatcagca

gcagcaccat
tgatccgcge
tgggcaccca
tcagcgacge
agttegtgtt
acgtggtgeg
tgggcatcaa
tctggggcac
tgaagtacga
ccgagctgaa
acttcecgegt
cctteggega
agatcagcaa
tcaagtgcta
ccgacagett
tgategecga
acacccgcaa
gccatggcaa
gcaagccctg
acaccaccac
tgaacgccce
gegtgaactt
gcttccagece
accccaagac
tcacceceecgg
ccgatgtgag
ccggcaacaa
ccagctacga
gcctgetgeg
atagcagcat

tcaccaccga

gaacaacaag
ctgcaacttc
gacccatace
cttcagectg
caagaacaag
cgatctgccce
catcaccaac
cagcgeccgcec
tgagaacggc
gtgcagecgtg
ggtgcccage
ggtgttcaac
ctgegtggece
cggcgtgage
cgtggtgaag
ttacaactac
catcgacgec
gctgegeecce
caccccecec
cggcateggce
cgccacegtg
caacttcaac
ctteccageag
cagcgagatce
caccaacgcc
caccgccatce
cgtgttecag
gtgtgacatc
cagcaccagc
cgectacage

ggtgatgcce

98/102

agccagagcg
gagctgtgeg
atgatcttceg
gacgtgageg
gatggcttcc
agecggcttcea
ttecgegeca
gcctactteg
accatcaccyg
aagagctteg
ggcgacgtgg
gccaccaagt
gactacagcg
gccaccaagc
ggcgatgatg
aagctgcccg
accagcaccyg
ttcgagegeg
gccctgaact
taccagccct
tgcggeccca
ggcctgaccg
tteggeegeg
ctggatatca
agcagcgagg
cacgccgatce
acccaggcecg
cceateggeg
cagaagagca
aacaacacca

gtgagcatgg

tgatcatcat
acaacccctt
ataacgcctt
agaagagcdgg
tgtacgtgta
acaccctgaa
tcetgaccege
tgggctacct
acgcecgtgga
agatcgataa
tgegettcece
tcecccagegt
tgctgtacaa
tgaacgatct
tgcgccecagat
acgacttcat
gcaactacaa
atatcagcaa
gttactggcce
accgegtggt
agctgagcac
gcaccggegt
atgtgagcga
gccecctgeag
tggecegtget
agctgacccc
gctgectgat
ccggeatcetg
tegtggecta
tcgecatece

ccaagaccag

PCT/US2004/015512

caacaacagc
cttecgeccegtg
caactgcacc
caacttcaag
caagggctac
gcececatcette
cttecagccecec
gaagcccacc
ctgcagccag
gggcatctac
caacatcacc
gtacgecctgg
cagcaccttc
gtgctteage
cgccecegge
gggctgegtg
ctacaagtac
cgtgcecttce
cctgaacgac
ggtgctgagce
cgacctgatce
gctgaccece
cttcaccgat
ctteggegge
gtaccaggat
cgecectggege
cggcgeegayg
tgccagctac
caccatgagc
caccaacttc

cgtggactgce

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160
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aacatgtaca
ttctgeaccc
cgcgaggtgt
ggcttcaact
gaggatctgce
gagtgcctgg
accgtgetge
agcggcaccg
gccatgcaga
aaccagaagc
accaccacca
ctgaacacce
gacatecctga
ggccgectge
cgcgccagceg
cgegtggatt
ggcgtggtgt
cccgecatet
ggcaccagcet
aacaccttceg
gatccecctge
cacaccagcc
atccagaagg
gacctgcagg
<210>
<211>

<212>
<213>

68

DNA

<220>

<223>

<400> 68

2049

tctgecggega
agctgaaccg
tcgeccaggt
tcagccagat
tgttecaacaa
gcgatatcaa
cccecectget
ccaccgccgg
tggecctaceg
agatcgccaa
gcaccgccct
tggtgaagca
gcegectgga
agagcctgca
ccaacctggce
tctgecggcaa
tcctgeacgt
gccacgaggg
ggttcatcac
tgagcggcaa
agcccgagct
ccgacgtgga
agatcgatcg

agctgggcaa

tagcaccgag
cgccctgage
gaagcagatg
cctgccegat
ggtgaccctg
cgceccgegat
gaccgacgac
ctggacctte
cttcaacggce
ccagttcaac
gggcaagctg
gctgagcecage
taaggtggag
gacctacgtg
cgccaccaag
gggctaccac
gacctacgtg
caaggcctac
ccagcgcaac
ctgcgatgtg
ggacagcttce
tctgggegat
cctgaacgag

gtacgagcag

Artificial Sequence

Standardized optimization

atgttcatct tcetgetgtt cctgacccetg

99/102

tgcgceccaacce
ggcatcgccg
tacaagaccc
ccectgaage
gcegatgecyg
ctgatctgeg
atgatcgeeg
ggcgecggeyg
atcggegtga
aaggccatca
caggacgtgg
aacttcggeg
gccgaggtge
acccagcagc
atgagcgagt
ctgatgagct
ccecagecagg
tteccececgeg
ttecttecagee
gtgatcggea
aaggaggagc
atcagcggca
gtggccaaga

tacatcaagt

of soluble

accagcggca

tgctgetgea
ccgagcagga
ccaccctgaa
ccaccaagcg
gcttcatgaa
cccagaagtt‘
cctacaccge
ccgecctgea
cccagaacgt
gccagatcca
tgaaccagaa
ccatcagcag
agatcgatcg
tgatcegege
gcgtgetggg
tceccecagge
agcgcaactt
agggcgtgtt
cccagatcat
tcatcaacaa
tggataagta
tcaacgecag

acctgaacga

ggcecctgg

S1 protein

gcgatctgga

PCT/US2004/015512

gtacggcage
tcgcaacacc
gtacttcggc
cagcttcecatc
gcagtacggce
caacggcctg
cgeecctggtg
gatccccectte
gctgtacgag
ggagagcctg
cgcccaggcee
cgtgctgaac
cctgatcacc
cgccgagatce
ccagagcaag
cgccecceat
caccaccgcce
cgtgttcaac
caccaccgat
caccgtgtac
cttcaagaac
cgtggtgaac

gagcctgatce

ccgctgecacce

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3588

60
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accttcgacg
tactaccceg
cccttctaca
atccccttea
tgggtgtteg
accaacgtgg
agcaagccca
ttecgagtaca
catetgcgeg
cagcccateg
aagctgcccce
gcccaggata
accttcatge
aaccccctgg
cagaccagca
aacctgtgec
gagcgcaaga
ttecagcacct
aacgtgtacg
cagaccggcg
ctggecctgga
cgctacctge
agccccgatg
tacggcttct
ttcgagetgce
aagaaccagt
agcagcaagc
agcgtgegeg
gtgagcgtga
gtgaactgca

atctacagca

atgtgcaggce
atgagatctt
gcaacgtgac
aggatggcat
gcagcaccat
tgatccgege
tgggcaccca
tcagegatgce
agttecgtgtt
acgtggtgeg
tgggcatcaa
tctggggcac
tgaagtacga
ccgagctgaa
acttccgegt
cctteggega
agatcagcaa
tcaagtgcta
ccgacagcett
tgatcgcecga
acacccgcaa
gccacggcaa
gcaagccctg
acaccaccac
tgaacgcccece
gcgtgaactt
gcttccagec
atcccaagac
tcaccccegg
ccgatgtgag

ccggeaacaa

ccccaactac
ccgcagegat
cggcttecat
ctacttegece
gaacaacaag
ctgcaacttce
gacccacacc
cttecagcectg
caagaacaag
cgacctgecce
catcaccaac
cagcgccgcce
cgagaacggc
gtgcagegtg
ggtgcccagce
ggtgttcaac
ctgegtggece
cggegtgage
cgtggtgaag
ttacaactac
catcgatgce
gctgcgececc
cacccecececc
cggcatecgge
cgccacegtg
caacttcaac
cttccagecag
cagcgagatc
caccaacgcc
caccgccatc

cgtgttecag

100/102

acccagcaca
accctgtacce
accatcaacc
gccaccgaga
agccagagcg
gagctgtgceg
atgatcttcg
gacgtgagceg
gatggcttce
agcggcttca
ttcegegeca
gcctacttcg
accatcaccg
aagagcttcg
ggcgacgtgg
gccaccaagt
gattacagcg
gccaccaagc
ggcgacgacg
aagctgceceeg
accagcaccg
ttecgagegeg
gcectgaact
taccagcccet
tgeggcecccca
ggcctgaceg
tteggeegeg
ctggatatca
agcagcgagg
cacgcegatc

acccaggeeg

ccagcagceat
tgacccagga
acaccttcegg
agagcaacgt
tgatcatcat
acaacccctt
acaacgccett
agaagagcgg
tgtacgtgta
acaccctgaa
tcectgaccge
tgggctacct
atgececgtgga
agatcgataa
tgcgettecce
tcceccagegt
tgctgtacaa
tgaacgacct
tgcgcecagat
atgacttcat
gcaactacaa
atatcagcaa
gttactggcc
accgegtggt
agctgagcac
gcaccggcgt
acgtgagcga
gccectgeag
tggcegtget
agctgaccce

gctgtctgat

PCT/US2004/015512

gcgeggegtg
tctgttcctg
caaccccegtg
ggtgcegegge
caacaacagc
cttegeegtyg
caactgcacc
caacttcaag
caagggctac
gcccatcette
cttcageccece
gaagcccacce
ttgcagccag
gggcatctac
caacatcacc
gtacgcctgg
cagcaccttce
gtgcttcage
cgccceccegge
gggcetgegtg
ctacaagtac
cgtgcectte
cctgaacgat
ggtgctgagce
cgacctgatc
gctgacccece
cttcaccgac
cttecggegge
gta&caggac
cgcctggege

cggcgeegag

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920
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101/102

PCT/US2004/015512

catgtggaca ccagctacga gtgtgatatc cccatcggeg ccggcatctg cgccagetac

cataccgtga gcctgectgeg cagcaccage cagaagagca tcgtggecta caccatgagce

ctgggcgec

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

69

DNA
<220>
<223>

<400> 69
atggatgcca

agccccagceyg
atccccacca
accagcgtgyg
ctgcagtacg
caggaccgca
ctgaagtact
aagcgcagct
atgaagcagt
aagttcaacg
accgcegecce
ctgcagatcce
aacgtgctgt
atccaggaga
cagaacgccce
agcagcgtgce
gaccgectga
cgcgecgecg
ctgggccaga
caggcegece
aacttcacca

gtgttegtgt

1623

tgaagcgcgg
ccecgeggeag
acttcagcat
attgcaacat
gcagcttctg
acacccgcga
tcggeggett
tcatcgagga
acggcgagtg
gcectgacegt
tggtgagcgg
ccttegecat
acgagaacca
gcctgaccac
aggccctgaa
tgaacgatat
tcaccggeceg
agatccgcge
gcaagcgegt
ccecacggcegt
ccgeecccge

tcaacggcac

Artificial Sequence

Standardized optimization

cctgtgetgt
cggcgatage
cagcatcacc
gtacatctge
cacccagctg
ggtgttecgece
caacttcagce
tctgetgtte
cctgggegac
gctgceccccece
caccgccacce
gcagatggcece
gaagcagatc
caccagcacce
caccctggtyg
cctgagecgce
cctgecagagce
cagcgccaac
ggatttctge
ggtgttccetg
catctgccac

cagctggtte

of TPA-S2 protein

gtgctgetge
agcatcgcct
accgaggtga
ggcgacagca
aaccgcgccc
caggtgaagce
cagatcctgce
aacaaggtga
atcaacgecc
ctgctgaccg
gcecggetgga
taccgcttcea
gccaaccagt
gcecctgggcea
aagcagctga
ctggataagg
ctgcagacct
ctggcegeca
ggcaagggct
catgtgacct
gagggcaagg

atcacccagce

tgtgtggcge
acagcaacaa
tgcecegtgag
ccgagtgege
tgagcggcat
agatgtacaa
ccgaccecct
ccetggecga
gcgacctgat
atgacatgat
cctteggege
acggcatcgg
tcaacaagge
agctgcagga
gcagcaactt
tggaggccga
acgtgaccca
ccaagatgag
accacctgat
acgtgcccag
cctacttecc

gcaacttctt

cgtgttegtg
caccategcece
catggccaag
caacctgcetg
cgccgecgag
gaccecccacc
gaagcccacce
cgceggette
ctgcgeeccag
cgcegectac
cggcgccgec
cgtgacccag
catcagccag
tgtggtgaac
cggcegecatce
ggtgcagatc
gcagctgatc
cgagtgcegtg
gagcttcceccce
ccaggagcgce
ccgegagggce

cagcccecag

1980

2040

2049

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320
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atcatcacca
aacaacaccg
aagtacttca
gccagcgtgg
aacgagagcc

tgg

ccgacaacac
tgtacgatce
agaaccatac
tgaacatcca

tgatcgatct

cttegtgage
cctgecagece
cagccccgat
gaaggagatc

gcaggagctg

102/102
ggcaactgcg
gagctggata
gtggatctgg
gategcctga

ggcaagtacg

acgtggtgat
gcttcaagga
gcgacatcag
acgaggtggce

agcagtacat

PCT/US2004/015512

cggecatcatc
ggagctggac
cggecatcaac
caagaacctg

caagtggccc

4

'

1380

1440, -
©1500

* 1560

1620

1623



