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(HCV) are provided. These sequences encode antigens
which react immunologically with antibodies present in
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which are absent from individuals infected with hepatitis A
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The HCV cDNA sequences and the polypeptides encoded
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useful for the isolation of NANBH agent(s), for the propa-
gation of these agents in tissue culture, and for the screening
of antiviral agents for HCV.
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F[G l Transiation of DNA S-1-1

AlaSerCysLeuAsnlysSerAlaserllelleProAspArgGluvalleuTyrArgGluy
GGCCTCCTGCTTGAACTGCTCOGCGAGCATCATACCTGACAGGGAAGTCCTCTACCGAGA
CCGGAGGACGAACT TGACGAGCLCGCTCGTAGTATGGACTGTCCCTTLAGGAGATGGCICT

-

PheAspGluMesGluGluCysSerGlnHisLeuProTyrileGluGinGlyMetMetley
81 GTTCGATGAGATGSAAGAGTCCTSTCAGCACTTACCGTACATCGAGCAAGGGATGATGCT
CAAGCTACTCTACCTTCICACGAGAGTCGTGAATGRCATGTAGCTCGTTCCCTACTACGA

AlaGluGlnPuelysGlnlysalaleuGlyley
121 CGCCGAGCAGTTCAAGCAGAAGGTCCTCGGCCICC
GCaGCTCGTCAAGTTCGTCTTCCGGGAGCCGGAGS

F!G 3 Translation of DNA 5-3i-1,81,9151-2

GlyCysValvallIlevalGlyArgvalVaileuSerGlyLysProAlalleileProAsy
I CTGGCTGCGTGGTCATAGTGEGCAGGGTCGTCTTGTCCGEGAAGCCGGCAATCATACTTG
GACCGACGCACCAGTATCACCCGTCCCAGCAGAACAGGCCCTTCGGUCGTTAGTATGGAL

"~

ArgGluvalleuTyrArgGluPheAspGluMetGluGluCysSerGlnHisLeuProTyr
61 ACAGGGAAGTCCICTACCGAGAGTTCGATGAGATGGAAGAGTGCTCTCAGCACTTACCST
TGTCCCTTCAGGAGATGGCTCTCAAGC TACTCTACCTTCTCACGAGAGTCCTGAATGGCA
A )
IleGluGlnGlyMetMetLeudlaGluGlnPhelysGinLysAlaleuGlyLeuleuGln
121 ACATCGAGCAAGGGATGATGCTCGCCGAGCAGTTCAAGCAGAAGGCCCTCGGCCTCCTGE
TGTAGCTCGTTCCCTACTACGAGCGGCTCGTCAAGTTCGTCTTCCGGGAGCCGGAGGACG

.- ThrAlaSerArgGlnAlaGluVallleAlaProAlavalGinThrAsnTrpGlnLysLleu
181 AGACCGCGICCCGTCAGGCAGAGGTTATCGCCCCTGCTGTCCAGACCAACTGGCAMAAALC
TCIGGCGCAGEGCAGTCCGTUTCCAATAGCGGGGACGACAGETCTIGGTTGACCGTITTTG

GluThrPheTrpAlalysHisMetTrpAsnPhelleSerGlylleGlnTyrLeuAlaGly
241 TCGAGACCTTICIGGGCGAAGCATATGTGGAACTTCATCAGTGGGATACAATACTTIGGLGG
AGUTCTGGAAGACCCGCTTCGTATACACCTIGAAGTAGTCACCCTATGTTATGAACCGEC

LeuSerThrleuProGlyAsnProAlallsahlaSerteuMetAlaPheThrAlaAlaval
381 GUTTGTCAACGCTGCCTGSTAACCCCGCCATTGCTITCATTIGATGGLC TTTTACAGLTGLTS
CoAACAGTIGCGALGGACCATTGGGGLGGTAACGAAGTAACTACCGAAAATGTCGACSAC

ThrSerProleuThrThrSersln
TCACCAGCCCACTAACCACTAGCCARA
AGTGGETCOEGTIGATTGGTGATCGGTTT

tat
o0
o
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F!G 4 ~ranslation of DNA 81

SerGlyLysProAlallelleProAspArgGluvalleuTyrArgGluPheAspGludet
I GTCCGGGAAGCCGGCAATCATACCTGACAGGGAAGTCCTCTACCGAGAGTTCGATGAGAT
CAGGCCCTTCGGCCGTTAGTATGGACTSTCCCTICAGGAGATGGCTCTCAAGCTACTCTA

GluGluCysSerGlnHLSLeuProTyrIleGluGlnGlyMetMetLeuAlaGluGlnPhe
§1 GGAAGAGTGCTCTCAGCACTTACCGTACATCGAGCAAGGGATGATGCTCGCCGAGCAGTT
COTTCTCACGAGAGTCGTGAATGGCATGTAGCTCGTTCCCTACTACGAGCGGCTCGTCAA

LysGlnLysAlaLeuGlyLeuLeuGlnThrAlaSerArgGlnAlaGluValIleAlaPrc
171 CAAGCAGAAGGCCCTCGGCCTCCTGCAGACCGCGTCCCGTCAGGCAGAGGTTATCGCCCC
GTTCGTCTTCCGGGAGCCGGAGGACGTCTGGCGCAGGGCAGTCCGTCTCCAATAGLGGGG

AlaValGlnThrAsnTrpGlnLysLeuGluThzrPheTrpAlalysHisMetTrpAsnrhe
1281 TGCTGTCCAGACCAACTGGCAAAMACTCGAGACCTTCTGGGCGAAGCATATGTGGAACTT
ACGACAGGTCTGGTTGACCGTTTTIGAGCTCTGGAAGACCCGCTTCGTATACACCTTGAA

IleSe:GlyIleG1nTereuAlaGlyLeuSerTh:LeuProGlyAsnProAlaIleala
241 CATCAGTGGGATACAATACTTGGCGGGCTTGTCAACGCTGCCTGGTAACCCCGCCATTGC
GTAGTCACCCTATGTTATGAACCGCCCGAACAGTIGCGACGGACCATTGGGGCGGTARCG

SerleuMetAlaPheThrAlaAlavalThrSerProleuThrThrSerGin
301 TTCATTGATCGCTTTTACAGCTGCTGTCACCAGCCCACTAACCACTAGCCAAA
AAGTAACTACCGAAAATGTCGACGACAGTGGTCGGGTGATTIGGTGATCGGTTT

FIG 5 Translation of DNA 36
AspAlaHisPheleuSerGlnThrilysGlnSerGlyGluAsnleuProlyrleuvalAla

1 GATGCCCACTITTCTATCCCAGACARAGCAGAGTGGGGAGAACCTTCCTTACCTGGTAGCG
CTACGGGTGAAMGATAGSGTC TG TTTCO TCTCACCCCTCTTGOAAGGAATGGACCATCGC

TYrGlnAlaThrvalCysAlaArgAlaGlnAlaProProProSerTrpAspGlnMetTrp
§1 TACCAAGCCACCGTGTGCGCTAGGGCTCAAGCCCCTCCCCCATCGTGOGACCAGATGTGG
ATCGTTCGGTGGCACACGCGATCCCGAGTTCGGGGAGGGGG TAGCACCCTGGTCTACACC

-LysCysLeulleArgLeulysProThrleuHisGlyProThrProleuleuTyrArgleu
121  AAGTGTTIGATTCGCCTCAAGCCCACCCTCCATGGGCCAACACCCCTGCTATACAGACTG
TTCACAAMCTAAGCGGAGTTCGGGTGGGAGG TACCCCG TG TGGGGACGATATG TCTGAC
. ‘GlyAlavalGlnAsnGlulleThrleuThrHisProValThrLysTyrileMetThrCys
181 GGCGCTCTTCAGAATGAAATCACCCTGACGCACCCAGTCACCAMATACATCATGACATGC
CCGCGACAAGTCTTACTTTAGTGGGACTGCGTGGG TCAGTGGTTTATGTAGTACTGTACG

MetSerAlaAspleuGluValValThrSerThrirpValleuvalGlyGlyvalleuAla
241  ATGTCGGCCGACCTGGAGGTCGTCACGAGCACCTGGGTGCTCGTIGGCGGLGTCOTGACT
TACAGCCGGCTGGACCTCCAGCAGTGC TCG TGGACCCACGAGCAACCGCCGTAGGACCGA

AlaleuAlaAlaTyrCysleuSerThrGlyCysvalvalllevValGlyArgvalvalleu
331 GCTTIGGCCGCGTATTIGCC TG TCAACAGGC TGCGTGGTCATAGTGGGCAGGGTCGTCTTG
CSAAACCGGCGCATAACGGACAGT TG TCCGACGCACCAGTATCACCCGTCCCAGCAGAAT

----------- Overlap with 8}---- - ==

SerGlyLysProAlallelleProAspArgGluValleuTyrArg
361 TCCGGGAAGLCGGCAATCATACCTGACAGGGAAGTCCTCTACCGAG

AGGCLCTTCGGLCG TTAGTATGGACTG TCCOTTCAGGAGATGGCTC
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FIG. 6 combined ORF of DNAs 36 & 81

AspAlaHisPhaLeuSerGlnThrLysGlnSerGlyGluAsnLeuPrcTereuValAla
. GATGCCCACTTTCTATCCCAGACAAAGCAGAGTGGGGAGAACCTTCCTTACCTGGTAGCG
TACGGGTGAAAGATAGGGTCTGTTTCGTCTCACCCCTCTTGGAAGGAATGGACCATCGC

TyrGlnAlaTh:ValesAlaArquaGlnAlaPrcP:oProSerTrpASpGlnHetTrp

€1 TACCAAGCCACCGTGTGCGCTAGGGCTCAAGCCCCTCCCCCATCGTGGGACCAGATGTGS
ATCGTTCGGTGGCACACGCGATCCCGAGTTCGECSAGGGGGTAGCACCCTGGTCTACACS

LysCysLeuI1eArgL¢uLysProThrLeuﬂstlyProThrP:oLeuLeuTyrArgLeu
AAGTGTTTGATTCGCCTCAAGCCCACCC TCCATGGGCCAACACCCCTGCTATACAGACTG
TTCACA!ACTAAGCGGAGTTCGGGTGGGAGGTACCCGGTTGTGGGGACGATATGTCTGAC

¥l
[ ]
[

GlyAlaValGlnAsnGluIleThrLeuThrHisProValrhrLysTyrIleMe:ThtCys
GGCGCTGTTCAGAATGAAATCACCCTGACGCACCCAGTCACCAAATACATCATGACATGS
CCGCGACAAGTCTTACT T TAGTGGGACTGCE TGCG TCAGTGGTTTATGTAGTACTGTACS

)
m
[

ﬁetSerAl&AspLeuGiuValValTh:SerThrTrpValLeuVaIGlyclyValbeuAla
241 ATGTCGGCCGACCTGGAGGTCGTCACGAGCACCTGGGTGCTCGTTGGCGGCGTCCTGGCT
TACAGCCGGCTGGACCTCCAGCAGTCCTCGTGGACCCACGAGCAACCGCCGCAGGACCGA

AlaleuAlaAlaTyrCysleuSerThrGlyCysvalvalIlevalGlyArgvalvaliey
101 GOTTTGGCCGCGTATIGCC TG TCAACAGGC TGCG TGS TCATAGTGGGCAGGGTCGTCTIG
CCAAACCGGCGCATAACGGACAGTTGTCCGACGCACCAGTATCACCCGTCCCAGCAGAAL

SerGlyLysProAIaIleIleProAspA:gGluValLeuTyrA:gGlu?he&spGluHet
351 TCCGGGARGCCGGCAATCATACCTGACAGGGARG TCCTCTACCGAGAGTTCGATGAGATG
AGGCCCTTCGGCCGTTAGTATGGAC TG TCCC TTCAGGAGATGGC TCTCAAGCTACTCTAC

GluGluCysSezGlnHisLeu?roTyrI1eGluGlnGlyuetMe:LeuAlaGluclnPhe
GAAGAGTGCTCTCAGCACTTACCGTACATCGAGCAAGGGATGATGC TCGCCGAGCAGTTC
CTTCTCACGAGAGTCGTGAATGGCATG TAGCTCGTTCCCTACTACGAGCGGTTICGTCAAS

42

[

LysGlaLysAlaLeuGlyleuleuGlnThralaSerArgGlnAlaGluvallleAlaPro
481 - AAGCAGAAGGCCCTOGGCCTCCTGCAGACCGCGTCCCGTCAGGCAGAGGTTATCGCCCCT
TRCG ICTICCGGEAGCCGGAGGACG TCTGSCGCAGGGCAGTCCGTCTCCAATAGTGGGTA

AlavValGlnThrAsnTrpGlalysleuGluThrPheTrpAlalysiisMetTrpAsnPhe
S4} GCTGTCCAGACCAACTGGCAAAAACTCGAGACCTTCTGGGCGAAGCATATGTGGAACTT
CGACAGGTCTGG TTGACCG TTTTTCAGCTC TGGAAGACCCGCTTCGTATACACCTTGAAG

IleSerGlyIleGlnTY:iAuAlaGlyLzuSerThrLeuProGlyAsnFrchlaIleAla
601 ATCAGTGGGAIACAAIACTTGGCGGGCTTGTCAACGCTGCCTGGTAACCCCGCCATTGCT
TAGTCACCCTAEGTTATGAACCGCCCGAACAGTTGCGACGGACCATTGGGGCGGTAACGA

SerLeuMetAlaPheThrAlaAlavalThrSerproleuThrThrSerGla
6§61 TCATIGATGGCTTTTACAGCTGCTGTCACCAGCCCACTAACCACTAGCCAAA
AGTAACTACCGAMATG TCGACGACAG TGS TOGGG TGATTIGG TCATCGGTTT
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FIG. 7 Transiation of DNA 32

()

th

3

41

301

------ Qverlap with 81- - .-
PhaThrAlaAlavalThrSerProleuThrThrSerGlaThrleuleuPheAsnlleleu

CoTTTACAGCTGCTGTCACCAGCCCACTAACCACTAGCCAAACCCTICCTICTITCAACATAT &

GAAAATG T CGACGACAGTGGTCGEGTGATTGG TGATCGGTTTGGGAGGAGAAGTTGTATA

GlyGlvTrpvalAlaAlaGlnleuAlaplaProGlyAlaAlaThrAlaPhevalGlyaAla
TEGGGEGEGETGGLTGGCIGCCCAGCTCGLCGICCCCGGTGCCGLTACTGCCTITTGTGGGLG
ACCCCCCCACCCACCGACGGETCGAGCGGLGGGGGCCACGGCGATGACGGAAACACCCGL

GlyleuAlaGlyAlaAlalleGlyServalGlyLeuGlyLysValleulleAsplleleu
CTGGCTTAGCTGGLGLCELCATCGGCAGTG T TGGACTGGGGAAGGTCCTCATAGACATCC
GACCGAATCGACCGCGGCGGTAGCCGTCACAACCTGACCCOTTCCAGGAGTATCTGTAGS

AlaGlyTyrGlyAlaGlyValAlaGlyAlaLeuValAlaPheLysIleMetSerGlyGlu
~TGCAGGGTATGGCGCGGGCG TOGCOGIAGCTCTIG TGGCATTCAAGATCATGAGCGGTG
AACGTCCCATACCGCGCCCGCACCGCCCTCGAGAACACCG TAAGTTC TAGTACTCGCCAC

ValProSerThrGluAsplLeyvalAsnLeuleuProhlalleleuSerProGlyAlaleu
AGGTCCCCTCCACGGAGGACCTGGTCAATCTACTGCCCGCCATCCTCTCGCCCGGAGLCC
TCCAGGGGAGGTGCCTCCTGGACCAGTTAGATGACGGGCGGTAGGAGASCGGRCCTCESLG

ValValGlyvValvalCysAlaAlaYleLeuArgArgHisvalGlyProGlyGluGlyAla
TCGTAGTLGGCGTGGTCTG TGCAGCAATACTGCGCCGGCACGTTGGCCCGGGLGAGGEGG
AGCATCAGCCGCACCAGACACGTCGTTATGACGCGGCCGTGCAACCGGGCCCGLTCCLCC

ValGlilnTrpMetAsnArgleulleAlaPheAlaSerArgGlyAsnHisvalSer
CAGTGCAGTGGATGAACCGGLCTGATAGCCTTCGCCTCCCGGGGGAACCATGTTTCCCC
GTCACGTCACCTACTTGGCCGACTATCGGAAGCGGAGGGCCCCCTTIGGTACAAAGGGS

US 2003/0162167 Al
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F:}CS. 53 Translation of DNA 35

SerlleGluThrileThrleuProGlnAspAlavValSerArgThrGlnArgArgGlyArg
TCCATTGAGACAATCACGCTCCECCAGGATGCTGTCTCCCGCACTCAACGTCGGGGCAGG
AGGTAACTCTGTTAGTIGCGAGGGGGTCCTACGACAGAGGGLGTGAGTTGCAGCCCCGTCC

-

ThrGlyArgGlyLysProGlylleTyrArgPheValAlaProGlyGluArgProSezGly
£  ACTGGCAGGGGGAAGCCAGGCATCTACAGATTIGTGGCACCGGGEGAGCGCCCCTCCGGC
TGACCGTCCCCCTTCGGTCCGTAGATGTCTAMCACCGTGGCCCCCTCOGLGEGLGAGGCCG

MetPheAspSerServalleuCysGluCysTyrAspAlaGlyCysAlaTrpTyrGluLeuy
ATGTTCGACTCSTCCGTCCTCTGIGAGTGCTATGACGCAGGCTGTGCTTGGTATGAGCTC
TACAAGCTGAGCAGGCAGGAGACACTCACGATACTGCGTCCGACACGAACCATACTCGAG

[
(8]
[

ThrProAlaGluThrThrValArgLeuArghlaTyrMetAsnThrProGlyLeuProval
181 ACGCCCGCCGAGACTACAGTTAGGCTACGAGCGTACATGAACACCCCGGGGITTCCCGTSG
TGCGGGCGGCTCTGATGTCAATCCGATGCTCGCATG TACTTGTGGGGCCCCGAAGGGCAC

CysGlnAspHisLeuGluPheTrpGluGlyVakPheThrGlyleuThriisIleAspala
TGCCAGGACCATCTTGAATTTTGGGAGGGCGTCTTTACAGGCCTCACTCATATAGATGCC
ACGGTCCTGG TAGAACTTAAAACCCTCCCGCAGAMTGTCCGGAGTGAGTATATCTACGS

(8]
S
[

HisPheLeuSerGinThrLysGlnSerGlyGluAsnleuProTyrleuvalAlaTyrGin
301 CACTTTCTATCCCAGACAAAGCAGAGTGGGGAGAACCTTCCTTACCTGGTAGCGTACCAA
GTGAAAGATAGGG TCTG TTTCG TCTCACCCCTCTTGGAAGGAATGGACCATCGCATGGTT

===Cverlap with 3§ - -—
-AlaThrvalCysAlaArgAlaGlnAlaProProProSerTrpAspGlnMetTrplysCys
381  GCCACCGTGTGCGCTAGGGCTCAAGCCCCTCCCCCATCGTGGGACCAGATGTGGAAGTGT

CGGTGGCACACGCGATCCCGAGTTCGGGGAGGGGGTAGCACCCTGG TCTACACCTTCACA

e . el bt s s el - - ke o -

LeulleArgleulysProThrleuHisGlyProThrProleulauTyrargleuGlyala
421 TIGATTCGCCTCAAGCCCACCCTCCATGGGCCAACACCCCTIGCTATACAGACTGGGCGIT
AACTAAGCGGAGT TCGEGTCGGAGG TACCCGGTTGTGAGGACGATATGTCTGACCCGCGA
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FIG. 9= combined orF of DNAs 35.36.81 & 32

SerlleGluThrileThrleuProGlrAspAlavalSerArgThrGlnArGAZSSLYALS
. TCCATTGAGACAATCACGCTICUCCAGRATGLIGTCTCCOGCALTCAACGTIGGOGCAGS
AGG TAACTC TG T TAG TG GAGEGGGTCITACGACAGAGGGEGTGAGTTGCAGCIRTGTCS

TNIGLYATSGlYLYSProGlylleTyrArgPheValAlaProGlyGluArgPreSexGly
£ ACUTGGCAGGCOGAAGCCAGGLATCTACAGATT TG TGGLACTEGGGEAGLGLCCLTLCEST
TSACCG TCTCCO TG TCCG TAGATOICTAAALALCGIGGICCCCTCOLGLGGAGSCCS

MerPheAspSerServValleuCysGluCysTyrAspAlaGlyCysAlaTrpTyrGiules
1IL  ATGTTCGACTIG T LG TCL T IO TGAGTGCTATGACGCAGGCTGTGCTTIGGTATGAGS TS
TACAAGC TCAGCAGGTAGGAGACACTCACGATACTGCOTCCGACACGAACCATACTCGAG

ThrProAlaGluThrTnrVaiArglew rgAlaTyrMetAsnThrProGiyleuPraval
181 ACGCCCGCCGAGACTACAGTTAGGL TACGAGCGTACATGAACALCCCCGGGGITTCCCE TG
TECGGLCaGC T IGATGTCAATCCGATG L TCGCATG TACTI TG TGGGGLCLCGAAGGGCAC

CysGlnAspHisLeuGluPheTrpGluGlyValPheThrGlyleuThriisIleAspAla
241 TGCCAGGACCATCTIIGAATITIGGGAGGGCGICTTTACAGGTCTCACTCATATAGATSCS
ACGGTCCTGGTAGAACTTAAAACCCICCCOTAGAM TG TCCLGAGTGAGTATATCTACGS

HisPhelLeuSerGlaThrLysGlnSerGlyGluAsnleuProTyrlauvalAlalyzGlin
3C1 CACTTTICTATCCCAGACAAAGCAGAGIGGSGAGAACCTTICCTTACCTGGTAGCGTACCAA
GIGAAAGATAGGGTCIGTTICGTCICACCCCTCTIGRANGGAATGGACCATCGCATGGTT

ALaThrValCysAlaArgAlaGinAlaProProProSerTrpAspGlaMerTrplysCys
36X GCCACCOIGIGCGCTAGGGCTICAAGCCCCTCCCCOATCGTGEGACCAGATGIGEAAGTGT
COGTGGCACACGCGATCCLGAGTTCGGGGAGGGGAOTAGCACCCTGE TCTACACCTTCACA

LeulleArgieulysProThrleuisGlyProThrProleuleulyrargleuGlyAla
321 TIGATTCGCCICAAGCCCACCCICCATGGGCCAACACCCCTOCTATACAGACTGGGCGCT
AAL TAAGCGOAG TTCGGGTIGOGAGETACCCOLTTIGTGOGOGALGATATG TCTGACCCGCGA

VaiGlnAsnGlulleThrleuthriisProvalThriysTyrIleMetThrCysMetSer
481 GTTCAGAATGAMTIZACCCTGACGCACCCAGTCACCAAATACATCATGACATGCATGTCS
CAAGTCTTIACTTTAGTIGGGACTGCGTIGGG TCAGTGG T TTATGTAGTACTCTACGTACAGS

AlzAspleuGluvalvalThrSerThrirpValleuValGlyGlyValleuhlaAlaleu

S41 _GCCSACCTGGAGGTCGTCACGAGCACCTGGE TGLTCOTTIGRCGGCE TCCIGGLIGLTTTG
CGGCTGGACCTCCAGLAGTGCICGTGGACCCACGAGCAACCGCCGCAGGACCGACGANAL
AlaAlaTyrCyslauSerTnrGlyCysvalvalllevalGlyArgvalvalleuSerGly

€01 GCCGCGTATIGCCTGTCAMCAGGCTGCG TGG TCATAGTGGGCAGGG TCGTCTTUTCCGOG

CGGCGCATAACGGACAGTIGTCCGACGCACCAGTATCACCCGTCCCAGCAGAACAGGCCT

LysProAlallelleProAspArgGluvalleuTyrArgGluPheAspGluMetGluGly
661 AAGCCGGCAATCATACCTIGACAGGGAAGTCCICTACCG2SAG ITCGATGAGATGGAAGAG
TTCGGCCGTTAGTATGGACTG TCCCTICAGGAGATCGC TCTCAAGC TACTCTACCTTICTC

CysSerGlnKisleuProTyrileGluGlnGlyMesMatisuAlaGluGlnPhelysGlin
TGCTCTCAGCACTTACCGTACATCGAGCAAGGGATGATGCTCCCCGAGCAGTTCAMGCAG
ACGAGAGTCG TGAATGGCATG TAGCTCSTTCCCTACTACGAGCGGLCTCGTCAAG TICGTC

LysAlaleuGlyleuleuGlnThrAlaSerArgGlnAlaGluvallleAlaProAlaval
AAGGCCCTLGGICTCCTGCAGACCGCGTCCCE TCAGGTAGAGG TTATCGCCCCTGETGTC
TICCGGGACCCGGAGGACS TCTGGCGCAGGGCAG TCCG TCICCAATAGCGGGGAGACAG

~4
| Y]
P

i |
@
| 34
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FiG. 10 Translat:ion of TNA 37b

LevAlaAlalysleuvalAlaleuGlyIleAsnalavalalaTyrIyrArgGlyleuAsy
CTCGCCGCAAAGC TGGTCGCATTGGGCATCAATGLCGTGGCCTACTACCGIGGTCTTGAL
GAGCGGCG T T TLGACCAGCGTAACCCGTAGTTACGGCACCGGATGATGGIGLCAGAALTG

(o]

valServalileProThrSerGlvaspvaivalvalvalAlaThrAspAlaleuMerThr
61 GTGTCCGTCATCCCGACCAGCGGCGATGTIGTCGTCGTIGGCAACCGATGCCCTCATGACT
CACAGGCAGTAGGGC IOGILCCCGCTACAACAGCAGCACCS TIGGCTACGGGAGTACTGS

GlyryrrhrclyAspPheAspSerValI1eAspTyrAsnThrCysValThrGlnThrVal
131 GGCTATACCGGCGACTTCGACTCGGTGATAGACTACAATACGTGTGTCACCCAGACAGTC
CoGATATCO GO TGAAGCTGAGCCACTATCTGATG T TATGCACACACTGGGTCTGTCAG

. ==messseoocsoscoooooooo-o Overlap with
AspPheSerLeuAspPreThrPheThrileGluThrileThrleuProGlnAspAlaval

1Bl GATTTCAGCCTTGACCCTACCT:CACCATTGAGACAATCACGCTCCCCCAGGATGCTGTC
CTAARAGTCGGAACTCGGATGGAAGTGGTAACTCTGTTAGTGCGAGGGGGTCCTACGACAG

clone 35 -
SerargThrGlnArgArgGlyArgThr
TCCCGCACTCAACGTCGGGGCAGGACTS
AGGGCGTGAGTIGCAGCCLCGTCCTIGAC

(%]
&
y

F’I(B. ll Translation of DNA 33b

------- Cverlap with 32 -
MetAsnArgleulleAlaPheAlaSerArgGlyAsnHisvValSerProThrHisTyrval
1 GATGAACCGGCTGATAGCCTTCGCCTCCOGGEGGAACCATGTTTCCCCCACGCACTACGT
CTACTTGGCCGACTATCGEAAGCGGAGGGCCCCCITGGTACAAAGGGGGTGCGTGATGCA

ProGluSerAspAlaAlaAlaArgValThrAlalleleuSerSerLeuThrvalThrGln
61 GCCGGAGAGCGATGCAGCTIGCCCGCGTCACTGCCATACTCAGCAGCCTCACTGTAACCCA
CGGCCTCTCGCTACGTCGACGGGCGCAGTGACGG TATGAGTCGTCGGAGTGACATTGSGT

LeuleuArgArgLeuHisGilnTrpIleSerSerGluCysThrThreroCysSerGiyser
121 GCTCCTGAGGCGACTGCACCAGTGGATAAGCTCGGAGTG TACCACTCCATGCTCCGGTTC
CGAGGACTCCGCTCACGTGETCACCTATTICGAGCCTCACATGGTGAGGTACGAGGCCAAG

TrpleuvArgAsplleTrpAspTrplleCysGiuvalleuSerAspPhelysThrTrpleu
i8] CIGGCTAAGGGACATCTGGGACTGGATATGCGAGGTGTTGAGCGACTTTAAGACCTGGET
GACCGATTCCCTIGTAGACCCIGACCTATACGCTCCACAACTCGCTGAAATTCTGGACCGA

LysAlalyslLeuMetProGinleuPraoGlyIleProPheValSerCysGLnArgGivTyr
231  AAAAGCTAAGCTCATGCCACAGCTIGCCTGGGATCCCCTTIGTGTCCTGCCAGLGLGGGTA
TTTTCGATTCCAGTACGG TS TCGACGGACCCTAGGGGAAACACAGGACGGTCGCGLCCAT

LysGlyValTrphrgVal
TRAGLGGGTCIGGCGAGTG
ATTCCCCCAGACCGETCAC

i
[ )
Pt
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FlG 12 Transiatiocn cf DNA 40>

AlaTyrMetSeriysAlaHisGlyIleAspProAsnlIleArgThrGlyValArgThrile
T GGCTTACATSTCCAAGGCTCATGGGATCGATCCTAACATCAGGACCGGGGTGAGAACAAT
CrGAATG TACAGG T TCCGAGTACCCTAGCTAGGATIGTAGTCCTGGLCCCACTCTIGTTA

ThrThrGlySerProlleThrTyrSerThrTyrGlylysPheleuRlaAspGlyGlyCys
£ TACCACTGGCAGCCCCATCACGTACTCCACCTACGGCAAGTTCCTTGCCGACGGCGGETG
ATGOTGACCGTCGOGETAGTGCATGAGE TGGATGLCCGTTCAAGGAACGGCTGCCGCCCAC

SerGlyGlyAlaTyrAspIielleIleCysAspGluCysHisSerThrAspAlaThrSer
121  CTCGGGGGGCGCTTATGACATAATAATTTG TGACGAGTGCCACTCCACGGATGCCACATC
GAGCCCCCCGCGAATACTGTATTAT TARACACTGCTCACGGTGAGG TGCCTACGGTRTAG

IlelLeuGlyIleGlyThrvalleuAspGinAlaGluThralaGlyAlaargleuvValval
CATCTTGGGCATCGGCALTGTCCTTGACCAAGCAGAGAC TGCGGGGGCGAGACTGGTTGT
GTAGARCCCGTAGCCGTGACAGGAACTGGTICGTCTCTGACGCCCCCGCTCTGACCAACA

t
LeuAlaThrAlaThrProProGlyServalThrvalProHisProAsnIleGluGluval
281 GCTCGCCACCGCCACCCCTCCGGGLTCCGTCACTGTGCCCCATCCCAACATCGAGGAGGT
CGAGLGGTGGCGGTGGEGAGGCCCGAGGCAGTGACACGGGGTAGGGTIGTAGCTCCTCCA

AlaLeuSerThrThrGlyGluIleProPheTyrGlyLysAlaileProleuGluvaliie
301 TGCTCIGTCCACCACCGGAGAGATCCCTTT I TACGGCAAGGCTATCCCCCTCGAAGTAAT
ACGAGACAGGTGGTGGCCTCTC TAGGGARAARTGC  GTTCCGATAGGGGGAGCTTCATTA

LysGlyGlyArgHisLeuIlePheCysHisSerLysLysLysCysAspGluleuAlaAla
18 CAAGGGGGGGAGACATCTCATCTTCTGTCATTCAAAGAAGAAGTGCGACGAACTCGCCGC
T CTCTIG TAGAG TASAAGACAG TAAG T I TCTTCTTCACGC TG TIGAGLGGCG

- - --Qverlap with 37b====--
LysLeuValAlaleuGlyIleAsnAlavalAlaTyrTyrArgGlyLeuAspvalServal

42! AAAGCTGCGTCGCATIGGGCATCAATGCCGTGGCCTACTACCGCGGTCTTGACGTIGTCCGT
TTTCGACCAGCGTAACCCGTAG TTACGGCACCGGATGATGGCGCCAGAACTGCACAGGTA

tileProthr
481 CATCCCGACCAG

GTAGGGCTGGTC
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FIG |3 rranslation of DNA 25¢C

CysSerLeuTh:ValThrGlnLeuLeuArgArgLeuHisGlnTrpIleSerSerGluCys
ACTGCAGCCTCACTGTAACCCAGCTCCIGAGGCGACTGCACCAGTGGATAAGCTCGGAGT
TGACSTCGGAGTGACATTGEG TCGAGGACTCCGCTGACGTGGTCACCTATTCGAGLCTCA

g

ThrThrProCysSerGlySerTrpleuArgAsplleTrpAspTzplleCysGluvalley
62 GTACCACTCCATGCTCCGGITCCTGGCTAAGGGACATCTGGGACTGGATATGCGAEGTGT
CATGGTGAGGTACGAGGCCAAGGACCGATTCCCTGTAGACCCTGACCTATACGCTCCACA.

- --Qverlap with 33b —re—essse--eeoo—o—o-e-
SerAspPheLysThrszLeuLysAlaLysLequtPrcclnLeuPrcGlyIleProPhe

121  TGAGCGACTTTAAGACCTGGCTAAAAGCTAAGCTCATGCCACAGCTGCCTGGGATCCCCT

ACTCGCTGAAATTCTGGACCGATTTTCGATTCGAGTACGG TG TCGACGLACCCTAGGGGA

valSerCysGlnA:gGlyTerysGlyValTrpArgGlyAspGlyIleﬂetxisth:A:g
181 TTGTATCCTICCCAGCGCGGG TATAAGGGGG TCTGGCGAGGGGACGGCATCATGCACACIC
AACACAGGACGGTCGCGCCCATATTCCCCCAGACCGCTCCCCTGCCGTAGTACGTGTGAG

CysHisCysGlyAlaGluI1eThrGlyHiSValLysAsnGlyThrHe:ArqIleVa;Gly
241 GCTGCCACTGTGGAGCTGAGATCACTGGACATGTCAAAAACGGGACGATGAGGATCGTCS
CGACGGTCACACCTCGACTCTAGTGACCTG TACAGTTTTIGCCCTGCTACTCCTAGCAGT

ProArgThrCysArgAsnHetTrpSerGlyThrPheProI1eAsnAlaTerhrThrGly
301 GTCCTACGACCTGCAGGAACATCTGOAGTGGGACCTTCCCCATTAATGCCTACACCACGS
C&GGATCCTGGACGTCCTTGTACACCTCACCCTGGAAGGGGTAATTACGGATGTGGTGCC

ProCysThrProLeuProAlaProAsnterhrPheAlaLeuT:pAqualSerAlaGlu
361 GCCCCTCTACCCCCCTTCCTGCGCCGAACTACACGTTCGCGCTATGGAGGGTGTCTGCAG
- CCGGGACATGGGEGGAAGGACSCGGCTTGATG TGCAAGCGCGATACCTCCCACAGACGTC

GluTyrvalGlulleArgGlnvalGlyAspPheHisTyrvalThrGlyMetThrThrAsp
421 AGGAATATGTGGAGATAAGGCAGGTGGGGGACTTCCACTACGTGACGGGTATGACTACTG
TCCTTA?ACACCTCTATTCCGTCCACCCCCTGAAGGTGATGCACTGCCCATACTGATGAC

AsalLeulysCysProCysGlnvalProSerProGluPhePheThrGlu
481 ACAATITCAAATGCCCGTGCCAGGTCCCATCGCCCGAATTTTTCACAGAAT
TG T TAGAGTTTACGSSCACSC ICCAGGGTAGCGGGCTTAAAARGTCTCTTA
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l‘;";Ccmbzned ORF of DNAs 40b/37b/35/36/Bl/32/33k/25¢C

Ala?y:ﬁe:Se:LysAlaHisGly:leAspProAsn:1eA:gTh:GlyValA:gThrzl

~GCTTACATGTCCAAGGC TCATGGGATCGATCCTAACATCAGGACCGGGGTGAGAACAAT
ACGAATETACAGGTTCLGAGTACCC TAGCTAGGAT TG TAGTCCTGGLCCTACTCTICT A

ThrThrGlySerProlleThrTyrSerThrTyzGlylysPheleudlaAspGlyGlyCys
—ACCACTGGCAGCCCCATCACG TACTCCACCTACGGCAAG TTCCTIGCCGACEGIGAGT
ATGGTGACCSTCGOGOTASTECATGAGG TGGATGLCG TTCAAGGAALGGCTGCIGCCCAL

SerGlyGlyAlaTyrAspIil IlelleCysAspGiuCysHisSerThrAspAlaThrSer
CTCGGGGGGCGCTTATGACATAATAATTTGTGACGAGTGCCAC?CCACGGATGCCACATC
GAGZCS oG AATACTG TAT T AT TAMACACTGCTCACGGTGAGG TGLCTACGGTGTAG

:leLeuGlyIleGlyth:ValLeuAspGlnAlaGluThrAlaGlyAlaAqueuVaIVal
CATCT=GGGCATCSGTACTETCCTTGALCAAGLAGAGAC TGCGGGGGLGAGACTGETIGT
GTAGAACCCS TAGCCGTCACAGGAACTGGTTCGTCTCIGACGCCCCCGCTCTGACCAACA

LeuAlaThrALaThrProProGlyServalThrValproHisProAsnlleGluGluval
GCTCGCCACCGCCACCCCTCCAGGCTCCETCACTG TGCCCCATCCCAACATCGAGGAGGT
CGAGCGGTGGCGG?GGGGAGGCCCGAGGCAGTGACACGGGGTAGGGTTCTAGCTCCTCCA

AlaLeuSerThrThrGlyGlulleProPheTyrGlyLysAlalleProleuGluVallle’
TGCTCTGTCCACCACCGGAGAGATCCCTTTTTACGGCAAGGCTATCCCCCTCGAAGTAAT
ACGAGACAGGTGGTGGCC?CTCTAGGGAAAAATGCCGTTCCGATAGGGGGAGCTTCATT

LysGlyGlyArgHisLeuIlePheCysHisSerLysLysLysCysAspG1uLeuAlaAla
CAAGGCGGGGAGACATCTCATCTICTIGTCATICAMGAAGAAGTGCGACGAACTCGCCGL
GTTCCC e TCTG T AGAGTAGAAGACAGTAAGTTICTTCTTCACGC IGCTTGAGTGGLS

LysLeuVAlalaLeuGlyI1eAsnA1aVa1AlaTervrArgGlyLeuAspVaLSe:Val
AAAGCTGETCGCAT TGGGCATCAATGCCGTGSCCTACTACCGCGGTCTTGACGTGTCCGT

AW b T e

TG ACCAGCGTAACCSS TAGTTACGGCACCGGATGATGGCGCCAGRACTGLACAGGTA

I1e?roThrSe:GlynspValValVaLValhlaTnﬁAspAlaLeuHetTh:GlyTerh:
CATCCCGACCASGCGECGATG TGO TGO TCGTIGGCAACCGATGCCCTCATGACCGGCTATAL
GTAGGGCTGGTCGCCGCTACAACAGCAGCACCGTTGGCTACGEGAG TACTGGCCGATATS

GlyAspPheAspSe:ValIleASp?yrAsnThrCVSValTh:Glnrh:ValAspPheSer
CeGCCACTICGACTCGGTGATAGACTACAATACG TG TG TCACCCACACAGTCGATTICAG
GCCGCTGAAGCTGAGCCAC?ATCTGATGTTATGCACACAGTGGGICTGTCAGCTAAAGTC

LeuAspProThrPheThrIileGluthrileThrieuProGlnAspalavaiSerArgthr
COCTTGACCCTACCTTCACCATTGAGACAATCACGCTCCCCCAGGATGC TG TCTCCCGCAC
GeAACTGGCATGGAAG TGG TAACTCTGTTAGTGCGAGGGGGTCCTACGACAGAGGGLGTG

lnArgArgclyArgThrGlyhqulyLysPrcG1yl1eTyrArtheValAlaProGly
TCAACGICGGGGCAGGACTGGCAGGGGGAAGCCAGGCATCTACAGATTTGTGGCACCGGG
AGITGCAGCCCCGTCCTGACCGTCCCCCTTCGGTCCGTAGATGTCIAAACACCGTGGCCC

GluArq?roSerGlynetpheAspSerSerValLeuCysGluCysTyrAspAlaGlyCys
GGAGCGCCCCTCOGGTATG TTCGACTCGTCCGTCCTCTG TGAGTGC TATGACGCAGGCTS
COTCGCGGGGAGGCCGTACAAGCTGAGCAGGCAGGAGACACTCACGATACTGCG TCCGAL

AlaT:pT?:GluLeuTh:ProAlaGluThrThrValAqueuArgAlaTytHetAsn:h:
T TGC T ATCAGC TCACGCCCGCCGAGAC TACAGTTAGGC TACGAGCG TACATGAACAC
ACGAACCATACTCGAGTGCGGGCGECTCTGATG TCAATCCGATGCTCGCATGTACTIGTG

ProGlyLeuProVa1CysGlnAspuisizuG1uPheT:pGluGlyVa1PherhrGlyLeu
CC GGaECTICCCG TG TGCCAGGACCATC TIGAATTTIGGGAGGGCGTCTTTACAGGLCT
GGGCCCCGAAGGGCACACGGTCC!GGTAGAACTTAAAACCCTCCCGCAGAAATG —CGGA

ThrHisIleAspAlaHisPheleuSerGlnThr.rsGinSerGiyGludentandsaTyr
CACTCATATASATGCCCACTTTCTATCCCAGACAMGCAGAGTGGGGAGAACCTTCCTTA
GTGAGTATATC TACGGG TGAMAGATAGGGTCTC TTTCGTCTCACCCCTCTTGGANGGAAT

US 2003/0162167 Al
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LeuValAlaTyrGinALaThrVallysAlaArgAlaGlnAlaProProProSerTrpAss
SEL  COTGGTAGCGTACCAAGCCACCGTETIGLGCTAGGECTCAAGCCCCTCCCOCATCGTIGRGGA
GGACCATCSTATGS TTCGETGECACACGLGATCCCGAGTICGGGGAGGGGGTAGCALCLT

GlnMerTrplyelysleulleArglaulysProThrleudisGlyPreThrProleuley
122X CCAGATGIGGAAGTGITTGATICGCCTCAAGCCCACCCTCCATGGGLCAACACCCLTGLT
GETCTACAT ST TCACAAACTAAGCGGAGTTCGGGTGGGAGGTACCCGGTTG TGGGGACGA

TyrArgLeuGlyAlavalGlnAsanGlullethrleuThrHisProValThrlysTyrile
1287 ATACAGACIGGGCSCTGTTCAGAATGAARTCACCCTGACGCACCCAGTCACCAAATACAT
TATCTCTGACCCGCGACARGTCTTACT TTAGTGEGACTGCGTGGE TCAG TGS TTTATGTA

MetThrCysMerSerAlaAspleuGluValValThrSerTheTrpvalleuvValGlyGly
1241  CATGACATGCATGTCSGTCGACCTGGAGE TCGTCACGAGCACCTGRSTGCTCGTTGGLGS
GTACTGTACGTACAGCCSGCTOGACCTCCAGCAGTGCTCGIGGACCCACGAGCAACTGEC

valleuvhAladlalecAlaAlaTyrCysleuSerThrGlyCysvValvalllavalGlyArs
221 COTCCTGGC TGO I T IGGCLGCGTATTGCL TG TCAACAGGCTGLCGTGGTCATAGTGGGCAG
GCAGGACCGACGAAACCSGLGCATAACGGACAGTIGTCCGACGCACCAGTATCACCCGTC

ValValleuSerGlyLysProAlallielleProAspArgGluValleuTyrArgGluphe
1261 GGTCGTCTIGTCCOGGAAGCCGGCAATCATACCTGACAGGGAAGTICCTCTACCGAGAGTT
CCAGCAGAACAGGCCS TTCEGCLGTTAGTATGCACTGTCCOTTCAGGAGATGGC TCTCAA

AspGluMetGluGluCysSerGlnHisLeuProTyrIleGIuGlnGlyMetMetLlaulla
2321  CGATGAGATGGAAGAGTGCTCTCAGCACTTACCGTACATCGAGCAAGGGATGATGCTLGE
GCTACTCTACCTITCTCACGAGAGTCGTGAATGGCATGTAGC TCGTTCCCTACTACGAGLS

luGlnPhelysGinLysAlaleuGlyLeuleuGlnThrAlaSaerargGlnAlaGluval
1381 CGAGCAGTTCAAGCAGAAGGCCCTICSGCCTCLTGCAGACCGCGTCCCGTCAGGCAGAGGT
GCT oG TCAAG T oG TC T TCCGEGAGCLGEAGGACG TCTGGCGCAGGGLAGTCCGTCTCCA

IleAlaProalaValGlnThrAsnTrpGlnlysleuGluThrPhaTrpAlaLysHisMes
1441 TATCGCCCCTIGCIGTCCAGACCAACTGGCAMMMETCSAGACCTTCIGGGCGAAGCATAT
ATAGCGGGGACGACAGE TCIGG TIGACCGTTTTTGAGCTCIGGAAGACCCGCTTCGTATA

TrpAsnPhelleSerGlylleGlnTyrieuAlaGlyLeuSerThrLeuProGLyAsnbre
1S5S0l GIGGAACTICATCAGIGGGATACAATACTTGGCGGGCTTGTCAACLGCIGECTGGTAACCC
CACCTIGAAGTAGTCACCCTATGTTATGAACCGCCCGAACAGTTGCGACGGACCATTIGGS

AlalleAlaSerlLeuMsesAlapheThrAlaAlavalThrSerpProLeuThrThrSerGln
1561 CGCCATIGCTICATIGATGGSTTTTACAGCIGCTIGCTCACCAGCCCACTAACCACTAGLTA
GCGGTAACGAAGTAAC TACCGAAAATG TCGACGACAG TGS TCGGGTGATTGG TGATCSEST

- - " ThrleuleuPheAsnIleleuGlyGlyTrpvalAlaAlaGinleuAlaAlaProGiyhLa
1621 AACCCTCCTCTTCAACATATIGGGGGGGTGGEIGGECTGCCCAGCTCGCCGCCCCCGETGT
TIGGGAGGAGAAGTTGTATAACCCCCCCACCCACCEACGGE TCGAGCGGCGGRGGCCACS

AlzThrAlaPhevValGlyaAlaGlyleuAiaGlyAlaAlalleGlySerValGlyleuGly
1E81 CGCTACTGCCTTIGTGEGECGCTGGCTTAGC TGGOGCCGCCATCGGCAGTGTTGGACTGGG
GCCATGACGGAMACACCCGCGACCGANTCGACCGCGGCEETAGCCG TCACAACCTGALCS

LysvalleulleAspIleLeuAlaGlyTyrGlyAlaGlyvValAlaGlyAlaleuValAla
1741 GAAGGTCCTICATAGACATCCTTGCAGGGTATGGCGLGGGCETGECGGEAGCTCTIGTGGE
CTTCCAGGAGTATC IGTAGGAACGTCCCATACCGLGCCCGCACCGCCCTCGAGAACACCS

PhelysIleMetSerGlyGluValProSerThrGluAspleuvalAsnieuleuProhla
1801 ATTCAAGATCATGAGLGGTGAGGTCCCCTCCACGGAGGACCIGG TCAATCTACTGLCLGL
TAAGITCTAGTACTCGCCACTCCAGGGGAGG TGLCTCCIGGACCAGTTAGATGACGGGCS

IleleuSerProGlyAlaleuValvalGlyValvalCysAlaAlalleleuArgArgHis
1861 CATCCTCTCGCCCGEAGCCCTCGTAGTCGGOGTGGTCIGTGCAGCAATACTG ZGTCGGTA
GTAGGAGAGCESGCCTCGGGAGTATTAGCCOLACCAGACACGTCGTTATGACSTGGCLGT

F I G l 4 "2 ValGlyProGlyGluGlyAlavalGlaTrpMetAsnArgleullerlaPherlaSerarg
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192l CGTTGGCOCGGECGAGEGEGTAGTGCAGTGGATGAACCGGCTGATAGCCTTCGCCTCCCS
GOAACCGGECECECTCCCCCGTCACGTCACCTACTTGGCCGACTATCGGRAGCGGAGGGC

GlyAanisValSe:ProthrHisTeralProGluSerAspAlaAlaAlaArgvalThr
1381  GGGGAACCATGTTTCCCCCACGCACTACGTGCCGGAGAGCGATGCAGCTGCCCGCGTCAC
CCCCTTGGTACAARGSCEG TGCGTGATGCACGGCCTCTCGCTACGTCGACGGGCGCAGTG

AlaIleleuSerSerlLeuThrvalThrGlnLeuleuArgArgleuHisGinlzplleSer
3541 TGCCATACTCAGCAGCCTCACTGTAACCCAGCTCCTGAGGCGACTGCACCAGTGGATAAG
ACGGTATGAGTCGTCGGAGTGACATIGGGTCGAGGACTCCGCTGACGTGGTCACCTATTC

SerGluCysThrThrProCysSerG1ySe:TrpLeuArgAspIleT:pASpT:pIleCys
312! CTCGGAGTGTACCACTCCATGCTCCGGTTCCTGGCTAAGGGACATC TGGGACTGGATATG *
GAGCCTCACATGG TGAGGTACGAGGCCAAGCACCGATTCCCTGTAGACCCTGACCTATAC

GluvalLeuSe:Aép?heLysTh:TrpLeuLysAlaLysLeuuetProGlnLeuProGly
2161 CGAGGTGTTGAGCGACTTTAAGACCTGGCTARAAGCTAAGCTCATGCCACAGCTGCCTSS
e CACAACTCGC TGARATTC TGGACCGATTTTCGAT TCGAGTACGG TG TCGACGGALL

TleProPhevValSerCysGlnAraGlyTyrLysGlyValTrpArgValAspGlylleMet
22l GA?CCCCTTTGTGICCTGCCAGCGCGGGTATAAGGGGGTCTGGCGAGTGGACGGCATCAT
CTAGGGGAAACACAGGACSGTCGCGCCCATATTCCCCCAGACCGCTCACCT CCGTAGTA

H;sTh:ArgCysHisCysGlyAlaGluI1e€hrGlyHisValLysAsnGlyThrﬂe:Arg
2231 GCACACTCGCTGCCACTGTGGAGC TGAGATCACTGGACATGTCAAAAACGGGACGATGAG
CG?GTGAGCGACGGTGACACCTCGACTCTAGTGACC?GTACAGTTTTTGCCCTGCTACT;

IleValGly?roArgThrCysArgAsn!et?rpSerGlyTthhePro£leAsnAlaTyr
2321  GATCOTCGGTCCTAGGACCTGCAGGAACATGTGGAGTGGGACCTTCCCTATTAATGCCTA
CTAGCAGCCAGGATCCTGGACGTCE TG TACACCTCACCITGGAAGGGGTAATTACGEAT

Th:?h:GlyProCysEhr?toLeuPzoAlaProAsnTerhrPheAlaLeuTrpArgVa:
7401 CACCACGGGCCCCTGTACCICCCTTCCTGCGCCGAACTACACGTTCOCGCTATGGAGGST
GTCCTGCCCGGGGACATGGGGGGAAGGACGCGGCTIGATGTGCAAGCGCGATACCTCCCA

SerAlaGluGluTeralGIuIleArgGana1GlyAspPheHisteralThrGlyﬁe:
2467 GTCTGCAGAGGAATATGIGGAGATAAGGCAGGTCGGGGACTTCCACTACGTGACGGGTAT
CAGACGTCTCCTTATACACCTCTATTCCGTCCACCCCCTGAAGG TGATGCACTGLCCATA

?h:th:AspAsnLeuLysCysProCysGanalProSerProGlu?hePheThrGlu
GACTACTGACAATCTCAAATGCCCGTGCCAGGTCCCATCGCCCGAATTTTICACAGAAT
CTCATGACTGTTAGAGT TTACGGGCACGGTCCAGGGTAGCGGGCTTARAAAGTGTCTTA

FiG. 14-3

[ Y]
~NE
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FIG. 15 r-anslazion of owa 33c

AlavValAspPhelleProValSluaszleuGluThrThrMetirgSerProValPhe™hr
GECGG IGGACT I TAICCOI G TGGAGAACCTAGAGACAA CCATGAGS TCCACGE TG TICAL
G AL IGAAA T AGIGACAC S I T IGGA T I IG TG TACTCCAGGGUCCACIAAG TG

[

AspisnSerSerProfrovalvValProGinsSerfPheGlaValAlaHisleudisAlafre
£ GSATAACTICCTCTCCACCAG TAGTGCCCTAGAGCTTCCAGG TGGCTCACCTCCATGLTICC
CCTATTGAGGAGAGG TGGTCATCALGS STCICCAMMGE TCCACTRAGTGGAGGTACGAGSG

ThrGlySerGlylysSerThslysvalPzroAlarlaTyrAlaAlaGloGlylyrLysvVal
il CACAGGCAGCGGLAAMGOACCAAGG TCCCGOCTGCATATGEAGCICAGGGCTATAMGG T
Gl e LG TG LN T T I G IGG T ICCAGGG CCAALSTATACGICGAGTICCCGATATICCA

18l GUIAGTACTCAACCCCICIGITGCIGCAACA CAALGC
COATCADGAG I TGGGGAGACACGACS DTG IGACCCGAMOCACGAATG TACAGG TTICCS

———Quarlap with 40b-
HisGlyIleAspProAsnllaAzgtirGlyValArgThrIleThrThrGlySarProlle
241 TCATGGGATCGRATCCTAACATCAGGACC GGG TGAGACAATTACCACTGGCAGCCCCAY
AGTACCCTAGCIAGGATTGTAG TCCIGGCCCCACTCTIGITAAIGG IGACCGTCGRGETA |,

.AuV;an.AsnProsg*Va.Al;A.t’h:.aualthcclynuyﬁctscrx.rulc
CIGGGCTITIGOIGCTTACATGIC

Ty rSerThrTyzGlyLysPhalauAl adspGlyGlyCysSerGlyGlyAlaTyzAsp
3¢ CACGTACTCCACCIACGGOAMG TTCCTIGC COACGECEGE IGCTOGRGGGGEIGCTTATGA
GWWWCWCCCCC@MM

IlellelleCysAspGluCysHisSerThraspAlaThrSerlleleuGlylleGlyThe
36.  CATAATAMAITIGTGACGAGTGCCACTCOACGIATGCCACATCCATCTTGGGCATIGHCAC
GTATTATTAMOACIGCTCACGG TGAGG TG CCTACGG IGTAGG TAGAACCOG TAALCG TG

ValleuAspGloAlaGluThrAlaGlyAlaArgleuValvValleuAlaThrilaThrPro
431  TGTCCTTGACCAAGCAGAGACTGLGGGGGCGASACTGE TIGCTGCTCGCCACCSCOACECC
ACAGGAAC GG T ICG ICTCIGACGCCCC R TOIGACCAACACGAGCGGTGGLGE TRGGG

ProGlySexValThrValProiisProAsnlleGluGluvalilaleuSesThrTheGly
481  TCCGGGCTCCGTCACTGOIGCCCCATCCCAACATCOAGGAGG TTGCICTG TCOACCALCSS
AGGCCCGAGGLAG TGACACGGGG TAGGS TTG TAGCTCCTCCAMLGAGACAGE TGS TGGCC

- GluI}.c?rothl‘rnclﬂ.rmanc?reuucluvundysclyclynglu:uu
341  AGAGATCCCTTITTACGGCAAGGC TATCCCCOCICRAAG TAATCAMGGGGGGGAGACA
WWQCCCCW

IlePheCysRisSasLysLysLysCysAspGlulaullaAlalysleuValAlaleuGly
6¢.1 ummmmmcmmmm
GACCAGCGTAACCC

IleAsaAlavValAlaTYrITyTATgGlyleuAspValServVallleProThrSerGlyAsp
€65 CATCAATGCCGIGGCCTACTACOGLGGTCTIGACG TG TCCOTCATCCCGACCAGLGGLGA
GIAGTTACGGCACCSGATGATGGCGCCAGAACTGCACAGGCAGTAGGGCTIGG TUGCLLET

_YalvalValValAlaThrAspAlaleudetThrGlyTyrThrGlyAspPheAspSesval
TIL DTG TCGICE TGCACCEATGCCCTCATGACCEGETATACCGGEGACTICGACTCSGT
ACAACAGCAGCACCGTIGGCTACGGGAGTACTGGCCGATATGGCCGCTGAAGTTOAGCCA

TledxnCysisnThrCys
TEL  GATAGACTGCAATACGIGTIG

CTASCIGACGTTAIGRACAC
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FlG |6 rracslation of DNA 8h

Pr&?sﬂ:@tclﬁmupuumuuvum&:qﬂimmpvu1 lePzo
1 I IGCACTIGCGGCICCICGGACCT T TACCIGG TCACGAGGCACGCCGATGTCATIC
CAGGGACG TGAACG CCRAGGAGCCTGGAMTGGACCAG TGCICCSIGCGGCTACAGTANG

ValArgArgATgGlyAspSerArgGlySerleuleuSarProArgProlleSerTyrieu
§1 CCGTGCGCCEECEEGGIGATAGCAGGGGIAGLCTGLTIG TCGCCCCGGCCCATTTCCTACT
Ga AL GGG aCGCCCCACTATC G TCCLCG TCHGACGACAGCGEGELCOGG TAMGGATGA

LysGlySerSerclyGlyPraleuleuCysProAlaGlyiisAlavValGlyllePheAry
TGAAAGSCTECICGEGGGG TCCELIG TIG TGCCCCOCOGRGIACGCOGTGGGCATATTTA
ACTTICCGAGGAGCCCCCCAGG COACAMEACEGEGOGCCCOG IGCEGCACCCETATAMT

Ovarlap with
AlaAlaVvValCysThrirgGlyValAlalysAlavalispPhelleProvValGluAsoleu

181 GGGCCGCGETSIGCACCCCIGGAGTRGCTAMGGCCGTGGACTTTATCCCTGTGGAGAANCC |

ccbmmmmwcmmmmmm

33z
GluThrThrMetArgSearPravalPhaThriAspAznsaer

241 TAGAGACAACCATGAGGTCCCLGGIGTICACGGATAACTCCTC

ATCICTIGITGS TACTCLAGGEE CCACAAG TGLCTATTIGAGGAS

13l

FlG 17 Translaticn of DNA e
GlyrrpArgleuleuAlaProlleThrAlaTyrAlaGloGlaThrArgGlyLeuleiGly
GGGGTGGAGG TTGC TGGCGCCOATCACGGCG TACGCCOAGCAGACMEGGGGCCTCCTAGG
CCCCACCTCCAACGACCGCGGE TAG TGCCECATGOGGG TCGTCTGTICCCOGREAGGATCC
CysIlelleThrSerLeuThrGlyArgAsplysisnGloValGluGlyGluValGlnIle
61 GIGCATAMTCACCAGCCTAMCTGGLCGGEACMAMECAGTGGAGGG TGAGG TCCAGAT

CACGTATIAG TGS TCGRATTGACCGGCCETG TTTTIGG TICACCTCCCACTCOAGG TCTA
vnscm:nmaclnm?m.ungmq-nmnclyvaqwrpmvu

121 - TG ISTCAACTGCIGCCCAAACCTTCCTGGEAACG TGCATCAMIGEGG TG TGCTGCGACTGT

ACACAG T IGCACGTAG TTACCCCACACGACCTGACA
TYTHiSGlyAlaGlyThrArgThrIleAlaSerProlysGlyProvallleGlaMet?yr

181  CTACCACGGRGCCGGAACGAGGACCATCGCGTCACCCAAGGG TCCTGTCATCCAGATGTA
GATGG TGCCCOEGCCTTGC TCC IGG TAGCG CAG TGGG TTCCCAGGACAGTAGG TCTACAT

1
-

ThrAsoValAspGlrAspleuValGlyTrpProAlaProGlaGlySerArgSerleuThr
241 TACCAATGTAGACCAAGACCTTG TGGGCTICGCCCGCTCOGCAAGG TAGCCGCICATTGAC
ATGCTTACAICTIGG TTCTGGAACACCOGACCGGHCEAGG LG TICCATCGGLGAG TAACTG

—_———Cverlap with 8k
ProCysThrCysGlySerSerispleuTyrleuValtirArgiis

381  ACCCIGCACTIGCGGCTCCTOGGACCTTTACCTGG TCACGAGGCALG

TGGGACG IGACGCCOAGGAGCCIGGAMIGGACCAGIGLICCETGC




Patent Application Publication Aug. 28,2003 Sheet 16 of 145  US 2003/0162167 Al

F'G |8 Translazion of DNA l4c

AsSaMetTrpSerGlyThrPheProlleAsnAlaTyTThrThrGlyProCysThrProlay
G2 ACATG TGGAG TGGRACC TTCCCCATTAA DG CE TACACCACGEGCCCCTG TACCOCCCT
e T ACACCTCACCCTGRAAGGEG TAATT ACGGA TG TGS TGCCCGGGGACATEGGGGEA

Overlap with 2S¢
ProcAlaPrcAsoTyrThrPheAlaleuTrpArgvalSerAlaGluGliuTyzvalGlulle
€1  SCroTGCGCCGAACTACACG TTCGCGCTATGGAGGG TG TCTGCAGAGGAATACGTGGAGAT

AGGACGCAGCTIGATG IGCAAGCGLGATACCTICCCACAGACG TCICCTITATGOACCTCTM

’.J

ArgGlanvalGlyAspPheHisTyrvalThrGlyMatThrThrAspAsnleulysCysdzo
121 AAGGCAGGTGGGGGACTTCCACTACGTGACGGG TATGACTACTGACAATCTTAAN - & CCC
T L OACCCCC TG AAGS TG ATGCAC TS CCCATACTGATGACTG TTAGAATITACGGG

CysGlaValProSerProGluPhePheThrGluleulspGlyValAzrgleuHisArgPhe
181 GeGCCAGGTCCCATCOCCEGAATT I TTCACAGA T TGGACGEGETGCGCCTACATAGG TT
CACGS TCCAGGG TAGCEGGCTTAAAMG TG TC TTAACC TGCCCCACGCGGATGTATCCAA

AlaProProCyslysProleuleuArgGluGliuvalSerPheArgValGlyleulitisGlu
241  TGCG Lt oCIGCAAGCCC TG IGCGGGAGGAGG TATCATTCAGAG TAGGACTCCACGA
ACCOGGGGGEACGTTCGEGAACGACGCCCTCCTCCATAGTAAG TCTCATCCTGAGG TGTT

TyrProvalGlySerGlnleuProCysGluProGluProispyalilavalleuThrsSer
301  ATACCCGGTAGGG TCGCAATTACCITGCGAGCCCGAACCGGACGTGGCCRIGTIGACGTC
TATGCGGCOATCCCAGCS T TAA TGS AACGCTCGGGLTTGGCCTGCACCSGEACMCTGIAG

MatlguThriAspProSerHis IleThrAlaGluAlaAlaGlyArgArgLeullaArgGly
381  CATGCTCACTIGATCCCTCCCATATAACAGCAGAGGCGGCCGEGLEANGG TIGGCGAGGGS
GTACCAGTGACTAGGGAGGG TATATIG TCG TCTECGCCGGCCCECTTCCAACCGETCCCC

SerProProSerValAlaSerSerSerAlasSarGlnleuSerAlaProSerlaulysila
4I1 ATCACCCCCCTCTIGTCGCCAGCTCCTCGGCTAGCCAGCTATCCGCICCATCTCTICAAGGS
TAGTGCGGGGAGACACCEE TCEAGGAGCCGATCUGTCEGATAGGCEAGG TAGAGAGTTCCS

ThrlysThrAlaAsnHisispSerProAsp
481 AACTTGCACCGCTAACCATGACTCCCCIGAT
TIGAACGIGGCGATIGETACTGAGGGGACTA
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FIG. |9 =zranslatics of Dxa 2f

Cverliap with l4c
SersSerSerAlaSeriloleuSerAlaProSerleulysilaThrCysThralaksnils
AGC OCCICGECTAG COAGCTATCCOCICCATCICTICAAGGCAAC TIGCACCGCTAACCAT
TCRAGGAGLCEATCEG ICEATAGGLGASS TAGAGAS TTC LG TTGAACO IGECGATIGCS TA

[

AspSerProAspAlaGluleulleGlullaiscleuleutrpArgGlaGluMetGlyGly
61 GACTCCCCTGATGCTGAGCTCATAGAGGCCAACCTCCTATGGAGGCAGEAGATEGGIGES
CTGAGGGGACTACGACTCGAGTATCTCCOG TIGGAGGATACCTCCG TUCTCTACCCGCCS

AsnIleThrArgValGluSerGluAsnlysValVallleleuAspSerPheAspProleu
pir3 uammmmmmmmmmmmmm
TG TAG GG T COARCICAS TCY TTIGC ITICACCACTAAGACCIGAGGAAGCTAGGCGAA

ValAlaGluGluAspGluArgGlulleSarvalPraAlaGlullelcaArylysSerAry
281  GIGGCGGAGGAGGACGAGCGSGAGATCTICCATACCCEOAGAMATCCICONGAAGTCTCGG
CACCGCCTCCTCCTGLTCGCCCTCTAGAGGCATGGGCG TCTTIAGGACGCCTIOIGAGLS

ArgPhalAlaGlaoAlaleuProVallrpAlaArgPraAspTyrAsaProPrelauyalGlu
241  AGATICCLCOAGGCCOIGCCOE TTICEGCG CEGCCOGACTATAACCCCCLGOTAG TGGAS
I TAAGCGRG TCCGGEACGEGCAMC COGCGCOGGLCTIGATATIGCGGGGGCGATCALCTC

TR IxpLlyslysProAspTyrGluProProValvaliisGlyCysProlauProProPre
3T ACGIGGAAMMGCCCGACTACGAMCCACCTGIGG TCOATGGCTG TCOGCTTCCACCTCCA

TG CACC T T T I ICGOGC IS ATGC I IGG IGSALACTAGG TACCGACAGGCGAMGG TGGAGS T
ysSezProProvalrro

3L AAGTCLCCTCCIGTGLCS
TTCAGGGGAGGACALGSES

FIG 20 Translatioa of DNA 31f

ValTzpAlaArg ProAspTYTASEProPralauValGluThoTrplysiysProAspTyT
CETTIGGGCGCGECOGGACTATAACCCCCCGCTAGTGGAGACG TGGAAMMAAMACCCGACTA
- GAAMCCCGCGCCGGCCTRATATIGEGGEG CAATCACCTCTGCACCITTITIGEGCTGAT

Overlap with &8¢
GluProProValvValiisGlyCysProleuProProProlysSerProProValProPro
61 CGAACCACCIGTGG ICCATGEC TGCCCGCTTICCACCICCAMGICCCCTCCTIGTGCCTICC
GATIGG ISGACACCAGE TACCGACGGGCRAAGG TGGAGE TTICAGGGGAGGACACGGAGG

ProAdsglyslysArgthrValvVallauTherGluSerThzlauSarThrilaleuAlaGle
221l GLCICGGAAGAAGCGGA mxmmmmm
CREAGCCT IO CG CCIGCCACCAGGAG TG ACTIAG TTGGGATAGATGACSGAACOGLLY

LeuAlaThrArgSerPheGlySerSerSerThrSarGlylileThiGlyAspAsaTh=Thx
<81 GCICGCCACCAGAMGCTTIGGCAGC ICCICACTICCGGCATTACGGGCGACAATALGAC
CSAGCSETEE TCTICCAMCCE TCAGGAS TTGAAGGCCGTAATGCCCGCIGTTATCCIS

ThrSerSerGluProAlaProSexGlyCysProProAspSarAspalaGluSerphe
AACATCC IO IGAGCCCGCCCCTTCTGGC TG CCCCCCCGACTCCRACGCTRAL TCCTTIGS
CGACTCAGGAAASS

o CEACGGEGEELLECTRAGGTG T

[N
o
4
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FIG. 2| Translation of DNA 139

AlaSerArgSerPheGlySerSerSerThrSerGlyIleThoGlyAspAsnTheTheThr
1 GCCTCCAGAMGCTT TEGCAGCTCC ICAAC T TCCGGCATTACGGGLSACAATACGACAACA
CEGAGG TCTTCGAMCCG TCGAGGAG TTGAAGGCCG TAATGCCCGC TG TTATGC TG TG T

Cverlap with 33f
SuSo.‘rGluPrauaPras.:'GlyCystoPmMpSorupnacluSe.:‘mSe.rSe.:
51 TCCTCTGAGCCCGCCCCTTCTGGCTGCCCCcCCGACTCCGACGCTGAGTCCTATTCCTCC
AGGAGACTOGRGLGGEEAAGAC COACGGGEGEGL TGAGGC TGOGACTCAGGATAMGGAGS

HntP:oProLcuGluGlyGluPrcGlyAspPrcAspLeuSe:AspGlySexTrpSerThr
121 ATGLCCCCCCTGRAGEGGEAGCCTIGGGAATCCGGATC T TAGCGACGEG TCATGE TCAACG
TACGEGGGGEACC TCCCCCICEGACCCCTAGGCCTAGAATOGCIGCCCAG TACCAGTIGE

VxlSarSc:Glu&laAsnAlaGluA39911V11CysCylSc=HntstrT?rSerTrpTh:
GTCAGTAGTGAGGCCAACGCGGAGGATG TCG TG TGC TG CICAATS TCTTACTOTTGCACA
CAG TCA TCACTCCGG TIGCGCC TCCTACAG CACACGACGAG TTACAGAATGAGAACCTGT

clynmuvumpmqmmacluczucln:.ymupmnmmmﬁe:,
CCCE TGCGCOGCGEAMGAACAGAAASTIGCCCATCAA

GGCGCACTCGTCAL ICCACTANGC
CGCS TGAGCAG TGGEGEACECCECECC T TC TG TC T IGACSGG TAS TTACG TGATICG

AsnSerleuleuArgHisHisAscleuValTyrSerThrThrSerArgSer
381  AACTCGTIGCTACG ICACCACAMTTICG TG TATTCCACCACCTCACGEAGTG
IIGAGCAACGATGCAGTGG TG T TAMC CACATAAGG TG G TGGACTGCG TCAC

')
o
F ]

241

FlG 22 Translation of DNA V¢

GlyThrlyzvalTyrAsnHisLeuThrProleuArgAspTrpAlaHisAsnGLyLeuArs
GGCACCTATGTITATAACCATC TCACTCCTCITCGGEACTGGGCGCACAACGGCTTGSGA
CCGIGGATACAAATATTGG TAGAGTGAGGAGAAGCCCTGACCCECG TG TTGC I GAACS ST

§-

AspleuAlavalAlavalGluProvValvalPheSerGlnMetrGluThrlysLeuIlaThr
61 GATCTGGCCGTGGCTGTAGAGCCAGTCGTC T TCTCCCAAMTGGAGACCAAGCTCATCACS
CIAGACCGGCACCGACATC TCGGTCASCAGAAGAGES T TTACCTC TG TTCGAGTAG TGS

TrpGlyAlaAspThrAlaAlaCysGlyAspIlelleAsnGlyLeuPrevalSerAlaArg
121 TGGGGGGCAGATACCGCCGCSTGCGGTGACATCATCAACGGCTTGCCTG T TTCCGCCCaE
ACCCCCCGTC T ATGGCGG LG CACGCCAC TG TAGTAG T TGCCGAACGGACAAAGGCGGELS

- dh e o e e

ArgGlyArgGlulleleuleuGlyProAlaAspGlyMetValSerLysGiyTrpArgleu
<81 AGGGGCCGGGAGATACTGCTCGGGCCAGCLGATCGAATGG TCTCCAAGCGTTCCAGSTTS
- TCCCCGGCCCT o TATGACGAGCCCCGTCGGCTACC I TACCAGAGGTTCCCAACCTCCAAD

LeuAlaProlleThrAlaTyrAlaGlnGlnThrArgGlyleuleuGlyCysIilelleThr
241  CTGGCGCCCATCACGGCGTACGCCCAGCAGACAAGGGGCCTCCTAGGGTGCATAATCACS
GACCGLGGGTAGIGCCGCATGCGGGTCGTCIGTTCCCCGGAGGATCCCACGTATTAS TGS

QOverlap with 7@~——eccccccccccracnaciuccrcnnea
SerlLeuThrGlyArgAsplysAsnGlnValGluGlyGluValGlnllevalSerThrAla
301 AGCCTAACTGGCCOGGACAAAAACCAAGTGGAGGGTGAGGTCCAGATTG TG TCAACTSCT
TCGGATTGACCGGCCCTGTTT T IGG TTCACCTCCCACTCCAGGTCTAACACAGTTGACSA

AlaGlnThrPheleuAlaThrCysIleAsnGlyvalCysTzp
361 GCCCAAALCTLIUCIUGCAACGTGCATCAATGGGETGTGCTGS
CGGETT IGGAAGGACCGTTGCACGTAGTTACCCCACACGACC
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FIG. 23 -<ransiation of o¥a 11b

GlyGlyvalvalleuvValGlyLeuMetAlaleuThrleuSerProTyrTyrlysArglyr
GGCGGIG TG ITCTOG TCGGG T TGATGGCGCTGAC TC TS TCACLATATTACAAGCGCTAT
CoCCACAACAAGAGCAGCCCAACTACTGCGACTGAGACAG TGS TATAATGTTCGCGATA

$4

IleSerTrpCysleulrpTrpleuGlnTyrPheleuThrArgValGluAlaGlnleuHls
€. ATCAGCTGGIGCTIGTIGGTGGCTTCAGTAT TTICTGACCAGAGTGGAAGCGCAACTGCAC
TAGTCGACCACGAACACCACCGAAG TCATAAAAGACTGGTCTCACCTTCGCGTIGALG TG

Val?rpIleProPreLeuAanalegGlyGlyArqupAlthlIleLeuLeuHetCys.
121 GIGTGGATTCCCCCCCTCAACCTCCGACGGGGGCGCGACGCCGTCATCTTACTCATGTGT
CACACCTAAGGGGEGGAG TIGCAGGCTCOCCOCECGCTGLGGCAGTAGAATGAGTACACA

AlavalHisProThrLeuValPheAsplleThrlLysLeuleuleuAlavalPheGlyPro
181 GCTGTACACCCGACTCTGGTATTIGACATCACCAAATTGCTGCTGGCCETCTTCGGACCE
CGACATGTGGGCIGAGACCATAAACTGTAG TGG TTTAACGACGACCGGCAGAAGCCTGGS

~euTlrplleleuGlnAlaSerLeuleulysValProTyrPheValArgvalGlnGlyLleu
<41 CITIGGATTCITCAAGCCAGTITIGCTTAAAGTACCCTACTITCIGCGCGTCCAAGGCCTT
GAAACCTAAGAAGTICGGTCAAACGAATTTCATGGGATGAARCACSCGCAGGTTCCGGAA

LeuArgPheCysAlaleuAlaArglysMat.T1eGlyGlyHisTyrValGlnMetvallle
381 CTCCGGTTCTGCGCG T TAGCGCGGAAGATGATCGGAGGCCATTACGTGCAMTGGTCATC
GAGGCCAAGACGCGCAATCGCGCOTTCTAC TAGCCTCCGGTAATGCACGTTTACCAGTAG

-

IleLysLeuGlyAlaleuThrGlyThrTyrValTyrAsnHisLeuThrProleulrgAsp
381 ATTAAGTTAGGGGIGCTTACTGGCACCTATGTTTATAACCATCTCACTCCTCTTCGGGAC
TAATICAATCCCCGCGAATGACCSTGGATACAAATATTGGTAGAG TGAGGAGAAGCCCTG

o Overlap with 7f£ -
TrpalaHisAsnGlyLeuArgAspleuAlavalAlavalGluProvalvalPheSerGln
422 TGGGCGCACAACGSCTTGCGAGATCTGGCCGTGGCTGTAGAGCCAGTCGTCTTCTCCCAA

ACCCGLGTIGTIGCCGAACGC TCTAGACCGGCACCGACATCTCGG TCAGCAGARGAGGGTT

MetGluThrlysLeulleThrTrpGly
ATGGAGACCAAGCTCATCACGTGGGGEGET
TACCTCTGEITCGAGTAGTGCACCCCCCG

F 1Y
ix
e
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FIG 24 Translaticn of DNA 144

Glu?szaIVaiLeuLeuPheLguLeu:.euAlaAspAla.A:gValchserCysLeu‘rr
- GGGAGTACGTCGI‘:CTCC‘I‘G‘:‘:CCT‘IC‘I‘GC‘:“Z’GCAGACGCGCGCGTC'IGC'ZCCTGC‘I‘:‘G1‘
CCCTCATGCAGCAAGAGGACAAGGAAGACGANCG TC TG CGCGCGCAGACGAGGACGAACA

]

MetMetleuleulleSerGlnAlaGiuAlaAlaleuGluAsnleuvallleleuAsnAta
£l GGAI‘GL?GC‘:‘AC'ICATATCCCAAGCGGAGGCGGC‘Z":TGGAGAAC:TCGTAATACTTM‘.‘G
CC:‘AC'IACGA‘I’GA.GTATAGGGT'ICGCC‘:CCGCCGMACCTC‘H‘GGAGCATTATGMTTAC

AlaserlLeuAlaGlyThrHisGlyleuvaiSerPreLeuvalPhePheCysPheAlaTs
121 CAGCATCCCTGLCCGREACCLACEG TCT TG TATCC T ICCTCG TG TICTICTGCT T TGCAT
GICGTAGGIACCGGCCCIGLGTGICAGAACATAGSAAGGAGCACAAGAAGACSAAACGTA

TyrleulysGlyLysTrpValProGlyAlavalTyrThrPheTyrGlyMetTrpProLes
281 GGTATITGAAGGGTAAG PGGETGLCLGGAGCGG TCTACACCTITCTACGEGATGTEGLCTC
CCATAAACTTCCCA T TCACCCACGGECCTCGCCAGATG TGGAAGATGCCOTACACCGGAS

LeuleuleuleuleuAlaleuProGlnArgAlaTyrAlaleuAspThrGluvalalaila
241 TCCICCIGCTCCTIG I TGGLGTTGCCCCAGLGGGLG TACGLCGCTGGACACGGALSTGGCCS
AGGAGG&CGAGGACMCCGCMCGGGGTCGCCCGCATGCGCGACCTG'IGCC‘ICCACC_GGC

Overlap with 1llb .
SercysGlyGlyVaJ.ValLeuValGlyummaLeurhrheuSerPro‘ryrhrrLys
301  CGTCGTIGTGGCGG TG TG TTCTCGTCGGG TIGATGGCSCIGACTCTGTCACCATATTACA

GCAGCACACCGCCACAACAGAGCAGCCCAACTACCGCGACTGAGACAGTGGTATAATGT

ArgTyrlleSerTrpCysleulrpTrpleuGla
361 AGCGCTATATCAGCIGGTGCTIGTGGTGGCTTCAGAA
TCGCCATATAGTCGACCACGAACACCACCGANSTCTT

FIG 25 Translation of DNA 39¢

ProdlaProSerGlyCysProProAspSerAspAlaGluSerTyrSerSerMetProPro -
i  CCAGCCCCTICTGGCTGCCCCCCCGACTCOGACGCTGAGCTCCTATTCCTCCATGCCCCCS
GG TCGGGGAAGACCGACGEGGGEELCTGAGGCTECGACTCAGGATAAGGAGS TACGGGGGS

LeuGluGlyGluPToGlyAsSpProAspleuSerAspGlySerTrpSerThrvalSersSer
81 CICGAGGGGEAGCCTIGGGGATCCGGATCTTAGCGACGSGTCATGGTCAACAGTCAGTAGT
GACCTCCCCC T GG ACCCC TAGGLCTAGAATCGCTGCCCAGTACCAGTTGTCAGTCATCA

Overlap with 33g -
GluAlaAsnAlaGluaAspvalvalCysCysSerMezSerTyrSerTrpThrGlyAlaleu
121 GAGGCCAALGCGGAGGATGTCG TS TGCTGCTCAATG TCCTACTCTIGGACAGGCGCACTC
CICCEG TTGCGLCTCCTACAGCACACGACGAGTTACAGGATGAGAACCTGTCCGCGTGAG

ValThrProCysAlaAlaGluGluGlnlysleuProlleAsnAlaLeuSerAsnSerLeu
181 GTCACCCOGTGCGCCOCGGAAGAACAGAAACTGCCCATCAATGCACTGAGCAACTCGTTG
CAG IGGGGCACGLGELGCCTTIC TIG TCTTTGACGGETAGTTACG TGACTCGTTGAGCRAC

LeuArgHisHisAsnLeyValTyrSerThrThrSerArgSerAlacCysGlnargGlalys
241 CTACGTCACCACAATTIGGTIGTATTCCACCACCTCACGCAGTGCTTGCCAAMAGGCAGAAG
GATGCAG IGG TG TTAMCCACATAAGGTGG TGGAG TGCSTCACGAACGG TTTCCGTCTIC

LysValThrPheAspArgleuGlavalleuAspSerHisTyrGlnAspvalleulysGlu
301 AAAGTCACATTITGACAGACTGCAAGTTCTGGACAGCCATTACCAGGACGTACTCAAGGAG
T TCAGTGTAMC TG TCTGACG TTCAAGACCTGTCGGTAATGG TCCTGLATGAG TTCCTC

VallysAlaAlaAilaSerTyveValtverladenPhe
361 GITAMAGCAGCGGCGTCAAAAGTGAAGGCTAACTTC
CAATTICGTCGCCGCAGTTITTCACTTCCGATIGAAG
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FI1G. 26~! comsnes orr oF Dvas
41110/ 7E/Te/8h/33C/400,/378,35/36,/81/32/33b/25c/14¢/8E/33E/335/39¢

GluTyrvalvalleuLeuPheleuleuleuAlaAspAlaArgValCysSerCysleuTrp
GGSAGTACGTCGTTCTCCTGTTCCTICTGCITGLAGACGCGCGCGTCTGCTICCTIGCTTOT
CLCTCATGCAGCAAGAGGACAAGGAAGACGAACGTCTGCGCGCGCAGACGAGGACGAACA

MarMatleayleyulleSerGlnAlaGlunlanlaleuGluAsnleauvVallleleuhsnila
£1 GCATGATGCTACTCATATCCCAAGCGGAGGCGGCTTITGGAGAACCTCGTAATACTTAATG
CCTACTACGATGAGTATAGGG TTCGCCTCCGCCGAMCCTICTIGGAGCATTATGAATTAC

b

AlaSerleuAlaGlyThriisGlyleuValSerFheleuValPhePheCysPheAlaTzp
323  CAGCATCCCTGGCCGGGACGCACGGTCTTGTATCCTTCCTCGIGTTCTTCIGCTTIGCAT
GICGTAGGGACCGGCCCTGCGTGCCAGAACATAGGAMGGAGCACANGAAGACGAMCGTA

TyrleulysGlylysTrpValProGlyAlavalTyrThrPheaTyrGlyMetTrpProleu
181 GGTATTIGAAGGGTAAGTGGGTGCLCGGAGCGGTCTACACCTTCTACGGGATGTGGLCTC
CCATAAMCTTCCCATTCACCCACGHECCTCGCCAGATG TGGAAGATGCCCTACACCGGAG

LeuleuleuleuleuAlalauProGlnArgAlaTyrAlalauAspThrGluvalAlaAla
241 TCCTCCIGCTCCIGTIGGCG TTGCCCCAGCEGGLETACCCGCTGGACALGGAGL TGGCCSG o
AGGACCACGAGGACAALCGCAACGGGE TCGCLCGCATGCGCGACCTG TGCCTCCACCGGC

SerCysGlyGlyvalvVallauValGlyLauMatAlaleuThrleuSerProlyrTyrLys
301 CETCETGIGCGCGETIGTIGTTCTCGTCGGGTTIGATGGLGCTGACTCIGTCACCATATTACA
GCAGCACACCGCCACAACAAGAGCAGCCCAACTACCGCGACTGAGACAGTGGTATAAIGT

ArgTyrileSerTrpCysleuTrpTrpleuGlnTyrPhaleuThrArgvValGluAilaGln
361 AGCGCTATATCAGCTIGG IGCT TG TGGTGGCTTCAGTATITTICIGACCAGAGTGGAAGCGC
TCGCGATATAGTCGAZCACGAACACCACCGAAGTCATAMMAGACTGG TCTCACCTTCGLG

TeuHisValTrplleProProleuAsnValArgGlyGlyArgAspAlavallleleuleu
§21 AACTGCACGTIGIGGATTCCCCCCOTCAACGTCCGAGGGGGGCGCGACGCCGTCATCTTAC
TTIGACGTGCACACCTAMGGGGGGGAGTTGCAGGCTCCCCLCGCECTIGCGGCAGTAGAATG

MetCysAlavalHisProthrleuValPheAsplleThrLysLeuleuleuAlavalPhe
48 TCATGTGTGCTGTACACCCGACTCIGGTATTTGACATCACCAAATTGCTGCTGGCCGTCT
AGTACACACGACATG TGGGCTCAGACCATAMC TG TAG TGG TTTAACGACGACCGGCAGA

GlyProleuTrpIileleuGlnAlaSerLeuleulysvValProTyrPheValArgvalGln
CCCTITGGATTC I ICAAGCCAGTTTGCTTAAMAGTACCCTACTITGTGCGCGTCC
AGCCTGGCGAMECTANGAAGTTCGG TCAAACGAATTTCATGGGATGAAACACGCGCAGS

GlyLeuLeuArgPheCysAlaleurlaArglysMetIleGlyGlyHisTyrValGlnMet
§01 TTCTGCGCGTTAGCGCGGAAGATGATCGGAGGCCATTACG TGCAAA
TTCCGCOAAGAGGCCAGACGLGCAATCGCGCCTTCTACTAGCCTCCGGTAATGCACGTTT

valllellelLysLeuGlyAlaleuThrGlyThrlyrValTyrAsaHisleuThriroleu
661 TGGTCATCATTAAG TTAGGGGCGCITACTGGCACCTATGIITATAACCATCTCACTCCTC
ACCAGTAGTAATTCAATCCCCGCCAATGACCOTGGATACAMIATTGG TAGAGTGAGGAG

ArgAspTrpAlaHisAsnGlyleuArgAspleuAlavalAlavalGluProvalValPhe
721  TICGGGACTGGGCGCACAACGGCTTGCGAGATCIGGCCGTGGCTIGTAGAGCCAGTCGTCT
AAGCCCTGACCCGCG TG TTGCCGAACGCTC TAGACCGGCACCGACATCTCGGTCAGCAGA

SexGlnMetGluThriysLeulleThrTrpGlyAlaAspThrAlallaCysGlyAsplle
781 TCTCCCAMTGGAGACCAAGCTCATCACGTGGGGGGCAGATACCGCCGCGTGCGGTGACA
AGAGSGTTTACCTCTGG TTCGAGTAG TGCACCCCCCETCTATGGCGGCGCACGCCACIGT

Ile&snGlyI-euProValSuumqqulyugcluxlmmuclyProhlmp
B4l TCATCAACGGCTIGCCTGTTTCCGCCCECAGGGGCCGGGAGATACTGCTCGGGCCAGCCG
AGTAGTTGCCGAACGGACAMGGCGGGCGTCCCCGGCCCTCTATGACGAGCCCGGTCGCC

GlyMetValSerLysGlyTrpArgleuleuAlaProlleThrAlalyrAlaGlnGlnThr

541
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901 ATGGAATGSTCTCCAAGGGG IGGAGGTTGCIGGCGCCCATCACGGCGTACGCCCAGCAGA
TACCTTACCAGAGG TTCCCCACCTCCAACGACCGLGGG TAGTGCCGCATGCGGGTCGTCT

ArgGlyleuleuGlyCysIlelleThrSerLeuThrGlyArgAsplysasnGlnvalGiu
36: CAAGGGGCCTCCTAGGGTGCATAATCACCAGCCTAACTGGCCGGGACAAAAACCAAGTGG
GTTCCCCGGAGGATCCCACGTATIAGIGETCSGATIGACCGGCCCTGTTTTIGG TTCACT

GlyGluvalGlalievalSerThralaAlaGinThrPheleuAlaThrCysIleAsnGly
1021  AGGGTGAGGTCCAGATIGTG TCAACTGCTGCCCAAACCTTCCIGGCAACGTGCATCAATG
TCCCACTCCAGGTC TAACACAGTIGACGACGGG ITTGGAAGGACCGITGCACGTAGTTAC

ValCysTrpThrValTyrHisGlyAlaGlyThrArgThrIleAlaSerProlysGlyPre
1081 GGGTGIGCTGGACTE ™~ TACCACGGGGCLGGAACGAGGACCATCGCGTCACCCANGGGTC
CCCACACGACCTGA. ~TGGTGCCCCGGCCTTGCTCCTGGTAGCGCAGTGGGTTCCCAG

valileGlnMetTyrThrAsnValAspGlnAspleuValGlyTrpProAlaProGlnGly
1142 CTGTCATCCAGATGTATACCAATGTAGACCAAGACCTTGTGGGLTGGCCCGCTCCGCAAG
GACAGTAGGTCTACATATGG TTACATCTIGG TTCTGGAACACCCGACCGGGCGAGGCGTTC

SerArgSerLeuThrProCysThrCysGlySerSerAspLeuTyrleuvalThrArghis
1201 GTAGCCGCTCATIGACACCCTGCACTTGCGGCTCCTCGGACCTTTACCIGGTCACGAGGC
CATCCECGAG TAAC TG TCGGALG TGAACGCCRAGGAGCCTGEAMTIGSACCAG TGCTCCS

AlaASpVallleProvalArgArgArgGlyAspSerargGlySerLauleuSarProdrg
1261 ACGCOGATGTCATTCLCGTGCGCCGGCGGGEIGATAGCAGGGGCAGCCTGCTGTCGCCCC
TGCGGCTACAGTAAGGGCACGCGGCCGCCCCACTATCS GGGG

ProlleSerTyrleulysSlySerSerGlyGlyProlaulauCysProAlaGlyHisAla
1321 GCCCCATTICCTACTICAAAGGCICCTCGGGGGGTCCOCICTICIGCCCCGCGRGGEACG
CCGGGTAMGGATSAACTTTCCGAGGAGCCCCCCAGGCGACAMOACEGEGECECCCCGTGC

ValGlyllePheArgAlaAlavalCysThrArgGlyValAlaLysAlavalAspPhelle
1381 CCGTGGGCATATTTAGGGCCGCGGTGTGCACCCGTGGAGTGGCTAAGGCGGTGGACTTITA
GGCACCCGTATAAICCCGGCGCCALACGTGGGCACCTCACCGATTCCGCCACCTGAMNT

ProvalCluAsnleuGluThrThrietirgSerProValPheThrAspAsnSersSerPro
1441 TCCCTGCIGCAGAACCTAGACACAACCATGAGGTCCCCGGTGTTCACGGATAACTCCTCTC
AGGGACACCTCTTGGATCTCTG TTGG TACTCCAGGGGCCACAMG TGCCTATTGAGGAGAS

ProvalValProGlnSerrheGlnvalAlaHisleuHisAlaProThrGlySerGlyLys
1501  CACCASTAGTGCCCCAGAGCTTCCAGG TGGCTCACCTCCATGCTCCCACAGGCAGCGGCA
GGG ICATCACGGEGTCTCGAAGG TCCACCGAG TGGAGG TACGAGGG TG TCCGTCGCCGT

SerThrlysValProAlaAlaTyrAlaAlaGlnGlyTyrLysValleuValleuAsnPzo
CCGGCTGCATATGCAGCTCAGGGC TATAAGGTGCTAGTACTCAACC
TTTCC TG T CCAGCGCCGALG TATACSTCGAGTCCCGATATTCCACGATCATGAG TTGG

ServalAlaAlaThrleuGlyPheGlyAlaTyrMetSerLysAlaHisGlylleAspPro
1621 CCTCTGTIGCIGCAACACTGGGCTTTGGIGCTTACATG TCCAAGGC TCATGGGATCGATC
mmmmmmcmmmmmmtmcmmm

unxlmlwmxlnmmlyw?:onowm:
1681 mmmcmmmnacmcmcwmmcr
CATTGTAGTCCTGGCCCCACTC TG TTAATGG TGACCG TCOGGG TAG TGCATGAGG TGGA

slyr.yspmummpclyslmssm:lyclyuaryrnpncnex1ecynsp
ACGGCAAGITCCTTGCCGACGS CGGGGGGCGCTTA

1561

CGGGTGCT TGACATAATAATTIGTG
TGCCGTMMCGGCIGCCGCWCCCCCGCWTATTAMCAC

GluCysmsumMpuarhrSQrIlmuGlyncGly‘rhrValuuMpGlnAla
1891  ACGAGTGCCACTCCACGGATGC CACATCCATCITGGGCATCGGCACTGTCCTTGACCAAG
TGCICACGGTIGAGS TGCCTACGG TG TAGETAGAACCCG EAGCCSTGACAGGARC TGGTIC

GluThrAlaGlyAlaArgLeuvalvalLeuAl aThrAlaThrProProGlySerVvalths
CAGAGACTGCGGEGCCGAGACTGETTG TG TCGCCACCGCCACCCOTCLUCRL J5 = ™R
GTCTCTCACGCCCCOGCTCTIGACCAACACGAGCGG TGCGOGCTCGGGAGGCCCGAGGTAGT

FiG. 26-2
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VelProHisProAsnlleGiuGluvalAlaleuSerThrThrGlyGlulleProPheTyr
<921 CIUGIGCCCCATCCCAACATCGAGRAGGTTGCTCIGTCCACCACCGGAGAGATCCLTTTTT
GACACGGGETAGGG TTGTAGC TCCTCCAACGAGACAGG TGG GG CTETCTAGESAAAAA

lyLysAlalleProleuGluvalllelysGlyGlyAzrgHisLeullePhelysHisSer
1581  ACGGCAAGGCTATCCCCCTCGAAGTAATCAAGGGGGGGAGACATCTCATCTTCISTCATT
TGO CG T TCCGATAGGCSGGAGC T TCATTAG T TCCCCCCCTC TG TAGAGTAGAAGATAG TAA

LysLysLysCysAspGluleuAlaAlalysleuvalAlaleuGlylleAsnalavalAia
2041 CAMAGAAGAAGTGCGACGAACICGCCGCAMMECTGGTCGCATTGGGCATCAATGCOG TGS
GITICTICTICACGCIGCTIGAGCGGCG T I TCGACCAGCG TAACCCGTAGTTACSGCACS

TyrIyrAzgGlyleuAspValSerVallleProThrSerGiyAspvalvalvalvalala
181 COTACTACCGCGGICTTGACGTIGTCCGTCATCCCGACCAGCGGLGATG TIGTCATCG TGS
GGATGATGGCGCCAGARCTGCACAGGTAGTAGGGCTGGTCGCLGITACARCAGCAGSALS

ThraspAlaleuMetTheGlylyrThrGlyAspPheAspServVallleAspCysAsnThr
2161 CAACCGATGCCCTCATGACCGGCTATACCGGCGACTTCGACTCGGTGATAGACTGCAATA
GTIGGCTACSGGAGTACTGGLCGATATGOCCGCTGAAGCTGAGCCACTATCTGACGTTAT

CysvalThrGlnThrValAspPheSerLeuAspProThrPheThrIleGluThrlleThr
2221  CGTGTGTCACCCAGACAGTICGATITCAGCCTTGACCCTACCITCACCATTGAGACAATCA
GCACACAGIGGGTCIGTCAGCTAAAGTCGGAACTGGGATGGANG TGEGTAACTCIGTTAGT
LauProGlnAspAlaValSerArgThrGlnArgArgGlyArgThrGlyArgGlyLysfroe
2281 CGCTCCCCOAGGATGCIGTCICCCGCACTCAACG TCGOGGLAGGACTGGCAGGGGGAAGC
GCGAGGGGGICCTACGACAGAGGGCGTGAG TTGCAGCLCOGTCCTGALSCGTCCCCCTTSS

GlylleTyrArgPheValAlaProGlyGluArgProSerGlyMetPheAspSerserval
2341 CAGGLATCTACAGATITGTGGCACCGGGEGAGCGCCCCTCCGGCATS TTCGACTCGTCCS
GICCGTAGATGTC TAMACACCG IGGCCCCCTCGCCGCCAGGCCOTACAAGCTGACCAGGE

LeuCysGluCysTyrAspAlaGlyCysAlaTrpTyrGiuleuThrProAlaGluThoThe
4CL  TCCTCIGTGAGTGCTATGACGCAGGCIGIGCTIGG TATGAGCTCACGCCCGCCGAGACTA
AGGAGACACTCACGATACTIGCCGTCCGACACGAACCATACTCGAG IGCGGGCGGCTCTGAT

ValArgLeuArgAlaTyrMatAsnThrProGlyleuProvalCysGlnAspHisleutlu
CAGTTAGGCTACGAGCGTACATGAACACCCOGGGGCTITCCCE TG TGCCAGGACCATCTTS
GICAATCCGATGCICGCATG TACTIG TGGGGCCCCGAAGGGCACAC GG TCCTIGG TAGAAC

PheTrpGluGlyValPheThrGlyleuThrHisIleAspAlaHisPheleuSerGlnThy
2521 AATTTIGGGAGGGCGTCTTTACAGGCCTICACTCATATAGATGCCCACTITCTATCCCAGA
TTAAACCCTCCCGCAGAMTIGTCCGGAG TGAGTATATC TACGGG TGAAMGATAGGGTCT

LysGinSerGlyGluAsnleuProTyrLeuvalalaTyrGloAlaThoValCysAlaArg
2581 CAMGCAGAGTGGGGAGAACCTTCCTTACCTGGTAGLG TACCAAGCCACCGTGTGCGETA
- GITTCSTCTICACCCCICTITGGAAGGAATGGACCATCGCATGGITCGGIGGCACACGCGAT

AlaGlnAlaProProfroSerTrpAspGlnMetTrplysCysleulleArgleulysPro
2641 GGGCICAAGCCCCTICCCCCATCGTGGGACCAGATGTIGGAAGTGTTTIGATTCGCCTCAAGL
T CCCGAGTICGGGGAGGGGGTAGCACCCIGGTCTACACCTTCACAAACTANGCGGAGTTICG

ThrleuHisGlyProThrProleuleuTyrArgleuGlyAlaValGlnAsnGlulleThr
<501 CCACCCTCCATGGGCCAACACCCCTGCTATACAGACTGGGCGCTGTTCAGAATGAAATCA
GG TGGGAGGTACCCGG T TG IGGGGACGATATG TCTGACCCGCGACAAGTCTTACTTTAGT

LeuThriisProValThrLysTyrlleMetThrCysMetSerAlaAspleuGluvalval
2761 CCCTIGACGCACCCAGTCACCAAATACATCATGACATGCATG TCGRCCGACCTGGAGGTCG
GGGACTGLGTGEGTCAGTGG TTTATG TAGTACTGTACG TACAGLCGGCTGEACCTCCAGT

Th:SerTh:T:lelLeuValclyclyValLeuAlaAlaLeuAlaAlaTerysLeuge:
2821 TCACGAGCACCTGGGTGCTCGTTGGCGGCG TCCTGGCTGLTTIGGCCGLGTATTIGCCTGT
AGTGCTCGTGGACCCACGAGCAACCGCCGLAGGACCGACGAMACCGGCSCATAACGGACA

2461

ThrGlyCysValvalllievalGiyasyVaivaileuSerGlylysFrocAlalielieprs
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2881 CAACAGGCTGCGTGGTCATAGTGGGCAGGGTCGTCTIGTCCOGGAAGCCGGCAATCATAC
GTTGTCCGACGCACCAGTATCALCCGTCCCAGTAGAACAGGCCCTTCGGCCGTTAGTATG

AsSpAzgGluValleuTyrArgGluPhedspGluMesGluGluCysSerGlaHisLeuPro
2941 CITGACAGGGAMGTICCICTACCGAGAGTICGATGAGATGGAAGAGTGCTCTCAGCALCTTAC
GACTGTCCCTITCAGGAGATGGC TCTCAAGC TACICTACCTTCTCACGAGAGTCGTGAATG

TyrIleGluGlnGlyMetMetleuAlaGluGlnPhelysGlniyshlaleuGlyLleulau
3001 CGTACATCGAGCAAGGGATGATGCTCGCCGAGCAGTTCAAGCAGAAGGCCCTCGGLLTCC
GCAIGTAGCTCGTTCCCTACTACGAGCGGL TCGTCAAG TICGTCTTICCGGGAGCCGEAGS

GlaThrAlaSerArgGlnAlaGluvallleAlaProAlavalc nThrAsnTrpGlnlys
3061 TGCAGACCGCGTCCCOTCAGGCAGAGGTTATCCCCCOTGCTGTCCAGACCAALTGGCAAA
ACSTCIGGCGCAGGGCAGTCCG TCTCCAATAGCGGGOACGACAGGTCTGGTIGACCSTTT

leuGluThrPheTrpAlalysiisMetTrpAsnPhelleSerGlylleGlnTyrleudla
3121  AACTCGAGACCTTICTGGGCGAAGCATATGTGGAACTTICATCAGTCGOATACAATALTIGG
TTGAGCTCTIGGAAGACCCGCTTCGTATACACCTTGAAGTAGTCACCCTATOTTATGAACC

GlyLeuSerThrleuProGlyAsnProAlalleAlaSerLeuMetAlaPheTherAlarla
3181  CGGGCTIGTCAACGCTGCCTGGTAACCCCGCCATTGCTTCATTGATGGCTTITACAGCTG
GCCCGAACAGTIGCGACGRACCATTIGEGG LGS TAACGAAGTAACTACCGAAMATGTCGAC

ValThrSerProleuThrThrSerGlnThrleulauPhalanllaleuslyGlyTspval,
3241 CTGTCACCAGCCCACTAACCACTAGCCAMCCCICCTCTTCARCATATIGGGGGGGTGRG
GACASTGGTCGEG TGATTGG TGATC GG TTTGGGAGGAGAASITGTATAACCCCCCCALCS

AlaAlaGlnleuAlaAlaProGLlyAlaAlaThrAlaPheValGlyAlaGlyleuAlaGly
3301 TGGCTGCCCAGCTCGLCGLCCCCGG IGCCGCTAC TGCCTTIGTGGGCGCTGGCTTAGCTG
ACCGACGGGTCGAGCGGCEGGGGCCACGGCGATGACGGAMACACCCGCGACCGAATCGAC

AlailalleGlySerValGlyleuGlylysValleulleAsplleleuAlaGlyTyrGly
3381 GCGCCGCCATCGGCAGTGTIGGACTGGGGAMGG TCCTCATAGACATCCTTGCAGGGTATG
CGLGGCGGTAGCCG TCACAACCTGACCCCTTCCAGGAG TATCIGTAGGAMCGTCCCATAC

AlaGlyValAlaGlyAlaleuvValilaPhelysIleMetSerGlyGluvalProSerThr
3421 GOGLGGGLGTGGCGGGAGCTCTTGTGGCATTCAAGATCATGAGCSG TGAGGTCCCCTCCA
CGLGCCCGCACCGCCCTCGAGAACACCGTAAGTICTAGTACTCGCCACTCCAGGGGAGST

GluAspleuValAsnleuleuPrcAlalleleuSerProGlyAlaleuvalvalGlyval
3481 CGGAGGACCIGGTCAATCTACTGCCOGCCATCCTCTICGCCCGGAGCCCTCGTAGTCOGCG
GLCTCCTIGGACCAG TTAGATGALGGGCGG TAGGAGAGCGGGCCTCGGGAGCATCAGCCGC

ValCysAlaAlalleleuArgArgHisvalGlyProGlyGluGlyAlavalGlnTrptet
3541 TGGTICTIGTGCAGCAATACTGCGCLGGLACG TTGGCCLGGOLGAGGEGGCAGTGCAGTGGA
ACCAGACACGTCGTTATGACGCGGCCETGCAACCEGGCCCGCTCCCCCGTICACGTCACCT

AsnArgleulleAlaPheAlaSerArgGlyAsnHisvValSerProThrHisTyrValPre
3601 TGAACCGGCTGATAGCCTTCGCCTCCCGGGGGAACCATGTTTCCCCCACGCACTACGTGL
ACTTGGCCGACTATCGGAAGCGGAGGGCCCCCTTGGTACAMGGGGGTGCGTGATGCACG

GluSerAspAlaAlaAlaArgvValThrAlalleleuSerSerLeuThrvallhrGlnleu
1661 CGGAGAGCGATGCAGCTGCCCGCGTCACTGCCATACTCAGCAGCCTCACTGTAACCCAGS
GCCTCTCGCTACGICGACGEGCGCAGTGACGETATGAG TCGTCOGAG TGACATIGGGTCS

LeuArgArgleulisGlnTrplleSerSerGluCysThrThrProlysSerGlySerTrp
3721 TCCIGAGGCGACTGCACCAGTCSATAAGCTCGGAGTGTACCACTCCATGCTCCGGTICCT
AGGACTCCGCTGACSTGG TCACCTATTICGAGCCTCACATGG TGAGG TACGAGGCCAAGGA

LeuArgAspllelrpAspIrplleCysGluvalleuSerispPhelysThrTrpleulys
3781 GGCTAAGGGACATCTIGGGACTGGATATGCGAGGTGTIGAGCGACTTTAAGACCTGGCTAA
CCGATTCCCTGTAGACCCTCACCTATACGC TCCACAME TCGCTGAMTTCTGGACCSATT

AlaLysleuMetProGlnLeuProGlylleProPhevalSerCysGlnArgGly TyzLlys
1841  AAGCTAAGCTICATGCCACAGCTIGCCTRGRATCCCCT TG TGTOC TR CARCACGGATATA
TTCGATTCGAGTACGG TG TCGACGGACCCTAGGGGARACACAGGACSGTCGCGCCCATAT
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GlyvalTrpArgVvalAspGlyIleMecHisThrArgCysHisCysGlyAlaGiulleThr
3301 AGGGEGTCTGGCGAGTGGACGGCATCATGCACACTCGC IGCCACTG TGGAGCTGAGATCA
TCCCCCAGACCGCTCACCTSCCG TAGTACS TG TGAGCGACGGTGACACCTCGACTCTAGT

GlyHilsvallysAsnGlyThrMetArqIlevValGlyProArgThrCysArgAsnMesTrp
31961 CTGGACATGTCAAAAACGGGACGATGAGGATCGTCGGTCCTAGGACCTIGCAGGAACATGT
GACCTGTACAGTTTIIGCCCTIGCTACTCCTAGLAGLCAGGATCCTGGACGTCCTIGTACA

SerGlyThrPheProlleAsnAlaTyrThrihrGlyProlysThrProleuProAlaprro
4021 GGAGTGGGACCTTCCCCATTAATGCCTACACCACGGGCCCCTGTACCCCCOTTCCTGLGE
COTCACCCTCGAAGGGG TAATTACGGATE TG TGCCCGGGGACATGRGGEGAMGGACGLS

Asn?yrthr?heAlaLeuTrpArgValserAlaGluGluTeralGluIleArgGlnv;l
4081 CGAACTACACGTICGCGCTATGGAGGGTGTCTCCAGAGGAATATGTGGAGATAAGGCAGS
GCTTCATG TGCAAGCGCGATACCTCCCACAGACGTCTCCTTATACACCTCTATTCCGTICC

GlyAspPheHisTyrvalrhzclyugtrhrrhrhspAsnLeuLysCysProCysGlnval
4141 TCLGSGACTTCCACTACGTGACGGGTATGACTACTGACMTCTCAMATIGCCCGTGCCAGG
ACCCCCTGAAGG TGATGCACTGCCCATACTGATGACTS TTAGAGTTTACGGGCACGGTCC

ProSerProGluPhePheThrGluleuAspGlyValArgleuilisArgPheAlaProPra
4201 TCCCATCGCCCGAATTTITCACAGAATIGGACGGGGIGCGCCTACATAGGTITIGCGCCCC
AGGGTAGCGSGCTTAMMAAG TG TCTTAACC TGCCCCACGLGGATS TATCCAACGCGGGG .

CysLysProleuleulrgGluGluvalSerPheArgValGlyleuHisGluTyrProval
426> CCTGCAAGCCCTTGCTGCGGGAGGASGTATCATICAGAGTAGGACTCCACGAATACCCGS
GGACGTTCGGGAACGALGCCCTCCTCCATAGTANGTCTCATCCTGAGG TGCTTATGGGCC

GlySerGlnlLeuProCysGluProGluProAspValilaValleuThrSerMetleuThr
4321  TAGGGTCGCAATTACCTIGCGAGCCCGAACCGGACGTOGCCRTGTTGACGTCCATGCTCA
ATCCCAGCGTTAIGGAACGCTCGGEC TTGGLCIGCACCGGCACACTGCAGGTACGAGT

AspProSerHisIleThrAlaGluAlaAlaGlyArgArgLeuAlaArgGlySerProPre
4381 CTGATCCCTICCCATATAACAGCAGAGGCGGCCGEGCEAAGG TTGGCGAGGGGATCACCCC
GACTAGGGAGGCTATATIGTCG TCICCGCCGELCOGC I TCCANCCGCTCCCCTAGTGRGG

ServalAlaSerSarsSerilaSerGlnleuSerilaProSerlaulysAlaThrCysThr
4441 CCTCTGTOGCOAGCTCCTCGGCTAGCCAGC TATCCGCTCCATCTCTCAAGGCAACTTGCA
GCAGACACCGGTCGAGGAGCCCAT GG TCCATAGGCGAGGTAGAGAGTTCCOTTGAACGT

AlaAsnHisAspSerProAspAlaGluleulleGluAlaAsnleuleuTrpArgGlaGlu
4501 CCGCTAACCATGACTCCCCTGATGCTGAGCTCATAGAGGCCACCTCCTATGGAGGCAGG
GGCBATIGE TACTIGAGGGGAC TACGACTCGAGTATCTCCGGTTGGAGGATACCTCCGTCC

H-tGlyGlyAsnI1cTh:Arnglclus-rGluAsnLy:VhlvalIcheuAspSerPhe
4561 . AGATGGGOGGCAACATCACCAGGG TTGAGTCAGAMACAMAGTGG TGATTICTGGACTCCT
TCTACCCGCOG TTG TAG TGG TCCCAACTCAG TCTTTI TG TTTCACCACTAAGACCTGAGGA

AspPrcLouValAlaGluGluAlpG1uA:§GluIlcSatVllProAlaGluIleLeuA:g
4621 TCGATCCGCTTGTGGCGGAGGAGGACGAGCGGGAGATCTCCGTACCCGCAGAAATCCTGC
AGCTAGGCGAACACCSCCTICCTCCIGETCGCCCTCTAGAGGCATGGGCGTCTTTAGGACG

LysScrA:gAxgPhcAlaGlnAlaLeuProVIltrpAl:A:gPraAspTyrAsnProPro
4681 GGAAGTCTCGGAGATTCGCCCAGGCCCTGCCCGTTTGGGCGCGGCCGGACTATARCCCCC
COTTCAGAGCCTCTAAGCCGG TCCGGGACGGGCAMACCCGCGCCGGCCIGATATTCEGGS

LeuValGluThrTrplysLysProAspTyrGluProProvalvalHisGlyCysProLleu
R D4 GCTAGTGCAGACS TGGAAAAAGCCCGACTACGAACCACCTIGTGGTCCATGGCTGTCCGE
GCEATCACCTICTGCACCTTTTTCGGGCTGATGCTIGG TGGACACCAGGTACCGACAGGLS

?roP:oPrcLysSerProPraValPro?ro?rcArgLysLysArgThrValValLeuTh:
4891 ITCCACCTCCAAAGICCCCTCCTGTGCCTCCGCCTCGGAAGAAGCGGACGGTGGTCC?C&
AAGGTGGAGG TTTCAGGGCAGGACACGGAGGCGGAGCETTCTICGCCTGCCACCAGGAGT

GluSerThrLeuSerThralaleuAlaGlulLeuAlaThrArgSerfheGlySerSerSex
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4861 CTGAATCAACCCTATC A GLLITGECCGAGCTCGLCACCAGAAGCTTIIGGCAGETC T
GACTTAGITGGGATAGATGACGGAACCLGLTCGAGCGETGGTCTICGAAACCGTCGAGSA

ThrSerGlylleTthaGiyAspAsnThRrThzThrSerSerGluProAlaProSerGlyCys
4521 CMCT!CCGGCATIACGGGCGACAATACGAQACKTCC’!C‘GAGCCCGCCCC‘!‘TC‘IGGC‘!
CITGAAGGCLGTAATGCCCGC TG TTATGC TG ITG TAGGAGACTCEGGLGEGGAAGACLGA

ProProAspSerAspAlaGluSerTyrSerSerMetProProleuGluGlyGluPreGly
4581 GLCCCCCCRACTCCGALGUTGAGTCCTATTICCTCCATGCCCOCCCTGRAGRGGRAGLLTS
CEGGGGEGCIGAGGCTGCGACTCAGGATAMGGAGGTACGGGGGGGACCTCCCCCTCGGAC *

AspProAspleuSerAspGlySerTrpSerThrValSerSerGluAlaAsnAlaGluAsy
5041 GGGATCCGGATCITAGCGACGGGTCATGGTCAACGGTCAGTAGTGAGGCCAACGCGGAGH
CCCTAGGCCTAGAATCGCTGCCCAGTACCAGTIGCCAGTCATCACTCCGGTTGCGCCTICC

ValvalCysCysSerMetSerTyrSerTrpThzGlyAlaleuValThrProCysilaAla
S121 ATGTCGIGTGLIGETCAATGTICTTACTCTTGGACAGGCGCACTCGTCACCLCOGTGLGCCS
TACAGCACACGACGAGTTACAGAATGAGAACCTIGTCCGCGTGAGCAGTSGRGCACGLGGC

GluGluGlaLysleuProlleAsnAlaleuSerdsnSerLleuleuArgiisHisAsnleu
5161 CGGAAGAACAGAMCIGCCCATCAATGCACTAAGCAACTCGTIGCTACGTCACCACAATT
sccncmmaccssucrncsmanccmmmc&mcmm*snu

ValmmngwnnqwlchlnLysLywalrhrphcAspArg
5221 TGGTIGTATTICCACCACCTCACGCAGTGLTITGCCAMGGCAGAAGAAGTCACATTIGACA
ACCACATAMGG TGG TGGAG IGCGTCACGAACGG TTTICCGTCITCTITITCAGTGTAMCEIGT

LauGlnValleuAspSerHisTyrGlnAspValleulysGluvallysAlaAlahlasSer
5281 GACTGCAAGTTCTGGACAGCCATTACCAGGACGTACTCAAGGAGGTTAAAGCAGCGGCGT
CIGACGTTCAAGACCTGTCGGTAATGGTCCTGCATGAG TTCCTCCAATTICGTCGLCGCA
LysVallLysAlaAsnleu
CAAMMMGTGAAGGCTAACTTIG

GTITTCACTTCCGATTIGAAC

534k -
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FlG 27 Translation of DNA 12¢f

Ile?heLysIleA:gﬁctIy:ValclyGlyValGluHisAqueuG1uAlaAlaCysAsn
COATATTTAAAATCAGGATG TALGTGEGAGGGG TCGAACACAGGCTGGAAGCTGCCTGCA
COTATAAATTTTAGTCCTACATGCACCCTCCCCAGCTIGTGTCCGACCTTCGACGGACGT

[ ]

TrpThrArgGlyGluArgCysAspleuGluAspArgAspArgSerGluleuSerProleu
§1 ACTGGACGCGGGGCGAACGTTGCGATC TGGAAGACAGGGACAGGTCCGAGCTCAGCCCGT
TGACCTGCGCCCCGCTIGCAACGCTAGACCTTC TG TCCCTG TCCAGGCTCGAGTCGGGCA

LeuLeuThrThrThrGlnTrpGlnvalleuProCysSerPheThrinrieuProAlale
121 TACYTGCTGACCACTACACAGTGGCAGGTCCTCCCGIGTTCCTTCACAACCCTACCAGCCT
ATGACGACTGGTGATG TG TCACCETCCAGGAGGGCACAAGGAAGTGTTGGGATGGTCGGA

SerThrGlyLeulleHisLeuHisGlnAsnIleValAspValGlaTyrleuTyrGlyval
181 TGTCCACCGGCCTICATCCACCTCCACCAGAACATTGTGGACGTGLCAGTACTIGTACGGGG
ACAGGTGGCCGGAG TAGG TCGAGE TGETCTIGTAACACCTGCACGTCATGAACATGECCC

e e i S . e >

GlySerSerIleAlaSerTrpAlalleLysTrpGluTyrvalvalleuLleuPheLeuZeu
241 TGGGGTCAAGCATCGCGTCCTCGECCATTAAGTGGGAGTACGTCGTTCTCCTGTTLLITC
ACCCCAGTTCGTAGCGCAGGACCCGGTAATTCACCCTCATGCAGCAAGAGGACAAGGAAG

LeuAlaAspAlafrgvalCysSerCysLeuTrpMetMetleuleylleSerGlnAlaGlu
301 TGCTITGCAGACGCGCGCGTCTGCTCCTGCTTICTGGATGATGCTACTCATATCCCAAGCGS
ACGAACGTCTGCGCGCGCAGACGAGSACGAACACCTACTACGATCAGTATAGGGTTCGCC

Overlap with 14i
AlaAlalLeuGluAsnLeuvalllelLeuAsnAlaAlaSerLeuAlaGlyThrHisGlyLeu

361 AGGCGGCTITTGGAGAACCTCGTAATACTTAATGCAGCATCCCTGGCCGGGACGCACGGTC

TCCGCCCAAACCTC I TGGAGCATTATGAATTACGTCG TAGGGACCGGCCCTGCETGCCAG

val
421 TIGTATC
AACATAG
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FlG 28 Translation of DNA 135f%

---------- Qverlap with 39¢c——-- -
LeuLysGLuvalLysAlaAlaAlaSe:LysValLysAlaAsnLeuLeuSerValcluGlu
1 GoTCAAGGASGTTAAAGCAGCGGCGTCAAAAGTGAAGGCTAACTIGTTATCCGTAGAGG
ACGAGTTCCTCCAATTICG TCGCCGCAGTTITCACTTCCGATTGAACGATAGGCATCTCC

AlaCysSerLeuThrProProHisSerAlalysSerlLysPheGlyTyrGlyAlaLysAsp
€1 AAGCTTGCAGCCTGACGCCCCCACACTCAGCCARATCCAAGTTIGGTTATGGGGCAMAG |
TTCGAACGTCGGACTGCGGGGE TGO TGAGTCGG I TTAGG TTCAAACCAATACCCCGTTTIC

valArgCysHisAlaArglysAlavalThrHisIleAsnServalTrplysAspleuleu
12l ACGTCCGTTGCCATGCCAGAAAGGCCGTAACCCACATCAACTCCGTGICGAAAGACCTIC
TG CAGGCAACGGTACGE TCTTTCCGGCATIGGS TGO TAGTTGAGGCACACCTTTCTGGAAG

GluAspAsnValThrProlleAspThrihrileMetAlalysAsnGluValsheCysval
181 TGGAAGACAATGTAACACCAATAGACACTACCATCATGGCTAAGAACGAGGTTTTCTGCS
ACCTTCTIGTTACAT TG TGO TTATC TG TGATGS TAGTACCGATTCTTGCTCCARMAAGACGT

GlnProGlulysGlyGlyArglysProAlaArgleulleValPheProAspleuGiyVas
241 TTCAGCCTGAGAAGGGGGGTCGTAAGCCAGCTCGTCTCATCGTGTICCCLGATCTIGLGLS
AAGTCGGACTCTTCCCCCCAGCATTCGGTCGAGCAGAG TAGCACAAGGGGCTAGACCLIGC

Aqua1CysGluLysHetklaLeuryrAspVaIValrhrLysLeuProLeuAIaValMe:
101 TGCGCGTETGCOARAAGATGEC TTTGTACGACGTGG TTACAAAGCTCCCCTTGGCCGTGA
ACGCGCACACGCTTTTCTACCGAAACATGC TGCACCAATGTTTCGAGGGSAACCGGCACT

GlySerSerTyrGlyPheGlnTyrSerProGlyGlnArgvalGluPheleuvalGlraAla
361 TGGGAAGCTCCTACGGATTCCAATACTCACCAGGACAGCGGGTTGAATTCCTCGTGCARG
ACCCTTCGAGGATGCCTAAGG T TATGAGTGGTCC TG TCGCCCAACTTAAGGAGCALGTTC

TrplysSerLysLysThrProMerGlyPheSerTyrAspThrArgCysPheAspSerThr
421 CGTGGAAGTCCAAGAAAACCCCAATGGGGTTCTCGTATGATACCCCCTGCTTTGACTCCA
GCACCTTCAGGTTCTTTTCGCS TTACCCCAAGAGCATACTATGGGCGACGAACTGAGGT

valThrGluSerAsplleArgThrGluGluila
481 CAGTCACTGAGAGCGACATCCGTACGGAGGAGGCA
GTCAGTGACTICTCGCTGTAGGTATGCCTICCTCLGT
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F!G 29 Translation of DNA l9g

GluPheleuvalGlnAlaTrplysSerLysLysThrProMetGlyPheSerTyrAspThr
GAATTCCTCGTGCAAGCG TGGAAGTCCAAGAAAACCCCAATGGGGTTCTCGTATGATACC
ClTAAGGAGCACG T ITCGCACC T TCAGG TTC T I T TGGGG TTACCCCAAGAGCATACTATG e

()

~=-==Qverlap with 35f
:gCysPhehspSerTh:Va1Th:GluSerAspIleArgTh:GluGluAlaIleTyrGln

€1 CGCTIGCTTIGACTCCACAGTCACTGAGAGCGACATCCGTACGGAGGAGGCAATCTACCAA
GCGACGAAACTGAGG TG TCAGTGAC TCTCGCIG TAGGCATGCCTCCTCCS TTAGATGS ™

CysCysAspleuAspProGlnAlaArgvalAlalleLysSerLeuThrGiuArgLeuTvr
sis TGTIGTGACCTCGACCCCCAAGCCCGCGTGGCCATCAAGTCCCTCACCGAGAGGSTTTAT
ACAACACTGGAGCTGGEGGTTCGGECGCACCGE TAGTTCAGGGAGTGGLTCTCCGAAATA

valGlyGlyProLeuThrAsnSerArgGlyGluAsnCysGlyTyrArgArgCysArgala
-21  GUUGGGGGLLCTCTTACCAATTCAAGGGGGGAGAACTGCGGCTATCGCAGG TGCCGEGES
CAACCCCCGGeAGAATGG T TAAGTTCCLCCCTC MGACGCCGATAGCG TCCACGGLGLGE

SerGlyvalLeuThrThrSerCysGlyAsnThrLeuThrCysTyrilelysAlaArgala
241  AGCGGCGTACTGACAACTAGCTGTGGTAACACCCTCACTIGCTACATCAAGGCCCESGCA
TCGCCGCATGACTG TTGATCGACACCAT TG TGGGAGTGAACGATGTAGTTCCGGGCCCGT

AlaCysArgAlaAlaGlyLeuG1nAsprsThrHetLeuValesGlyAspAspLeuVal
301 GCCTGTCGAGCCGCAGGGCTCCAGGACTGCACCATGCTCG TG TG TGGCGACGACTTAG™S
CGGACAGCTCGGCG TCCCGAGG TCCTGACG TGGTACGAGCACACACCGCTGC TG AATCAG

VallleCysGluSerAlaGlyValGlnGluAspAlaAla
GITATCTGTGAAAGCGCGGGGE TCCAGGAGGACGCGGCGAG
CAATAGACACTTTCGCGCCCCCAGGTCCTCCTGCGCCGCTC

a
h
y
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FlG 30 Translation of DNA 264

- —— 3 - T e ol i e . S ol o e S T ol T i e i G S -

GlyGlyGluAsnCysGlyTYrArgArgCysArgAlaserGlyvalLeuThrThrierCys
1 GGGGGGGAGAACTGCGGCTATCGTAGG TGLCGCGCAAGCEGCGTACTGACAACTAGCTGT
CCCCCCCTCTTIGACGCCGATAGCOGTCCACGGTGCGTICGCCGCATGACTGTTGATCGACA

- -

GlyAsnThrLeuThrCysTyrIlelysAladrgalaAlaCysArgAlaAlaGlyLeuGln
£ GGTAACACCCTCACTIGTTACATCAAGGCCCGAGCAGCCTGTCGAGCCGCAGGGLTCCAG
CCATTETGGGAGTGARCAATG TAGTTCCGGGLTCETCGGACAGCTCGGLGTCCLGAGSTC

------------ Overlap with l9g-=----c—vweex —————-
AspCysThrMetleuvalCysGlyAspAspleuvalvallleCysGluSeralaGlyval
1234 GACIGCACCATGCICLIG TG TGGLGACHACTTAGTCLTTATCTGTGAAAGCGCGGGGGTS
CTGACGTGG TACGAGCACACAL CGCTGUIGAATCAGCAATAGACACTTTCGCGLLCICAG

- — . A S - - -

laoGluAspaAlaAlaSerleuArgAlaPheThrGluAlaMetThrArgTyrSerAlabrs
AGGAGGACGCGGLGAGCCTGAGAGCCITLACGHAGGCTATGAC JAGGTACTCCGCCCCE
T C TG L GCCGCTCGGACTCTCGGAAGTGCCTCCGATACTL L . COATGAGGLGEGGE

ProGlyAspProProGlnfProGluTyrAspLleuGluleulleThrSerlysSerSerasn
241  CUTGGGGACCCCCCACAACCAGAATACGACTIGGAGCTCATAACATCATGCTCCTCCAAL
GGACCCLIGGGEGGIGTIGOTCTTATGCTIGAACCTCGAGTATTGTAGTACGAGGAGGTTS

ValServalAlaHisAspGlyAlaGlyLysArgValTyrTyrleuThrArgAspProThr
GTGTCAGTCGCCCACGACGGCGCTGGAMGAGGGTCTACTACCTCACCCGTGACCCTACA
CACAGTCAGCGGGTGCIGLCECGACCTTICTCCCAGATGATGGAGTGGGCACTGGGATST

[ VY]
(@)
[ 2

ThrProleulAlaArgAlarlaTrpGluThrAlaArgRisThrProvalAsnSerTrpleu
JEI ACCCCCCTICGCGAGAGCTGCGTGCGAGACAGCAAGACACACTCCAGTCAATTCCTGGETA
IGEGEGEGAGCGCTCTCGACGCACCCTCTIGTCL TTC TG TG TGAGGTCAGTTAAGGACCGAT

GlyAsnllelIleMetPheAlaPrcThrieuTrpAla

421 GGCAACATAATICATGTTTGCCCCC) CACTGIGGGCG
CCGTTGTATTAGTACAMMCGGGGGTGTGACACCCGC

F'G 3' Translation of DNA 1Se

GlyAlaGlyLysArgValTyrTyrLeuThrArgAspProThrThrProleuAlaArgAla
1- - CGGCGCTGGAMGAGGGTCTACTACC TCACCCGTGACCCTACAACCCCCCTCGCGAGAGE
GCCGCGACCT T ICTCCCAGATGATGGAGTGGGCACTGGGATG TIGGEGEGAGCGCTCTCG

Qverlap with 26g
AlaTrpGluThrAlaArgHisThrProvValAsnSerTrpleuGlyAsnllelleMerPhe
6. TGCGTGGGAGACAGCAAGACACACTCCAGTCAATTICCTIGGCTAGGCAACATAATCATGTT
ACGCACCCICTIGTCGTICIGIG TGAGGTCAGTITAAGGACCGATCCGTTGTATTAGTACAA

AlaProThrleuTrpAlaArgMetIleleuMetThrHisPhePheSerValleulleAla
TGCCCCOACACTGTGGGCCAGGATGATACTGATGACCCATTTICTTTAGCGTCCTTATAGS
ACGGLGGTETGACACCCGCTCCTACTATGAC TACTGGG TAAAGAAATCGCAGGAATATCS

e
[ V]
.-l

ArgaspGlnleuGluGlnAlaleuAsplysGlulleTyrGiyAlaCysTyrSerlilaGliu
31 CAGGGACCAGCTTCAACAGGCCCTCGATTGCGAGATCTACGGGGCCIGCTACTCCATAGA
G ICCCIGG TCGAACTTG TCCGGGAGCTAACGC TCTAGATGCCCCGGACGATGAGGTATIT

ProlevAspleuProfrollelleGlinAreleu
241 ACCACTTGATCTACCTCCAATCATTCAAAGACTC
SGGTGAACTAGATGGAGGTTAGTAAGTITCTIGAG
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F1G. 32-! cousIned ORF OF DNas 12f through 1Se

IlePheLyslleArgMerTyrValGlyGlyvalGluHisArgleuGiuAlaAlaCysAsn
L CoATATTTAAAATCAGGATGTACGTGGGAGGGGTCGAACACAGGLTGGAAGCTGLCCTGCA
GOTATARATTTTAGTCCTACATGCACCCTCCCCAGCTIGIGTCLGACCTTCGACGGACGT

TrpThrargGlyGluArgCysAspleuGluAspArgAspArgSerGluleuSerProlen
€1 ACTGGACGLGGGGCGAACGTTOCGAT L IGGAAGACAGGGACAGGTCCGAGCTCAGLCCAT
SR ACCTOCGC G e TIGCAACGCTAGACC TICTG TCCCTGTCLAGGCTCGAGTLGGGCA

LeuleuThrTheThrGinTrpGlnvalleuProCysSerpheThrThrieuProdlales
12T TACTGCTGACCACTACACAGTGGCAGGTICCTCLCGTGTTCCTTCACARCCCTACCAGCCT
ATGCACCACTGGTCATG TG TCACCGTCCAGGAGGGLACAAGGAAGTGTTGGGATGGTCGGA

SerThrGlyleulleHisleuHisGlnAsnIleValAspvalGlnTyrleuTyrGlyval
1BL  TGTCCACCGGCCTCATCCACE TCCACCAGAACATTGTGGACGTGCAGTACTTGTACGGGG
ACAGGTGGCCGGAGTAGGIGGAGGTGGTC TTGTAACACCTGCACGTCATGAACATGCCCC

GlySerSerIleAlaSerTrpAlallelysTrpGluTyrvalValleuleuPhaleuleu
~GGGGTCAAGCATCGCGTCCIGGGCCATTAAGTGGGAGTACGTCGTICTCCTCTTCCITIC
ACCCCAGTTCGTAGCGCAGSACCCGGTAATTCACCCTCATGCAGCAAGAGGACAAGGANG

L]
>
(W]

LeuAlaAspAlaArgvalCysSerCysLeuTrpMetMetLeuleulleSerGlnAlaGly
30l TGCTTGCAGACGCSCGCGTCTGCTCCTGCTTGTGGATGATGCTACTCATATCCCANGCGG
ACGAACGTCTGCGCGCGCAGACGAGGACGAACACCTACTACGATGAGTATAGGG TTCGLC

AlaAlaleuGluAsnleuvVallleLeuAsnAlaAlaSerLeuAlaGlyThrHisGlyLeu
361 AGGCGGCITTGCAGAACCTCGTAATACTTAATGCAGCATCCCTGGCCGGGACGCACGGTC
TCCGCCGAAACCTCTTGGAGCATTATGAATTACGTCG TAGGGACCGGCCCTGCGTGCCAG

ValSerPheleuValPhePheCysPheAlaTrpTyrLeulysGlyLysIrpValProGly
£21 TIGTATCCITCCICGIGTICTTCTGCTTIGCATGGTATTIGAAGGG TAAGTGGGTGLCCE
AACATAGGAAGGAGCACAAGAAGACGAAACGTACCATAAACTTCCCATTCACCCACGGGC

AlavalTyrThrPheTyrGlyMetTrpProleuleuleuleuleuleuAlaleuProGln
481 GAGCGGTCTACACCTTICTACGGGATGTGGCCTCTCCTCCTGCTCCTGTIGGCGTTGCCCT
CTCGCCAGAMTGTGGAAGATGCCCTACACCGGAGAGGAGGACGAGGACACCGCAACGGGES

ArgAlaTyrAlalLeuAspThrGluvalAlaAlaSerCysGlyGlyvalvalLeuvalGly
541 AGCGGGCGTACGCGCTGGACACGGAGGIGGCCGLGTCGTGTGGCGE TG TIGTICTCGTCG
TCGCCCGCATECGCGACC TG TGCCTCCACCGGCGCAGCACACCGCCACAACAAGAGCAGC

LeuMetAlaleuThrleuSerProlyrTyrLysArgTyrIlleSerTrplysLeuTrpTrp
601 GGTIGATGGCGCTGACTCTGTCACCATATTACAAGCGCTATATCAGCTGGIGCTTGTGGT
- CCMCTACCGCGACTGAGACAGTGGTATAATGTTCGCGATATAGTCGACCACGAACACCA

LeuGlaTyrPheleuThrArgvalGluAlaGinleudisValTrplleProPraleuAsn
€61 GGCTTCAGTATTTICIGACCAGAGTGGAAGCGCAACTGCACGTGTGGATTCCCCCCCTCA
- CCGAAGTCATAAAAGACTGGTCTCACCTTCGCGTIGACGTGCACACCTAAGGGGGGGAGT

ValArgGlyGlyArgAspAlavallleLeuleuMetCysAlaValHisProThrleuval
721 ACGTCCGAGGGGGGCGCGACGCCGTCATCTTACTCATG TG TGCTGTACACCCGACTCTGG
TGCASGCTCCCCCCGCECTGCGGCAGTAGAATGAGTACACACGACATG TGGGCTGAGACC

Pha&spIleTthysLeuLeuLeuAlaValPheclyProLeuTrpIleLeuGlnAlaSer
781 TATTTGACATCACCAMATTGCTGCTGGCCGTCTTCGGACCCCTTTGGATTCTTCAAGCCA
ATAAACTGTAGTGG TTTAACGACGACCGGCAGAAGCCTGGGGAAACCTAAGAAGTTCGGT

LeuLeuLysValPruTyrPheva1A:gValGlnGlyL.uLcuArgthCysAlaLeuAla
841 GTTTGCTTAAGTACCCTACTTTGTGCGCGTCCAAGGCCTTCTCCGGTTCIGCGCGTTAG
CAMCGAATTTCATGCGGATGAAACACGCGCAGG TTCCGGAAGAGGCCAAGACGCGCAATC

A:gLy:H::!l:CL?CLyHL:.':VaLClchtValIleIleLysLeuGl?AlaLcuTh:
3Ccl CGCGGAAGATGATCGGAGGCC&TTACGTGCAAATGGTCAICAETAAGTTAGGGGCGCTTA
GCGCCTTCTACTAGCC TCCGG TAATGCACGTTTACCAGTAGTAATTCAATCCCCGCGAAT



Patent Application Publication Aug. 28,2003 Sheet 32 of 145  US 2003/0162167 Al

GlyThrTyrValTyrAsnHisleuThrProleuArgAspTrpAladHisAsnGlyLleuArg
$61 CTIGGCACCTATGTTTATAACCATCTCACTCCTCTTCGGGACTGGGCGCACAACGSLITGE
GACCGTGGATACAMATATIGGTAGAGTGAGGAGAAGCCCIGACCCG LS TETTGCCZAALG

AspLeuAlavValAlavalGluProvalvalpheSerGlnMetGlyThrLysleulleThr
1031 GAGATCTGGCCGTGGCTGTAGAGCCAGTCG TCTTCTICCCAARTGGAGACCAAGCTCATCA
CTCTAGACCGGCACCGACATC TCGG TCAGCAGAAGAGSCTTTACCTCTGGTTCGAGTAGT

rpGlyAlaAspThrAlaAlaCysGlyAspllelleAsnGlyLeuPravalSerAlaarg
1081 COTGGGGGGCAGATACCGLCLCGTGCGGTGACATCATCAACGGCTIGCCTC TTTCCGCCC
GCACCCCCCGTCTATGGCGGLGCACGCCAC TG TAGTAGTIGCCGAACGGACAAAGGEGSS

ArgGlyArgGlulleleuleuGlyProAlaAspGlyMetValSerLysGlyTrpArgleu
1341 GCAGGGGCCEGGAGATACTGLTCGGGLCAGCCGATEGAATGGTCTCCAAGGGGTGGAGGT
CeTCCCCGGCCCTCTATGACGAGCCCGGTCGGCTACCTTACCAGAGGTTCCCCACCTCCA

LevAlaProlleThrAlaTyrAlaGlnGlaThrArgGlyleuleuGlyCystlelleThr
2201 TGCIGGLGCCCATCACGGLGTACGCCCAGCAGACAAGGGGCCTCCTAGGGTGCATAATCA
ACGACCOCGGGTAGTCCCGCATGCGGETCGTCTCTTCCOQGGAGGATCCCARGTATTAGT

SerLeuThrGlyArgAspLysAsnGlavalGluGlyGluvalGlnIlevalSerThrala
1261 CCAGCCTAACTGGCCGGGACAAAAACCARGTGGAGGGTGAGGTCCAGATIGTCTCAACTG
GGTCGGATIGACCGGCCCTGTT T IGG TTCACCTCCCANTCCAGG TCTAACACAGTIGAS .

AlaGlnThrPhelLeuAlaThrCysIleAsnGlyvalCysTrpThrvalTyrHisGlyala
1321  CTGCCCAMACCTTCCTGGCAACGTGCATCAATGGGE TG IGCTIGCACTG TCTACCACGSGS
GACGGO TTIGGAAGGACCG TTGCACGTAGT TACCCCACACGACCTGACAGATEE TGCCCC

GlyThrArgThrIleAlaSerProlLysGlyProval IleGlnMetTy2ThrAsnValasp
1381 CCGGAACGAGGACCATCGLGTCACCCAAGGGTCCTIGTCATCCAGATCTATACCAATGTAG
GGCCTIGC TCCIGG TAGCGCAG GGG TTCCCAGGACAG TAGGTCTACATATGG T TACATC

GlnAspLeuValclyTerroalaProGlnG1yScrA:gSe:LeuTh:PzoCysThrCys
1441 ACCAAGACCTIGTGGGCTGGCCCGCTCCGCAAGG TAGCCGOE TCATTGACACCCTGCACTT
TGGTTCTGGAACACCCGACCGGGCGAGGCGTTCCATCGGCGAGTAACTGIGSGACG TGAA

GlySerSerAspLeurereuValrhrArqusalaAsPValIle?roValArgA:gA:g
301 GLGGLTCCTCGGACCT I TACCTGG TCACGAGGCACGCEGATGTCAT ICCCG IGCGECESC
CGCCGAGGAGCCTGGAMTIGGACCAG TGCTCCE TGCGGC TACAG TAAGGGCACGCGGCCE

G1yAspSerArgGlySerLeuLeuSerPrnA:gProIleSerTereuLysGlySe:Ser
1561 GGGGIGATAGCAGGGGCAGCCTGCTGTCGCCCCGGCCCATTTCCTACTTGAAAGGCTCCT
CCCCACTATCG TCCCCETCGGACGACAGCGGGECCGGE TAAAGGATCAACT T TCCGAGGA

GlyGlyProleuLeuCysProAlaGlyHisAlavalGlyIlepheArgAlaAlavalCys
1621 CGGGGGGICCGCIGTTGTGCCCCGCGGGGCACGCCGTGGCCATATTTAGGGCCGCGGIGT
GCTCCCCAGGCGACAACACGGGGCGCCCCETGCGGCACCCG TATAAATCCCGGRGCCACA

ThrArgGlyvalAlaLlysAlavValaspPlelle?rovalGluAsnieuGluThrThrMet
-681 GCACCCGTGGAGTGGCTAAGGCGGTGGACTTTATCCCTGTGGAGAACCTAGAGACAACCA
CETGGGCACCTCACCGATTCCGCCACCTGAMATAGGGACACCTCTTOGATCICIGTIGGT

ArgSerProValPheThrAzpAsnSerSerProProvalValProGlnSerPheGlnval
1741 TGAGGTCCCCGGTGTTCACGGATAACTCCTCTCCACCAGTAGYGCCCCAGAGCTTCCAGS
ACTCCAGGGGCCACAAGTGCCTATTGAGGAGAGG TGGTCATCACGGGGTCTCGAAGGTCC

AlaHisleuHisAlaProThrGlySerGlyLysSerThrLysvalProAlaAlaTyrAla
18C1  TGGCTCACCTCCATGCTCCCACAGGCAGCGGCAAMAGCACCAAGGTCCCGGTTGCATATG
ACCGAGTGGAGGTACGAGGG TG TCCGTCCCCETTTTCG TGG T TCCAGGGRCCACGTATAL

AlaGlnGlyTyrLysvalleuvalleuAsnProServalAlaalaThrleuGlyPheGly
CAGCTCAGGGCTATAAGG TGCTAGTACTCAACCCCTCTS TTIGCTGCAACACTGGGCTTTG
GICGAGTCCCGATATTCCACGATCATGAGTTGGGGAGACAACGACG TTGIGACCCGAARC

AlalyrfetSerLysAlanisuiylleASpProAsnlleArgThrGlyValArgThrile

FIG. 32-2
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1921 GIGCTTACATGTCCAAGGCTCATCGGATCGATCCTAACATCAGGACCGGGGTIGAGAACAS.
CACGAATGTACAGGTTCCGAGTACCCTAGC TAGGATTG TAGTCCTGGCCCCACTCTIGTT

THIThrGlySerProllethrTyrSerThrTyrGlyLysPheleuAlaAspGlyGlyCys
281 TTACCACTGGCAGCCCCATCACGTACTCCACCTACGGCAAGTTICCTTGCCGACGGCHGST
AATGGTGACCGTCGGGG TAGTGCATGAGG TGGATGCCG TTCAAGGAALGGCTGCLGCCCA

SerGlyGlyAlaTyrAsplleIlelleCysAspGluCysHisSerThrAspAlaThrSer
2041 GCTCGGGGEGGCGCTTATGACATAATAATTTG TGACGAG TGCLACTCCACGGATGCCACAT
COAGCCCCCCGCGAATACTGTATTATTAAACACTGC TCACGG TGAGG TGCCTALGGTGETA

IleLeuGlyIleGlyThrValleuAspGlnAlaGluThrAlaGlyAlaArgLeyvalval
2101 CZATCITTGGGCATCGGCACTGTCCTIGACCAAGTAGAGACTGLGGGGECGAGACTGGTTG
GGTAGAACCCGTAGCCGIGACAGGAACTGE TTCSTCTCIGACGCCCCCGCTCTGACCAAC

LeauAlaThrhlaThrProProGlyServalThrvalProHisProAsnlleGluGluval
2161 TGCTCGCCACCGCCACCCCTCCGOGLTCCGICACTGTGCCCCATCCCAACATCGAGGAGS
ACGAGCGGTGGIGG TGGGOAGGCCCGAGGCAGTGACACGGGGTAGGGTIGTAGCICCTCC

AlaleuSerThrThrGlyGlulleProPheTyrGlyLlysAlalleProleuGluvallle
2221 TIGCTCIGTCCACCACCGGAGAGATCCCTTTTTACGGCAAGGCTATCCCCCTCGAAGTAA
AACGAGACAGETGGIGGCCTCTCTAGGGAMAMA TGCCG TTCCGATAGGGGGAGCTTICATT

LvsGlyGlyArgHisLeullaPheCysHisSerLlysLysLysCysAspGluleuilanla
2281  TCAAGGGGGGGAGACATCTCATCTTCTGTCATTCAAAGAAGAAGTGCGACGAACTCGCCG
AGTTCCCCCCCTCTOTAGAGTAGAAGACAGTAAGTTTCTTCTTCACGCTIGCTIGAGCGGT

LysLeuValAlaleuGlyIleAsnAlavalAlaTyrTyrArgGlyLeuAspValServal
2341 CAAAGCTGGTCGCATTGGGCATCAATGCCG TGGCCTACTACCGCGGTCTTGACGTGTCCG
GITTCGACCAGCGTAACCCGTAGTTACGGCALCGGATGATGGCGCCAGAALTGCACAGGC

IleProThrSerGlyAspvalvalvalvalAlaThrAspAlaleuMetThrGlyTyrThr
250 TCATCCCGACCAGCGGLGATG T TG TCGT Lo TGGCAMCCGATGCCCTCATGACCGGLTATA
AGTAGGGCTGGTCGCCGCTACAACAGCAGCACCGTIGGCTACGGGAGTACTGGCCGATAT

GlyAspPheAspServallleAsplysAsnThrCysValThrGilnThrValAapPheSer
24€1 CCGGCGACTTCGACTCGGTGATAGACTGCANTACGTGTGTCACCCAGACAGTCGATTICA
GGCCOCTGAAGCTGAGCCACTATCTGACGTTATGCACACAG TGGGTCTGTCAGC TAMAGT

LeuAspProThrPheThrIleGluThrIleThrLeuProGlnAspAlavalSerargThr
2521 GCCTTGACCCTACCTTCACCATTIGAGACAATCACGCTCCCCCAGGATGCTGTCTCCOGCA
CGGAACTGGGATGGAAG GG TAACTC TG TTAG TG COAGGGGG TCCTACGACAGAGGGCLGT

GlnArgArgGlyArgThrGlyArgGlyLysProGlyIleTyrArgPheValAlaProGly
2581 CTCAACGTCGGGGCAGGACTGGCAGGGGGAMGCCAGGCATCTACAGATTTIGIGGCACCGG
GAGTIGCAGCCCOGTCCIGACCG TCCCCCT TCGGTCCGTAGATG TCTAMACACCGTIGELE

GluArgProSerGlyMetPheAspSerServalleuCysGluCysTyrAspAlaGlyCys
2641 GGGAGCGCCCCTCCGGCATGTITCRACTCGTCCGTCCTCIGTGAGTGCTATGACGCAGGCT
CCCTCGCGGGGAGGCCOTACMGCTGAGCAGGCAGGAGACACTCACGATACTGCGTCCGA

AlaTrpTyrGluleuThrProAlaGluThrThrvalArgleuArgAlaTyrMetAsnThs
2701 GTGCTIGGTATGAGCTCACGCCCGCCGAGACTACAGTTAGGCTACGAGCGTACATGAACA
CACGAACCATACTCGAGTGCGGGCGGCTCTGATG TCAATCCGATGC TCGCATGTACTTIGT

ProG 1yLeuPraVa1CysGlnAspHisI.euGluPhe'!thluGlyValPheTh.tGlyLeu
2761  CCCLGGGGLTTCCCGTGTGCCAGGACCATCTTGAATTTTGGGAGGGCGTCTTTACAGG
GGGGCCCCGAAGGGCAQ\CGGTCC'I’GGTAGMCTIAMACCCTCCCGCAGAMTGTCCGG

ThrHisIleAspAlaHisPheleuSerGilnThrlysGlnSerGlyGluAsnleufProlyr
2821  TCACTCATATAGATGCCCACTTTCTATCCCAGACAMAGCAGAGTGCGGAGAACCTTCCTT
AGTGAGTATATCTACGGCTCAMAGATAGGG ICIGITTCGTCTCACCCCTCITGGAAGGAM

LeuValAlaTyrGlnAlaThrValCysAlaArgAlaGlnAlaProProProserirphAsy
2821 ACCTGUTAGCGTACCAAGCCACCGIGTGLGCTAGGGCTCAASCTCTTCCCCCA COTGGG
TGGACCATCGCATGGTTCGG TGS CACACGCGATCCCEAGTTCGGGGAGGGGGTAGCACCC

FIG. 32-3
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CCCAGCAGAACAGGTCCTTCGOCCGTTAGTATGGAC TG TTCITTTAGSAGATGGCTCICA

AspGluMerGluGluCysSerGinkisleuPreTyrileGluGlintly erMerloupl2
3342 TOGATGAGATGGAAGAGTGCICTICAGTACTIACCGTACATCGAGIAAGGGATGATOLTCS
AGCTAC T ITACCTICTCACGAGAGTCGTGAATGOLATG TASCTUGTTICCTACTACGAGC
GluGlnPhelysGinlysAlaleuGliyLleuleuGinThrAlaSerArgGlnalaGluval
33C1  CLGAGCAGTICAAGCAGAAGGCCCTCGGCCTCCTGCAGACTGIGTCCISTCAGGCAGAGS
GGCTCGTCAAGTTCOTLTICCGGEAGCLGGAGLGALGTLIGGLGCAGGETAGTLCETCTICC

TieAla®frohlavalGlinThrAsnTrpGlnlysleuGiuThrPheTrpAlalysiHisMes
3381 TTATCGLCCLTGLTIGTLCAGACCAACTGGCAAAMALCTCGAGACCTICTGGGLGARGCATA
AATAGCGGLGALGACAGE TCIGG T IGALCG T T T TIGAG L TS IGGAAGACCCGOTTOGTAT

TrpAsnPhelleSerGlviieGinTyrlevhlaGliyleusSerThrleuProGlyAsnPre
35371 TGTGGAACTTICATCAGIGGGATACAATACTTGLCGSGCTIG TCAACGETGLCTROTARCS
ACACC T OGAAGTAGTCACLSCTATG T TATGAACCGLCCGAMCAGTTGCGACSGACCATIGS

AlalleAlaSerleuMerAlabPheThrAlaAlaValThrSerfrelieuTheThrSerGin
3481 CCGCTATTGLTICATIGATGGC T TITACAGCIGL TS TCACCAGTLCACTAACCACTAGCC
GGCOS TAACGAAGTAACTACCGAAAATG TCGACGACAG TGGTCOGE TGATIGGTSATILS

ThroleuleuPheAsnlleleuGlyGlyTrpValAlaAlaGlnievilaAlaProGlyAla
3541 AAACCCTCCTICTTCAAZATATTGGGGEGETGEG TGGCTGLCLAGCTICGLLGLCCLCGGTG
TTTGGGAGGAGAAGTTGTATAACCCCCCCACCCACLCGACGEGTCGAGTGGCGEEGECCAC

AlaThrhlaPheValGlyAlaGlyleuAlaGlyAlaAlalleGliyServalGlyleuGly
3671 CCGCTACTGLCTTTGIGGECGCTGGCTTAGCTGGCGLCGCCATCGSCAGTGTIGGACTGS
GGCGATGACGGAAACACCCCLGACCGAATCGACCGLGG GG TAGCCGTCACAACCTGACT

LysValleulleAsplleleuAlaGlyTyrGlyAlaGlyvalalaGlyAlaleuvaladla
JEEL  GGAAGGTCCTCATAGACATCCTTGCAGGGTATGGLGCGGGLGTGGLAGRAGCTCTTGTIGS
CCTTCCAGGAGTATCTGTAGGAACGTCCLATACCGLGCCCGCACCGCCCTCOAGAACALE

PhelLyslleMetSerGlyGluValProSerThrGluAspleuvalAsnleuleuProAla
3721 CATTCAAGATCATGAGCGGTGAGGTCCCCTCCACGGAGGACCIGEGTCAATCIACTGCLCG
ST ARG T T TAGTACTCGCCACTCCAGGGGAGS TGCCTCCTGGACCASTTAGATGACGSEGC

IlaleuSerProGlyAlaleuvalvalGlyvalvValCysAlaAlalleleuArgArgtis
378l  CCATCCTICTCGCCCGGAGCCCTCOTAGTCOGCGTGGTCIGTGCAGCAATACTGCGLOGGC
GG TAGGAGAGCGGGCCTCGGGAGCATCAGCCGCACCAGACACGTCG TTATGACGTGGLCE

ValGlyProGlyGluGlyAlavalGlnTrpMetAsnArgleulleAlaPheAlaSerArs
3841 ACGTIGGCCCGGGLGAGGGEECAGTGCAGTGOATGAACCGGLIGATAGCCTTCLCCTCCC
TGCAACCGGGCCCGCTCCCCCGICACGTCACCTACTTGGCCGACTATCOGARAGCGGAGGG

GlyAsnHisvValSerProThrHisTyrvalProGluSerAspAlaAlaAlaArgvalihr
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3901 GGGGGAACCATGTTTCCCCCACGCACTACG TGCCGGAGAGCGATGCAGCTGCCCGCETCA
COCCCTTGG TACAAAGGGGG TG CE TGATGCACGGCCTC TCGC TACG TCGACGGGCGCAGT

AlaTleleuSerSerleuThrValThrGlaleuleuArgArgleuHisGlnTrplleSer
3561 CTGCCATACTCAGCAGCCTCAC TG TAACCCAGC TCCTGAGGCGACTGCACCAGTGGATAA
GACGGTATGAGTCGICGGAGTGACAT IGGG TCGAGGACTCCGCTGACGTOGTCACSTATT

SerGluCysThrThrProCysSerGlySerTrpleuArgAspIleTrpAspTrpllecys
4021 GCTCGGAGTGTACCACTCCATGCTICLGG TTCCTGGCTAAGGCACATC TGGGACTSGATAT
CGAGCCTCACATGE TGAGG TACGAGGCCARGGACCGATTCCC TG TAGACCCTGACCTATA

GluValLeuSerAspPheLysThzTrpLeuLysAlaLysLeuHetProGlnLeuP:cGly
4CBL GLGAGGTGTTGAGCGACTITAAGACCIGGCTAAAAGC TAAGCTCATGCCACAGCTGLCTS
CGCTCCACAACTCGCIGAAATTCIGGACCGATT T ICGATTCGAGTACGG TG TCGACGGAC

:lePrcPneValSerCysGlaArgGlyTerysGlyValtrpArgValAspGlyI1eMe:
4L41 GGATCCCCTITIGIGTCCTIGCCAGCGLGGGTATAAGGGGGTCTGGCGAGTGCACGECATCA
CUTAGGGGAAACACAGGACGGTCGCGCCCATATTCCCCCAGACCGCTCACCTGCCGTAGT

ﬂisth:ﬁrqcysﬂisCysGlyAlaGluIleTh:GlyHisValLysAsnGlyThxuetArg
4201 TGCACACTCGCTGCCACTGTGGAGCTGAGATCACTGGACATGTCAAAAACGGGACGATGA
ACGTCTGAGCGACGGTGACACCTCGACTC TAGTGACCTG TACAG TTTTTGCCOTGCTACT

IleValGlyProA:gThrCysArgAanettszerGlythr?he?ro:leltnalatyr;
4261 GGATCGTCGGTICCTAGGACCTGCAGGAACATG TGGAGTGGGACCTICCCCATTAATGCET
CCTAGCAGCCAGGATCCIGGACGTCCTIG TACACC TCACCC TGGAAGGGG TAATTACGGA

TthhrclyProCysTh:ProLeuProAla?roAsnTerthheAlaLeurrpA:gVa1
4321 ACACCACGGGCCCCTGTACCCCCCTTCCTGCGCCGAACTACACGTTCGCGCTATGEAGGS
TETGGTGCCCGGGGACATGGGGGGAAGGACGCGGCTIGATG TGCANG GCCATACCTCCC

SeralaGluG1uTyrvalcluIleAquanalGlyAsp?heﬂLsrerththlyMe:
4381 TGTCTGCAGAGGAATATGTGGAGATAAGGCAGGTGGGGGACTTCCACTACGTGACGGSTA
ACAGACG TCTCCT TATACACCTCTIATTCCG TCCACCCCCIGAAGG TGATGCACTGCCCAT

ThrThrAspAsnLeulysCysProCysGlnValProSerProGluPhePheThrGluLeu
4441 TGAcraCTGACAATCTCAAATGCCCGTGCCAGGTCCCATCGCCCGAATTTTTCACAGAAT
ACTGATGACTG T TAGAGTTTACGGGCACGGTCCAGGG TAGCGGGC I TAAAAAG TG TCTTA

AspG1yValArgLeuHisArgPheAlaPro?roCysLysProLeuLeuA:gGluGluVal
4301 TGGACGGGGTGCGCCTACATAGG I TTGCGCCCCCCIGCAAGCCCTTGCTGCGGGAGRACS
ACCIGCCCCACGLGGATG TATCCAAACGCGGGGGGACGTTCOGGAACCACGCCOTCOTCC

SerPheArgValGlyleuHisGluTyrProvalGlySerGlnLeuProCysGluProGiu
4561 TATCATTCAGAGTAGGACTCCACGAATACCCGGTAGGGTCGCAATTACCTIGCCAGCCCG
ATAGTAAG TCTCATCCTGAGG TG TTATGGGCCATCCCAGCG TTAATGGAACCCTCGGEC

ProAspYalihlavalieuThrSerMetLeuThrAspProSerHisIleThrAlaGluAla
4621 AACCGGACGTGGCCGTIGT. SACGTCCATGC TCACTGATCCCTCCCATATAACAGCAGAGS
TIGGCCTGCACCOGCACAAC TG CAGG TACGAG TG ACTAGGGAGSGTATATICTCGTCTCE

AlaGlyArgArgleuAlaArgGlySerProProSerValAlaSerserSerAlaSerGin
4681 CGGCCGGGCGAAGG TTGGCGAGGGGATCACCCCCCTCTIGTIGGCCAGCTCCTCGGCTAGCC
GCCGGCCCGCTTC I AACCGCTCCCCTAG TGGGGGGAGACACCOGTCGAGGAGCCGATCGS

LeuSerAlaProSerleulysAlaThrCysThralaAsnHisAspSerProAspAlaGlu
4741 AGCTATCCGCTCCATCICTCAAGGCAACTTGCACCGCTAACCATGACTCCCCTCATGTTG
TCGATAGGCGAGG TAGAGAGTTCCGTIGAACG TGGCCATTGG TACTGAGGGGACTACGAL

LeuIleGluAlaAsnLeuLeuTrpA:qGlnGluHetG1yGl?AsnIleThrArQValslu
4801 AGCTCATAGAGGCCAACCTCCTATGGAGGCAGGAGATSGGCGGCAACATCACCAGSSTTS
ToGAGTA T ICCGG TTGGAGGATACC TCCG TCCTCTACCCGLCE T TG TAG TGS TCCTAAC

SerGludsnlysValvallleLeuAspSerPheAspProLeuvalAlaGluGlur_ pGly
4861 AGTCAGAAAACAAAGTGGTGATTCTGGACTCCITUGATLLLL MW TGGCGGAGGAGGACS
TCAGTCTTI TG T T TCACCACTAAGACCTGAGGAAGC TAGGCGAACACCGCCTCCTCCTGE
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ArgGlulleServValProAlaGlulleLeuArgLysSerArgArgPheAlaGlnAlaLey
4921 AGCGGGAGATCTCCGTACCCGCAGAAATCCTGCGGAAGTCTCGGACATTCGCCCAGGLLL
TCGCTCTCTAGAGGCATGGGCG TCTTTAGGACGCCTTCAGAGCCTCTAAGCGSGTCCSGS

ProValrrpAlaArgProAspTyrAsnProProLeuValGluThrTrpLysLysP:cAsp
488  TGCCCGTTTGGGCGCGGCCGGACTATAACCCCCCGCTAGTGGAGACGTGGAARAAGCCCS
ACGGGCAAACCCGCGCCGGCCTGATAITGGGGGGCGATCACCTCTGCACCTTTTTCGGGC

TyrGluProProvalvalHisGlyCysProLeuProProProlysSerProPrevalbre
3341  ACTACGAACCACCTGTGGTCCATGGC TG TCCGCTTCCACCTOCARAAGTCCCCTCCTSTAE
TGATGCTTGGTGGACACCAGG TACCGACAGGCGAAGG TGGASG T I TCAGGSGAGGACACE

ProProArglyslysArgThrvalvalLeuThrGluSerThrieuSerThrAlal.euAla
1 CICCGCCTCGGAAGAAGCGGACGGTGGTCCTCACTGAATCAACCCTATCTACTGCCTTCE
GAGGLGGAGCCTTCTTCGCCTGCCACCAGGAGTGAC T TAG TTCGGATAGATCACGGAACC

GluLeuAlarhrArgSerPheGlySerSerSerThrSerGlyIleThrGlyAspAsnrhr
51€2 CCGAGLTCGCCACCAGAAGCTTTGGCAGL TCCTCAAC T TCCGGCAT TACGRGCCACAATA
GOCTCGAGCGGTGG T T TCGAAACCGTCOAGGAGTIGAAGCLCG TAATGCCCGC TG T TAT

IhrTh:SerSerGluProAlaProSerGlyCysPrcProAspSerAspAIaGluSerTyr
5221 COACAACATCCTCIGAGCCCGLCCCTTCIGGCIGECCCCCCGACTCCGACGCTGAGTCCT
GCIGTTGTAGGAGACTCGGGCGGEGAAGACCEACGGGEGGGCTGAGGCTCCCACTCASGA

&

SerserMetProProLeuGluGlyGluProGiyAsthoAspL:uSerAspGlySerTrp
3281 ATTCCTCCATGCCLCCCCTGGAGGGGGAGCCTGGEEATCCGGATCTTAGCGACGCGTCAT
TAAGGAGGTACGGGGGEGGACC TCCCCCTCGGACCCCTAGGCCTAGAATCGCTGCCCAGTA

SerThrvalSerSerGluAlaAsnAlaGluAspValValCysCysSerMetSerTyrSer
S341 GGTCAACGGTCAGTAGTGAGGCCAACGCGGAGGATGTCGTCTGCTGCTCAATGTCTTACT
CCAGTTGCCAGTCATCACTCCGGTTGCGCCTCCTACAGCACACGACGAGTTACAGAATGA

TrpThrGlyAlaleuvalThrProCysAlaAlaGluGluGlnLysLeuProlleAsnAla
5401 CTTGGACAGGCGCACTCGTCACCCCGTGCGCCGCGGAAGAACAGAAACTGCCCATCAATG
GAACCTGTCCGCGTGAGCAG TGGGGCACGLGGCGCCTTCTIGTC T T TGACGGGTAGTTAL

LeuSerAsnSerlLeuleuhrgHisHisAsnLeuValTyrSerThrThrSerArgSerala
3461 CACTAAGCAACTCG TTGCTACG TCACCACAATTIGG TG TATICCACCACCTCACGCAGTG
GIGATTCGTTGAGCARCGATGCAGTGG TG T TAAACCACATAAGG TGG IGGAGTCCGTCAC

CysGlnArgGlnLysLysvalThrPheAspArgleuGlnvalleuAspSerHisTyrGla
5521  CTIGCCAAAGOCAGAAGAAAGTCACATTTGACAGACTGCAAGTTCTGGACAGCCATTACT
GAACGG TTTCCGTCTICT T TCAGTG TAARC TG TCIGACG T TCAAGACC TG TCGG TAATGS

AspValLeuLlysGluVallysAlaAlaAlaSerLysValLysAlaAsnLeuLeuServVal
5581 AGGACGTACTCAAGGAGGTTAAAGCAGCGGCGTCAAAAGTGAAGGC TAACTTGCTATCCS
© TCCIGCATGAGTICCTCCAATTTCGTCGCCGCAGT T TTCACTTCCOATTGAACGATAGGE

GluGluAlaCysSerLeuThrProProHisSerAlaLysSerLysPheGlyTyrGlyAla
5641 TAGAGGAAGCTTGCAGCCTGACGCTCCCOACACTCAGCCAAATCCAAGTTICGTTATGGSS
ATCTICCITCGAACS TCGGACTGCGGGGG TG TGAGTCGG TTTAGGTTCAAACCAATACCCC

LysAspValArgCysHisAlaArgLysAlavalThrHisIleAsnServalTrplysAsp
3731 CAAAAGACGTCCGTTGCCATGCCAGAAAGGCCGTAACCCACATCAACTCCGTGTGGARAG
GITTTCTGCAGGCAACGG TACGG TCTTTCCGGCATIGGG TG TAGTTGAGGCACACCTTTC

LeuleuGluAspAsavValThrProlleAspThrThrileMetAlalysAsnGluvalPhe
S761  ACCTICTGGAAGACAATGTAACACCAATAGACACTACCATCATGGCTAACAACGAGGTTT
TEGAAGACCTICTGTTACAT TG TGGTTATC TG TGATGG TAGTACCGATTCTTGC TCCAAA

CysValGlnProGluLysGlyGlyArglysProAlaArgleullevValPheProAspleu
sezl TCTGCGTTCAGCCTGAGAAGGGGGGTCGTAAGCCAGCTCGTCTCATCGTGTTCCCC?ATC
AGACGCAAGTCGGACTCTTCCCCCCAGCATTCGG TCGAGCAGAGTAGCACAAGGSS tTAG

GlyvailArgValCysGiuLysMetAlaLeuTyrAspValvalThrlysLeuProleuiia
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5881 TGGGLGTGCGLGTETSCEAAAAGATGGCTTTGTACGACGTGGTTACAAAGCTCCCCTIGG
ACCCGCACGCGCACACGCTTTTCTACCGAAACATGCTGCACCAATG TTTCGAGGGGAALCT

ValMetGlySerSerTyrGlyPheGlnTyrSerProGlyGlnArgValGluPheleuval
2341 CoGTGATGGGAAGCTCCTACGGATTCCAATACTCACCAGGACAGCGGGTTGAATTCCTCG
GGCACTACCCTTCGAGGATGCCTAAGGTTATGAGTGSTCCTGTCGCCCAACTTAAGGAGE

SlnAlaTrplLysSerlysLysThrProMetGlyPheSerTyrAspThrArgCysPheAsp
£001 TGCAAGCGTGGAAGTCCAAGAAAACCCCAATGGGGTICTCGTATGATACCCGCTGCTTTIG
ACGTTCGCACCTTCAGGTTCTTITTGGGGTTACCCCAAGAGCATACTATGGGLGACGAAAL

SerThrVaiThrGluSerAsplleArgThrGluGluAlalleTyrGlnCysCysAspleu
6061 ACTCCACAGTCACTGAGAGCGACATCCGTACGGAGGAGGCAATCTACCAATGTTGTGACC
TGAGGTGTCAGTGACTCTCGCTGTAGGCATGCCTCCTCCGTTAGATGGTTACAACACTGG

AspProGlnAlaArgValilallelLysSerLeuThrGluArgleuTyrValGlyGlyPro
6121 TCGACCCCCAAGCCCGCGTGGCCATCAAGTCCCTCACCGAGAGGCTTITATGTIGGGGGCL
AGCTGGGGETTCGGGCGCACCGGTAGTTCAGGGAGTGGCTCTCCGAAATACAACLCLCGG

LeuThrAsnSerArgGlyGluAsnCysGLlyTyrArgArgCysArgAlasexrGiyvValleu
6181 CTCTTACCAATTICAAGGGGGGAGAACTGCGGCTATCGCAGGTGCCGCGCGAGCGGCGTAC |
GAGAATGGTTAAGTITCCCCCCTCTTGACGCCGATAGCGTCCACGGCECGLTCGCCGCATG

ThrThrSerCysGlyAsnThrleuThrCysTyrlleLysAlaArgAlaalaCysArgAla
6241 TGACAACTAGCTGIGGTAACACCCTCACTTGCTACATCAAGGCCCGGGTAGCCTGTCGAG
ACTGTIGATCGACACCATIGTIGGGAGTGAACGATGTAGTTCLGGGCCCGTCOGACALGLTIC

AlaGlyLeuGlnAspCysThrMetLeuValCysGlyAspAspleuvalvVallleCysGlu
€301 CCGCAGGGCTCCAGGACTGCACCATGCTCGTGTGTGGCGACGACTTAGTCGTTATCTGTG
GGLGTCCCGAGGTCCIGACGTGGTACGAGCACACACCGCTGCTGAATCAGCAATAGACAC

SerAlaGlyvalGlnGluAspAlaAlaSerleuArgAlaPheThrGluAlaMerThrarg
6361 AAAGCGCGGGGGTCCAGGAGGACGCGGCGAGCCTGAGAGCCTTCACGGAGGCTATGACCA
TTTCGCGCCCCCAGGTCCTCCIGCGCCGCTCGGACTCTCOGAAGTGCCTCCGATACTGAT

TyrSerAlaProProGlyAspProProGlnProGluTyrAspleuGluleulleThrSer
€421 GGTACTCCGCCCCCCCTGGGGACCCCCCACAACCAGAATACGACTTGGAGCTCATAACAT
CCATGAGGCGEGGEGEACCCCTGGEGEG TG TIGGTCTTATGCTGAACCTCGAGTATIGTA

CysSerSerAsnvValSerValAlaHisAspGlyAlaGlyLlysArgvalTyrTyrleuThr
5481 CATGCTCCTCCAACGTGTCAGTCGCCCACGACGGCGCTGGAAAGAGGGTCTACTACCTCA
GTACGAGGAGGTIGCACAGTCAGCGGGTGC TGCCGUGACCTTTCTCCCAGATGATGGAGT

ArgAspProThrThrProleuAlaArgAlarlaTrpGluThrAlaArgHisThrProval
€541 CCCGTGACCCTACAACCCCCCTCGCGAGAGCTGCATGGGAGACAGCAAGACACACTCCAG
GGGCACTGGGATGTIGGGGGRAGCGCTCTICCACGCACCCTCTGTCGTTCTCTGTGAGGTC

AsnSerTrpLeuGlyAsnllelleMetPheAlaProThrleuTrpAlairgMetIleleu
6601 TCAATTCCIGGCTAGGCAACATAATCATGTTIGCCCCCACACTGTIGGGCGAGGATGATAC
AGTTAAGGACCGATCCGTTGTATTAGTACAMCGGGGG TG TGACACCCGCTCCTACTATG

MetThrHisPhePheServalleulleAlaArgAspGlaLleuGluGlnAlaLeuAsplys
££81 ITOATGACCCATTTICTTTAGCGICCTTATAGCCAGGGACCAGCTIGAACAGGCCCTCGATT
ACTACTGGGTAAAGAAATCGCAGGAATATCGGTCCCTGGICGAACTTGTCCGOGAGCTAR

GlulleTyrGlyAlaCysTyrSerlleGluProLeuAspleuProProllelleGlnArg
6721 GCGAGATCTACGGGGCCTGCTACTCCATAGAACCALTIGATCTACCTCCAATCATTCAAA
CGCTCTAGATGCCCCGGACGATGAGGTATCTIGG IGAACTAGATGGAGGTTAGTARGTTT

Leu

€781 GACTIC
CIGaw FlG 32"7
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FIG. 33 receno

Sample
Chaimp date (days) ALT ({aelanine)
Lane Reference Infecricn t0ernoculacion aminotzansferase
Nymher NSymbe Type day} level :n seca) ma/mly
H ! NANB 0 9
2 H NANB ls 11
3 1 NANB 118 19
¢ t NANE 15 N/A
b} : NANB [ 2
6 b} NAMNB 21 3?2
b 2 NANG 73 1}
§ 2 NANS 138 N/A
9 ) NANG 1] 8
10 ) NANB 11 20%
11 ) NAND 51 11
i 3 NANG 159 6
13 [} NANS =3 (3}
t [} NANB %5 112
8 4 NANB 81 T2 Y
X [} NANB 110 n/A
.7 S HAV s ] 4
18 5 HAV 2% 1412
19 s KAV 40 18
20 S HAV 168 g
ot [ HAV -g NIA
22 6 HAV i3 10
3 § HAY 41 10
2 1 HAV 12% NIA
26 ? HAV [} 1
17 7 HAV 22 83
8 1 HAV 1158 S
9 ? HAV 13% NIA
30 | HAV 0 15
n ] nAv & 117
32 [ ] s 14 8
313 ] HAV 208 b
3¢ 9 Hav -2%0Q NIA
1% ] HBV 379 1
16 9 Hav 438 §
11 10 HEBV Q B
3e 10 HBV 111«118 (pool) 96-136 (pool)
39 10 HBY 208 3
a0 10 HBV 240 n
a1 11 HBV 9 13
42 11 HBV 28-%6 (pool) §~-100 (pooi)
4] 1 HBV 169 9

AL 11 1Hav 22) 10
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FIG. 34 _.=zc=xp

Fatient
Lane Refarence
Nymbher Nymber Diagnosis ALT Level [(myu/ml)
; 1! NANB 1354
2 1l NANE 3L
3 2! NANB it
4 2! NANB 79
] r2 NANB 26
§ 3! NANB 78
7 3t NANB 87
8 3! NANB 25
§ ! NANB 60
M 41 NANB 13
1t st NANB 258
12 si NANB 101
13 gl NANB 414
14 61l NANB Ji8
15 71 NANB 163
17 gl NANB “d
18 gl NANB S0
i 9 NANB N/A
0 19 NANS N/A
it 11 NANB N/A
a2 12 Normal N/A
23 13 Normal N/A
4 14 Normal N/A
25 0174 Normal N/A
27 3010% Normal NIA
tE 30072 Normal N/A
9 3Q02¢ Normal NS
30 30145 Nermal N/A
11 30250 Normal N/A
12 30071 Normal N/A
13 15 ACuteHAV N/A
3¢ 16 ACUTEKAV N/A
39 17 AGULeHAV N/A
35 19 ACuteHAV N/A
E 48088 ACuTeHAV N/A
i3 47288 ACyuteHAV N/A
19 470%0 ACUteHAV N/A
9 46997 AcuteHAV N/A
4 19 Convalescent HBV N/A
2 20 (antL-HBESag+ve; N/A
41 21 anti-HBCag+ve) N/A
AR 22 {antiL=-HBSag+ve; N/A
45 23 anti-HBECageve) N/A
15 24 (anti1-HBSagsve; N/7A
$1 2 anti-HBCag+ve) N/A
43 26 (anti-HBSageve; N/A
49 27 anti-HBSageve) N/A

e
sequential serum samples were assayed from these patients
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FIG. 35
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FiG. 36| cooH-zemminus of SOD-CLCCS Fusion Polypeptice

-------- SOD~~-——===-=-—-COCH] [--adaptor=--=--] {NANBHpolypeptide>
AlaCysGlyvVallleG lyIleAlaGlnAsnleuGlylleArgAspAlaHisPheleuSer
GoTTGTCGTGTAAT IGGGATCGCCCAGAAT TTGGGAAT TCGGGATGCCCACTTTCTATCC
COAACRCCACATTAACCCTAGCGGGTCTTAMMCCCTTAMGCCCTACGGG TGARMAGATAGG

g

PIBIIIININIINIIIINNNDGD

G1nTb.xLysGlnSezGlyGluAsnuuPra'rereuVam-a'hrrsln.AlaTb.rVales
§1 CAGACAMAGCAGAGTGGGGAGAACCTTCCITACCIGGTAGCGTACCAAGCCACCGTIGTGC

GTCIG T ITCG T  TCACCCCTC T TGGAAGGAATGGACCATCGCATGG TTCGGTGGCACACG

AlaArgAlaGlnAlaProProProSerTrpAspGinMetTrpLysCysleulleArgleu
191 GCTAGGGCTCAAGCCCCICCCCCATCSTGGGACCAGATGTGGAAGTGTTTGATTCGCCIC
CoATCCCGAGTTCGGEGAGGGGGTAGCACCCTGG TCTACACCTTCACAACTAAGCGGAG

LysProThrleulisGlyProThrProleuleuTyrArgleuGlyAlavalGlnAsnGlu
‘2! AAGCCCACCCTCCATGGGCCAACACCCCTGCTATACAGACTGGGCGCTGITCAGAATGAA
TGO TGGGAGG TACCCGETTG TGGGGACGATATGTCTGACCCGCGACAAGTCTTACTT

leThrleuThrHisProValThrLysTyrIleMetThriysMetSerAlaAspleuGly
241 ATCACCCTGACGCACCCAGTCACCAAATACATCATGACATGCATGTCGGCCGACCTGGAT
TAGTGECACTG G TGGG TCAGIGETTTATG TAGTACTGTACGTACAGLCGGCTIGGACCTIC

valValThrSerThrIrpvalleuvalGlyGlyvalleuAlaAlaleuAlaAlaTyrCys
131  GTCGTCACGAGCACCTIGGGTGCTCGTIGELGGCETCCTGGCTGCTTTIGGCCGLGTATINE
CAGCAG TGCTCGTGGACCCACGAGCAACCGCCGCACGACCGACGAMCCGGCGCATAACG

LeuSerThrGlyCysvalvalllevalGlyArgvalvalleuSerGlyLysProAlalle
161  CTGTCAACAGGCIGCGTIGETCATAGTGGGCAGGG TCGTCTIGTCCGGGAAGCCGGCAATC
GACAGTTIGTCCOALGCACCAGTATCACCCG TCCCAGCAGAACAGGCCCTTCGGCCGTTAG

I11eProAspArgGluvalleuTyrArgGluPheAspGluMetGluGluCysSerGlnHis
421 ATACCTGACAGGGARGTCCTCTACCGAGAGTTCGATGAGATGGAAGAGTGCTCTCAGCAC
TATGCACIGTCCCTTCAGGAGATGGCTCTCAAGCTACTCTACCTTC TCACGAGAGTCGTG

uu?rothGluGlnclmmuuacluslnmel.ysslnwsumuc1y
481 TTACCGTACATCGAGCAMGGGATGATGCTCGCCGAGCAGTTCAAGCAGAMGGCCCTOGGC

AATGGCATGTAGCTCGTTCCCTACTACGAGCGGCTCGTCAAGTTCG TCTTCCGGGAGLCS

LeuleuGlnaThrAlaSerArgGlnAlaGluvallleAlaProAlavalGinThrAsnTIp
CTCCTGCAGACCGCG TCCCG TCAGGCAGAGGTTATCGCCCCTGC TG TCCAGACCAACTGG
GAGGACGTCTGGCGCAGGGCAG TCOG TCTCCAATAGCGGGGACGACAGG TCTGG TTGACC

GlnlysLeuGluThrPheTrpAlalysHisMetTrpAsnPhelleSerGlyIleGlalys
601 CAAAARCTCGAGACCTTCTGGGCCAAGCATATGTCGAACTTCATCAGTGGGATACATAC
G T TTTIGAGCTCTGGAAGACCCGCTTCGTATACACCTTGAAGTAGTCACCCTATGTTATG

LeuAlaGlyLeuSerThrleuPrcGlyAsnProAlalleAlaSerleuMetAlaPheThr
661 TTGGCGGGCTIGTCAACGCTGCCTGGTAACCCCGCCATIGCTTCATTGATGGCTITTACA
AACCGCCCGAACAG TIGCGACGGACCATIGGGGCGG TAACGAAGTAACTACCGAMATGT

541

AlaAlaValThrSerProleuThrThrSerGlnThrieuleupheAsnlleleuGlyGLy
P34 GCTGC‘I‘GTCACCAGCCCACTMCC&CTAGCCAMCCCTCCTCTTCAACA‘IATNGGGGGG
CGACGACAGTGGTCGGGIGATTGGTGAICGGWTTGTATMCCCCCCC

TrpVammaslnumnlaProclyMamuaPheValclyAlaGly!.eu
7Bl I'GGGTGGCIGCCCAGCTCGCCGCCCCCGGMCGCTACTGCCTTTGTGGGCGCTGGCTTA
ACC&\CCGACGGGTCGAGCGGCGGGGGCCACGGCGA&GACGGAMCACCCGCGACCGAAT

AlaGlyAlanaIleGlySerVamlyuuslyLysvalLeuI1eAspI lelauAlaGly
g4l GCTGGCGCCGCCATCGGCAGI‘GTTGGAC‘!GGGGAAGGTCCTCAIAGAGAICCITGCAGGG



Patent Application Publication Aug. 28,2003 Sheet 44 of 145  US 2003/0162167 Al

CGACCSCEGCGGTAGCCGTCACRACCTGACCCCTTCCAGGAGTATCTIGTAGGAACGTCCE

TyrGlyAlaGlyValAlaGlyAlaleuvalAlaPhelyslleMetSerGlyGluvValPro
901 TATGGCGCGGGCETGGCGGGAGCTCTTGTGGCATTCAAGATCATGAGCGGTGAGGTCCCC
ATACCGCGCCCGLACCGLCCTCGAGAACACCGTAAGTTCTAGTACTCGCCACTCOAGGSG

SerThrGluAspleuValAsnLeulsuProAlalleleuSerProGlyAlalLeuvalval
96. TCCACGGAGGACCTGGTCAATCTACTGCCCGCCATCCTCTCGCCCGGAGCCCTCGTAGTC
AGGTGCCTCCTGGACCAG TTAGATGACGGGCGG TAGGAGAGCGGGCCTCGGGAGCATCAL

GlyvalvalCysAlaAlalleleuArgArgHisValGlyProGlyGluGlyAlavalGls
1021  GGCGTGGTCTGTGCAGCAATACTGCGCCGGCACE T TGGCCCGGGCGAGGGGGCAGTGCAG
CCGCACCAGACACGTCGTTATGACGCEGCCGTGCAACCGGECCCGCTCCCCEGTCACGTC

(L CLLCCCCCCCCCKNANBH] [~~~extra
TrpMetAsnArgleulleAlaPheAlaSerArgGlyAsnHisValSerProvalHisHis

2081 TGGATGAACCGGCTGATAGCCTTCGLLTCCCGGGGGAACCATGTTTCCCCAGTCCATCAT
ACCTACTTGGCCGACTATCGGAAGLGGAGGGCCCCCTTGETACAMAGGGGTCAGGTAGTA

=====]

LySArgoP
1141  AAGCGTTGACGCTCCCTACGGGTGGAC TG IGGAGAGACAGGGCACTGCTAAGGCCCAAAT
TTCGCAACTGCGAGGGATGCCCACCTGACACC TCTC TG TCCOG TGACGATTCCGGGTTTA

1201 CTCAGCCATGCATCGAGGGGTACAATCCGTATGGCCAACAACTAGCGCGTACGTAAMGTC
GAGTCGGTACGTAGCTICCCCATG TTAGGCATACCGGTIGTTGATCGCGCATGCATTTCAG

1261 TCCTTTCTCGATGGTCCATACCTTAGATGCGTTAGCATTAATCCGAATTC
AGGAAAGAGCTACCAGGTATGGAATCTACGCAATCGTAATTAGGCTTAMG

FIG. 36-2
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Hcr*clogy between the HCV polypeptide encoded by com.bined CRF of clcnes

- -

- - -y

141 zhrough 39c) and the non-structural protein oz the Dengue flavi-
virus(MNWVDLl).
10 26 30 40 50
He? EYVVLLFLLIADARVCSCLWRMMLL I SOAEAALENLVILNAASLAG THGLVSFLVFFCFA
MDY AVSFVTLITGNMSFRDLGRVMVMVGA TMTDDIGMEVTYLALLAAFKVRPTFAAGLLLRKL
130 140 15¢ 160 170 180
59 70 80 90 100 110
KV WYLKGKWVPGAVY TFYGMWPLLLL * T AL PORAYALDTEVAASCGCVVLYG LMALTLS PYY
MNWVDL TSKELMMTTIGIVILSQSTIPET ILEL TDALALGMMYLIMVRKMEKYQLAVT IMATLCVP
190 200 210 220 230 240
120 130 140 150 160 170
HCoV KRY ISWCLWWLOYFLTRVEAQLHVWI PPLNVRGGRDAVILIMCAVHP TLVEDITKL LAY
WYL NAVILONAWKVSCT TLAVVEVS PLAL T8 S QOKADHI PLAL TTKGLNPTAIF~LT 0825y
256 260 270 280 290
1890 130 200 210 220 230
HCV FGPLWILQASLLKVPYF-VRVOGLLRF-CALARKMIGGHYVOMVT IKLGAL TGTYVYNEL
weoL KKRSWPLNEA IMAVGMVS TLASSLLAND I PHIGPLVAGGLLIVCYV-L TGRSADLELERA
160 310 120 330 340 350 )
, 240 250 260 270 280 290
HCV TP ROWAHNG LROLAVAVEPVVF SOMETKL I TWGADTAACGD I INGLPVSARRGREILLG
WL ADVK-WEDOAETSGSSPILE 11168 -DGSMS IKNEEEEGTLT 1L IRTGLLVISG-~~L5P
360 370 380 350 400 410
300 310 320 130 140 350
HOY PADGMVSKGWRLLAPITAYAQOTRGLLGCT ITSLTGRDKNQVEGEVQIVSTAAQTFLATC
a1 VTP T AAAWYLHEVIKQRAGVLNDVES PP PVGKALLEDGAYRIKQKG ILEYSQIGAGYY
420 430 440 450 460 470
160 370 180 390 400 410
HEY INGVCWTVYHGAGTRT IASPKGPVI QMY TNVDADLY----GWPAPQGSRSLTPCTCGSSD
ML KECTFH T VTR AVLMHKGKR L ED SHADVKKDL VSCGGEWKLEGEWKEGEEVQVLALE
480 490 500 510 520 530
420 430 440 450 460 470
HCT LYLVTRHADVIPVRRRGDSRGSLL SPRPISYLKGSSGGPLLCPAGHAVG IFRAAVCTRGY
WOl PGRNBRAVOTKPGLFKTN--AGTIGAVSLOFSPGTSGEPIDKKGKVVGLYGNGVVIRSG
540 $50 $60 570 580 $30
480 430 500 510 520 530
HOY Axavnr.Pvrwzs*raxspvvrnussPPVV?oerVAHLHAPeraxs-—txvpaay'-ﬂ
O AY7SAIAQTEK--51EDNPELERD T FRK———RKLT RDLHPGAGKTKRYL PATVRGAZ XA
30 £10 620 630 640

54¢C 550 S€0 570 380
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HC7 GYKVLVLNPS-~VAATLGFGAYMSKAHG IDPNIRTGVRT ITTGS P I TY STYGKFLADGSS
el GLATL ILAPTRVVAARMEEALRGLP IRYQTPATRAERTGRE TVELMCHATFIMRLL -V
6§50 60 670 680 €950 700
s50 600 610 620 630 640
noV SGGAYD IIICDECHSTDATSILGIGTVIDOAETAGARLYVLATATP PGSVMHPHIEEV
VNHVDL RVPNYNLxznnzanriﬁéiéiAaaGY:srnvs-uszaasrrxéiiﬁéééan—prrosuap
710 730 740 7¢0
§50 660 670 £80 650 700
HCV ALSTTGEIPFYGKAIPLEVIKGGRHL IFCHSXKKCDELAAKLVALG INAVAYYRGLOVSV
wonDl IMDEEREIPERSWSSGHEWVTDFKGRTVWEVPS IKAGNDTAACLRXNGKKVTOLSRKTTS
770 780 790 800 810 820
710 120 730 740" 750 260
HOV 1 PTSGDVVVVATDALMIGY IGDFDSVIDCNTCVTOTVDFSLOPTFT IET I TLRQDAVSRT
ey S SEYVKTRTNDWNTVVTTD I SEMGANTRAERVIDPRRCOMXPVILTDGEERVIZAGPMPYTH
830 840 850 860 870 880
170 780 790 800 810 820
HOV ORRGRTGRGKPGIYRFVAPGERPSGMIDS SVICECYDAGCAWYEL TPAETTVRLRAYMNT
MNWVDL S5

FIGURE &2
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FIG. 43
DISTRIBUTION OF RANDOM SAMPLES

C100-3 Ag ELISA Preclinical Kit
416ng C100/WELL. 2 HRS 37°C, 20ul SAMPLE

637 ¢
n=1056

300 -+

DISTRIBUTION

0.1.2.3.4.5.6.7.8.91.0 1.5 130
OD @ 492nm
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FIG. 44

Digtribution of 0.D0. Values for

Randow Blood Donor Samples Tested with Two ELISA

Configurations
C100-3 Aq ELISA MoAB vs Polyciongi

B ] MoAB = 1055
- Bl Poly = 1077

300 4

250 -

200 4

1580 «

DISTRIBUTION

100 «

S0 <

N - - - o b & - W
L L) ¥ T

e 1 2 3 4 s & 3 8 3 10 )3.0

0D @ 492rnm
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FIG. 45
Name Common Seguence Variabie Sequence

5°«3-1 AAGCTTGATCGAATTC CGATCTTGC
=2 CGATCCTGC
-3 CGATCATGC
-4 CGATCGTGC
-5 CGAAGTTGC
-5 CGAAGCTGC
-7 AGATCTTGC
-8 AGATCCTGC
-9 AGATCATGC
=10 AGATCGTGC
-11 AGAAGTTGC
-12 AGAAGCTGC
-13 CGATCTTGT
-14 CGATCCTGT
-15 CGATCATGT
-16 CGATCGTGT
-17 CGAAGTTGT
-18 CGAAGCTGT
-19 AGATCTTGT
-20 AGATCCTGT
=21 AGATCATGT
-22 AGATCGTGT
-23 AGAAGTTGT
-24 AGAAGCTGT
=25 CGCTCTTGC
=26 CGCTCCTGC
=27 CGCTCATGC
-28 CGCTCGTGC
-29 CGCAGTTGC
=30 CGCAGCTGC
-31 CGCTCTTGT
-32 CGCTCCTGT
-33 CGCTCATGT
- 34 CGCTCGTGT
-35 CGCAGTTGT

-36 CGCAGCTGT
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ValCysSerCysLeuTrpMerMezleuleulleSerGlnalaGluAlaAlaleuGluAsn
Bal LT TG eI C TG T TG TOGATGATGCTACTCATATCLCAAGLGGAAGCGGLTITGGAGA
CGCAGACGAGGACGAACACCTACTACGATGAGTATAGSGTTCGCCTTCOCCGAARCCTCT

—

LeuVallieleuAsnAlaAlaSerLeuAlaGlyThriisGlyLeuvValSerPheleuval
§01 ACCTCGTAATACTTAATGCAGCATCCCTGGCCGGOACGCACGGTCTTOTATCCTICCTCG
TGGAGCATTATGAATTA S TCGTAGGGACCGGLCCTGCGTGCCAGAACATAGGAAGGAGT

PhePheCysPheAlaTrpTyrLeulysGlyLysTrpValProGlyAlavalTyrThrPhe
861 TGTTCTTCTGCTTTGCATGGTATCTIGAAGGGTAAGTGGGTIGCCCGRAGCGGTCTACACCT
ACAAGAAGACGAAACGTACCATAGACTTCCCATTCACCCACGGGCCTCGCCAGATGTGGA

TyrGlyMetTrpProleuleuleuleuleuleudlaleuProGlnArgAlaTyrAlaleu
1021 TCTACGGGAIGIGGCCTCTCCTCCTGCTCCTGTTGGCGTIGCCCCAGCGGGCGTACGCGE
AGATGCCCTACACCGGAGAGGAGGACGAGGACAACCGCAACGEGSTCGCCCGLATGIECE

- -~ - - —— - - - -

AspThrGluvalAlaAlaSerCysGlyGlyvalvValleuValGlyleuMetAlaleuThr
1081 TEGACACGGAGGTGGCCGCETCETGTGGCGGTIGTTGTICTICGTCOGGTTGATGGCSITAA
ACCTGTGCCTCCACCGGCGCAGCACACCGLCACAACAAGAGCAGCCCAACTACCGCGATT

LeuSerProTyrTyrLysArgTyrileSerTrpCysleulspirpleuGlnTyrPheleu
1141 CTCIGTCACCATATTACAAGCGCTATATCAGC TGS TGCITGTGGTGGCTTCAGTATITIC
GAGACAGIGGTATAATGTITCGCGATATAGTCGACCACGAACACCACCGAAGTCATAMAAG

ThrArgvalGluAlaGlnleuKisvalTrplleProProleuAsnValArgGlyGlyArs
1201 TGACCAGAGTGGAAGCGCAACTGCACGTIGIGGATICCCCCCCTCAACGTCCGAGRGGGGC
ACTGGTCTCACCTTCGCGTTCACSTCLACACCTAAGGGGGGGAGTTGCAGGL TCCCCCCS

AspAlavallleleuleuMetCysAlavalHisProThrLeuValPheAspIleThrlys
1261 GCGACGCTIGICATCTTACTCATGTGIGCTGTACACCCGACICTGGTATTITGACATCACCA
CGCTGCGACACTAG AATGAGTACACACGACATGTCGGCTGAGACCATAAACIGTAGTGGT

reuleuleudlavValPheGlyProLeuTrplleLeuGlnAla
2321 AATIGCIGCTIGGCCGTCTICGGACCCCITISGATTCTITCAAGCCAG

TTAACGACGACCGGCAGAAGCC TGGGGAAACCTAAGAAGTTICGGTC

FIG. 46-2
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vy

FIG. 47— ccv=inzs CrF C

CNAs K9-1 through iSe

G.yCysProGluArgievalaSerCysargProleuThoAspPheAspolnGlyTrpGly
1 CAGGCTOTLCTGAGAGGCTAGCCAGCIGCEGACCCOTTACCGATTITGACLAGGGLTESES
GTCCGACAGGACTLICLGAICSOTCIACGLITGOGEAATGOCTARAACTOGTCCCGALCCC

ProlleSerTyrAlaAsnGlySerGlyProAspGlaArgProTyrCysTopHisTyY P
§1 GCCCTATCAGTTATGCCAACGGAAGCSGCCCCGACCAGCSCCLCTACTGCTGGLACTACS
CoaGATAGTCAATACGG I IGCC TTCGCCGEGGELTGETCOLGGGEATGACGACTGTGATGS

rolysProCysGlyllevalPrcAlalysSesValCysGlyProvVallyr{ysPheTrr
121 CCCCAMAACCTIGCGOTATIGTGCCCGCGAAGAGTGTGTGIGGTCLGCTATATIGCTTCA
GECTTTIGGAACGCCATAACACGSGCGCTTCTCACACACACCAGGCCATATAACGAAGT

ProSerfroValvalvalGlyThorThrAspArgSerGlyAlaProThrlyrSerTrpGly
1Bl CTCCCAGCCCCGTGG TGO IGECAACGACCGACAGHTCGGGLGCOCCCACCTACAGCTIGES
GAGGGTCGGEGCACCACCACCCIIGCTGGCTIGTCCAGCCOGCGLGGGTGGATGTCGACTC

GlUASnASpThrAspValPheValleuAsnAsnThrArgProProleuGiyAsnTrpPhsa
241 GTGAAMAATGATACGGACGICITLGTCCTTAACAATACCAGGCCACCGLIGGGCAATTIGST
CAC T T T TACTAIGCCIGLAGAAGCAGGAAT TG TTATGOICCGETGGLCGACCCGTITAACCA

GlyCysTh:T:pae:AsnSe:?thlyPheTthysValesG1yAla?ra?roCysvil
ICL  TCGGTTGTACCTGGATGAACTCAACTGGATTCACCAAAGTIGTGCGGAGCGLCTCCIIGTG
AGCCAACATGGACCTACTIGAGTTGACCTAAGIGE TITCACACGCCTCGLGGAGGAACAC

IleGlyGlyAlaGlyAsnAsnThrLeuHisCysProThrAspCysPheArglysHisPre
Z  TCAICGGAGGGGLGEICAACAACACCCIGCACTGCCCCACTGATTIGCTICCGLAAGCATC
AGTAGCCICCCCGCCCGIIGTIGIGEGACG IGACGGEEE TGACTAACCAAGGCETTICGTAG

[P ]
o

i AspAlaThrTyrSerArglysGlySerGlyProTeplleThrProArgCyslenValasy

421 CGGACGCCACATACTCICEOIGLGGITCCGETCCOIGGATCACACCOAGGIGLCTSGTICS
GGG TETATGAGAGCCACGLIGAGGCTAGGGACCTAGTGTIGGGICCACGSACIAGS

TYTProTYrArgleuTlrpHisTyrPreCysThrlleAsnTyrThrlilePhelysliledss
481 ACTACCCGIATAGGCTITGGTATTATCLTTGTACCATCAACTACACCATATITAAAATCA
TGATGGGCATATCCGAAACCS TAATAGGAACATGG TAGTTGATG TG TATAAATITTAGT

MetTyrValGlyGlyValGlulisArgleuGluAlaAlaCysAsnTrpThrArgGoyGis
541 GGATGTACGTIGGGAGGGGTCGAACACAGGCTGGAAGCTGLCTGCAACTGGACGLGEEGCE
CCTACATGCACCCTCCCCAGT T IS TG ICIGACCTTCGACGGACGTTGACCTGCLLCICSL

ArgCysAspleuGluAspArgAspArgSerGluleuSerfroleuleuleuThsThoThr
€01  AMACGTIGCGATCTIGGAAGACAGGSACAGS TCCGAGCTCAGCCCOTTACTGCTGACCACTA
TIGCAACGCTAGACCTITC TG TCCC TG TCCAGGCTCGAGTCGGGCAATGACGACTGGTIGAT

lnTrpGlnvalleuProCysSerPheThrThrleuProAlaleySerThrGlyLleulle
€51 CACAGTGGCAGGTCCTCCCSIGTTCCTTCACAACCCTACCAGCCTTGTCCACCGGCCTCA
GIGICACCGTCCAGGAGGGCACAAGGAAG TG TTGGGATGGTCGGARACAGGTGGCCGGAGT

HislLeuHisGlnAsnllevalaspvalGlaTyzLeuTyrGlyValGlySerSerileAla
721 TCCACCTCCACCAGAACATIGTGGACGTGCAGTACTIGTACGGGGIGGGGTCAAGCATCG
AGGTIGGAGGTGGTCTIGTAACACCTGCACG TCATGAACATGCCCCACCCCAGTICGTAGC

SerTrpAlalielysTrpGluTyrValvalleuLeuPheleuleulevAlaAspAladrs
CGTCCIGGGCCATTAAGTGGGAGTACGTCGTTICTCCTS TTCCTITCIGUTIGCAGACGLGT
GCAGGACCCGGTAATTCACCCTCATGCAGCAAGAGGACAAGGAAGACGAACGTCTGLGLS

~
4]
[ 1

ValCysSerCyslLeuTrpMetMetl euleulleSerGlnAlaGluAlaAlaleuGluAs:n
841 GCGICTGCICCIGCTIGTIGGATGATGCTAS TCATATCCCAAGCGGAGGCGGCTTIGGAGA
CGCAGACGAGGACGAACACE TACTACGATGAGTATAGGGTTCOCCTCOGCCOARATITCT

LeyvalileleuAsnAlarlaSerleuhlaGlyThrHisulyleuValSerpheleuval
ACCTCGTAATACTTAATGCAGCATCCCTGGLCGGGACGCACGGTCTIGTATCCTTICITIS
TGGAGCATTATGAATTACGTCG TAGGGACCEGLCCTGCGTGLCAGAACATAGGAAGGASS

D
(& ]
‘-‘
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. e M . i Taa® R B o b i)
PhePheCysPhelrlaTroTyrieulvsGLyivsTrpYalProGlralavallyrThizPhe
Pt aanl Var Tatany
9EL AT TGl I G CATGG TA T T UGAAS S TAAG TSSO TGLLIGGAGTGG TCTACALLCT
-~ el ol I P S o falad - ~
ACAAGAAGALGAAACG TACCATARACTTCCCATTZACCTACSGATLTCGLCAGATETSRGEA

TrIGlyMerTroProleuleulecieu eulevAlaleuProGiAYgAlaTyrALal e
~- Lol al ] P~ A . S B [ e N S S N T . e i, 1/ A Yol ol Wak ot of o afad P~
<2l TCTACGGGATGIGGCCTCICCTCCTGLTLOTO TGRS TTGLCOCAGTALGEIGTALGSSS

AGATGCCCTACACLGGAGAGGAGGACGAGGACAACIGTAACGSGGTCGTICGLATGLGSS
» b - - .
AspThrGluvaiilanlaSerlysGlyGlyvalvValleuValislyleuMetalaleuThr

TeGACALGEAGG TGe LG e ICe I GG lGa IO TIo TTCTCOTCGGGTIGATSGGLRGLCTGA

ACC TG IGCCICCACCGELCTAG CACACIGICACAACAAGAGTAGTLCAACTACCGCGALT

LeuSerProlysTyrlysArglyrIleSerTroCysleuTrplrpieuGlalyrPheleay
*141 CICIGTCACCATATTA CoCTATATCAGL TGO IGC I TG TGGTGGSTTCAGTATITIC
GAGACAGIGGITATAATGTICGCGATATAGTCGACTACGAACACCACCGAAGTCATAMAAG
ThrArgvalSluAlaGlnleuHisvalTrplleProPrcleuAsnValAargGlyGlyAry

2381 TGACCAGAGTGGAAGCGCAACTGLACGIGIGGATTCCLCCCCTCMCGICLCGAGHGEEGL
ACIGG TC I CACCT ILGLG T IGACS TGCACACCTARGGGGGEGAGTIGCAGSLCTCCCCCCG

AsphlavallleleuleuMesCysAlaValiispProThrieuValPheAspIleThrlys
2281 GLGACGCCUGTCAIC ITACTCATG IGTGC TG TACACCCGACTCTGG TATTTGACATCACCA
CoCTGCGGCAGTAGAATGAGTACACACGACATIGTGGOCIGAGACCATAMI TG TAGIGGT .

LeuLeuleullaValPheGlyProleuTrplleLeuGlnilaSerleuteulysvalrro
2321 AATTGLIGCIGGCCGICTTCGGACCCCTTIGGATICTTCAAGCCAGTTIGCTTAAAGTAC
TTAACGACSACCGGCAGAAGCCTIGGGSAMCCTAAGAAG TTCGGTCAMCGAATTTICATG

TyrPheValArgValSlnGlylLeuleuArgPheCysalaleuAlaarglysMeslleGly
ClTACT T IG IGLG G TCCAAGGLCTTCTCCGO TTC TGCOLETTAGCGCGGAAGATGATCG
GGATGAAACACGCGCAGS TTCCOSAAGAGGCCAAGACGCGCAATCGCGCSTTCTACTAGE

GlyHisTyrvValGlnMetvValllellelysLeuGlyAlaleuThrGlyThoTyrVallyr
L4841 GAGGCCATIACGIGCAAATGGTCATCATTAAG TTAGGGGCGCTTACIGGLACCTATGTTT
CoCCGa AR TGCAL ST TTACCAGTAGTAAT TCAATCCCCGCSAATGACCGTGGATACAMA

Iy
Lad
[+ ]
'

. AanisLnth:Prolau&:gAspt:pAlaHisAsnGlyLeuA:gAsp;euAlavalila
LECL ATAACCATCTOACTCCIC I TUGGGACTGGG CGCACAACGGCTIGCSAGATC TGGCLG TGS
TAI TGS TAGAGTGAGGAGAAGCCOTGACCIGLG TG TIGCCCAACGC TCTAGACCGGECACT

. ValGluProvValvValPheSerGlnMesGluThrlysLeulleThrTrpGlyAlaAspThr
L5681 CTIGTAGAGCCAGTCSTCTTICTCCCAARTGGAGACCAAGCTCATCACGTGGGGGGCAGATA
GACATCICOG TCAGCAGAAGAGGG TTTACCTCIGG TICSAGTAGTGCACCCCCCGTICTAT

AlaalaCysGilyAspIlelleAsnGlyLeuProvalSerAlaArgArgGlyArgGlulle
1521 CCGCOGCGIGCGETGACATCATCAACGGCTTGCCTIG TTTCCGCCOGCAGGGGCCGGGAGA
GOCGECGCACGTCACTGTAG TAG T IGCCGAACGGACAMGGLGGGCGTCCCCGGCCCTCT

. lLeuleuGlyProAlaAspGlyMetValSerLysGlyTrpArgleuleuAlaProlleThr
1881 TACTGCICGGGCCAGCCGATGGAATGGTCTCCAAGGGGTGGAGGTIGCTGGCGCCCATCA
AIGACGAGCCCGETCGGCTACS TTACCAGAGG TTCCCCACCTCCAACGACCGLGGGTAGT

AlaTyzAlaGlaGlaThrArgGlyLeuleuGlyCysIlelleThrSarLauThrGlyAry
1741 CGGCGTACGCCCAGCAGACAAGGGGCCTCCTAGGGTGCATAATCACCAGCCTAACTGGCC
GCCG A NGCGaETCG IC TG TTCCCCGGAGGATCCCACG TATTAGTGG TCGGATTGACCGS

AspLysAsnGlnValGluGlyGluvalGlinlleValSerThrAlsAlaGlnThrPheleu
1801 GSGACAMAAACCAAGTGGAGGG TGAGGTCCAGATIG TG TCAACTGCTGCCCAMCCTTCS
CCCTGTITTIGGTICACCTCCCACTCCAGG TCTAACACAG TIGACGACGGG TTTGGAAGG

AlaThriysIleAsnGlyValCysTrpThrValTyrHisGlyAlaGlyThrArgThrile
1861 JGGCAACGIGCATCAATGGGG TG TGCTGGACTIGTCTACCACGGGGCCGGAACGACGACCA
ACCGTTGCACSTAGTTACCCCACACGACCIGACAGATGE TGCCCCGECCTTGCTC CTGGT

AlaSerProlysGlyProvVallleGlnMetTyzThrAsnValAspGloAspleuValGly

FiG. 47-2



Patent Application Publication Aug. 28, 2003 Sheet 56 of 145  US 2003/0162167 Al

)
(14
[N
P

b
L 1)
m
b

Pl A

2281

340
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CrpProAlarreGlinGlvSerArsSerle ThrProCysTirCysGlySerSerAsplen

Vol ater ol ad et et ol ot ak ol ot b UL ot ot Lodatatadab ol W T N Y al Bt L ey el Y ol ot Y ot ol

GGG U Ll G T TG CAAGGTAGTUOC TTATIGACALCC LGlALT LG&-‘I\T\.. CTLOSGACC

-~ - o - Pt el b Nl o o e S e, P e e P F ot Votadane ot e

CAC GGG GAGG IS T IICAT OGO GASTAAITS ILGIACGTIGAACGCCSAGGAGTLTGS

- . e . - .
TyrleuValThrArgHisAlaAdscVallleProVelArgArgArgGlyAspSerArgGly

- P a g g g P PPN Sl B R A P [ P R G . e I T N % W N O

T T AL GO T AL G AGE L AL G LT GA TG T AT TC IO TG LLGILGGGGIGATAGLAGGS
—— lale-aotatototaner-Yad -~y Fadale -~ -

AR ATGGACCAG TG T L LG TG IG U TACAG TAAGGGCACGLGELLGTCCTACTATCA TS

SerlesleuSerPreArsrrolleSerTyrlelysSlySerSerGlyGlyProleutey
GCAGCL GG T CGCLILSG T CCAT T ICCTAC T TG AAAGGUTCCTLGGGEEGGTCCGLTST

CGTCGGACGACAGIGEGEECIGEETAMAGGATGAAL TTTCCGAGOAGCTCCCCAGGCGALZA

CysProAlaGlyHisAlavalSlyIlePhedrgAlaAlavalCysThrArgGlyvalala
TG TGCCLGCGGGECACOLCETLEGCATAT T TAGGOTCECGE TG IGCACCCGL.GRAGTGS
ACACGEGGCGTCCoETGIGELACTCGTATAAATCCCOGIGCCACACGTGGGCACCTCACT

_yshlavValAsgPhellePrcValGlulsnleuGluThrThrMetArgSerProvalehe
CTAAGGLGSTGGACTITATCCCTIGIGGAGAACCTAGAGACAACCATGAGG TCCLLGGTGT
GATTCCGLCACC TG AAATAGGGACACCTCT IGGATCTCIGTITGETACTCLAGGGSCCACA

ThrAspAsnSerSerProProValvalProGlaSerPheGlnvValAlaHisLeuHisAla
TCACGGATAACTCCICICCALCAGTAGIGCCCCAGAGCTTCCAGG TGGCTCACCTCCATG
AG TGCC AT IGAGGAGAGG TG TCATCACGGEGTICTCGAMGG TCCALZCGAGTSS TAC

ProThr=GlySerGlylysSerThrlysValProAlaAlaTyrAladlaGlaGlyTyrLys
CoCCTACAGGCAGCEGCAAAAGTACCAAGG TCLCGGCTGCATATGCAGC TCAGGGCTATA
GAGGG TG TG TCGC LG T T I T G TGETTCCAGGGLCGACGTATACGTICGAGTCCCGATAT

ValLeuValleuAsnPrcSerValAladlaThrleuGlyPheGlyAlaTyrMetSerlys
AGGTIGCTAGTACTCAACCLCTO TG TTIGCIGCARCACTGGGCITTIGG IGCTTACATGICEA
TCCACGATCATGAG T IGSEEGAGACAACSACGTIGTGACCCGAMALCACSAATGTACAGSET

AlaRisGlyIleAspProAsnIileAzrgThrGlyValArgThrIleThrThrGlySerPro
AGGCTCATGGGATCGATCCTAACATCAGGACCSGGGTGAGACAATTACCACTGGCAGCT
TCCGAGTACCCTAGETAGGATIGTAGTCLIGGCCCCACTCITG TTAAIGGTGACCGTCGS

IlelhzlyrSerTherTyrGlyLysPheleuAl aAspGlyGlyCysSerGlyGiyAlaTyr
CCATCACGTACTCCACCTACGG CAAGTTCCTIGCCGALGGLGGGTGCTCGGEEGGLGLTT
GETAGTGCATGAGG IGGATOCCSTTCAAGGARCGELCIGCCGCCCACGAGCICCICGCGAA

AspIlellelleCysAspGluCysHisSerThrispAlaThrSerlleleuGlylleGly
ATGACATAMATAA I T TG TGACGAGTGCCACTCCACGGATGCCACATCCATCTTIGGGCATS
TACTGTATTATTAAACACTIGC TCACGG TOAGG TGCCTACGE TG TAGG TAGAACCCGTAGC

ThrValleuAspGlnAlaGluThrAlaGlyAlaArgleuValValleuAlaThrAlaThs
GLACTGTCC I TGACCAAGCAGAGACTGCGEGEEECGAGACTGGTTIGTGCTCGCCACCGLCA
COTGACAGGARC IGG T ICGIC T TGACGCCCCCGCTCTGACCAACACGAGCGETGGCGEST

ProProGlySerVallthrValProHisProAsnIleGluGluvalAlaleuSerThrThr
CCCCTCCGGECTCCOTCALTOTGCCCCATCCCARCATCGAGGAGG TTGCICTGTCCACCA
GGGGAGGCCCEAGGCAGTOACACGGOG TAGGG TIGTAGCTCCTCCAACGAGACAGG TGET

GlyGlulleProPhetyrGlylysAlallepProleuGluValllelysGlyGlyAsgHLis
COGGAGAGATCCCT I TITACGGCAAGGCTATCCCCCTCGAAGTAATCAAGGGGGGGAGAL
GGCCTCTCTAGGGARAAATGCCGTTCCGATAGGGEGAGCTTCATTAGTTCCLCCLCTICTG

LeullePheCysHicSerLyslysLysCysAspGluLeuAlaAlalysieuvalAlales
ATCTCATCTTICIGTCATTCAAAGAAGAAGTGLGACGAACTCGCCGCAMAGCTGGTCGCAT
TAGAGTAGAAGACAGTAAG T TIC TTCTTCACGCTGCTTGAGCGGCGTTTCGACCAGCET

GlyIleAsnAlavalrlaTyrTyrArgGlyleuAspvalSerValIleProThrSerGly
TGGGCATCAAIGC G TOGCCTACTACCGCGGTCTTGACG TS TCCGTCATCCIGACCAGSS
ACCCGTAG TTACGGCACCGGATGATGSUGCCAGAACTGCATAGGCAGTAGGSGCIGSTCSE
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AspValvValValvalAsaThrAspAlaleuMesThrGlylyrTnIGlyAspPheAspSer
284 GCGATGTTGICSTCGTGGCAACCEATGCLCTCATGACCGGTUTATACCGGIGACTTCGACT

CGCTACAACAGCAGCACCG TTGGCTACGGEAGTACTGRCCGATATGSTTGITGAAGITGA

valIleAspCysasnThr{ysvalThrGlinTthrValAspPheSerleuAspProThrPhe
3031 COGTGATAGACTGCAATACGTGTGTCACCCAGACAGTCGATTTCAGCCTIGACCCTACCY
G CAC T AT TGACG T TATCCACACAGTGGG TCIGTCAGCTAAAGTCGGAALTGGGATSGA

ThrlleGluThrIleThrleuProGlnAspAlavalSerArgTRrGlnATGArgGlyArs
3081  TCACCATTGAGACAATCACGCTCCCCCAGGATGCTIGTCTCCCGCACTCAACGTCGGGGTA
ACTCGTAACTC TG TTAG TECGAGGEEG TCCTACCACAGAGGECGTGAGTTGCAGCCICST

ThrGlyArgGlyLysProGlyIleTyrArgPhevalAlaProGlyGluArgProSerGly
31121 GGACTCGCAGSGGSAAGCCAGGCATCTACAGATTI TG TGGCACCGEGGGAGCGCCCCTCCG
oG ACCGTC oo T ICGG TC LG TAGATG TCTAAACACCGIGGCCCCCTICGUGGGGAGTT

MasPheAspSerServalleuCysGluCysTyrAspAlaGlyCysAlaTzpTyrGluLeu
1187 GoATGTYCGAC T oG TCCGTCCTC TG TGAGTGCTATGACGCAGGCIGIGCTTGGTATGAGC
CETA CTGAGCAGGCAGGAGACACTCACGATACTGCGTCCGACACGAACCATACTCS

~mrProAlaGluThrThxValArgleuArghlaTtyrMetAsnThrProGlylLeubProval
1247 TOACSCCOGLCSAGACTACAG T TAGGCTACGAGCGTACATGAACACCCCGGGGLTTCCCG
AC GGG CEGC TCIGATG TCAATCCGATGCICOCATGTACTIGTGGAGCCCCGAAGRGL

CysGlnAspHisleuGluPheTrpGluGlyValPheTh:GlyLeuThrHisIleAspata
3100 TSTECCAGGACCATCTIGAAT? TGGGAGGGCGTCTTIACAGGCCTCACTCATATAGATS
AT ACGETCCIGC TAGAACTTAAAACCCTCCCGCAGAAA TG TCCGGAGIGAGTATATCTAC

HisPheleuSerGlnThrlysGinSerGlyGluAsnLeuProTyrleuValalalysGln
3381 CLTACTTICTATICCAGACAMAGCAGAGTGGGGAGAACCTICCTTACCIGGTAGCGTACT
GG T GAAAGATAGG S T G TT I CETCTCACCLITCTISGAAGGAATGGALCCATCGCATSS

AlaThcVallysiAlaArgAlaGlrAlaProProProSerTrpAspGlnMetTrplysCys
3421 AAGCCACCGIGTIGCGCTAGGEC TCAAGCLCCTCLCCCATCGTGGGACCAGATGTGGAAGT
TTCGG TGGCACALGCGATCCCGAG TTCGGGGAGGGEGTAGCACCCTGGICTACACCTITICA

LeulleAzygLaulysProThrleuHlaGlyProThzPreleuleuTyrArgleuGlyAla
3481 GTTIGATTCGCCTCAAGCCCACCCTCCATGGGCCAACACCCCTGCTATACAGACTGLGLG
CAAACTAAGCGGAG TTCGGETGGGAGG TACCCEETTG TGGGGACGATATGTICTGACCCGC

ValGlnisnGlulleThrlLeuThrHisProvValThrLysTyrlleMetThrCysMetSer
3541 CTGTTCAGAATGAAATCACCCTGACGCACCCAGTCACCAAATACATCATGACATGCATGT
GACAAGTCTTACT T TAG TGGOAC TGOS IGEGTCAGTGG TTTATGTAGTACTGTACGTACA

AlaAspleuGluValValThrSerThrTrpValleuvalGlyGlyvalleuAlaAlaleu
3601 - COGCCGACCTIGEAGGTCG TCACGAGCACCTGGGTGCTICGTTGGCGGCGTCCTGGCTGCTT
GCOGECTCGALCTCCAGCAGTGCTCGTGGACCCACGAGCAMCCGCCGCAGGACCGACGAA

AlaAlaTyrCysleuSerThrGlyCysvalvalllevalGlyArgvalValleuSezrGly
3661 TGGCTGCGTATIGCCTGTCARCAGGC TGCG TGO TCATAGTGGGCAGGGTCGICTTGTCCG
ACCGGCGCATAACGCACAGTIG TCCGACGCACCAGTATCACCCGTCCCAGCAGAACAGGT

LysProAlalleIleProAspArgGluvalleuTyrArgGluPheAspGiuMetGluGlu
3721  GGAAGCCGGCAATCATACCIGACAGGGAAG TCCTCTACCGAGAGTTCGATGAGATGGAAG
ST TCGGCCGTTAG TATGGACTG TCCCTTCAGGAGATGGCTICTCAAGCTACTCTACCTTC

CysSe:GlsHisLeuP:otyrIleGluGlnGlyMe:He:LeuAlaGluGlnPheLysGL:
1781 AGTGCTCTCAGCACTTACCGTACATCGAGCAAGGGATCATGCTCGCCGAGCAGTTCAAGC
e ACGAGAGTCETGAATGECATG TAGCTCGTTCCCTACTACGAGCGGCTICGICAAGTTCG

LysAlaLeuGlyLeuLeuGlnrhzhlaSerArgGInAlaGIuValIleAlnProAlaVal
3841  AGARGCCCCTCGGCCTCCIGCAGACCGCGTCCCGTCAGGCAGAGGTTATCGCCCCTGLTG
T TCCGGGAGCCGGAGGACG TCTGGCSCAGGGCAGTCCGTCTCCAATAGCGRGGRACT AL

GlaThrAsnTrpGlalysleuGluThzPhelrpAlaLysHisMetTrpAsnPhelleSer
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1501 TCCAGACCAACTGGCAAAAACTCGAGACCTfCTG3GCGAAGCATATGTGSAACTTCATCA
Io o~ e m—,
AGGTCTGGTiGACCGTTTTTGAG;-CTGGAAGACCCGC..CGTA&nunCC..GAAGTAGT
GlyileslaTyrlecAlaGlyl uSerThriauProGlyAsnProAlalleslaserieu

- -~ Y IV 0 ot ol el bt I N - 2t g g -~ lafatal ttetal L ol el saal - a4

3%61  OTAGSATACAATALTIGGCGRe T TIS T AALSC IGCIIGETAACTLCGILATIGLTT CaT
P oy G et S la actaiatater T P g - . g -~ A -
AL TATG T TA TG AACCG I CSARLAGTIGLGALSGACCATINGGGL GTAACGAAGTA

wseAlaPheThralaAlavalThrSerfroleuThrtheSerGlnThzrleuleuPhedsn
4022 TOATGGCTTTTACAGCIGCIGICACCAGLCCACTAACCACTAGCCAAACCCTCCTCTTCA
ACTACCGAAAATGTCOACGACAG 65 TCGGGTRATIGG TGATCEGTITGGGAGGAGAAGT

IleleuGlyGlyTr valalaAlaGinLeuAlaAlaProGlyAlaAlaThrAlaPheVai
4087 ACATATIGGGGGGE TGGG GG TGCCAGETCOCCGCCCCCGGTGCCSCTACTGLOITIG
=5 TATAACCCCCCCACCCACCEACGEGTCGAGCGGLGGGGGCCACGGCGATGACGGAAAC

GlyAlaGlyLeuAlaGlyAlaAlaIleGlySerValslyLeuGlyLysValLeuIleAsp
4141 ~eGGCGCTGGC T TAGCTGGCGCCGCCATLGGCAGTGITGGAC IGGGGAAGGTCCTCATAG
ACCCGCCACSGAATCEACCEUGECEETAGCCGTCACAACCTGACCCCTICCAGGAGTATC

tleleurlaGlyTyrGlyAlaGlyvalAlaGlyAlaLeuvalilaPhelysllaMetSer
4201  ACATCCTIGCAGGS TATGELGLGEGLGTGGCGGGAGCTCTIGCIGCCATICAAGATCATGA
=t ASG MG TCOCATACCGCGCCCGCACCGLCCTCCAGAMCACCGTAAGTICTAGTACT

Glyc1uv;lProSe:th:GluAspLeuValAsnLnunnuPrahlatlaL.uschrcGLy
4261 GCGGTGAGGTCCCCTCCACGGAGGACCTGG TCMICTACTGCCCGCCATCCTCTCGCCCG
COCCACTCOAGGGGAGG TGCCTCC TGGACCAGTTAGATGACSGGLGGTAGGAGAGCGGGC

AlalLeuValvalGlyValvalCysalaAlaIleLeuArgArgHisValGlyProGlyGaiu
4322 GAGCCTICGTAGTCGGCGTEG IO TG TGCAGCAATACTGLGCCGGCACGTTGGCCIGGLLE
CTCGGGAGCATCAGCCGCACTAGACACGTCGTTATGACGCGGCCGIGCAACCGGGLCIGT

lyAlavalGlnTrpMetAsnArgleulleAlaPheAlaSerArgGlyAsniisvalSer
4381 AGGGGGCAGTGCAGTGGATGAACCGGCTGRTAGCCTTCGCCTCCCGGGGGAACCATGTIT
TG TCACG TCACCTACT TGS CCSAC TATCGGAAGCGGAGGGCCLCCTTGG TACAAA

ProThrHisTyrValProGluSerAspAlaAiladlaArgValThrAlalleleuserSer
444 CoCCCACGCACTACGTGCCGGAGAGIGATGCAGITGCCCGCGTCACTGCCATACTCAGTA
GaGGe TG e TGATSCACGGTS T CTCGC TACGTCGACGOGCGCAGTGALGGTATGAGTCST

LeuThrValThoGlnleuleuArgArgleuisGlnTrplleserSerGluCysThrlhs
4501 GCCTCACTGTAACCCAGCTCCTGAGGCGACTGCACCAG TGGATAAGCTCGGAGTGTACCA
CGGAGTGACATIGEGTCGAGGACTCCGCTGACGTIGGTCACCTATTCGAGCCTCACATIGSTY

ProCysSerGlySe:T:pLeuA:gAspIlet:pAspTrpIleCysGluvalLeuserAsp
4561 CTCCATGCTCCGGTTCCTGOCTAAGGGACATCTGGGACTGGATATGCGAGGTGTITGAGLS
GAGG TACGAGGCCAAGGACCGA T CCCTG TAGACCCTGACCTATACGETCCACAACTCSC

PheLysth:T:pLeuLysAlaLysLeuaetprcslnLcuP:cGIyIl:ProPheValSe:
8621 ACTTTAAGACCTGGCTAAAAGCTAAGCTCATGCCACAGCTGCCTGGGATCCCITTTGIGT
O AAAT I CTGGACCGAT I TCGATTCCAGTACGG TG TCGACGGACCCTAGGGGAAACACA

C?sGlnArgGlyTy:LysGlyValT:pA:gValAspGlyIleﬂetHiSTh:ArgCysHas
4581 CCTGCCAGCGCGGGTAIAAGGGGGTCTGGCGAGTGGACGGCATCATGCACACTCGCTGCC
GGACGGICGCGCCCA:ATTCCCCCAG&CCGCTCACCIGCCGTAGIACGTGTGAGCGACGG

CysslyAlacluIlerhrslyHisVaLLysAsnclyrh:aztA:gIleValGly?::A:;

4741 ACTGTGGAGCTCACATCACTGGACATGTCAAAAACGGGACGATGAGGATCGTCGGICCTA
R ACACCTCGACTC T AGTGACC TG TACAGTTI T IGCCCTGCTACTCCTAGCAGCCAGSAT

Th:CysA:gAangtI:pSe:GlyTh:PthroIleAsnAlaTerhrThrGly?:oCys
4831 GGACCTGCAGGAACAES?GGAG!GGGACCTTCCCCATTAAIGCCTACACCACGGGCCCCT
CCTGGACGTCCTTGIRCACCTCACCCTGG&AGGGGTAATTACGGATGTGGTGCCCGGGGA

ThrprolLeuProAlaPrcasnTyrThrPheAlaleuTrpArgvalsSerAlaGluilulys
436. GTACCoCCCTTCCTGCGCCGAACTACACGTTCGCECTATGRAGGETGTCTGCAGAGSAAL
CATGGGGGGARGSACGCGGCTTGATG TGCAAGCGCGATACCTCCCACAGACGTCTCLIY
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ValGiulleArgG.inValGLyAspPheH isTyrVa  TheGlyMerTheThraspAsnleu
4521 ATGTGGAGATAAGITAGETGGGELACTICCACTACGTGACGGGTATGACTACTGACAATC
TACACC IO TAITCCG TCCATCCLCIGAAGG TGATGCACTGCCCATACIGATGACTGTTAG

LysCysProCysGlavalProSerProGluPhePheThrGiulevAspGlyvalArgleu
498, TIAAATGLLCOTGCCAGE ICLCATCGCCLGAATTTTITCACAGAATTGGALGGEGTGCIGLE
AG T I TACGGGCACGGTLCAGEG TAGLGGO T TTAAAAAG TG TCTTAACCTIGCCCCACGLGS

HisArgPheAlaPrcProCyslysProleuleuArgGluGluvalSerPheArgValGly
8241 TACATAGGITIGCGLCCCCCTOCAAGCCCTTGCIGCGGGAGGAGGTATCATICAGAGTASG
ATGTATCCAAMCGIGEEGGGACETTCGGEAACGACGTCCTCCTLCATAGTAAGTCTICATS

LeuHisGluTyrProvalGlySerGlnleuProCysGluProGluProAspvalaiaval
5.C. GACTCCACGAATACCLGGTAGGGTCGLAATTACCTTGLGAGCCCGAMCGEACGTGGCCS
CrGAGGE TG T TATGGGCCATCCCAGCG T TAA TGS ANCGLTCOGG LT TEGCCIGRALLGSE

leuThrSerMetleuTrirAspProSerHisIleThrAlaGluAlaAlaGlyArgArgLleu
S$181 TGITGACGTCCATGCICACTGATCCOTCCCATATAACAGCAGAGGCGGCCGEGLGAASGGT
ACAACTGCAGGTACGAGTGACTAGGGAGEG TATATIGICGTCTCCGLCGGCCCGCTITCCA

AlaArgGlySerProfroSerValAlaSerSerSeriAlaserGinleusSerAlabProSer
£221 IGGLGAGGGGATCACCCCCCICIGTGGLCAGCTCCTCGGCTAGCCAGCTATCCGCTCCAT
ACCGCTCCCCTAG TGGOGGGAGACACCGETCGAGGAGCCGATCOOTLGATAGGCGAGGTA .

LeulysAlaThrCysThrhladsnHisAspSerProAspAlaGluleulleGluAlaAsn
S281 CICTCAAGSCAACTIGCACCGC TAACCATGACTCLCCTGATGLTGAGCTCATAGAGGCCA
GAGAG I TCCG T IGAACG GG LG AT TG TACTGAGGGGACTACGACTCGASTATCICLGGT

LeuleulrpArgGlaGludletGlyGlyAsnIleThrArgvalGluSerGluAsnLysvVal
$341 ACCICCTATGGAGGCAGGAGAIGGGCGGCAACATCACCAGGGTTGAGTCAGAAAACAAAG
CeGAGGATACCTCOGTCC T C TACC IO CLOT TS TAGTGOICCCAACTCAGTCTTT IS TTTC

VallleleuAspSerPheAspProleuvalAlaGluGluAspGluArgSlullieSesval
3470 TGS TGATTCIGGACT LT ICCATC LG T TG TGETGGAGCAGSACGAGCGSGAGATLTCCG
ACCACTAAGACCIGAGGAAGC TAGSCGAACACCGLLTCOTCITIGLTCGLCOTCTAGAGGS

freAlaGicllelevArslysSerargArgPheAlaGlnAlaleuProValTzpAladss
3451 TACCCGCAGAAATCCTIGLGGANG TOTCGGAGATTCGCCCAGGLLLTGCCCGTTIOGGLGE
ATGOGCGICTTTAGGACGCC T TCAGAGICTCTAAGLGGGTCCGGGACGGGCAAACCCGLG

ProAsptyrAsnP:oProLeuValGluTh:T:pLysLysProAspTy:GlﬁP:oP:cVal
353l GGCCGGACTATAACCCCCCGCTAGTGGAGACGTGGAAMAAGCCCSACTACGAACCACLTG
CCGGCC TGATATIGGGGAGLGATCATC ICIGCACLTTTIICGGGUIGATGCITGGTGGAC

ValHisGlyCysProleuProProProlysSerProProvValProProProArglyslys
5581 . IGGTCCATGGCIGTCCGCTTCCACCTCCARAGTCCCCTCCIGTGCCTCCGCCTCGGAAGA
ACCAGG TACCGACAGGCGAAGG TGGAGS TT TCAGESGAGGACACGGAGGCGGAGCCTICT

ArgThrvValvalleuThrGluSerThrLeuSerThralaleuAlaGluleuAlaThrArg
S€41  AGUGGACGGIGGTCCICACIGAATCAACCCTATCTACTIGCCTIGGCCGAGCTCGCCACCA
TGO C TG CCACCAGGAGTGACT TAG T TGGGATAGATGACGGAACCGOGLTCGAGCGETGGET

SerPheGlySerSerSerThrSerGlylleThrGlyAspAsnTherThrThrSerSerGlu
G < TTCCGGCATTACGGGCGACAATACGACAACATCCTCTG
CoTCGAMCCE ICGAGGAG T IGRAGGCCGTAATGCCCGLTGCTTATGCTIGTTGTAGGAGAC

PreAlaPrcSerGlyCysProcProAspSerispAlaGluSerTyrSerSerMetProbPro
S76L ASCTCCGCCCCTTICTGGLTGLCCCOCCGACTCCGACGCTGAGTCCTATTICCTCCATSCCCC
T CGGGCEEGGAAGACCGACGGGEEGGECTGAGSCIGCGACTCAGGATAAGGAGE TACGEGG

LeuGluGlyGiuProaGlyAspProaspleuSerispGlySerTrpSerThrvValSerSer
5821 CCLIGGAGGGGGAGCCTIGEGGATCCEGATC TTAGCGACGGGTCATGGTCAACGGTCAGTA
GGGACCTCLCCCTCGGACCCLTASGTCTAGAATCGCTIGCCCAGTACCAGTTGLCASTCAT

GiwAlaasnAlaGluAspValvalCysCysSerMetSerTyrSerTrpThrGlyAlaleu

FIG. 47-6



Patent Application Publication Aug. 28, 2003 Sheet 60 of 145  US 2003/0162167 Al

- -~ . 4, e g e AL 8 R & SO A R g N
- 15 P tetel okab-¥ Voletalcte]- tele?- EC RN NIRRT NS EENSER V. DRC RIS .uur‘.nq\;\.g-_‘\\_

ey ol ot ol el alual el ol ol Wl Wl ol e A ad il o N AN \_FNG\ A g g -
[ LW .C'..uu - a eIt s e Ve T AL DM T D . - A PV WIS V G e a F ee wed N

LTl
n
m

- ~ . . ~T - . M * . : -
Valth:?:oCysA-aA-aG:_G:_Gln;gsze;?r:I-eAsnA-aLe;Se:nsnSer_eu
~a* g -~ Pt alal adad dda-Yad -~ P . ok B L et el Y el B N ot etV gt et gsiaed
3-2- ToSTCACCOCATGLOCIGLGIAAG AN A AGAAAC TS CCATCAATOCACTAAGUAALT LGS
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ACCAG TGIGGOACSGSCaCT T I TG IO TIGACGGETAGTTACSTIGATICOY TOAGCA

:euA:gHisHisAs:LeuVa;Ty:Se:Th:Th:Se:A:gSe:AlaCysGlnA:gGL:Lys
€20) TGCTACGTCACCACAATTIGGTGTATTCCACCACCTCACGTAGTGL TTGCCAAAGGLAGA

ACCATGCAGTGG TG TTAAAC CACATAAGG IGGTGGAGTGLG TCACSAACSGTTTCLGTCT

LysValrh:PheAspA:gLeuGanaLLeuAspSe:HisTy:GlnAs;ValLeuLysG;u
381 AGAMACTCACATTIGACAGACIGCAAGTTITGGACAGCCATTACCAGGACGTACTICAAGG
T AG TG TAAAC TG TC TGACGTTCAAGACC TG TCGGTAATGG TCCTGCATGAGTICC

val;ysAlaAlaAlaSe::ysValLysAlaAs:Leu:euSerVa‘GluGluAlaCysSe:
£131  ACSTTARAGCAGCGGCGTCARAAGTGAAGGCTAACTIGCTATCCOTAGAGGAAGCITGOA
A AT T TG TGO CGCAGTT T TCACTICCGATIGAACGATAGGCATCTCCTICGAALGT

ceuThrProproHisSeralalysSerlysPheGlyTyzGlyAlalysAspValAzglys
E18. GCCTGACGCCCCCACACTCAGCCAAATCCAAGTTIGG TTATGGGGCAAAAGACGTCCSTT
CaG AT TGOaEGES TeTGAG T oSS T TAGE T TCAAACCAATACCCCGTITTCIGCAGGTAA

HisAlaArgLysAlavalThrisIleAsnServalTrpLysAspleuleuGluAspAsa
6241 GoCATGCCAGAAAGGCLGTAACCSACATCAACTCCGIGIGGAAMGACCTICTGGARGACA
AL TC T T TC LG AT GGG TG TAGTIGAGGCACACCTTICIGGAAGACCTTCOGT

ValThrProileAspThrthrileMechlalysAsnGluValPheCysvValGlnProGl
63121 ATGTAACACCAATAGACACTACCATCATGGTIAAGAACGAGGITITCIGCGTTICAGCCTG
TACAT TG TGG T TATCIG IGA TGS TAG TACCGATICTITGCTCCAAAAGACSCAAGTCSSA

LysGlyGlyArgLysProAlaAzgleullevalPheProAspleuGLyValarsVallys
£361 AGAAGGGGGGTCCTAAGCCAGC TG TCTCATCETSTICCCCGATCTGGGCGTGLGLGTGT
T T CCCCCCAGCATTCGG TCGAGCAGAGTAGCACARGGEGCTAGACCCGTATSCICALA

GluLysMetAlaleuTyrAspvalvalThrlysLeuPrcleuAlavalMetGlySerSes
€421 GCGAAAAGATGGCTITSTACGACGTGGTTACAAAGCTCCCCTIGGLCOTGATGGGAAGLT
CGC T TCTACCGAMCATGCTGCACCAATG T TCGAGGSSAACCSGTACTACCCTICGA

TYrGlyPheGlaTyrSerProGlyGlnArgValGluPheleuvalGlnAlaTrplysSer
6481 CCTACGGATICCAATACTCACCAGGACAGCGGGTTIGAATTCCTCGTGCAAGCGIGGAAGT
GGATGCCTAAGG TTATGAG GG TCC TG TCGCCCAACTTARGGAGCACGTTCGCACITICA

LysLys!thzohstslyPheSe:TyrAsprh:A:gCysPheAspSe::h:Va1rh:G14
6541 CCMGAAAACCCCAATGGGGTTCICGTATGATACCCGCTCCTTTGACTCCACAGTICACTG
. GATTCTTIIGGGG T TACCCCAAGAGCATAC TATGGGCGACGARACTGAGG TG TCAGTIGAL

SerAspIleArgThrsluG1uAlaIleTyrGlnCysCysAspLeuAspProGlnALaA:g
6§60 AGAGCGACATCCGTACGGAGGAGGCAATCTACCAATGTTGTGACCTCGACCCCCAAGCCC
e G CTG TAGGCATCCCTCCTCCG TTAGATGG TTACAACACTGGAGCTGEGGETTCGES

ValAlallelLysSerLeuThrGluArgLeuTyrvalGlyGlyProleuThrAsnSerAsg
6561 GCCTGGCCATCAAGTCCCTCACCGAGAGGC TTTATGTIGGGGGCCCTCTTACCAATICAA
COCACCGETAG T TCAGGGAGTGGCTCTCCGAMTACAACCCCCGGGAGAATGGTTAAGTT

G:yGluAanysGlyTyrA:gA:gCysA:quaSerGlyValLeuThrth:Se:Cyssly
6771 GGGGIGAGAMCTGCGECTATCGCAGE TGCCGEGEGAGCGGCGIACTGACAACTAGLTGTG
OO C e TCTTGACS CCGATAGCGTCCACGGCGCGCTCGCCGCATGACTGTTGATCGACAL

AsnT? Leuth:CysTy::leLysAlaA:gAlaAlaCysA:gAlaAlaGlyLeuGlnAsp
€781 GTAACACCCTCACTTGCTACATCAAGGCCCGGGCAGCCTGTCGAGCCGCAGGGCICCASS
CATTGIGGGAGTGAACGATG TAGTTCCGGGCCCETCGGACAGCTCGGCGTCCCGAGETCT

Cysth:ﬁet;euVaICYsG1yAspA3pLeuVa1Va1IleCysGluSerAlac1?ValGLn
6841 ACTGCACCATSCICG TG IGTCGCGACCACT TAGTCGTTATCTG TGAAAGCGCS(.GIGIC
TGACSTCCTACGAGCACACACCGCTGC TGAATCAGCARTAGACACTTTCGLGTCCICASS
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GluAspAlaAlaSerleuArgAlaPheTnIGluAlaMetThrArgTyrSerAlaProrro
6%°L AGGAGGACGCGGCGAGCLTGAGAGCCTTCACSGAGGCTATGACCAGGTACTCCELCCCCC
T GG LS e L SGAC IO T GG AAG TG L TCCGATACTGG TCCATGAGGLGEEEEG

GlyAspProProGinProGiulyrAspleuGluleulleThrSerCysSerSerAsnval
$§361 CTGGGGACCLCCCACAACCAGAATACGACTTIGGAGCTCATAACATCATGCTCCTCCAMCG
GACCCCIGGGGEE TG TIGE TC T TATGCICGAACCICGAGTATTIGTAGTACGAGGAGG TTGC

ServalAlaHisAspGlyAlaGlyLysArgValTyrTyrLeuThrArgAspProThoihr
7321 TGTCAGTCGCCCACGACGGCECIGGARAGAGGGTCTACTACCTCACCCGTGACCCTACAA
ACAG TCAGLGEGTECIGLLGCGACC T T ICTCCCAGATGATGGAG IGGGCACTGGGATGTIT

roleuAlairgAlaAlaTrpGluThrAlaArgRisThrProValAsnSerTrpleuGly
TOBl  CCLCCCTCGCGAGAGCIGCGTGGGAGACAGCANGACACACTCCAGTCAATTCCTGGITAG
GRGGEGAGCELTCICEACGCACCCTC TG TCGTTC TG IG TGAGG TCAGTTAAGGACCGATC

AsnllelleMetPhedlaProlhrleuTrpAlaArgMetllelevMesThrHispherne
T4l GCAACATAATCATGTTTGCCCCCACACIGTGGGCGAGGATGATACTGATGACCCATITCT
COTTGTATTAGTACAAACGGSGGG TG TGACACCCGCTCCTACTATGACTACIGGGTAAAGA

ServValleulleAlaargAspGlnleuGluGlnAlaleuAsplysGlulleTyrGlyAla
TP AGCGTCCITATAGCCAGGGACCAGCTTGAACAGGCCCTCGATTGCGAGATCTACGSGS
AATCGCAGGAATATCGG TCCOISG ICGAACTTGTCCGGGAGCTAACGCTCTAGATGLCCC

w4
£ Y]
(&)
P

CysTyrSerlleGluProleuAspleuProProllellaGlnArgleu
7251 CCTGCTACTCCATAGAACCACTIGATCTACCTICCAATCATTCAAAGACTC
GGACGATGAGGTATCTTGG IGAACTAGATGGAGG TIAGTAAGTITCTIGAG
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Trans.ation ©f DNA 13:

ProSerProvValvalvalGlyThrThrAspArgSerGlyAlaProThrTyrSerTrpCly
CTCCCAGCLCCGTGEIGGTGEGAACGACCGATAGGTCGGGCGCGCCTACCTACAGLTGGS
CAGGGTCGEGGCACCACCACTCTTGCIGEU TG TCTAGCCCGCGCGGATGGATG TCGACCE

[ 4

GLuAsnAspThrAspValrheValleuAsnAsnThrArgProProLeuGlyAsnTrpPhe
€2 GIGAARATGATACGGACGTCTITCGTICCTITAACAATACCAGGCCACCGCTGGGCAATIGET
CACTTTTACTATGCCIGCAGAAGCAGGAATIGTITATCG TCLGGTGGCGACCCGTTAACCA

GlyCysThrTrpMetAsnSerThrGlyPheThrlysvalCysGlyAlaProProCysval
121 TCGGTIGTACCTGGATGARCTCAACTGGATTCACCAAAGTGTGCGGAGCGCCTCCTTGTG
AGCCAACATGGACCTACTTGAGTIGACCTAAGTGGTTTCACACGCCTCGCGGAGGAACAL

IleGlyGlyAlaGlyAsnAsnThrLeuHisCysProThrAspCysPheArglystHisPra
1Bl TCATCGGAGGGGLGGGCAACAATACCCTGCACTGCCCCACTGATTGCTTCLGCAAGCATC
AGTAGCCTCCCLGCLCG TG TTGTGGGACGTGACGGGG TGACTAACGAAGECGTTCGTAG

AsSpAlaThrTyrSerArgCysGlivSerGlyPreTrpleuThrProArglysleuvalAsp
241 CGGACGCCACATALTCTCGGIGCGGLTCIGGTCLCTIGSLTCACALCCAGSIGCCTGGTLG
GCCTGUGG TG TATGAGAGLCACGCCGAGGCCAGGGACCGAGTGIGOGTCCACGGACCAGL

TyrPreTYrArgLeulrpisTYrProCysThrIleAsnTyrThrIlePhelyslleArg
301 ACTACCCGTATAGGCTTTIGGCATTATCCITGTACCATCAACTACACCATATTTAAAATCA
TGATGGGCATATCCGAAACCGTAATAGGAACATGE TAG TTGATGTGGTATAAATTITAGT

MetTyrvalGlyGlyValGluHisArgleuGluAlaAlaCysAsnTrpThrArgGlyGlu
1  GGATGTACGTGGGAGGGGTCGAGCACAGGL TEGAAGCTGCCTGCAACIGGACSLGGEELG
CCTACATGCACCCTCCCCAGCTCG TG TCLGACCTTCGACGGACGTTGACCTGCGLCCCSET

Overlap with 12f -——
ArgCysAsplLeuGluAspArgAspArgSerGluleuSerProleuleuleuThrThrThr

421 AACGITGCGATCIGGAAGACAGGGACAGGTCCCGAGCTCAGCCCGTTACTGCTGACCACTA

*  IOGCAACGCTAGACCTTCTIGICCC TG TCCAGGCTCGAGTCGGGCAATGACGACTGGTGAT

to
h

GlnTrpGlavalleuProCysSerPheThrThrleuProAlaleuSerThrGlyleu
481 CACAGIGGCAGGTCCTICCCGTGTTCCTTCACAACCCTGCCAGCCTIGTCCACCGGTCTCA
GTGTCACCE I CCAGGAGGGCACAAGGAAG TG T TGGGACGETCGGAACAGGTGEGLCGRAGT
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(&

18l

Translation cf DNA 26]

lLeuPheTyrHisHisLysPheAsnSerSerGlyCysProGluArgleuAlaSerCysarg
GCTTTTCTATCACCACRAGTTCAACTC TICAGGCIGTCCTGAGAGGCTAGCCAGCTGLCG
CGAAAAGATAGTIGG TG TTCAAG TTGAGAAG TCCGACAGGACTCTCCGATCGGTCGACGSGL

ProlLeuThrAspPheAspGlnGlyIrpGlyProlleSerTyraAlaAsnGlySerGlyPro
ACCCCTTACCGATT TIGACCAGGGCTGGGGCCCTATCAGTTATGCCAACGGAAGCGGLCC
TGGGGAATGCCTAAMALCTGGTCCCGACCCCGGGATAGTCAATACGGTTGCCTTCGLCGGE

AspGlnArgProTyrCysTrpHisTYIProProlysProCysGlyIlevalProAlalys
CGACCAGCGCCCCTACTGCTGGCACTACCCCCCAAAACCTTGCGGTATIGTGCCCGCGAA
GCIGGTCGCGGGGATGACGACCGIGATGGEGEETTTIGGAACGCCATAACACGGGCGLTT

-==0Qverlap with 13i--—-
SerValCysGlyProvValTyrCysPheThrProSerProvalvalval
GAGTGTGTGTGGTCCGGTATATTGCTTCACTCCCAGCCCCGTGRGTGGTGEG
CICACACACACCAGGCCATATAACGAAGTGAGGETCGEGGCACCACCACCC

FIGURE 49
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Transiatiocn of DNA CASSa

TeuValMetAlaGlnLeuLevArgileProGinAlalleleuAspMetrIleAlaGlyAla
TG TAATGGCTCAGCTGC TCCGGATCCCACAAGCCATCTTGGACATGATCGCTGGTGCT
AACCATTACCGAGTCGACGAGGCC TAGGG TG T YCGGTAGAACCTGTACTAGLGACCACGA

._J

HlstrpslyvalLeuAlaslyIleAlaIy:PheSerﬁetValGlyAsnrrpAlaLysval
61 CACTGGGGAGTCCTGGCGGGTATAGCGTATTICTCCATGGTGGGGAACTGGGCGAAGGTC
GTGACCCCTCAGGACCGCCCGTATCGCATAAAGAGGTACCACCCCTTGACCCGCTTCCAG

- euValvValleuleuleuPheAlaGlyValAspAlaGluThrHisValThrGlyGlySer
CTGGTAGTGC TGO TECTATTTGCCGGCGTCGACGCGGAAACCCACGTCACCGGGGGAAGT
GACCATCACGACGACGATAAACGGCCGCAGCTGCGLCTTTGGGTGCAGTGGCCCCCTTCA

4+
[
b4

AlaGlyHisTh:ValSerGlyPheValSa:LeuLeuAlaProGlyAlaLysGlnAanal
181 GCCGGCCACACTGTGTCTGGATTTGTTAGCCTCCTCGCACCAGGCGCCARGCAGAACGTC
CGGCLGG TG TGACACAGACCTAAACAATCGGAGGAGCG TGGTCCGCGGTTCGTCTTGCAG

GlnleurleAsaThrAsnGlySerTrpiisleudsnSerThrAlaLeuAsnCySAsSnAsp
242 A GCTGATCAACACCAACGGCAGTTIGGCACC TCAATAGCACGGCCCTGAACTGCARTGAT
G:CGACTAGITGTGGTTGCCGTCAACCGTGGAGTTATCGTGCCGGGACTTGACGTTACTA

Se:LeuAsnThrGlyT:pLeuAlaGlyLeuPheTyrHisaisLysPheAsnSe:SerGly

301 AGCCTCAACACCGGTTGGTTGGCAGGGCTTTICTATCACCACAAGTTCAACTCTTCAGGC
TCGGAG TS TGGCCGACCAACCETCCCGAAMAGATAGTGG TG TICAAGTTGAGAAGTCCG
----- ~Cverlap with 28j---——=—=-""=

———---Qverlap with K9-1l--—we—-=

CysProGluArgleuAlaSerCysArgPro
361 TGTCCIGAGAGGCTAGCCAGCTGCCGACCCC

ACAGGACICTCCEATCGGTCGACGEITGEGG

FIGURE 50
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=ranslavion of DNA CaB4a

GlnGlyCysAsnCysSerIleTyrProGilyHisIleThrGlyHisArgMetAlaTrpAsp
CGCAAGGTTGCART TG C T CTATCTATC CCSGCCATATAACSGGTCACCGCATGGCATGGG
G T T o AACG T T ANCGAGATAGATAGGGITSGTATATISIICAGIGGTGTACCSTACTIC

-

MesMesMatAsnTraSe ProThrThralaleuValMetalaGinleuLeuArgllePro
£ ATATCATGATGAACTGGTCICCTACGACSGTGTTGGTAATGGLC TCAGCTGCTCCGGATCC

—ATACTACTACTIGACCAGGGGATGTTGCIGTAACCATTACCGAGTCGACGAGGCCTAGS

- - - ——

GinAlaIleLeuAspMetIleAlaGlyAlaHisTrpGlyvalleuAlaGlyIleAlaTyr
171 CACAAGCCATCTTIGGACATGATCGCTGGTGCTCACTGGGGAGTCCTGGCGGGCATAGCGT
GTG=TCGGTAGAACC TG TACTAGCGACCACGAGTSACCCCTCAGGACCGCCCGTATCGCA

Qverlap with CAS9a-=-——=w---m-—oso-——cosoocawoo==
PheSerMetValGlyAsnTrpAlaLysValleuvalvValleuleuleuPheAlaGlyVal

181 ATTICTCCATGGTGGGGAACTGGGCGAAGG TCCTGGTAGTGCTGCTGCTATTITGCCGGCS

R AAGAGG TACCACCCCTTGACCCSCTTCCAGGACCATCACGACGACGATAAACGGLCGC

AspAlaGluThrHisvalThrGly
TCGACGLGGAMCCCACGTCACCGELG
AGCTGCGCCTTIGGGTECAGTGGCCC

[ Y]
e
M
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wrranslation cf DNA CAlZl€e

Cyst:pValAlaMe::hrProThrValAlaTh:ArgAspGlyLysLeuProAlaThrGln
G ET GGG TGGCGATGACCCCTACGETGGCCACCAGGGATGGCARACTCCCCGCGACGCA
CACAACCCACCSCTACTGGGGATGCCACCEGTEG TCCCTACCGTTTGAGGGGCGCTIGLET

4+

LeuA:gA:gHisIleAspLeuLeuValclySerAla:h:LeuCysSerAlaLeuTeral
€2 GCTTCGACSTCACATCGATCIGCTIGTCGGGAGCGCCACCCTCTGTTCGGCCCTCTACGT
CGAAGC TGCAGTG T AGC TAGACGAACAGCCCTCEIGETGGGAGACARGCCGGGAGATGCA

GlyAspLeuCysGlySerValrheleuvalGlyGinLeuPheThrPheSerProArgArg
1z GGGSGACCTATECGEGTCTCTCTTITC T TS TCGSGCCAACTG TTCACCTTCTCICCCAGGLG
CCCCCTGGATACGCCCAGACAGAAAGAACAGC GG TTGACAAG TGGAAGAGAGGGTCLGC

HisTrpThrThrGinGlyCysAsnCysSerIleTyrProGlyHisIleThrGlyHisAxg
187 CCACTGGACGACGCAAGSTTGCAATTGCTCTATCTATCCCGGCCATATARCGGGTCACLG
GGTGACCTGCTGCGIICCAACGTTAACGAGATAGATAGGGCCGGTATATTGCCCAGTGGC

Overlap with CAB4a------
MetAlaTrpAspMetMetMetAsnTrpSerProThrThrAlaleuvalvalalaGlnleu
252  CATGGCATGGGATATGATGATGAACTGGTCCCCTACGACGGCGTTGGTAGTGGCTCAGCT
=ACCeTACSCTATACTACTACTTGACCAGGGGATGCIGLCGCAACCATCACCGAGTCGA

—eulArgIleProGlnAla
301 GCTCCGGATCCCACAAGCC
CGAGGLCTAGGSTGTTCGG
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[ X

Translaticn of DNA CAlETh

SerThrGlyvLeuTyrHisValThrAsnAsplysProasnSerSerllevVallyrGluala
CTCCACGGEEC T T ACCACG TCACCAATGATIGLCCTAACTCGAGTATTC IS TACGAGGS
GAGGIGCLLCGAAA TGS TGCAGTGE I TACTAALGSGGATTGAGSTCATAACACATGCTCCS

AlaAspAlalleLecHisThrProGlyCysvalProCysValargGluGlvAsnAlaSer
GGCCGATGCLATCCIGCACACTCCGEGETIGLGTCCCTTGLGTTCETGAGGGTAACGLLY
CCGGCIACGE TAGGACGIGTGACSCLCCALGTASGGAACGCAAGCACTCCCGTTGLGGAG

ArgCysTrpValAlaMesThrProeThrvalalaThrArgaspGlyLysleufProAlaThr
GAGGIGTIGGRGIGGCGATGACCCCTALGG TGGCCACCAGGGATGGCAMACTCCCCGLGAC
CTCCACAACCCACCGCTACTGGGGATGCCACCGETGGTCLCTACCGTTTIGAGGGGLGLTG

Overlap with CAlS6e
GlaleuvArgArgHislleAspleulauValGlySerAlaThrleuCysSerAlaleuTyr

GCAGCTTCGACGTCACATCGATCTSCT TG TCGGGAGCGCTACCCTICIGTTICGGCCCTCTA
CoTCCAAGCTIGCAGIGTAGCTAGACGAACAGCCCICGCGATGGGAGACAAGCCGGGAGAT

ValGlyAspleuCysGlySerValPheleu
COTGGEGGACTTGTGCGRGTCTGTCTTITCTTG
GCACCCCCTIGAACACGCCCAGACAGAAAGAAL
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TCMBINED ORF OF ONAs pil4a THROUGH lte

(pilea/CAI67D/CAlS6e/CABSR/CASOa/KS-1/128/241/11b/7E/ T/
Bh/33c/40b/375/35/36/81/32/330/25¢/14c/8£/33£/33g/39¢/
35£/.9g/26g & 1Se)

A:gSerA:gAsnLeuGlyLysValIleAspThrLeuThrCysG1y9heAlaAspLeuuet
L AGGTCGCGCAATTTGGGTAAGGTCATCGATACCCTTACGTGCGGCTTCGCCGACCTCATE
T CAGCGCGTTAAACCCATTCCAGTAGCTATGGGAATGCACGCCGAAGCGGCTGGAGTAC

GlyTyrIleproleuValGlyAlaProleuGlyGlyAlaArlaArgAlaleuAlaHisGly
€ GGGTACATACCGCTCGTCGGCGLCCCTCTTEGAGGCGCTGCCAGGGCCCTGGCGCATGGC
CCCATGTATCSCGAGCAGCCGLGEGGAGAACCTCCGCGACGGTCCCGRGACCGCGTACCG

ValArgValleuGluAspGlyValAsnTyralaThrGlyAsnLeuProGlyCysSerPhe
12 GTCCGGGTTCTGGAAGACSGCGTGAACTATGCARCAGGGAACCTTCCTSGTIGCICTTTC
CAGGCCoAAGACCTTCTGCCGCACTITGATACGTTGTCCCTTGGAAGGACCAACGAGAARG

SertiepheleuleurlaleulsuSerCysLeuThrvalProAlaSerAlalyrGlnval
181 TCTATCTTCCTTCTGGCCCTGCTCTCTIGCTTGACTGTGCCCGLTTCGGCCTACCARGTG
AGATAGAAGGAAGACCGGGACGAGAGAACGAACTGACACGGGCGAAGCCGGATGGTTCAL

ArgAsnSerThrGlyLeuTyrHisValThrAsnAspCysProAsnSerSerIlevallyr
241  CGEAACTCCACGGGGETTTACCACGTCACCAATGATTGCCCTAACTCGAGTATIGIGTAL
GCGTTGAGG TGCCCCGAMATGG TCCAGTGG TTACTAACGGGATTGAGCTICATAACACATG

GluAlaAlaAspAlalleleuHisThrProGlyCysValProCysValairgGluGlyAsn
301 GAGGCGGCCGATGCCATCCTGCACACTCCGGEGTIGCETCCCTTGCGTTCGTGAGGGCAAC
CTCCGCCGECTACGE TAGGACS TG TCAGGCCCCACGCAGGGAACGCAMGCACTCCCGTTG

AlaSerArgCysTrpvalAlaMetThrProThrvValAlaThrArgASpGlyLysLeuPro pigpe 54-1
361  GCCTCGAGGTGTIGGGTCGCGATGACCCCTACGGTGGCCACCAGGGATGGCAAACTCCCC
CGGAGCTCCACAACCCACCGCTACTGGGGATGCCACCGGTGGTCCCTACCGTTTGAGGGS

AlaThrGlnleuArgArgHisIleAspleuleuvalGlySerAlaThrlLeuCysSerAla
42! GCGACGCAGCTTCGACGTCACATCCATCTIGCTIGTCGGEAGCGCCACCCTCTIGTICGGCC
CGCTGCGICGAAGCTGCAG TG TAGCTAGACGAACAGCCCTCGCGGTGGGAGACAAGCCGS

Leu?y:VaIGlyAspLeuCysGlySerValPheLeuVa1GlyG1nLeuPheThrPheSe:
481 CTCTACGTGGGGGACCTATGCGGGTCTGTCTTICTTGTCGGCCAACTGTTCACCTTCICT
GAGATGCACLCCCTGGATACGCCCAGACAGAAAGARCAGCCGGTTGACAAGTGGAAGAGA

Pro&rgh:gﬂzsTrpIh:ThrGlnGlyCysAanysSerIleTy:P:cGIyHisIleTh:
541 CCCAGGCGCCACTGGACGACGCAAGGTTGCAATTGCTCTATCTATCCCGGCCATATAACG
GGG TCCGCGGTGACCTGCTGCGTTCCAACG TTARCGAGATAGATAGGGCCGGTATATTGC

GlyHisArgMetAlaTrpAspMetMetMetAsnT=pSerProThrThrAlaleuvaliet
6C1 GGTCACCGCATGGCATGGGATATGATGATGAACTGGTCCCCTACGACGGCGTTGGTAATG
CCAGTGGCSTACCG TACCCTATACTACTACTTGACCAGGGGATGCTGCCGCAACCATTAC

AlaGlnLeuLeuArgIle?roG1nAlaIleleuAspMetIleAlaGlyAlaHisTrpGly
€61 GCTCAGCTGCTCCGGATCCCACAAGECATCTTGGACATGATCGCTGGTGCTCACTGGGGA
CGAGTCEACSAGGCCTAGGE TG TTCGGTAGAACCTG TACTAGCGACCACGAGTGACCCLT

. ?alLeuAlaGlyIleAlaTerheSe:HetvalclyAsnTrpAlaLysValLeuVAIVal
"2l GTCCTGGCGGGCATAGCGTATT TCTCCATGGTCEGGAACTGGGCGAAGGTCCTGGTAGTG
CAGGACCECCCGTATCGCATARAGAGS TACCACCCCTTGACCCGCTTCCAGGACCATCAC

LeuleuleuPheAlaGlyValAspAlaGluThrHisvalThrGlyGlySerAlaGlyHis
781  CIGCTGCTIATITGCCGGLGTCCACGCGGAAACCCACG TCACCGGGGGAMGTGCCGGCCAC
GACGACGATARACGGCCGCAGCTGCGCCTT IGGGTGCAG TGGCCCCCTTCACGGCCERTG
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Thr7alSerGlyPheValSe:LeuLeuAla?roGlyAlaLysGlnAanalclnzeuzle
841 ACTGTGTCTGGATT TG T TAGCCTCCTCGCACCAGGCGCCAAGCAGAACGTCCAGCTGATC
TGACACAGACCTA&ACAATCGGAGGAGCGTGGICCGCGGTTCGTCTTGCAGG?CGACTAG

AsnThrAsnGlySerTrpHisLeuRsnSerThrAlaleuAsnCysAsnAspSerleuAsn
acl AACACCAACGGTCAGTTGGCACCTCAATAGCACGGCCCIGAACTGCAATGATAGCCTCAAC
P TGGTTGCCSTCAACCETGGAGTTATCGTGCCGGRACTIGACGTTACTATCGGAGTTG

Th:GlytrpLeuAlaGlyLeuPheTyrHisHisLysPheAsnSexSerGlyCysProGlu
861 ACCGGTTGGTIGGCAGGGCTITITCTATCACCACAAGTTCAACTCTTCAGGCTGTCCTIGAG
TGGCCGACCAACCG TCCCGAAAAGATAGTGG TG TTCAAGTTGAGAAGTCCGACAGGACTC

ArchuAlaSerCySArgProLeuTh:AspPheAspGlnGlyTrpGlyProI1eSe:Tyr
1021 AGGCTAGCCAGCTGCCGACCCCTTACCGATTTTGACCAGGGCTGGGGCCCTATCAGTTAT
TCCGATCGETCGACGECTGGCCAATGGCTAAAACTGGTCCCGACCCCGGGATAGTCAATA

AlaAsnGlySetGlyPrcAspGlnArgProTerysTrpHisTerroProLysProCys
1081  GCCAACGGAAGCGGCCCCGACCAGCGCCCCTACTGCTGGCACTACCCCCCAAARCCTTGE
CGGTIGCCTTCGCGGGECTGETCECGGGGATGACGACCGTGATGGGGGGTTTTGGAACS

GlyIleValPrQAlaLysSerV31CysGlyPrdValtyrchPheTh:PrQSerProVal
1141 GGTATTGTGCCCGCGARGAGTG TG TG TGGTCCGGTATATTGCTTCACTCCCAGCCCCGTG
CCATAACACGGGCGCTTCTCACACACACCAGGCCATATARCGARGTGAGGGTCGGGGCAC

v;lValclyTh:Th:AspArgSerGlyAla?rcTh:TyrSerTrpGlyGluAsnAsprh:
o1 GTGGTCGGAACGACCGACAGETCEGGCGCGCCCACCTACAGCTGGGGTGAARMATGATACG
CACCACCCTTIGCTGGC TG TCCAGCCLCGCGCEGGTGGATGTCGACCCCACTTTTACTATGC

AspValPh¢ValLeuAsnAsnThrArgP:oProLeuGlyAsnTerheGlyCysIh:Trp
1361 GACGTCTTCGTCCTTAACAATACCAGGCCACCGCTGGGCAATTGGTTCGGTIGTACCTGG FIGURE
CTGCAGAASCAGGAAT TG T TATGG TCCGG TGGCGACCCGTTARCCARGCCAACATGGACC

(V.3

MetAsnSerThrGlyPheThrLysvalCysGlyAlaProProCysvallleGlyGlyAla
1321  ATGAACTCAACTGGATTCACCAAAGTGTGCGGAGCGCCTCCTTGIGTCATCGGAGGGECG
TACTTGAGTTGACCTAAGTGGTTITCACACGCCTCGCGGAGGAACACAGTAGCCTCCCCGT

. GlyAsnAsnThrLequsCystoTthsprsPheArgLysHisProAspAlaThxtyr
1387 GGCAACAACACCCTGCACTGCCCCACTGATTIGCTTCCGCAAGCATCCGGACGCCACATAC
COGTIGTTCTGGGACGTGACCGEGTGACTARCGAAGGLETTCGTAGGCCTGCGGTGTATG

SerArgCysGlySerGlyProTrplleThrProArgCysleuvalAspTyrProTyIArg
1241 TCTCGGTGCGGCTCCGGTCCCTGCATCACACCCAGGTGCCTGGTCGACTACCCGTATAGG
AGAGCCACGCCGAGGCCAGGGACCTAGTGTGGGTCCACGGACCAGC TGATGGGCATATCC

Leurrpﬁis?yr?roCysThrIleAsnTerhrI1ePheLysIleArgMetTeralGly
1501 CTTTGGCATTATCCTTGTACCATCAACTACACCATATTTAAAATCAGGATGTACGIGGGA
GAAACCGTAATAGGAACATGGTAGTTGATC TGG TATAAATTTTAGTCCTACATGCACCCT

GlyvalclnﬁisnrgLeuGluAlaAlnCysAsnTrpTthrgGlyGlqugCysAspLeu
1561 GGGGTCGAACACAGGCTGGAAGCTGCCTGCAACTGGACGCGGGGCGAACGTTGCGATCTG
. CCCCASSTIGIGTCCGACCTTCGACGGACGTTGACCTGCGCCCCGCTIGCARCGCIAGAL

GluAspArgAspA:gSerGluLeuSerPreLeuLeuLeuTh:ThrTh:GlnTrpG1nVal
1621 GAAGACAGGGACAGGTCCGAGCTCAGCCCGTTACTGCTGACCACTACACAGTGGCAGGTC
CTTCTGTCCCTGTCCAGGCTCGAGTCGGGCAATCACGACTGG TGATGTGTCACCGTCCAG

LeuProCysSerPheThrThrleuProAlaleuSerThrGlyLeulleHisleulisGln
1681 CTCCCGIGTTCCTICACAACCCTACCAGCCTTGTCCACCGGCCTCATCCACCTCCACCAG
GAGGGCACAAGGAAG TG TTCGGATG TCGCAACAGGTGGCCSGAGTAGG TGGAGGTGGIC

AsnIlthlAspValGlnTy:LeuTyrGlyVaIGlySersa:IleAlaserTrpalaxle
1741 AACATTGTCGACGTGCAGTACTTGTACGGGGTGGGGTCAAGCATCGCGTCC TGGGCCATT
TTGTAACACCTGCACG TCATGAACATGCCCCACCCCAG TTCGTAGCGCAGGACTCGGTAR

LysT:pG1ureralValLeuLeuPheLeuLegLeuAlaAspAlaArgValesSerCys

Aok BRI b B IR S T
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e e TGO AGCAAGAGSACAAGGALGACGAACE TCTGCGCGCGLAGALGAGGALS

TeuTrpMezMetleuleulleSerGlnAlaGluilailateuGluAsnleuvVallleleu
TEEL TTGTGGATGATGCTACTCATATCCCAAGCGGAGSIGGCTTTGGAGAACCTCGTAATACTT
AR AL TACTACGATGAS TATAGGG TTCGICTLCGTCGAAACCTICTIGGAGCATTATGAA

AsnAlaAlaSer—euAlaGlyThrHisGlyleuvaiSerPheleuValiPhePheCysPhe
2331 AATGCAGCATCCCTGGCLGEGACECACGETCTIGTATCCTICCICGTGTTICTITCIONTIT

TTACG TG TAGESACCSETCITOUGTGCCAGAACATAGGAAGGAGCACAAGAAGACGAAA

AlaTrpTyrieulysGlylysTrpValProGlyAlavallysThrPhelyrGlyMeeTrp
158 GOATGGTATTIGAAGSGTAAGIGGSTGCCIGGAGTGGTCTACACCTTCTACGGGATGTIGE
CGTACCATAAAC T T CCCATTCACTCACGGECCTIGCCAGATS TGGAAGATGCICTACACC

Pro.euleuleulsuleuleualaleuProGlnArgAlaTyrAlaleuAspThrGluval
2047 COTCTCOmCCTGCTCC TG TIGECGTTGCCCCAGCSEGCGTACGCGCTIGGACACGRAGGTS
GGAGAGGAGGACGAGSACAACCGCAACGESGTCGCCCECATGCGCGACCTGTGCCTCTAC

AlardlaSerCysGiyGlyvalvalleuValGlyleuMetAlaleuThrleuSerProTyr
2101 GOCGCGTCG TG IGGCGGIGTTGTITCICGTCGGGTTIGATGGCGCTGACTCTGTCACCATAT
COGCGCAGCACACCGCCACAACAAGAGCAGCCCAACTACCGCGACTGAGACAGTGGTATA

TYrLysArgTyrileSerTrpCysleuTrpIrpleuGlnTyrPheleuThrargValGlu
216> TACAAGCGCTATATCAGCTGGTIGCTTGTGCGTGGCTICAGTATITTCTGACCAGAGTIGGAA
ATGTTCGCGATATAGTCGACCACGAACACCACCGAAGTCATAAARGACTGGTCTCACCTT

AlaGlnleuHisValTrplleProProLeuAsnValargGlyGlyArgAspalavalllie
2221 GCGCAACTGCACGTGTGGATICCCICCCTCAACGTCCGAGGGGGGCGCGACGCCGTCATC
CGCHTTGACGTGCACACCTAMGGGGGGGAGTIGCAGGCTCCCCCCGLECTGCGGCAGTAG

LeuleuMetCysAlavaliisProThrleuvalPheAspIleThriysleuleuleuAla
2281  TTACTCATGTIGTGCIGTACACCCGACTCTGGTATTIGACATCACCARAATTGCTGCTGGLC
AATGAGTACACACGACATGTGGGCTGAGACCATRAAACTGTAGTGGTTTAACGACGACTGS

Val?heGinrtmcuTrleeLeuGlnAlaSe:LeuLeuLysValProTerhevalArg
2341 GTCTTCGGACCCCTTTGGATTCTTCAAGCCAGTTTGCTTAARGTACCCTACTITGTGLGE
CAGAAGCCTGGGGARACCTAACAAGTTCGG TCAAACGAATTTCATGGGATGAAACACSCS

ValGlaGlyLeuLeuAsgPheCysAlaLeuAlaArglysMetIleGlyGlyHisTyrval
2401 GTCCAAGGCCTTCTCCGETTCTIGCECGTTAGCGCGGAAGATGATCGGAGGCCATTACGTG
CAGGTTCCGGAAGAGGCCAAGACGCGCAATCGCGCCTTCTACTAGCCTCCGGTAATGCAC

GlnMetValIleIleLysLeuGlyAlaLeuThrGlyThrTyrValTyrAsnHisLeulhr
2461 CAARTGGICATCATTAAGITAGGGGCGCTTACTGGCACCTATGTTTATAACCATCTCACT
GT T ACCAGTAGTRAAT TCAATCCCCGCGAATGACCGIGGATACAARTATTGGTAGAGTIGA

P:cLeuA:gAspT:pAlaHisAsnGlyLeuA:gAspleualavAIAlaValcluPrOVal
2521 CCTCTICGGGACTGGGCGCACAACGGCTIGCGAGATCTGGCCCTCGCTGTAGAGCCAGTC
GGAGAAGCCCTGACCCGCG TG TIGCCGAACGC TCTAGACCGGCACCGACATCTCGGTCAG

valrheSersinMecCluThriysieulleTherTrpGlyhlaAspThrAlaAlaCysGly
2581 GTCTTCTCCCAAATGGAGACCAAGCTCATCACGTGGGGGECAGATACCGCCGCETGCGET
CAGAAGAGGSTITACCTCTGS TTCGAGTAG TGCACCCCCCGTCTATGECGGCGCACGCCA

AspIlelleAsnGlyleuProvalSerAlaArgArgGlyArgGlulleleuleuGlyPro
2541 GACATCATCAACGGCTIGCCTG TTTCCGCCCEIAGEGGCCGGGAGATACTGCTCGGGCLA
CIGTAGTAGTTGCCGAACGGACARAGGCGGGCETCCCCGGCCCTCTATGACGAGCCCGET

AlaAspGlyMetValSerlysGiyTrpArcleuleuAlaProlleThrAlaTyralaGln
27I1  GCCGATGGAATGGTCICCAAGGGEIGGAGE TTGCIGECGCCLATCACGSCGTACGCCCAG
C3GCTACCTTACCAGAGG T TCCCCACC TCCAACGACCGLGGGTAGTGCCGCATGOGGGTC

GlnThrArgGlyleuleuGlyCysIleIleThrSerLeuThrGlyATgAspLysAsnGln
ITEL CAGACAAGGGSCCTCCTAGGSTGCATAATCACCAGCSTAACTGGCCGGGACAAAAACCAA
GICTGTICCCCGGAGGATCCCACGTATTAS IG5 TCCGATIGACCGGCCCTGTTTTTGETT
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ValGluGlyGluvalGinlleValSerThralaAlaGinThrPheleuhlaThrCysile
2821 GIGGAGGGIGAGGTCCAGATTIGIGTCAACTGUIGICCAAACCTTCCIGGCAACGTGCATC
CACCTCCCACTCCAGS TCTAACACAG T TGACGACGEG T T TGGAAGGACCGTIGCACGTAG

AsnGlyvalCysTrpThrValTlyrHisGlyAlaGlyThrArgThrIleAlaSerProlys
ZBBl AATGGGGTIGIGCTGGACTGTCTACCACGEGGICOGAACGAGGACCATCGTGTCACCCAAG
TTACCCCACACGACCTGACAGATGGTGLCCCGGLCTTGTTCCIGETAGCGCAGTGGGTTC

GlyProVallleGlnMetTyrThrAsnVailAspGlnAspleuValGlylrpProAlaPre
2931 GGTCCIGTCATCCAGATGTATACCAATGTAGACCAAGACCTTSTIGGGCTGGCCCGCTCCG
CCAGGACAGTAGGTCTACATATGGTTACATCTIGGTTCTGGAACACCCGACCGGGLGAGGC

GlnGlySerArgSerLeuThrProCysThrCysGlySerSerAspLeuTyrLeuValThr
3901 CAAGGTAGCCGCTCATIGACACCCIGCACTTIGCGGLTCCTCGGACCTTITACCTGGTCACG
GITCCATCGGCGAGTAACTG TGGGACGTGAACGCCGAGGAGCCTGGAAATGGACCAGTGC

ArgHisAlaAspVallleProValArgArgArgGlyAspSerArgGlySerLeuleuSer
301 AGGCACGCCGATGTCATTCCCGIGLGCCGGCGGEETGATAGCAGGGGCAGCCTGLTGTCG
TCCETGCGGCTACAGTAAGGGCACGCGGCCGCCCCACTATCGTCCCCETCGGACGACAGT

ProArgProlleSerlyrleulysGlySerSerGlyGlyProLeuleuCysProAlaGly
3121 CCCCGGCCCATTTCCTACTTGAAAGGCTCCTCGLGGEGTCCGLIGTTGTGCCCCGLGEGE
GGGGCCGGGTAAAGGATGAACTTTCCGAGGAGCCCCCCAGGCGACAACACGEGGLGCCCE

HisAlavalGlyIlePheArgAlaAlaValCysThrArgGlyValAlaLysAlavValasp
CACGCCGTGGGCATATTTAGGGCCGCGGTGTGCACCCG TGRAGTGGC TARGGCGGTGGAC
GIGCGGCACCCGTATARATCCCGGCGCCACACGTGGGCACCTCACCGATTCCGCCACCTG

PhelleProValGluAsnLeuGluThrThrMetArgSerProValPheThrAsphAsnSer
3241 TITATCCCIGTGGAGAACCTAGAGACAACCATGAGGTCCCCGG TG TTCACGGATAACTCC
ARRTAGGGACACCTICTTGGATCTCIGTTGG TACTCCAGGGGCCACAAGTGCCTATTGAGS TGURE S4-

SerFroProvValvalProGlaSerPheGlnValAlaKisleuHisalaproThrGlySer
3303 TCTCCACCAGTAGTIGCCCCAGAGCTTCCAGGTIGGCTCACCTCCATGCTCCCACAGGCAGS
AGAGGETGG ICATCACGGEGTCTCGAAGG TCCACCGAGTGGAGG TACGAGGETGTCCGTCG

[
[
w
urt

GlyLysSerThrLysValProAlahlaTyrAlaAlaGlnGlyTyrLysvalleuvValleu
336" GGCAAAAGCACCAAGGTCCCGGCTGCATATGCAGCTCAGGGCTATAAGG TGCTAGTACTC
CCG T TTCG IGG T I CCAGGGCCGACG TATACG TCGAGTCCCGATATTCCACGATCATGAG

AsnProServalAlaAlaThrLeuGlyPheGlyAlaTyrMetSarLysAlaHisGlyIle
3421 AARCCCCICTGTTGCIGCAACACTGGGCTTIGG TGCTTACATG TCCAAGGCTCATGGGATC
TIGGGGAGACAACGACGTTGTGACCCGAAACCALGAATGTACAGGTTCCGAGTACCCTAG

AspProAsnIleArgThrGlyValArgThrIleThrThrGlySerProlleThrTyrSer
3481 GATCCTAACATCAGGACCGGGGTGAGAACAATTACCACTGGCAGCCCCATCACGTACTCC
CTAGGATTGTAGTCCIGGCCCCACT I TG TTAATGG TGACCGTCGG GG TAGTGCATGAGG

ThrTyrGlyLysPheleuAlaAspGlyGlyCysSerGlyGlyAlaTyrispllellelle
3541 ACCTACGGCAAGTTCCITGCCGACGGLGGG TGCTCGGGGGGCGCTTATGACATAATAATT

CysAspGluCysHisSerThraspAlaThrSerlieleuGlyIleGlyThrvalleuAsp
36CI TGIGACGAGTGCCACTCCACGGATGCCACATCCATCTTCGGCATCGGCACTGTCCTTGAC
ACACTGCTCACGG TGAGGIGCC TACGG TG TAGGTAGAACCCGTAGCCGTGACAGGAAL TS

. GlaAlaGluThrAlaGlyAlaArgLeuvalValleuAlaThrAlaThrpProProGlySer
3861 CAAGCAGAGACTGCGGGGGCGAGACTGGTIGTGCTCGCCACCGCCACCCETCCGGGLTCC
GIICGTCICIGACGCCCCCGCTCTGACCAACACGAGLGGTEGCGGTGGEGAGGCCCGAGS

-.. ValThrValProHisProAsnIleGluGluValAlaleuSerThrThrGlyGlullePro
3721  GICACTGTGCCCCATCCCAACATCGAGGAGGTTGCTCTGTCCACCACCGGAGAGATCCCT
CAGTGACACGGGGTAGGG T TG TAGC TCCTCCAACGAGACAGG TGGTGGCCTCTCTAGGGA

PheTyvrGlvivsAlatTlePralentinVal Tlalrvetl vrtlwh v~ tli eTan Tl adharve
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AAAA DG CCG TTCCGATAGGEGGAGT I ICAT TAGTICCCICCOTC TG TAGAGTAGAASACA

HisSerLysLysLlysCysAspGiuleuAlailalysLeuvalAlaLeuGlylleAsnila
CATTCAAAGAAGAAGTGCGACGAACTCGCIGCAAAGCTGG TCGTATTGGGCATCAATGEE
G AAG T T T T T T CACGC TGO T TG AGLGSCOT T TCGACCAGCGTAACCCGTAGTTALGS

ted
[14]
F.3
b

ValAlaTyrTyrArgGlyleuAspvalSerValIleProThrSerGlyAspValvalval
3831 GIGGCCTACTACCGCGGICITGACGTGICCGTCATCCCGACCAGCSGCGATGTTGTCGTC
CACCGGATGATGGCGLCAGAAC TGCACAGG CAG TAGGGCTGGTCGCCGCTACAACAGEAL

ValAlaThrAspAlaleuMetThrGlyTyrThrGlyAspPheAspServallleAspCys
3561 GIGGCAACCGATGCCCTCATGACCGGCTATACCGGCGACTTCGACTCGGTGATAGACTGE
CACCG I TGGCTACGEGAGTAC TGGCCGATATGGCCGCIGAAGCTGAGCCACTATCTGACS

AsnThrCysValThrGlnThrValAspPheSerLeuAspProThrPheThrIleGluThy
4221 AATACGTGTGTCACCCAGACAGTCGATTTCAGCCTTGACCCTACCTTCACCATTGAGACA
TTATGCACACAGTGGGTC TG TCAGCTAAAG TCCGAACTGGGATGGAAGTGGTAACTCTGT

IleThrieuProGlnAspAlavalSerArgThrGlnArgArgGlyArgThrGlyArgGly
4382 ATCACGCTCCCCCAGGATGCIGTCTCCLGCACTCAACGTCGGGGCAGGACTGGCAGRGGG
TAGTGCGAGGESGTCCTACGACAGAGGGCG TGAGTTGCAGCCCCGTCCTGACSGTCCLCC

LysProGlyIleTyrArgPheValAlaProGlyGluArgProSerGlyMetPheAspSer
4141 AAGCCAGGCATCTACAGATITGTGGCACCGGGGEAGCGCCCCTCCGGCATGTTCGACTCS
TICGGTCCGTAGATG TCTAMACACCGTEGCCCCCTCACEEGGAGGCCGTACAAGCTGAGS

ServalleuCysGluCysTyrAspAlaclyCysAlaTrpTyrGluleuThrProAlaGlu
4201 TCCGTCCTCIGTGAGTGCTATGACGCAGGCTGIGCTTGG TATGAGCTCACGCCCGCCGAG
AGGCAGGAGACACTCACGATACTGCG TCCGACACGAACCATACTCGAGTGCGGGCGGCTC

ThrThrValArgLeuArgAlaTyrMetAsnThrProGlyLeuProvValCysGlnAspHis _— .
4261 ACTACAGTTAGGCTACGAGCGTACATGAACACCCOGGGGCTTCCCGTGTGCCAGGACCAT FIGURE 54-3
TGATGTCAATCCGATGCTCGCATG TACT TG IGGGGCCCCGAAGGGCACACGETCCTGGTA

LeuGluPheTrpGluGlyValPheThrGlyLeuThrHislleAspAlaHisPheleuSer
4321 CITGAATTTTGGGAGGGCG TCTTTACAGGCCTCACTCATATAGATGCCCACTTTCTATCS
GMCTTAARACCCTCCCGCAGAAATG TCCGGAGTGAGTATATC TACGGG TGAAAGATAGG

GlnThrlysGlnSerGlyGluAsnLeuProTyrleuValalaTyrGlnAlaThrvallys
4381 CAGACAAAGCAGAGTGGGGAGAACCTTCCTTACCTGGTAGCGTACCAAGCCACCGTGTGE
GICTGTITCGTICTCACCCCTC I TGGAAGCAATGGACCATCGCATGG TTCGGTGGCACACG

AlaArgAlaGlnAlaProProProSerTrpAspGlnMetTrpLysCysleulleArgleu
4441 GCTAGGGCTCAAGCCCCTCCCCCATCOTGGGACCAGATGTGGAAGTGTTTGATTICGCCTC
CGATCCCGAGTTCGGEGAGGGGGTAGCACCCTGGTCTACACCTTCACAAACTAAGCGGAG

LysProThrleuHisGlyProThrPreleuleuTyrArgleuGlyAlavalGlnAsnGlu
4301 AAGCCCACCCTCCATGGGLCAACACCCCTGCTATACAGACTGGGCGCTGTICAGAATGAA
GGG IGEGAGG TACCCGETIGTEGGGACGATATE TCTGACCCGCGACAAGTCTTACTT

:1eTh:LauTthisProValTh:LysT}riiéket?hrCys&etsetAlaAspLeuGlu
4561 ATCACCCIGACGCACCCAGTCACCAAATACATCATGACATGCATGTCGGCCGACCTGGAG
CAGTGGGACTGCG TGGGTCAGIGGTTTATG TAGTAC TG TACGTACAGCCGECTGGACCTC

ValvaiThrSerThrTrpValleuValGlyGlyValleuAlaAlaleuAlaAlaTyrCys
4821 GICTTCACGAGCACCTGGGTGCTCGTIGECEGCGTCCTGGCTGCTTTGGCCGCGTATIGE
CAGCAGTGCICGIGGACCCACGAGCAACCSCCGCAGGACCGACGAAACCGGCGCATAARCG

~euSerThxGlyCysvalvalllevValGlyArgValValleuSerGlyLysProAlalle
488 COGICAACAGGCIGCGTGETCATAGTGGGCAGGS ToGTCT TG TCCEGGAAGCCGGCAATC
GACAGT IS ICCGACGCACCAGTATCACCCG TCCCAGCAGAACAGGCCCTTCGGCCGTTAG

Z.eProAspArgGluvalleuTyrArgGluPheAspGluMetGluGluCysSerGlnHis
4741  ATACCIGACAGGGAAGTCCTCTACCGAGAGTTCGATGAGATGGAAGAGTGCTCTCAGCAC
SATGGACTGICCC T TCAGGAGATGG L TCTCAAGC TACTCTACC TTCTCACGAGAGTCG TG
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e ProTyrIileGluGlaGlyMetMetleuAlaGluGlnPhelysGlnLlysalaleuGly
4821 TTACCSTACATCGAGCAAGGGATGATGCTCGCCGAGCAGTTICRAGCAGAAGGCCLTCGGS
AATGGCATGTAGCTCG T TCCCTACTACGAGCGGCTCGTCAAGTTCGICTICCGGGAGLCE

LeuleuGlnThrAlaSerArgGlilnAlaGluvalllealaProhlavalGlnThrasnTrp
4881  CTCCTGCAGACCGCGTCCCGTCAGGCAGAGGTTATCGCCCCTGCTG TCCAGACCAACTGS
GAGGACGTCTGGCGCAGGGCAGTCCGTCTCCAATAGCGGGGACGATAGGTCIGGTTGACE

GlnLysleuGluThrPheTrpAlaLysHisMetTrpAsnPhelleSerGlyIleGlnTyr
29521 CAAAAACTCGAGACCTTCTGGGCGAAGCATATGTGGAACTTCATCAGTGGGATACAATAC
GTTTTIGAGCTCIGGAAGACCCGCTTCGTATACACCTTGAAGTAGTCACCCTATGITATG

LeurlaGlyLleuSerThrleuProGlyAsnProAlalleilaSerLeuMetAlaPheThr
4981 TTGGCGGGCTTGTCAACGCTGCCTIGGTAACCCCGCCATTIGCTTCATTGATGGCTTITACA
AACCGCCCGAACAGTIGCGACGGACCATTGGRGGCGGTARCGAAGTAACTACCGAAAATGT

AlaAlaValThrSerProleuThrThrSerGlnThrLeuleuPheAsnIleleuGlyGly
5041 GCIGCTGTCACCAGCCCACTAACCACTAGCCARACCCTCCTCTTCAACATATTIGGGEEGG
COACGACAGTGE TCGGE IGAT GG IGATCGG TTTGGGAGGAGAAGTIGTATAACCCCCCC

TrpvalAlaAlaGlnLeuAlaAlaProGlyAlaAlaThrAlaPhevalGlyAlaGlyLeu
5101 TGGGTGGCTGCCCAGCTCGECCGCCCCCGGTGCCGCTACTGCCTTTIG TGGGCGCTGOLTTA
ACCCACCGACGGGTCGAGCGGLGGGGGCCACGGCGATGACGGAAACACCCGCGACSGAAT

AlaGlyAlaAlalleGlyServalGlyleuGlyLysValleulleAspIleleuplaGly
§1 GCTGGCGLCGCCATCGGCAG TG TTIGGACTGRGGAAGGTCCTCATAGACATCCTITGCAGGG
CGACCGCGGLGG TAGCCGTCACAACCTGACCCCTTCCAGGAGTATC TG TAGGARCGTCCC

TyrGlyAlaGlyvValAlaGlyAlaleuvValAlaphelysIleMetSerGlyGluvalPro
5221 TATGGCGCGGGCGTGGCGGGAGCTCTTGTGGCATTCAAGATCATGAGCGGTGAGGTCCCC
ATACCGCGCCCGCACCGCCOTCGAGAACACCETAAGTTCTAGTACTCGCCACTCCAGHGG

FIGURE Sa-£

SerThrGluAspleuValAsnlLeuleuProAlalleleuSerProGlyAlaleuvalval
2281 TCCACGGAGGACCTGGTCAATCTACTGCCCGCCATCCTCTCGCCCGGAGCCCTCGTAGTC
AGGTGCCTCCTGGACCAGTITAGATGACGGGCGETAGGAGAGCGGGCCTCOGGAGCATCAG

GlyvalvalCysAlanlallelLeuArgArgHisvalGlyProGlyGluGlyAlavalGls
5342 GGCGTGGTCTGIGCAGCAATACTGCGCCGGCACGTITGGCCCEGECGAGGGGGCAGTGCAG
CCGCACCAGACACGICGTTATGACGCGGCCGTGCAACCGGGCCCGCTCCCCCGTCACGTIC

TrpMetAsnArgleulleAlaPheAlaSerArgGlyAsaHisvValSerProThrHisTyr
5401 TGGATGAACCGGCTGATAGCCTTCGCCTCCCGGGGGAACCATGTTTCCCCCACGCACTAC
ACCTACTTIGGCCGACTATCGGAAGCEGAGGGCCCCCTIGGTACAAAGGGGGTGCGIGATG

ValProGluSerAspAlahlaAladrgvalThralallelsuSerSerleuThrValThr
3461 GTGCCGGAGAGCGATGCAGCTGCCCGCGTCACTGCCATACTCAGCAGCCTCACTGTAACC
CACGGCCTICTCGCTACGTCEACGGECECAGTGACGGTATGAGTCGTCGGAGTGACATTGE

GlnLeuleuArghrgleuHisGlnTrplleSerSerGluCysThrThrProCysSerGly
3521 CAGCTCCTGAGGCGACTGCACCAGTGGATAAGCECGEAGIGTACCACTCCATGCTICCGGT
GTCGAGSACTCOGCIGACE 100 4TACCTIAT TCGAGCCICACATGGTGAGGTACGAGGCCA

SerTrpleuirgAsplleTrpAspTrpileCysGluvValleuSerAspPhelysThrTrp
5581 TCCIGGCTAAGGGACATCTGGGACTGGATATGCGAGGTGTTGAGCGACTITAAGACCTGG
AGGACCGATTCCCTGTAGACCCTGACCTATACGC TCCACAACTCGC TGARATTCTGGACC

lLauiysAlalysleuMetProGlnLeuProGlylleProPheValSerCysGlnArgGly
5£41 CTAARAGCTAAGCTCATGCCACAGCTGCCTGGGATCCCCTTICTCTCCIGCCAGCGLGGE
GATITICGATICGAGTACGG TG TCGACGGACCCTAGGGGAARCACAGGACGGTCGCGTCC

TYILysGlyValTrpArgValAspGlyIleMerisThrargCysHisCysGlyAlaGlu
5721 TATARGGGGGTCTGGCGAGTCGACGGCATCATGCACACTCGCTGCCACTGTGGAGCTGAG
ATATTCCCCCAGACCGCTCACCIGCCGTAGTACGTGTGAGCGACGGTGACACCTCGACTC

IleThrGlyHisVallysAsnGlyThrMetArgllevalGlyProArgThrCysArgasn
57€1  ATCACTGGACATGTCAAAAACGGGACGATGAGGATCGTCGETCCTAGGACCTGCAGGAAC
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TAG IGACC TG TACAGI T T T TG T IGCTATTCOTAGCAGTTAGGATCCTGGALGICTITIG

MetTrpSerGlyThrPheProlleAsnalalyrThrThrGlyProCysThrProLleubre
S8zl ATGTGGAGTGGGACCTTCCCCATTAA;GCCTACACCACGGGCCCCIGTACCCCCCTTCCT
TACACCTCACCCTGGAAGGGG TAATTACGCATGIGG IGCLLGGGGACATGGGGGGAAGGA

AlaProAsnTyrThrPheAlaleuTrpArgvValSerAlaGluGluTyrValGlullearg
SBE. GCGCCGAACTACACGTICGCGLIATGGAGGGIGTCIGCAGAGGAATATGTGGAGATAAGS
COLGETTTGATGTGCAAGCGCGATACCTCCCACAGACGTCTCCTTATACALCTICTATICC

GlnVvalGlyAspPheHisTyrvValThrGlyMetThrThrAspAsnLeulysCysProCys
2941 CAGGTGGGGGACTTCCACTACGTGACGGGTATGACTACTGACAATCTCAAATGCCIGTEC
GTCCACCCCCTGARGGTIGATGCACTGCLCATACTGATGACTGTTAGAGTTTACGGGCACS

GlavValpProSerProGlubPhepheThrGluleuAspGlyValArgleuHisArgPheRla
6301 CAGGTCCCATCGCCCGAATITTTCACAGAATIGGACGGGGTGCGCCTACATAGGTTIGLG
GTCCAGGGTAGCSGGCTTAARAAAGTGTCTTAACCTGCCCCACGCGGATGTATCCAAALGC

ProProCysLysProleuleuArgGluGluvalSerPheArgvValGlyLeuHisGiuTyr
€CEL CCCCCCTGCAAGCCCTTGCTGCGGGAGGAGGTATCATTCAGAGTAGGACTCCACGARTAC
GGEGGGACGTTCGGGAACGACGCCCTCCTCCATAGTAAGTCTCATCCTGAGGTGCTTATS

ProvalGlySerGlnLeuProCysGluProGluProAspvalalavalleuThrSerMat
€221 CCGGTAGGGTCGCAATTACCTIGCGAGCCCGAACCGGACGTGGCLGTGTTGACGTCCATS
GGCCATCCCAGCG TTAATGGAACGCTCGGGCTTGGCCTGCACCGGCACAACTGCAGGTAC

LeuThraspProSerHisIleThrAlaGluAlaAlaGlyArgArgleuAlaArgGlySer
81 CTCACTIGATCCCTCCCATATAACAGCAGAGGCGGCCGGGLGAAGGTTGGCGAGGGGATCA
GAGTGACTAGGGAGGGIAIATTGTCGTCTQCGCCGGCCCGCTTCCAACCGCTCCCCTAGT

ProProServalAlaSerSerSerAlaSerGlnleuSerAlaProSerLeulysAlaThr
€241 CCCCCCTCTGTGGCCAGCTCCTCGGCTAGCCAGCTATCCGCTCCATCTCTCAAGGCAACT
GGGGGGAGACACCGGTCGAGGAGCCGATCGGTCGATAGGCGAGG TAGAGAGTTCCGTIGA

CysThrAlaAsnHisAspSerProAspAlaGluleulleGludlaAsnleuleuTrpaAryg
€301 TGCACCGCIAACCATGACTCCCCTGATGCTGAGCTCATAGAGGCCAACCTCCTATGGAGG FIGURE 54-7
ACGTGGLGATICETACTGAGGGGACTACGACTCGAGTATCTCCEGTTGGAGGATACCTCC

GlnGluMetGlyGlyAsnIleTthrgValciuSerGIuAsnLysValValIleLeuAsp
6361 CAGGAGATGGGCGGCAACATCACCAGGGTTGAGTCAGARRACAAAGTGGTGATTCTGGAC
GICCTCTACCCGCCGTTGTAGTGG TCCCAACTCAGTCTTTIGTTTCACCACTAAGACCTG

SerPheAspProleuvalAlaGluGluAspGluArgGlulleServValProAlaGlulle
6421 TCCTTCGAICCGCTTIGTGGCGGAGGAGGACGAGCGGGAGATCTCCGTACCCGCAGAAATC
AGGAAGCTAGGCGAACACCGCCTCCTCCTIGCTCGCCCTCTAGAGGCATGGGCGTCTITAG

LeudrglysSerArgArgPheilaGlnilaleuProval TrpAlaArgProAsplyrAsn
6481 CIGCGGAAGTCICGGAGATTICGCCCAGGCCCTIGCCCGTTTORGCGCGGCCGGACTATAAL
GRCGCCIICAGAGCCTCTAAGCGGGTCCGGGACGGGCARACCCGCGCCGGCCTGATATTG

ProProleuvalGluThrTlrpLlysLysProAspTyrGluProProvValvalHisGiyCys
€542 CCCCCGCTAGTGGAGACGTGGAAAMAGCCCGACTACGAACCACCTGTGGTCCATGGCTGT
GGGGGCGATCACCTCIGCACCITITICGGGCTGATGC TTGG TGGACACCAGG TACCGACA

ToleuProProProlysSerProProValProProProArglysLysArgThrvalval
€601 CCGLTTCCACCTCCAAAGTCCCCTCCTGIGCCTCCOCCTCGGAAGAAGCGGACGGTGGIC
GECGAAGGIGGAGG TTTCAGGCGAGGACACGGAGGCGGAGCCTTCTTCGCCTGCCACCAG

leuThrGluSerthrleuSerThrAlaleuAlaGluleuAlaThrArgSerPheGlySer
§661 CICACTGAATCAACCCTATCTACTGCCTIGGCCGAGCTCGCCACCAGAAGCTTTGGCAGC
GAGTGACTTAGTIGGGATAGATGACGGAACCGGCTCGAGCGG TGGTCTTCGAAACTSTCG

SerSerThrSerGlyIleThzGlyAspAsnThrThrThrSerSerGluProAlaProSer
£721  TCCTCAACTTCCGGCATTACGGGLGACAATACGACAACATCCICTGAGCCCGCCCCTTCT
AGGAGTIGAAGGC TG TAATGCCCGC TG TTATGC TG TIG TAGGAGACTCGGGCGGGGAAGR
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GlyCys?ro?:oAspSerAspAlaGluSe:Ty:Se:Se:Me:?rcProLeuGluGlyGl:
€781  GGCTSICCCCCCGACICCEACG L TGAG TS TATIC S TCCATSCCCCooTGGAGSSSGAS
—— S S S Yy S (Y o P C:CAGG:\:F ‘Gﬂt»-n— 1~ f‘ﬁﬁﬂc':c

s~ - g .
CCGACGGEEEEEITGAGGELTSSS GAGGTACGGGEGGGGRACITCLC

e - * b
ProGlyASpEProASpleuSerAspGlySerTrpSerThrvValSerSerGluAlaAsnila
§E4 SO GEGGAT I GGATC T TAGCSACEGG TCATGS TCAACGS TCAG TAG TGASGC CAACGES
GEACTC L TAGG O T AGAA T G TGl AGTACCAGTIGLCAGTCATCACTISG T TGOS
G;uAs;Va;?alesCysSerMe:SerTyrsertrprhrclyalaLeuValTh:?roCys

£930  GAGGACGICGIGTGC TG TCAA TG IO T TAC TC T TGGACAGGLSCAC TCG TCACCCCG TS
O T T ARG CACACGACGAG TTACAGAA TG AGAA TG TCCG G TG AGCAG TGGGGCACS

AlarlaGluGluGlrlysLeuProlleAsnAlaleuSerAsnSerLeulauvArglisHis
€261 GCCGCGGAAGAACAGAAACTGCCCATCAATGCACTAAGCAACTCGTTGCTACGTCACCAC
CeGCGCC T TC T TeTC T T TG ACGGGETAG T TACG IGA T "G TTGAGCAACGATGCAGTGG G

AsnleuvallyrSerThrThrSerArgSerAlaCysGlnArgGlnlysLysValThrohe
T332 AATTIGGIGTATICCACCACCTCACGCAGTGC T IGCCAAAGGCAGAAGARAG TCACAT ™
AR CACA T AAGG IGG TCGAG TG LG TCACGAACEE T T CCG T T TCTTTCASTG TAAL

AsphrcleuGinValleuAspSerHisTyrGlnAspValleulysGluvallysalaala
T0BL  GACAGACTGCAAGTTCTGGACAGCCAT TACCAGGACG TACTCAAGGAGS TTARAGCAGSS
G T TG A TG T CAAGACC TG T GG TAA IGE TCC TG CATGAG TTCCTCCAATTTCSTCGS

AlaSe::ysValLysAlaAsnLeuLeuSerVaIGluGluAlacYSSerLeuTh:Prc?ro
Tl GCGICAAARGTGAAGGC TAACT TG TATCCG TAGAGGAAGC TTGCAGCCTCACGCCCCTA
G AG T T T TCAC T CCGAT IGAACGATAGGCATCTCCTTCGAACGTCGCACTGCEGAEET

HisSerhlaLysSerLysPheGlyTyrGlyAlaLysAspValArgCysHisAlaA:gLys
yishe CACTCAGCCAAATCCAAGTTTGGTTATGGGGCAAAAGACGTCCGTTGCCATGCCAGAAAG
GTGAGTCGGTTTAGGTTCAAACCAATACCCCGTTTTCIGCAGGCAACGGTACGGICTTTC

F
AlavalThrHisIleAsnSerValTrpLysAspleuleuGluAspAsnValThrProlie
7261  GCCGTAACCCACATCAACTCCGTGTGGAMGACCTTCTGGAAGACAATG TAACACCAATA
CGGCATTGGG TG TAGTTGAGGCACACC TTTCTGGAAGACCTTC TG TTACATIG TGG TTAT

AspThrThrIleMetAlalysAsnGluvalPheCysValGlnProGluLysGlyGlyArg
7322 GACACTACCA?CATGGCTAAGAACGAGGTTTTCTGCGTTCAGCCTGAGAAGGGGGGTCGT
CIGTGATGGTAGTACCGATTCT TGS TCCAAAAGACGCAAG TCGGACTCTTCCCCCCAGCA

LysP:oAlaArgLeuIleValPhe?roAspLeuG1yVa1AgiaICysGluLysMetAla
7381 AAGCCAGCTCGTCICATCG TG T TCCCCGATCTEGGCG TGCGEG TG TGCCARAAGATGGCT
T GG TCGAGCAGAGTAGCACAAGGGGCTAGACCCGCACGCGCACACGCTITTCTACCGA

LeuTyrAspvalvValThrlysLeuProleulAlavValMetGlySerSerTyzGlyPheGln
7441 TTGTACGACGTGGTTACAAAGCTCCCCTTGGCCGTGATGGGAAGCTCCTACGGATTCCAA
AACATGCTGCACCAATG T T TCGAGGGGAACCCGCACTACCCTTCGAGGATGCCTAAGGTT

TyrSerProGlyGlnArgvValGluPheleuvalGlnAlaTrplysSerLysLysThrPro
T332 TACTCACCAGGACAGCGGGITGAATTCCTCGTGCAAGCGTGGAAGTCCAAGARAACCCCA
ATGAGIGEICCIG ICGCCCARCTTAAGGAGCACG TTCG CACC TTCAGG TTCTTI TG GGGT

MetGlyPheSerTyrAspThrArgCysPheAspSerThrvalThrGluSerAspIleArg
TS€I  ATGGGGTICTCGTATGATACCCGCTGCT T TGACTCCACAGTCACTGAGAGCGACATICGT
TACCCCARGAGCATACTATGGGCGACGAAACTGAGG TG TCAGTGACTCTCGC TG TRGGCA

ThrGluGluAlalleTyrGlnCysCysAspleuAspProGlnAlaArgvalAlallelys
TE2L  ACGGAGGAGGCAATCTACCAATG TG TGACCTCGACCCC ARGCCCGCGTGGCCATCAAG
e TCCICCE I TAGATGG T TACAACACTGGAGC TGGGEE TTCEGGCGCACCGGTAGTEC

Se:Leu:h:GluA:gLeuTeralGlyGly?rcLeuth:AsnSerArgGlyGluAsnch
TEss SCCC T ACCGAGAGGL TTTATG TIGGGGEC I TCTTACCAAT TCAAGGGGGGAGAACTGE
AGGEAG GG I TCCGAMATACAACCCCCGGGAGAATGG TTAAGTICCCANCTCTTGACG

Gly?y:a:gA:gCysA:gAlaSerGlyvalzeuThrTh:SerCysGlyAsnthizgu?ai
TTRL BOCTATCGCAGG TG CIGIGTGAGIGG IS TACTGACAAC TAGC TG TGO TAACACSCTCALT
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o GATAGTG T CCACGGIGLGTICGICGlATCATTIGTIGATIGATACCATTIGIGGEGAGTGA
CrsTyrllelysAladrgAladlalysArgilailaGlyleuGlnAsplysThrMetleu
TEII  TGCTACATCAAGGCCCGGGCAGCCTGTCGAGCTGTAGGGTICCAGGACTGCACTATGLIC
ACGATG TAGTTCCGGGCCCGTICGGACAGLTCGE LG TCCCGAGGTCCTGACGTGGTACGAG

vallysGlyAspAspleuvValvallIleCysGluSerAlaGlyValGlnGluAspAlaAla
TEE1 GTGIGIGGCGACGACTTAGICGTTATCIGTGAAAGLGCGGGGGTCCAGGAGGALCGCGGLE
CACACACCGCTGCTGAATCAGCAATAGACACT TTCGCGCCCCCAGGTCCTCCTGCGCEGS

SerleuArgAlaPheThrGluAlaMetThrArgTyrSerAlaProProGlyAspProPro
7521 AoCL“GAGAGCC*ICACGGAGGCTATGACCAGGTACT;CGCCCCCCCTGGGGACCCCCCA
TCGGACTCTCGGAAG TGCCTCCGATACTGG TCCATGAGGCGGGGEGGACCCCTGGREEST

GlnProGluTyraAspleuGluLeuIleThrSerCysSerSeraAsnvValServalilaHis
7981 CAACCAGAATACGACTIGGAGCTCATAACATCATGCTCOTCCAACGTGTCAGTCGCCLAC
GIIGGTCTTATGCTGAACCTCGAGTATIGTAGTACGAGGAGGTTGCACAGTCAGCGGEIG

ASpGlyAlaGlyLysArgValTyzTyrLeuThrArgAspProThrThrProLeuiladrg
804l GACGGCGCTGGAAAGAGGGTCTACTACCTCACCCGTGACCCTACAACCCCCCTCGCGAGA
CIGCCGCGACCT I TCICCCAGATGATCGAG TGGSCACTGGGATG TTGGGEGGAGCGCTCT

AlaAlaTzpGluThrAlaArgHisThrProValAsnSerTrpleuGlyAsnllelleMet
B10l GCIGCGIGGGAGACAGCAAGACACACTCCAGTCAATTCCTGGCTAGGCAACATAATCATG
CGACGCACCCTCIGTCGTICIG TG TGAGGTCAGTTARGGACCGATCCGTTGTATTAGTAC

PheAlaProThrleuTrpAlaArgMetlleleuMetThrHisPhePheSerValleulle
El6X TTIGCCCCCACACTGIGGGCGAGGATGATACTGATGACCCATTICTTTAGCGTCCTTATA
AAACGGGGEGTGTGACACCCGCTCCTACTATGACTACTGGGTAAAGAAATCGCAGGAATAT

Alahrg&spGlnLeuGluGlnAlaLeuAsprsuluI eTyrGlyAlaCysTyrSerlle
8221 GCCAGGGACCAGCTTGAACAGGCCCTCGATTGCGAGATCTACGGGGCCTGCTACTCCATA
CGGTLCCIGETCGAACTIG I CGEGAGCTAACGCTCTAGATGCCCCGGACGATGAGGTAT

GluProleuAspleuProProllelleGlnArgleu FIGIRz =4-
8281 GAACCACTTGATCTACCTCCAATCATTCAAAGACTC
CTIGGIGAACTAGATGGAGGTTAGTAAGTTITCIGAG
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Trangiation of DNA CA2l6a

Lw&rqmmmmwlﬂywalnmpmuuﬂxc 73ClyPhedladsp
DA o GCTAGG ICGOGCAATTTAGATAAGG TCATCIATAL SO TTACG TGCSGLTISGCIS
mmmmmmmmmmmmmm

LeuMatGlyTyrIlePralauvalGiyAlaProlauGlyGlyAl aAl aArgAlaleudla
£l  ACCTCATEGGATALATACCIC TCETORGOCLEOCIC TIGGAGCCECTACTAGIGCIC TGS
TGGAS TACCCIATG TATIGCEAGCAGCCGCGEGRAGAACS TCOGCEACGE TCCTGEGACS

HieGlyVa allsuGluAspGolyValAsnTysAleThzGl nuur:os-
231 TGCATGGOGTICC ’WACGGCGTGMCIAW&A_
GW&CW’I‘C‘GCM&W’CCWM&A

SerfhafariiaPhalaulsuilsleulausarCyslauThrValProAlagerAlalyr
122 GO CIA T IO oI IR CO TG L TU ST T TR  TIGACTG TGOCCGCTTCGGLCT
CRAGIAAGACATASAMSGAAGA CCLGRALC MOASAACS AMAC TCGACACCCLCOANGLCGGA

GlnvalargAmnSesThrGlyleutyrHiaValThrAsaAspCysProasnsersertle
Z42  ACCAAGTGCGCAACTC TITACCACGTCACCAAIGATIGCCC TAAMLTCRAGTA
TEGTTCACGLETIGAGGTGCCOOGAAATGG TACAG TGG TTACTAACOGGATIGAGC TCA?

vith CAlETD——me
mry:sxmaumma*1.Lumsmmxmwamocnv-mvslu
301  TICTCTACCASCCSCOGATCCOATCCTGCACALTOCGGGITEOG TCCCTTACG
m&mmmmmm

GlyAsnilaSerirgCys?rpValiladatThrProThrvalila
AGGGCAMGCCTOIAGGTI TTAAGTGGLGA ACGGTIGCT

36l TGACCOCT
TG TICCCRAGCICCACAACCCACCGCTACTGRREATCOCALOCE
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Translation of DNA CAl30a

1ysLySASOLYSATGASRTRTASEACYATGPIOGLoASPVA LY SPhePreClyClyGly
AAAAAAAAMCAMCG TAACAC CAASCGTCGCCCACAGGACG TCAAG TTCCCRAATEACS
T TG PITGCATTG TEG TTGGCAGCGGE TG TCCIGCAGTICAAGGGCCCACCHT

G1lnI1evalGiyGlyval IyrieuleuPToArgArgGly?ToAr gleuGlyValArgAla
STCACATCC TIGGTGGAGTITACTTG T IGCCGOGCAGGGGCCCTAGATTGGG TCTGLGOG
CACTCTAGCACCACCTCAM IGAACAACGGOGCE TCCCOGGGATC TAACCLACACGLGC

mm;mx%mwuﬁggmﬁonnmnnu
e STOCALGT. TCCCOAMCE
GWMM@MC&NWC@WMC

T&A&M’.ﬂimm 1aBlrPraGl PrafrpProlauTyrGlyAsn
P> x&8'G\E''.'<:A¢.'1CC62966‘!" CTTGGCCCCICTATGGCA
WWWW&WWTM&!

cluc1:Cyﬁlyrrﬂlwlmwhmsrwgclyﬂrmvmsot’rrﬁlr
TCGGCEGGN TAGLCTGGG

ATGAGGGCIGCHEG TEGCICSIGTEICLECEIGGCTC TOGGLC
AR OO GOOCALCOE OO TACCGACEACACAC CLCCACOEAG AGCCGAATCGACCT

megmmnmslnywdnmpmuhﬂya
301 ermmmmmnmm&mr
AL TCTCTGGECGCCGCATCCAGCCOCITAMCCCATICCAGTAGCTATGEGAATGLA

GLYPNeAlaASPLAUMeTGlY YT IlsProlauyalGl Mcfro&u@lﬁl&ﬂﬂll
361 cmcgmc&mmc‘%mmm&cc: P GCo6
WMCAN&W@WMW

overlap with CAllés

mummmmwammucxmwlwmlamu‘rhﬁl?un

431 :mcmammmmmccmcuw
WW&@WW

LeuProGlyCyaSerPhadexThrPhe
CTAGTTGCTICTTTICTICTACCTTC

481 ACCTTCT T
TECAGGACCARCGAGAMAGAGA
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pir 24

241

302

421

48]

Translation of DKA ag3Ca
FIG. '58-1
iMetSarvallalGlaproProGlyProProleu
sMerAlaleyvalC?

CacALAMGELGTCTACCTATCCCOTTASTATGAGTC TCETGCAGCC 2CCAGGACCCCCCT
GOGTCITCGCAGATCSGTACCGCAATCATACTCACASCACGTCOGAGE TCCIGGRGEGEE

ZOGiyGluProaM

nnmme A AR AGCCATACTCO TC IGCGGAACCCGTCAG TACACCGGAATTGCCAGGACGAC
AGCCCCCTCTOGGTATCACCAGACGCC T IGGCCACTCATETGECCTTAACGGTCCTGTTG

§¥etProGLyAspleuGlyVvalPIoProGlaAsp
CGaGTCCTTTCTIGGATCAASCIGCTCAMTGLC TGGAS ATTTGGCCGTGCCCCCECARGA
GOoCAGGARAGAACCTAGT TGGSCGAGT TACGGACCTE TAAACCCGCACGGGGGCETICT
OPF AM GlyAlaCys
Cy:A’.. -
CTGTTAGCCGAGTAGTG TTOGG TCGCGARAGGCCTTG TEGTACTGCCTGATAGCGTGLTT
GROGATCSG CTCATCACRACCCAGOGCTTICCGE AACACCATSACGSACTATCCCACCAA

i
GluCys2raGlyArgs erhrg&rg?rot‘_‘}':thrﬂf:tSerThrAsnProLyaProGInLys

GCSAGTGCCCCEGAGG TC TG TAGACS GTGCACCATGAGCACGAATCCTARACCTCAAA
CGCTGCSGGGCCCTCCRGAGCATC‘ICCCA&TGGTACTCGTGC’I'!ACGATTICCACT‘!T

Ly:.hsr.LyaArgA:nThr.\snAngrgPrcGlnAspValLysPheProGlyGlyGlyG‘.n

AMAMACAMCGTAACACCABCCG'E\.’GCCCACAGGACGTWG?ZCCCGGGIGGCGGI'C
P TS TTICCATTG TGG TTGGCAG GGG TS TCCTCCACTTCARGGGLCCACCELCAG

I1ev;161yclyValrereuLeuPrmgmc1;r?m:.:guuslyval.1rgmath::

AGATOGTTGGTGGAGTT TACTTG TTGCCGCECAGELGLT CTAGATTGGGIGTGCELGIGA
TOTACCAACCACCTCARATCARTARCEGCGCE TCCCCEGGATCTAACCCACACS CGLGLT

ArgLysThrSerGluArg3erGl nProArgGlyArzAargGlnProl leProlyaAlaAry

CG&GAAAGAC‘:‘TCCGAGCGG';'CGCARCC‘ICG&GGTAGACGKAGCCTITCCC‘.‘AAGGCTC
GCTCTTIS TGARLGCTCGCOAGCETTGEAGLT CCATCTGCACTCCGATACCCCTTCCEAG

Arg?roGluGlyArg‘Ih:TrpAlaGlnProG:.y'l?r?ro'rerroLeu‘ryrGlyMnGlu
-Overlap with CAl290a-—-—-

GTCGGCCCGAGGGTRGGAC C'IGGGCICAGCCCGGGTACCCITGGCCCCTCTATGGCMIG
mcmcmmmccmmcccmmcsnccmmnccmm
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FIG. 58-2

clyc;uslyfrpusslﬁ:pumsmmfgslysuuqmsm:wlﬂm

541  AGGGCTGCOGETEGGOGGGATEGCTICCTGTCICCCCGTGRETCICEELCTACCTEGEGCC
T OCCEACGLOCACLCGCCC TACCCACGACAGAGGGECATCGAGAGCCOGATCEACCCCGE

?hr&ap?:ohrgArghrgSengMnLeuGlyLysva1:1&Asp:hr1.eufb:CysGly

607 CCACAGACTCCCGGLGTAGGTCGCGCAATITGGGTARS GTCATCSATACCCITACGTGCG
BGTGTCNGEGEECCECATACAGCEGCGTTAAACCCATTCCAGTAGLT ATGGGAATGCACGC

Phe

e —

661 GCTIC
CGAAG

* = Start of long HOV ORF

| « Putative firat amino acid of large HCY pc}.y'gr Tein

s = Ppuzative small encoded peptides{ that may piay &
tranglational regulatery zeole)
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Translation of IRA CA20%5a

ValLeuGlyAIgGlUATgProCyaGLlyThrAla0P AN GlyAlaCysGluCysProGly
1  CTCTIGGATOGOGAAAGGCCTTATAGTACTGCCTCATAGAGTGCTTGCAAGTGCCCCAGE
mmrmmmmmcc

k

mmmmommunpmy-mm:gnpmzym
61 TCTCGTAGACCGTGCACCATGAGCACGMTCCTAAMCCTCAAAGAAANACCAMIGT
Wmcmmmm TTTCEAGTITICTITITICCTINGCA

hnmuangmMdeLyanGIﬁl 1yGinIleVelGlyGl
121 AACACCAACCGTCGCCCACAGGACGTCAAGTICCCGGG m&mmm&i
TG TCE MIGCCACCEECTC TCCICCAC TTCAAGCECCCACCGCCAGTCTAGCARCCACCT

Leuleuls 1yProArgLeuGlyve LATGALATNE sThYSer
w8l n%mm mgmmccmmEIGmm (ad

mmmmmmmmmmm

-Overlap with CA290a
giwurqsemmnau lfwmmtlﬂmMWMIUGl?
+ TACACCTCACCCTATCCCOAMGECTCC ICEECOCOAGEAC

ammmmmmmmcm

241

WGWIWHMWYMQ@IMS
3ol Wﬂmmcccmnmmw
Wmmmxmw

» = putative initister methionine codon

FIGURE 59
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Translation of DNA 1&g

#ProProlP
$SerThrMetAsnN18SerProvalirgasnTyrCysieadisAlaliuServalay
$LeuiialiaGluderleuProlysGluGluleuleuSerSarArgArglysArgleulle
1 CTICCACCATGAATCACTCCCCTGTGAGGAACTACTGTCTTCACGCAG CGTCTAGCC
GAGSTCCTAC P TAL TCAGGEGACACTCLITOATGAUAGAAGTGCGTCTTTCGCAGATCGE

iNetSarvValvalGlnPrcProGlyProProleuProGlySluProlM

MetAlaleuvalclp
€% ATGGCGTTAGTATGAGTGICGTGCAGCCTCCAGGATCCCCCCTCCIGGGAGAGCCATAGT
OGO AAT O A TAC TCACAGCACGTCSGAGE TCCTG oG GEEIAGGSCCCTCTICGGTATCA

$21 GGTCTGCSGAACCSHGTGAGTACACCSSAATTIGCCAGGACGATCGGSTCCTTTCTTGGATC
CCAGACGCCTIGGCCACTCATS TGECCTTAACGGTCL TGCTGGCCCAGGAMGAACCTAG

Cverlap with agita--
sMetProGlyAspleuGlyvalProProGlnasplysAM

iBl AACCCGCTCA&?GCCTGGAG&IITGGGCGTGCCCCCSCBAGACIGCTAGCﬁGAGTlGIGT
TICLECEALTTACCEOAZCTCTAAACCCACACSLLALCC TTCTGACGATCGCC TCATSACA

OP AM GlyAlaCyeGlulyeProGlyArgSer
»

241 TGGGTCGCGAMGECCTIGTGG TACTGCC TGATAGGG TGCTTGCGAGTGCCCLGGEAGGT
ACCCAGCGCTTTCCGAAACACCATGACGGACTATCCCACGAACGCTCACGGGGCCCTCCA

ATgArg

201 CICGTAGA
SAGCATCT

« =« Start of long HCY ORY
¢ « Puraciva small encoded peptides(trat may play
a tranalational regulatory role).

FIG. &0
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Translation of DNA 16jh

————==0Overlap with 1l5e
GlyAlaCysTyrSerIleGluProleuAsplLeuProProllelleGlnArgLleuHisGly
1 GGGECCTGCTACTCCATAGAACCACTGGATCTACCTCCAATCATICAAAGACTCCATGGC
CCCCGRACGATGAGGTATCTTGGTGACCTAGATGGAGGTTAGTAAGTTTCTGAGGTACCG

LeuSerAlaPheSerLeulisSerTyrSerProGlyGlulleAsnArgValAlaaAlaCys
61 CTCAGCGCATTTTCACTCCACAGTTACICTCCAGGTIGAAATTAATAGGGTGGCCGCATGC
GAGTCGCGTAAAAGTGAGGTGTCAATGAGAGGTCCACTTTAATTATCCCACCGGCGTACG

Gly=
G
LeuArgLysleuGlyValProProleuArgAlaTrpArgHisArghAlaArgServalArg

121 CTCAGAAAACTTGGGGTACCGCCCTTGCGAGCTTGGAGACACCGGGCCCGGAGCGTCCGT
GAGTCTTTTGAACCCCATGGCGGGAACGCTCGAACCTCTGTGGCCCGGGCCTCGCAGGCG

AlaArgLeulLeuAlaArgGlyGlyArgAlaAlalleCysGlyLysTyrLeuPheAsnTrp

181 GCTAGGCTTCTGGCCAGAGGAGGCAGGGCTGCCATATGTGGCAAGTACCTCTTCAACTGG
CeATCCGAAGACCGGTCTCCTCCGTCCCGACGGTATACACCGTTCATGGAGAAGTTGACT
AlavalargThrlysLeulys

241 GCAGTAAGAACAMAGCTCAAAC
CGTCATTCTIGTTICGAGTITG

* = nucleotide heterogeneity

FIGURE 61
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SEQUENCE CF THE HCV ¢ Dnh 55N8Z sripnld

{AS DELUCED I20M OVERLAPPING CLONES bllde/18g/ag3Ca/CA20%&/
CA29%a/CAll6a, 21148 /CALE7D/TAL 56,/ CAB48/CASSA/KS-1,263 /134,
1287142 /210/7 fﬁl/!h/33C/CQh/37h/35/35/3m 2/33b/25c/14€/8f/

33!/’339/39c/35£/-99/2‘g/15¢/b53/'.5jh)

- o —

CACTCCACCATGAATCACTCCOC TG TCACCANC TACTG TCTTCACGCAGAMGOG TCTAG
CCATGGCG I TAGTATGAG TG TCS TGCAGCCTCCAGGACCCCCCCTCCIGGEAGACLCATA
GOGGTCIGCGGAACCEGTRAG TACACCLC MTTGCCASGACGAC COGGTCCTTTOTTGGA
TCAACCCGCTCAATGCCTGGACATTICGGCGTGCOCCUGCAAGACTGCTAGCCGAGTAGT
G oIGGG I CGCEAMAG CTTE TGE TACIC COTIATACCC TCCT TCCGAG TGCC COOGAAT- 300

-—={Putative initiater sethionins codon)
GTCTCOTACACCE TGCACCATGAGCACGAATC S TAM CCTICARAAANMTAAACG TAA
CACCAACCG TOGLCCACAGGACG TCARG T TCLOGEETGGLEG TCAGATCE TICS TGSALT
TTACTTG I IGCCOCGCAGGGGCCCTAGATTGGG T TG CGCOCEACGAGAMSGACTICCGA
GCBGTOGCAACCICGAGG TAGACG TCAGCCTATCOCCAAGCCICS I CACOL0tAGEEoAS
GALCTECGCTCAG COCGCE TACCCTIGGCCOCTCTATGGCAA TRAGAGCTGCGOGTGGGC -850

CGACGCACSTTCGACGTCACA! GGGAGCGCOACCCTCTGTTCSGE
CCTCTACG TAOGGAACCTATGOGGE TC TG TC T TTC T TG TCGGCCAAC TG T TCACC TTCTC-1200
rcmmmmmwawaxmanm

GG TCACCOCATGECATOGGATATGATGATGAACTGG TCCCCT.
mmmmxmmrmmmcm
AT CC NG COSGECATAGCE A TTT CTCCATAG TAGGGAAS TGGGCGAAGG TCCTGG TAGT -
GCTGCIGCTA T T TGCOGECG TCGA GGG ARACC AL TCACCGS COCAAG TCLOGEO0A- 1500 FIGURE 62
CAC TG TG TCTCCA T T NG TTAG COT  CTCACACCASGCOCCANMICAGAACG TCCASCIGAT
CAACACCAACGGCAG TTGGCACCTI A TAGCCACGGCCCIGAACTGCAATEATACCCTCAL
CACCACCTCS TTGGCAGRGE P TTT STATCACCACANG TICAACTC TTCAGCCTATCCTGA
GAGGC TAGCCAGC TGCOGAC COT I TACCGAT T I TGACCAGGGCTCCOGCCCTATCAGTTA
TGCCAACCGAAGCEGCCLCGACCAGCGLLCC TAC TG CTCCCACTACCOCCCAAAACCTTG- 1800
CCAGCCCCGT

GGLCAN TTIGCTTCCGCAMAGCATCCS
CTCICGATGCAGCICOGG TCCCTGGATCACACLIAGG TGCOTGG TOGACTACCLGTATAG
GCTTTGCCATTATCCTTS TACCATCAACTACACCATATTTAAAATCE TCATGTACATGGG
AGAGSTOSAACACAGGCTGAAMNICTAGCCIC CAAC TOGALGOGGHG CLAACGTIGCGATCT
GGMGACAGGGACRGGTC‘GAGCICAGC’CGTTACIC‘ TGACTACTACACACTCGCAGLT
Lo COGTCITCCITCACAACCCTACCAGCCI TG TCCACCAOCCTCATCCACCICCACCA-24C0
GAACAT TG TGGACSIGCAGTACTIG TACGEGE TGGEG TCAMG CATOCCGTCCTCGRCEAT
AR TR AC TAC S TCE TTCTCCIC TICC TTC TG M GCAGAC GCOCECATCIGETCC TG
CITGTOGATGATICTACTCATATICC CAAGCGGAGGCGICTIIGGAGAMCCICGTAATALT
TAAIGCAG AT O IO L L CCRAC G AL IC TG TATCC TR CCICCTICTTCTTCTRCIT
TGCATGGTATTRGAAGIGTAAG TGAG TGCCOGGAGOIGTC TACACCTICIACGGGATG TG - 2750
G I T G o N IG M GEI S TIGCCOCALCCR SO TAC GCCC TGGACACGLALCT
S EOGTCS TG TGGOGG TG T T TTCICG TOGG TTGATGGCSCTGACTC TG TCACCATA
TTACAAGCGCTATA TCAGCIGG IGCTTG IGG TGGC TR SAGTATTT TC TGACCACGACTGCA
ACLCCAAC ICCACC IO TR AT TR CCOCCC TCAACGTC G AGGGGGUCGCGACGCCGICAT
CTHACTCATG TG IGU TG TACACCCGAC ICIGG TATTTGACAT CACCAAATOGCIGCTGGC 3000
ceeT TCSGACCTCTTIGGATTC TTCAACCOAC TTTC S TTAAAG TACCCTAC TIIGDGCG
ST ARGG I T TN S T IGLGCG T TAGCGL GG AAGATG ATCGGAGGCCATTACGT
c:mr&ruﬂnmrm&mmma-xﬂc TTCATAACCATCTCAC
T I GGGAC IGEG UG CACAACGECI TG GAGA T C TGOCCOTOGI TG TAGAGCCAGT
CSX‘:‘: SCCCAMIGGAGACCAAGC TCATCACS TECSCOCCAGA TASCOONGLG GGG~ 3380
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TGACATCATCAACGEITICCTICTITCOL CTOGCAGGOGCCGAGAGATAS TGC TTGGGET
ACCCCATGGAATEGTOTCCAAGAGG IGAAGG T IO THGCTC COAT CACGGCGTAIGCCCA
SCAGACAAGGGGCCTCCIAGGGTGCATAATCACCALCCTAACTEG CCOGGACAAMAACCA
MWWMTMTWCCMMWMT
CAATGGGG TG TGCTGGAC TG TCTACCACGSGGOCCCAASSACCAC CATCGLCTCACCCAA - 360G
SEGETCOCCATCCAGATCTATACCAATG TAGACCAAGACC TG TGGGC IGGLILGLTTS
GCARGGTAGCCGCTCATTRACACCC TGCAC TTGEGGL TCETCGGACCTTTACC TG TCAL
SAGGCACCCCGATCTCATTCCOSTRUGCTIGCRAGE TGATAGCAGGAGEAGCC TGCTGIC
GCOCLEECCTATT TCCEACTTGAARGGC TCCTCEGEGEETCOGCTATIG IGLCCLEORis
GCALGCOGTEGGCATATTTAGGESOL OGS TCTECACCCG ICGAG TAGC TAMIGCGATGGA - 19208
COTTATOCCTG TG GAGAACCTAGAGACAACCATGAGG TCCCCGGTCTOCACGEATAAC TC
CTCTLCACCAGTAG TGCCOCAGAGCTITCCACCTCCCICACCDCCATGC TCOCCACAIACAS
CGGCAAMGCA

mmmmmmmdmmmm
cwsmmmmmmmmucmcmmc
COTCACTCTCOCCCATCCCAMCA TOAAGG MGG TTGCTC TG TCCACCACCGRAGAGATCC
mm&mmmmmmmxﬂ 880
TCAT TCAAMZAAG AAGTC CGACGAACTCCCOGCAMGC TAGTCRCATIGGGCATCAA TGS
OGTAGCCTACTACCECGE TC T ICACG IS TCOG TCATC CCGAL CAGCSGCGATG TIGTCGT
COTGGCAACCGATGCOCTCACCACCSECTATACCCLCCACTPICGACTCAAIGATAGACTG
CAATACGTGTITCACCCAGACAGTOUATT TCAGCCTTGACCITACCITCACCATIGAGAC
AATCACGC TCCLCCAGGATGC TG TCTCCCGOAC TCAACCICOCOLCAGRAC TCCCAGG GG -4 800
CAASCCACCCATC TACACATTIGC TGGCACCGGGOGAG CGCCLCTCCAGCATG T TCIACTC
GICCGCCICIG IGAG IGCTATGALGTAGEC TG TGCT IGGTATGASCICACCCOCGLCGA
GACTACAG ITAGCCTRACGASSS TACATCAMCACCCCCGOGC TTCCCGTITGCCAMAGACCA

M TG AT TTIGGCAGGGCG ICTTTACAGGCC ICACTCATATAGAIGCCCACT TICTATC
cmmmmmncmm 5100

]
=i
()
3
"
M
N
'
Vo

CITGGLGEESTTCTCAACLCTCCCICOTAACCCCGCCATIGCTTCATTIATOICTITIAC 3700
AGCIGC TG TCACCASCOCACTAACCACTAGCCAACCCTCCIC T TCAACATATTGGGGSG
3 TGGG TGGC TG LCCAGCTOGCORCOCCCEE TOLTECTAC TCLC TI TG IGGACGCIOGC DT

AGCTGSOGCOGCCATCGACAG TG T20GAL TOGAGAMGG TCCTCATAGACATCC TTGCAGG
GTATGGECSCGGECE TERCGERASC TCTTS TGGEATTCAAGATCATGASCGGTGAGGDCCC

CTCCACGGAGGAL S TGG TCAATCTACTGC COGCCATCC IC TCGCC CRGAGCTT TCGTAGT-€0C0C
CEGCE TEGICIGTGCAGTAATACTGOGCC TTGGLOCLEGCEALCCCE A TGCA

GTCZATGAACCESCICATACCCTIOGCS TCOCAGGAGAACCATG T TTCCCCCACGCACTA
2GTGCCGSAGAGCCATGCALC IGCCOG TG TCACTGOCATACT CAGCAGCC TCACTGTARC

LOASC IO ICAGC CCACTCCACCAGTGGATAAS CTCGGAG TG TACCAC TCCATGCTCCGG
TICOTGGCTAMGGACA TS TGGGACTGGATATGCGAGS TG TIGAGCGAC TTTAAGACCTG 6312
GO A A AAS AT AAS CICATECCAZAGC TGS TCESGATCCCC DT TE TG TCOTGCCAGLUCES
GTATAAGGGGGTCTGECEAG TGAACCGCATCATGCACATTCGT TCGCTAC TECCCARCTEA
GATUCACTGUACATG TCAAMMACGGGACLGATCAZGATC S TCGCTCC TACGACCICOACCAA
CATGTGEASTCGAALCTTCCCCATTAATGCCTACACCACGOACCCCIGTACCCCCCTTIC
TGCACCGAAC TACAC G T TCGCGC TATGGAGGG TG TCTSCAGACCAATATG TCGAGATANG - 6620
SEALCTCESGRAL TTCCAL TACG PGACGGGTATGACTAC TGACAA TC TCAMATGCCOG TG
CIASG TCoTATCSOCOGAATTTTICACAG AATTGGAC GGG TGCGCC TACATAGG T TCC

G COCTE LA TCCTTCC TG CGCCACG AGG TATCATICAGAG T AGGACTCCACGAATA

oG TASEG IS CAATIACCT IGCGAGCCCGAACOGGACG TGGCCA IGTTGACGTCCAT

SO AN A IO TCOCATATAACACCAG MGG TGGTCGLCCC ARGL TIGGCSAGGAGATC- 6520
ACCCCOCTE IS TGS CCAGCTOCICGGCTAGCTAGC TATCCGC TCCATC TCTCAAGGCANC

TR ZACCECTAALCATGACTCCSCTCATGC TG AGC TCATACAGCCCAACCTCC TATGRAG
SCASGAGATGOGT SGCAACATCACCAGGS TTGAGTCAGAAM CAMAS TGG TGATICTGEA
::::ma.wgcmmcmnmuac&m*c~cc:rmccm:
CONGCEEAAG TCTLGCACAT I CGCCCAGGCOC M GCCLG TTTEGGCGCAACEEEACTATAR 13 20
O LG T AG TG EAGACG TG GAAAAAGC COGACTACGAAC CACCTG TGGTICATGLLTC
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TCCGCTTCCAC CTCCAMGTCCCCTCCIG DU CCICTECOTCGAMG ANGCGGACIGTOGT
CLICALTRAATCAACCCIATC TACTICCIDGACOGAG CTCGCCAC TAGAAGC TIGGEAL
CICCITAACTICCGGOATTACGGGCSACAATACCACAACATCCIC TCALCCOGOCCCTTC
MGCCTSCOCCCCCGACTCOGACGCTAAGTCCTATTCC POCATGLCCCCCOTGRAGGGGGA- 7500
GCCTSGGRATCCGGATCTLAGCEALCEGO TCATGGTCAACSGTCAL TAGTCASGCCARCGC
GEAGGATCICS TG TGO TCCTICAALG PO MTAC TCTIGGMAGGCICAC TS TTALCCOGTG
CEOCBCGRAAGAACAGAAACTGCCCATCAATGCAC TAAGCAACTCG TTGC TACSTCACCA
CAATTIGG TG TATTCCACCALCTCACCCAG TGCTTGCCAAMGGCAGANIAAAS TCACA TS
TGACAGACTGCAAGTICIGEGA CAECAITICWTAC%W C-780C
ACACGAMGCTTG
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1 CACTCCACCATGAATCACTCCCCTGTGAGGAACTACTGTCITCACGCAGAAAGCGTCTAG
GTCAGGTGETAC TTAGTGAGGGGACACTCCTTGATGACAGAAGTGCGTCTITCGCAGATC

61 CCATGGCGTTAGTATGAGTGTCGTGCAGCCTCCAGGACCCCCCCTCCCGGGAGAGCCATA
GGTACCGCAATCATACTCACAGCACGTCGGAGGTCCTGGGEGGGGAGGGCCCTCTCGGTAT

121 GTGCTCTGCGGAACCGGTGAGTACACCGGAATTGCCAGGACGACCGGGTCCTTTCTTGEA
CACCAGACGCCTTGGCCACTCATGTGGCCTTAACGGTCCTGCTGGCCCAGGAAAGAACCT

181 TCAACCCGCTCAATGCCTGGAGATTITGGGCGTGCCCCCGCAAGACTGCTAGCCGAGTAGT
AGTTGGGCGAGTTACGGACCTCTAAACCCGCACGEGGGCGTICTGACGATCGGCTCATCA

241 GTIGGGTCGCGAAAGGCCTTGTGGTACTGCCTGATAGCGTGCTTGCGAGTGCCCCGGGAG
CAACCCAGCGCTTTCCGGAACACCATGACGGACTATCCCACGAACGCTCACGGGGCCCTC

301 GTCTCGTAGACCGTGCACCATGAGCACGAATCCTAAACCTCAARAAAAAAACARACGTAA
CAGAGCATCTGGCACGTGGTACTCGTGCTTAGGATT TGGAGTTTTT TITTTGTTTGCATT

361 CACCRACCGTCGCCCACAGGACGTCAAGTTCCCGGGTGGCGGTCAGATCGTTGGTGGAGT

GTCGTTGGCAGCGEGTETCCTGCAGTTCAAGGGCCCACCGCCAGTCTAGCARCCACCTCA
FIGURE 62a-1

221 TTACTTGTTGCCGCGCAGGGGCCCTAGATTGGGTGTGCGCGCGACGAGAAAGACTICCGA
AATGAACAACGGCGCGTCCCCGGEATCTAACCCACACGCGCGCTGCTCTITCTGAAGGCT

481 GCGGTCGCAACCTCGAGGTAGACGTCAGCCTATCCCCAAGGCTCGTCGGCCCCAGGGCAG
CGCCAGCETTCGAGCTCCATCTGCAGTCGGATAGGGGTTCCGAGCAGCCGGGCTCCCGTC

541 GACCTGGGCTICAGCCOGGETACCCTTGGCCCCTCTATGGCAATGAGGGCTGCGGGTGGEC
CTGGACCCGAGTCGGGCCCATEGGAACCGGGGAGATACCGTTACTCCCGACGCCCACCCS

601 GGGATGGCTCCTGTCTCCCCGTGGCTCTCGGCCTAGCTGGGGCCCCACAGACCCCCGGLG
CCCTACCGAGGACAGAGGGGCACCGAGAGLCGGATCGACCCCEEEGTGTCTGGGGGCCGC

661 TAGGTCGCGCAATTTGGGTAAGGTCATCGATACCCTTACGTGCGGCTTCGCCGACCTCAT
ATCCAGCGCGTTAAACCCATTCCAGTAGCTATGGGAATGCACGCCGARGCGGCTGGAGTA

721 GGGGTACATACCGCTCGTCGGCGCCCCTCTTGGAGGCGCTGCCAGGGCCCTGGCGCATGS
CCCCATGTATCGCCAGCAGCCGCGEEEAGAACCTCCGCGACGGTCCCGGGACCGUGTALC

781 CGTCCGGETICTGGAAGACGGCGTGAACTATGCAACAGGGAACCTTCCTGGTTGCICTIT
GCAGGCCCARGACCTTCTGCCGCACTTGATACGTTGTCCCTTGGAAGGACCAACGAGAAA

841 CICTATCTICCTICTGGCCCTGCTCTCTTGCTTGACTGTGCCCGCTTCGGCCTACCAAGT
GAGATAGAAGGAAGACCGGGACGAGAGAACGAACTGACACGGGCGAAGCCGGATGGTTCA

901 GCGCAACTCCACGGGGCTTTACCACGTCACCAATGATTGCCCTAACTCGAGTATTGTGTA
CGCGTTGAGGTGCCCCGAAATGGTGCAGTGGTTACTAACGGGATTIGAGCTCATAACACAT

961 CGAGGCGGCCGATGCCATCCTGCACACTCCGGGGTGCGTCCCTTGCGTICGTCAGGGCAA
GCTCCGCCEGCTACGGTAGGACGTGTGAGGCCCCACGCAGGGARACGCAAGCACTCCCGTT

1021 CGCCTCGAGGTGTIGGGTGGCGATGACCCCTACGETEGCCACCAGGGATGGCARACTCCC
GCGGAGCTCCACAACCCACCGCTACTGGGGATGCCACCGGTGGICCCTACCGTTTGAGGG

1081 CGCGACGCAGCTTCGACGTCACATCGATCTGCTIGICGGGAGCGCLACCCTCIGTTCGGT
GCGCTGCGTCGAAGCTGCAGTG TAGCTAGACGAACAGCCCTCGCGGTGGGAGACAAGCCG

1141 CCTCTACGTOGGESACCTATCCSGGTCTGTCTTTICITGTCGGCCAACTGTTICACCTTCEC
GGAGATGCACCCCCTGGATACGCCCAGACAGARRGAACAGCCGGTTGACAAGTGGAAGAG

1201 TCCCAGGCGCCACTGGACGACGCAAGGTTGCAATTGCTCTATCTATCCCGGCCATATAAC
AGGGTCCGCGGTGACCTGCTGCGTTCCAACGTTAACGAGATAGATAGGGCCGGTATATIG

1261 GGGICACCGCATGGCATGGGATATGATSATGAACTGGTCCCCTACGACGGUGTTGGTAAT

P WL Y i Yale o Yalalacas L Wl Wl L Wol o Vol Wl Vo o talak . 0 ol lalalaalal & Yalah Ly of 3



Patent Application Publication Aug. 28, 2003 Sheet 89 of 145  US 2003/0162167 Al
1321 GGCTCAGCTGCTCCGGATCCCACAAGCCATCTTGGACATGATCGCTGETGCTCACTERGS
CCGAGTCGACGAGGCCTAGGGTGTTCGGTAGAACCTGTACTAGCGACCACGAGTGACCCC

1381 AGTCCTGGCGGGCATAGCGTATTTCTCCATGGTGGGGAATIGGGCGAAGGTCCTGGTAGT
TCAGGACCGCCCGTATCGCATAAAGAGGTACCACCCCTTGACCCGCTTCCAGGACCATCA

1241 GCTGCTGCTATTTGCCGGCGTCGACGCGGAAACCCACGTCACCGGGGGARGTGCCGGCCA
CGACGACGATAAACGGCCGCAGCTGCGCCTTTGGETGCAGTGGCCCCCTTCACGGCCGGT

1501 CACTGTGTCTGGATTIGTTAGCCTCCTCGCACCAGGCGCCAAGCRGAACGTCCAGCTGAT
GTGACACAGACCTAAACAATCGGAGGAGCGTGGTCCGCEGTTCGTCTTGCAGGTCGACTA

1561 CAACACCAACGGCAGTTGGCACCTCAATAGCACGGCCCTGAACTGCAATGATAGCCTCAA
GTTGIGGTTGCCGTCAACCGTGGAGTTATCGTGCCGGGACTTGACGTTACTATCGGAGTT

1621 CACCEGCIGGTTGGCAGGGCTTTTCTATCACCACAAGTTCAACTCTTCAGGCTGTCCTGA
GTGGCCGACCAACCGTCCCGAARAGATAGTGG TGTTCAAGTTGAGRAGTCCGACAGGALT -

1681 GAGGCTAGCCAGCTGCCGACCCCTTACCGATTTIGACCAGGGCTGEGGGCCCTATCAGTTA
CICCGATCGETCGACGGCTEGEGAATCGCTAAAACTGG TCCCGACCCCGGGATAGTCAAT

1741 TGCCAACGGAAGCGGCCCCGACTAGCGCCCCTACTGCTGGCACTACCCCCCARARCCTTG FIGURE 62A-2
ACGGTTIGCCITCGCCGGGECTGGTCGCGGGGATGACGACCGTGATGGGGGGTTTTGGAAC

1801 CGGTATTGIGCCCGCGAAGAGTGTGTGTGGTCCGGTATATTIGCTTCACTCCCAGCCCCGT
GCCATAACACGGGCGCTICTCACACACACCAGGCCATATAACGAAGTGAGGGTCGGGGCA

1B61 GGTGGTGGGAACGACCGACAGGTCGGGCGCGCCCACCTACAGCTGGGGTGAAAATGATAL
CCACCACCCTIGCIGGCTGTCCAGCCCGCGCEGETGGATGTCGACCCCACTTTTACTATG

1921 GGACGICTITOGTCCTTAACAATACCAGGCCACCGCTGGGCAATTIGGTTCGGTIGTACCTG
CCIGCAGAAGCAGGAATTIGTTATGGTCCGGTGGCGACCCGTTAACCAAGCCAACATGGAC

1981 GATGAACTCAACTGGATICACCAAAGTGCTGCGGAGCGCCTCCTTGTGTCATCGGAGGGGT
CTACTTGAGTTGACCTAAGTGGTTTCACACGCCTCGCGGAGGAACACAGTAGCCTCCCCG

2041 GGGCAACAACACCCTGCACTGCCCCACTGATTGCTTCCGCAAGCATCCGGACGCCACATA
CCCEITCTIGTGGGACGIGACGEGGTCACTAACGAAGGCGTTCGTAGGCCTGCGGTGTAT

2101 CTCTCGGTGCGGCTCCGGTCCCTGGATCACACCCAGGTGCCTGGTCGACTACCCGTATAG
GAGAGCCACGCCGAGGCCAGGGACCTAGTGTGGG TCCACGGACCAGCTGATGGGCATATC

2161 GCTTIGGCATTATCCTIGTACCATCAACTACACCATATTTAARATCAGGATGTACGTGGG
CGAAACCGTAATAGGAACATGG TAGTTGATGTGGTATAAATTTTAGTCCTACATGCACCC

2221 AGGGCTCGAACACAGGCTGGAAGCTSCCTGCAACTGGACGCGGGGCGAACGTTGCGATCT
TCCCCAGCTTGTGTCCGACCTTCGACGGACGTIGACCTGCGCCCCGCTTIGCAACGCTAGA

2281 GGAAGACAGGGACAGGTCCGAGCTCAGCCCGTTACTGCTGACCACTACACAGTGGCAGGT
CCTTCTIGICCCTGTCCAGGCTCGAGTCGGGCAATGACGACTGGTGATGTGTCACCGTCCA

2321 CCICCCGTGTTICCTTCACAACCCTACCAGCCTTGTCCACCGGCCTCATCCACCTCCACCA
GGAGGGCACAAGGAAGTGTTGGGATGGTCGGARCAGETGGCCGGAGTAGGTGGAGGTGGT

2401 GAACATTGIGGACGTGCAGTACTIGTACGGGGTGGGETCAAGCATCGCGTCCTGGGCCAT
CTTIGTAACACCTGCACGTCATGAACATGCCCCACCCCAGTTCGTAGCGCAGGACCCGGTA

2461 TAAGTGGGAGTACGTCGTICTCCTGTTCCTTCTGCTTGCAGACGCGCGCGTCTGCTCCIG
ATTCACCCTCATGCAGCAAGAGGACARAGGAAGACGAACGTCTGCGCGCGCAGACGAGGAC

2521 CTTGIGGATGATGCTACTCATATCCCRAAGCGGAGGCGECTTTGGAGAACCTCGTAATACT
GAACACCTACTACGATGAGTATAGGGTTCGCCTCCGCCGAAACCTC TIGGAGCATTATGA.

2581 TARTGCAGCATCCCTGGCCGGGACGCACGGTCTTGTATCCTTICCTCGTGTICTTICTGCTT
ATTACGCTCGTAGGGACCGGCCCTGCGTGCCAGAACATAGGAAGGAGCACAAGAAGACGAA
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2641 TGCATGGTATTTGAAGGGTAAGTGGGTGCCCGGAGCGGTCTACACCTTCTACGGGATCTG
ACGTACCATAAACTTCCCATTCACCCACGGGCCTCGCCAGATGTGGAAGATGCCCTACAC

5701 ECCTCTCCTCCTECTCCTGTTGGCGTTGCCCCAGCGGGCGTACGCGCTGGACACGGAGGT
CGGAGAGGAGGACGAGGACAACCGCAACGGGGTCGCCCGCATGCGCGACCTGTGCCTCCA

2761 GGCCECGTCETETGGCGETGTTGTTCTCGTCGGGTTCATSGCGCTGACTCTGTCACCATA
CCGGCGCAGCACACCGCCACAACAAGAGCAGCCCAACTACCGCGACTGAGACAGTGGTAT

2821 TTACAAGCGCTATATCAGCTGG TGCTTC TGGTGGCTTCAGTATTTTCTGACCAGAGTGGA
AATGTTCGCGATATAGTCGACCACGAACACCACCGAAGTCATARAAGACTGGTCTCACCT

2881 AGCGCAACTGCACGTETGGATTCCCCCCCTCAACGTCCGAGGGEGGCGCGACGCCGTCAT
TCGCETTGACGTGCACACCTAAGGGGGGGAGTTGCAGGCTCCCCCCGCGCTGCGGCAGTA

2941 CTTACTCATGTGTGCTCTACACCCGACTCTGGTATTTGACATCACCAAATTGCTGCTGGC
GAATGAGTACACACGACATCTGGGCTGAGACCATAAACTGTAGTGGTTTAACGACGACCG

3001 CGTICTTCGGACCCCTTTGGATTCTTCAAGCCAGTTTGCTTAAAGTACCCTACTTTGTGCG
GCAGAAGCCTGGGGAAACCTAAGAAGTTCGGTCARACGAATTTCATGGGATGAAACACGC

3061 CGTCCAAGGCCTTCTCCGOTTCTGCGCGTTAGCGCGGAAGATGATCGGAGGCCATTACGT FIGURE 62A-3
GCAGGTTCCGGAAGAGGCCAAGACGCGCAATCGCGCCTTCTACTAGCCTCCGGTAATGCA

3121 GCAAATGGTCATCATTAAGTTAGGGGCGCTTACTGGCACCTATGTTTATAACCATCTCAC
CGTTTACCAGTAGTAATTCAATCCCCGCGAATGACCGTGGATACAAATATTGGTAGAGTG

3181 TCCTICTTCGGGACTGGGCGCACAACGGCTTGCGAGATCTGGCCGTGGCTGTAGAGCCAGT
AGGAGAAGCCCTGACCCGCGTGTTGCCGAACGCTCTAGACCGGCACCGACATCTCGGTCA

3241 CGTCTTCTCCCAAATGGAGACCAAGCTCATCACGTGGGGGGCAGATACCGCCGCGTGCGE
GCAGAAGAGGGTTTACCTCTGGTTCGAGTAGTGCACCCCCCGTCTATGGCGGCGCACGCC

3301 TGACATCATCAACGGCTTGCCTGTTTCCGCCCGCAGGGGCCCGGAGATACTGCTCGGGCC
ACTGTAGTAGTTCCCGAACGGACARAGGCGGGCETCCCCGGCCCTCTATGACGAGCCCGG

3361 AGCCGATGGAATGGTCTCCAAGGGGTGGAGGTTGCTGGCGCCCATCACGGCGTACGCCCA
TCGGCTACCTTACCAGAGGTTCCCCACCTCCAACGACCGCGGGTAGTGCCGCATGCEGET

3421 GCAGACAAGGGGCCTCCTAGGGTGCATAATCACCAGCCTAACTGGCCGGGACAARAACCA
CETCTETTCCCCOGAGGATCCCACG TATTAGTGGTCGGATTGACCGGCCCTGTTTITGET

3481 AGTGGAGGGTGAGGTCCAGATTGTGTCAACTGCTGCCCARACCTTCCTGGCAACGTGCAT
TCACCTCCCACTCCAGGTCTAACACAGTTGACGALGGGTYTGGAAGGACCGTTGCACGTA

3541 CAATGGGGTCTGCTGGACTGTCTACCACGGGGCCGGAACGAGGACCATCGCGTCACCCAR
GTTACCCCACACGACCTGACAGATGGTGCCCCGGCCTTGCTCCTGGTAGCGCAGTCGETT

3601 GGGTCCTIGTCATCCAGATGTATACCAATGTAGACCAAGACCTTIGTGGGCTGGCCCGCTCC
CCCAGGACAGTAGG TCTACATATGGTTACATCTGGTEC TGGAACACCCGACCGGGCGAGE

3661 GCAAGGTAGCCGCTCATTGACACCCTGCACTTGCGGCTCCTCGGACCTTTACCTGGTCAC
CGTTCCATCGGCGAGTAACTGTGGGACGTGAACGCCGAGGAGCCTGGARATGGACCAGTG

3721 GAGGCACGCCGATGTCATTCCCGTGCGCCGGCGGEGTGATAGCAGGGGCAGCCTGCTIGTC
CTCCGTGCGGCTACAGTAAGGGCACGCGGCCGCCCCACTATCGTCCCCGTCGGACGACAG

3781 GCCCCGGCCCATTTCCTACTTGAAAGGCTCCTCGGGGGGTCCGCTGTIGTGCCCCGOGEE
CGGGGCCEEGTAAAGGATGAAC TTTCCGAGGAGCCCCCCAGGCGACAACACGGGGCGCCC

3841 GCACGCCGTGGGCATATTTAGGGCCGCGETGTGCACCCGTGCAGTGGCTAAGGCGGTGGA
CGTGCGGCACCCGTATAAATCCCGGCGCCACACGTGGGCACCTCACCGATTCCGCCACCT

3901 CTTTATCCCTGTGGAGAACCTAGAGACAACCATGAGGTCCCCGGTGTTCACGGATAACTC
GAAATAGGGACACCTCTTGGATCTCTGTTGGTACTCCAGGGGCCACAAGTGCCTATTGAG
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3861 CTCTCCACCAGTAGTGCCCCAGAGCTTCCAGGTGGCTCACCTCCATGCTCCCACAGGCAG
GAGAGGTGGTCATCACGGGGTCICGAAGGTCCACCGAGTGGAGGTACGAGGGTGTCCGTC

4021 CGGCAAAAGCACCAAGGTCCCGGCTGCATATGCAGCTCAGGGCTATAAGGTGCTAGTACT
GCCGTTTTCGTGGTTCCAGGGCCGACGTATACGTCGAGTCCCGATATTICCACGATCATGA

4081 CAACCCCTCTGTTGCTGCAACACTGGGCTTTGGTGCTTACATGTCCAAGGCTCATGGGAT
GTTGGGGAGACAACGACGTTGTGACCCGAAACCACGAATGTACAGGTTCCGAGTACCCTA

£313]1 CGATCCTAACATCAGGACCGGGGTGAGAACAATTACCACTGGCAGCCCCATCACGTACTC
GCTAGGATTGTAGTCCTGGCCCCACTCTIGTTAATGGTGACCGTCGGGGTAGTGCATGAG

4201 CACCTACGGCAAGTTCCTTGCCGACGGCGGGTGCTCGGEGEGUGCTIATGACATAATAAT
GTGGATGCCGTTCAAGGAACGGCTGCOGCCCACGAGCCCCCCGCGAATACTGTATTATTA

4261 TTGTGACGAGTGCCACTCCACGGATGCCACATCCATCTPGGGCATCGGCACTGTCCTTGA
AXCACTGCTCACGGTGAGGTGCCTACGGTGTAGGTAGAACCCGTAGCCGTGACAGGAACT |

4321 CCAAGCAGAGACTGCGGGGGCGAGACTGGTTETGCTCGCCACCGCCACCCCTCCGGGCTC
GGTTCGTCTCTGACGCCCCCGC TCTGACCAACACGAGCGGTGECGETGGEGAGCCCCGAG FIGURE 62A-4

4381 CGTCACTGTGCCCCATCCCAACATCGAGGAGGTTGCTCTGTCCACCACCGGAGAGATCCC
GCAGTGACACGGGGTAGGGTTG TAGCTCCTCCAACGAGACAGGTGG TGGCCTCTCTAGGG

4441 TTTTTACGGCAAGGCTATCCCCCTCGAAGTAATCAAGGEGGGGGAGACATCTCATCTICTG
AARAATGCCGTTCCGATAGGGGGAGCTTCATTAGTTCC CCCCTCTGTAGAGTAGARGAC

4501 TCATTCAAAGAAGAAGTGCGACGAACTCGCCGCARAGCTGGTCGCATTGGGCATCAATGC
AGTAAGTTICTTCTTCACGCTGCTTGAGCGGCGTTTCGACCAGCGTAACCCGTAGTTACG

4561 CGTGGCCTACTACCGCGETCTTGACGTCTCCGTCATCCCCGACCAGCGGCGATGTTGTCGT
GCACCGGATGATGGCGCCAGAACTGCACAGGCAGTAGGGCTCGTCGCCGCTACAACAGCA

4621 CGTGGCAACCGATGCCCTCATGACCGGCTATACCGGCGACTTCGACTCCGTGATAGACTG
GCACCGTIGGCTACGGGAGTACTGGCCGATATGGCCGCTGAAGCTGAGCCACTATCTGAC

£6B1 CRATACGTGTGTCACCCAGACAGTCGATTTCAGCCTTGACCCTACCTTCACCATTGAGAC
GTTATGCACACAGTGGGTCTGTCAGCTAAAGTCGGAACTGGGATGGAAGTGGTAACTCTG

4741 AATCACGCTCCCCCAGGATGCTGTCTCCCGCACTCAACGTCGGGGCAGGACTGGCAGGGG
ITAGIGCGAGGGGGTCCTACGACAGAGGGCGTGAGTTGCAGCCCCGTCCTGACCGTCCCC

4801 GARGCCAGGCATCTACAGATTTGIGGCACCGGGGGAGCGCCCCTCCGGCATGTTCGACTC
CTTCGGTCCGTAGATGTCTAAACACCGTEGCCCCCTCGCGGGGAGGCCGTACAAGCTGAG

4861 GICCGTCCICTIGIGAGTGCTATGACGCAGGCTGTGCTTGGTATGAGCTCACGCCCGCCGA
CAGGCAGGAGACACTCACGATACTGCGTCCGACACGAACCATACTCCAGTGCGGGCGGCT

4921 GACTACAGTTAGGCTACGAGCGTACATGAACACCCCGGGGCTTCCCGTGTGCCAGGACCA
CIGATGTCAATCCGATGCTCGCATGTACTTGTGGGGCCCCGAAGGGCACACGGTCCIGGT

4981 TCTTIGAATTITGGGAGGGCGTCTTTACAGGCCTCACTCATATAGATGCCCACTTTCTATC
AGARACTTAAAACCCTCCCGCAGANATGTCCGGAGTGAGTATATCTACCGGTGAAAGATAG

5041 CCAGACRAAGCAGAGTGGGGAGAACCTTCCTTACCTGGTAGCGTACCAAGCCACCGTGTG
GGTCIGTTTCGTCTCACCCCTCTTGGAAGGAATGGACCATCGCATGGTTCGGTGGCACAC

5101 CGCTAGGGCICAAGCCCCTCCCCCATCGTGGGACCAGATGTGGAAGTGTTIGATTCGCCT
GCGATCCCGAGTTCGGGGAGGGGG TAGCACCCTGGTCTACACC TTCACAAACTAAGCGGA

5161 CAAGCCCACCCTCCATGGGCCAACACCCCTGCTATACAGACTGGGCGCTGTTCAGAATGA
CTICGEETGEEAGG TACCCGETIGTGGGGACGATATGTCTGACCCGCGACAAGTCTTACT

5221 AATCACCCTGACGCACCCAGTCACCAAATACATCATGACATGCATGTCGGCCGACCTGGA
TIAGTGEGACTGCCTGGGTCAGTGGTTTATGTAGTACTGTACGTACAGCCGGCTGGACCT
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5281 GGTCGTCACGAGCACCIGGGTGCTCGTTGGCGGCGTCCTEGCTGCTTTGEGCCGCGTATTG
CCAGCAGTGCTCGTGGACCCACGAGCAACCGCCGCAGGACCGACGAAACCGGCGCATAAC

5331 CCTGTCAACAGGCTGCGTCGTCATAGTGGGCAGGGTCGTCTTGTCCGGGAAGCCGGCAAT
GGACAGTTGTCCGACGCACCAGTATCACCCGTCCCAGCAGAACAGGCCCTTCGGCCGTTA

5501 CATACCTGACAGGGAAGTCCTCTACCGAGAGTTCGATGAGATGGAAGAGTGCTCTCAGCA
GTATGGACTETCCCTTCAGGAGATGGCTCTCAAGCTACTCTACCTTICTCACGAGAGTCGT

5461 CTTACCGTACATCGAGCAAGGGATGATGCTCGCCGAGCAGTTCAAGCAGAAGGCCCTCGG
GAATGGCATGTAGCTCGTTCCCTACTACGAGCGGCTCGTCAAGTTCGTCTTCCGGGAGCC

5521 CCTCCTGCAGACCGCGTCCCGTCAGGCAGAGGTTATCGCCCCTGCTGTCCAGACCAACTG
GGAGGACGTCTGGCGCAGRGCAGTCCGTCTCCAATAGCGGEGACGACAGGTCTGGTTIGAC

5581 GCARAAACTCGAGACCTTCTGGGCGAAGCATATGTGGAACTTCATCAGTGGGATACAATA
CGTTTTTGAGCTCTGGAAGACCCGCTTCGTATACACCTIGAAGTAGTCACCCTATGTITAT

5641 CTTGGCGGGCTTGTCARCGCTGCCTGGTAACCCCGCCATTGCTTCATTGATGGCTTTTAC FIGURE 624~ 5
GAACCGCCCGAACAGTTGCGACGGACCATTGGGGCGETAACGAAGTAACTACCGAARATG

5701 AGCTGCIGTCACCAGCCCACTAACCACTAGCCAAACCCTCCTCTTCAACATATTGGGGGG
TCGACGACAGTGGTCGGGTGATTGGCTGATCGGTTTGGGAGGAGAAGTTGTATAACCCCCC

5761 GIGGGTGGCTECCCAGCTCGCCGCCCCCGGTGCCECTACTGCCTITGIGGGCGCTGGCTT
CACCCACCGACGGG TCGAGCEGCGEEEGECCACGGCGATGACGGARACACCCGCGACCGAA

5821 AGCTGGCGCCGCCATCEGCAGTGTTGGACTGGGGAACGTCCTCATAGACATCCTTIGCAGG
TCGACCGCGGCGGTAGCCGTCACARCCTGACCCCTTCCAGGAGTATCTGTAGGAACGTCC

5881 CGTATGGOGCGGGCGTGECEGGAGCTCTTGTGGCATTCAAGATCATGAGCGGTGAGGTCCC
CATACCGCGCCCGCACCGCCCTCGAGAACACCGTAAGTTCTAGTACTCGCCACTCCAGEG

5941 CTCCACGGAGGACCTGGTCAATCTACTGCCCGCCATCCTCTCGCCCGGAGCCCTCGTAGT
GAGGTGCCTCCTGEACCAGTTAGATGACGGGCGSTAGGAGAGCGGGCCTCGGGAGCATCA

6001 CGGCGTGGTCTGTGCAGCAATACTGCGCCGGCACGTTGGCCCGGGCGAGGGGGCAGTGCA
GCCGCACCAGACACGTCGTTATGACGCGGCCGTGCAACCGGGCCCGCTCCCCCGTCACGT

6061 GTGEATGAACCGGCTGATAGCCTTCCCCTCCCGGGGGAACCATGTTTCCCCCACGCACTA
CACCTACTTGGCCGACTATCGGAAGCGGAGGGCCCCCTTGGTACAAAGGGGGTGCGTGAT

5121 CGTGCCGGAGAGCGATGCAGCTGCCCGCGTCACTGCCATACTCAGCAGCCTCACTGTAAC
GCACGGCCTCTCGCTACGTCGACGGGCGCAGTGACGETATGAGTCCTCGGAGTGACATTG

61B1 CCAGCTCCTGAGGCGACTGCACCAGTGGATAAGCTCGGAGTGTACCACTCCATGCTICCGG
GGTCGAGGACTCCGCTGACGTGGTCACCTATTCGAGCC TCACATGGTGAGGTACGAGGCC

6241 TTCCTIGECTAAGGGACATCTGGGACTGGATATGCGAGGTGTTGAGCGACTTTAAGACCTG
AAGGACCGATTCCCTGTAGACCCTGACCTATACGCTCCACAACTCGCTGAAATTCIGGAC

6301 GCTAAAAGCTAAGCTCATGCCACAGCTGCCTGGGATCCCCTTTGTGTCCTGCCAGCGLEG
CGATTTTCGATTICGAGTACGGTGT . GACGGACCCTAGGGGAAACACAGGACGGTCGCGCC

€361 GIATAAGGGGGTCTGGCGAGTGGACGGCATCATGCACACTCGCTGCCACTGTGGAGCTGA
CATATTCCCCCAGACCGCTCACCTGCCGTAGTACGTGTGAGCGACGGTGACACCTCGACT

6421 GATCACTGGACATGTCAAAAACGGGACGATGAGGATCGTCGGTCCTAGGACCTGCAGGAA
CTAGTGACCTGTACAGTTTTIGCCCTGCTACTCCTAGCAGCCAGGATCCTGGACGTCCTT

5421 CATGTGGAGIGGGACCTTCCCCATTAATGCCTACACCACGGGCCCCTGTACCCCCCTTCC
GTACACCTCACCCTGGARGGGGTAATTACGGATGTGG TGCCCGGECACATGGGGGGAAGG

£541 TGCGCCGAACTACACGTTCGCGCTATGGAGGGTGTCTGCAGAGGRATATGTGGAGATARG
ACGCGGCTTGATGTGCAAGCGCGATACCTCCCACAGACGTC TCCTTATACACCTCTATTC
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6601 GCAGGTGGGGGACTTCCACTACSTGACGGGTATGACTACTGACAATCTCAAATGCCCGTG
CGTCCACCCCCTGAAGGTGATGCACTGCCCATACTGATGACTGTTAGAGTTTACGGGCAC

6661 CCAGGTCCCATCGCCCGAATTTTTCACAGAATTGGACGGGGTGCGCCTACATAGGTTTGC
GGTCCAGGETAGCGGGCTTARAAAGTGTCTTAACCTGCCCCACGCGGATGTATCCARACG

6721 GCCCCCCTGCAAGCCCTTGCTGCGGGAGGAGGTATCATTCAGAGTAGGACTCCACGAATA
CGGGEGGACGTTCEGRAACGACGCCCTCCTCCATAGTAACGTCTCATCCTGAGGTGCTTAT

€781 CCCGGTAGGETCGCAATTACCTTGCGAGCCCGAACCGEACGTGGCCGTGTTGACGTCCAT
GGGCCATCCCAGCGTTAATGGAACGCTCGGGCTTGGCCTGCACCGGCACAACTGCAGGTA

6841 GCTCACTGATCCCTCCCATATAACAGCAGAGGCGECCCGGCCARGGTTGGCGAGGGGATC
CGAGTGACTAGGGAGGGTATATTGTCGTCTCCCCCGGCCCGCTTCCAACCGCTCCCCTAG

6901 ACCCCCCTCTGTGGCCAGCTCCTCGGCTAGCCAGCTATCCGCTCCATCTCTCAAGGCAAC
TGGGGGGAGACACCGGTCGAGGAGCCGATCGGICCATAGGCGAGGTAGAGAGTTCCGTTG

6961 TTGCACCGCTAACCATGACTCCCCTGATGCTGAGCTCATAGAGGCCAACCTCCTATGGAS FIGURE 62A-6
AACGTGGCGATTGGTACTGAGGGGACTACGACTCGAGTATCTCCGGTTGGAGGATACCTC

7021 GCAGGAGATGGGCGGCAACATCACCAGGGTTGAGTCAGARAACAAAGTGGTGATTCTGGA
CGTCCTCTACCCGCCGTTGTAGTGGTCCCAACTCAGTCTTTTIGTTTCACCACTAAGACCT

7081 CTCCTTCGATCCGCTTGTGGCGGAGGAGGACGAGCGGGAGATCTCCGTACCCGCAGARAT
GAGGAAGCTAGGCGAACACCGCCTICCTCCTGCTCGCCCTCTAGAGGCATGGGCGTCTTTA

7141 CCTGCGGAAGTCTCGGAGATTCGCCCAGGCCCIGCCCGTTTGGGCGCGGCCGGACTATAR
GBACGCCTTCAGAGCCTCTAAGCGGGETCCGGGACGEGCAAACCCGCGCCGGCCTGATATT

7201 CCCCCCGCTAGTIGGAGACGTGGAARAAGCCCGACTACGAACCACCTGTGGTCCATGECTG
GGGGGGCEATCACCTCTGCACCTTITICGGGCTGATGC TTGETGGACACCAGGTACCGAC

7261 TCCGCTTICCACCTCCARAGTCCCCTCCTGTGCCTCCECCTCGGAAGAAGCGGACGGTGGT
BGECGAAGGTGGACGTTTCAGGCGAGGACACGGAGGCGCAGCCTTCTTCGCCTGCCACCA

7321 CCTCACTGAATCAACCCTATCTACTGCCTTGGCCGAGCTCGCCACCAGAAGCTTTGGCAG
GGAGTGACTTAGTTGGGATAGATGACCGAACCGGCTCGAGCGETGGTCTTCGAAACCGTC

7381 CTCCTCAACTTCCGGCATTACGGGCGACAATACGACAACATCCTCTIGAGCCCGCCCCTIC
GAGGAGTTGAAGGCCGTAATGCCCGCTIGTTATGCIGTTGTAGGAGACTCGGGCGGEGAAG

7441 TGGCTGCCCCCCCGACTCCGACGCTGAGTCCTATTCCTCCATGCCCCCCCTGGAGGGGGA
ACCGACGGGEEEECTGAGGCTIGCGACTCAGGATAAGGAGGTACGGGGGGGACCTCCCCCT

7501 GCCTGGGGATCCGGATCTTAGCGACGGGTCATGGTCAACGGTCAGTAGTGAGGCCAACGC
CGGACCCCTAGGCCTAGAATCGCTGCCCAGTACCAGTTGCCAGTCATCACTCCGGTTGCG

7561 GGAGGATGICGTGTGCTGCTCAATGTCTTACTCTIGGACAGGCGCACTCGTCACCCCGTG
CCTCCTACAGCACACGACGAGT TACAGAATGAGAACCTGTCCGCGTGAGCAGTGGGGCAC

7621 CGCCGCGGAAGAACAGAMACTGCCCATCAATCCACTAAGCAACTCGTTGCTACGTCACCA
GCGGCGCCTICTIGTCTTTGACGGE TAGTTACGTGATTCGTTGAGCAACGATGCAGTGGT

7681 CAATTTGGTGTATTCCACCACCTCACGCAGTGCTTGCCAAAGGCAGAAGAAAGTCACATT
GTTAAACCACATAAGGTGGTGGAGTGCGTCACGAACGGTTTCCGTCTTCTTTCAGTGTAA

7741 TGACAGACTGCAAGTTCTGGACAGCCATTACCAGGACGTACTCAAGGAGGTTAAAGCAGC
ACIGICIGACGTTCAAGACCTGTCGGTAATGGTCCTGCATGAGTTCCTCCAATTTCGTCG

7801 GGCGTCAAAAGTGAAGGCTAACTTGCTATCCGTAGAGGAAGCTTGCAGCCTGACGCCCCC
CCGCAGTTTTCACTTCCGATTGAACGATAGGCATCTCCTTCGAACGTCGGACTGCGGGEGG

7861 ACACTCAGCCAAATCCAAGTITGGTTATGGGGCAAAAGACGTCCGTTGCCATGCCAGAAA
TGTCAGTCGGTTTAGGTTCAAACCAATACCCCGTTTTC TGCAGGCARCGGTACGGTCTTT
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7921 GGCCGTAACCCACATCAACTCCGTGTGGAAAGACCTICTGGAAGACAATGTAACACCAAT
CCGGCATTGGGIGTAGTTIGAGGCACACCTTICTGGAAGACCTTCTGTTACATIGTGGTTA

7981 AGACACTACCATCATGGCTAAGAACGAGGTTTTCTGCGTTICAGCCTGAGARGGGGGGTCG
TCIGTGATGGTAGTACCGATTCTTGCTCCAAAAGACGCAAGTCGGACTCTTCCCCCCAGC

8041 TAAGCCAGCTCGTCTCATCGTGTTCCCCGATCTGGGCGTGCGCEGTGTGCGAAAAGATGGC
ATTCGGTCGAGCAGAGTAGCACAAGGGGCTAGACCCGCACGCGCACACGCTTITTICTACCG

8101 TTITGIACGACGTCGTTACAAAGCTCCCCTTGGCCGTGATGGGAAGCTCCTACGGATTCCA
AAACATGCTGCACCAATGTTTCGAGGGGAACCGGCACTACCCTTCGAGGATGCCTAAGGT

8161 ATACTCACCAGGACAGCGGEGTTGARTTCCTCGTGCAAGCGTGGAAGTCCARGAAAACCCC
TATCAGTGGTCCTGTCGCCCAACTTAAGGAGCACGTTCGCACCTICAGGTTICTTTTGGGG

8221 AATGGGGITCTCGTATGATACCCGCIGCTTTGACTCCACAGTCACTGAGAGCGACATCCG
TTACCCCAAGAGCATACTATGGGCGACGAAACTGAGGTGTCAGTGACTCTCGCTGTAGGC

8281 TACGGAGGAGGCAATCTACCAATGTTGTGACCTCGACCCCCAAGCCCGCGTGGCCATCAA
ATGCCTCCTCCGTTAGATGGTTACAACACTCCGAGCTGEGEETTCGGGCGCACCGGTAGTT

8341 GTCCCTCACCGAGAGGCTTTATGTTGGGGGCCCTCTTACCAATTCAAGGGGGGAGAACTG
CAGGGAGTGGCTCTCCGAAATACAACCCCCGGGAGAATGGTTAAGTTCCCCCCTCTIGAL FIGURE €227

8401 CGGCTATCGCAGGTECCGCGCGAGCGGCGTACTCACAACTAGCTGTGGTAACACCCTCAC
GCCGATAGCGTCCACGGLGCGCTCGCCGCATGACTGTIGATCGACACCATTG TGGGAGTG

8461 TTGCTACATCAAGGCCCGGGCAGCCTGTCCGAGCCGCAGGGCTCCAGGACTGCACCATGLT
ARCGATGTAGTTCCGGGCCCCTICGRACAGCTCGGCGTCCCGAGGTCCTGACGTGGTACGA

8521 CGIGTIGTGGCGACGACTTAGTCGITATCTGTGAARGCGCGGGECTCCAGGAGGACGCEGT
GCACACACCGCTGCTGAATCAGCAATAGACACTTTCGCGCCCCCAGGTCCTCCTGCGCCG

B581 GAGCCTGAGAGCCTTCACGGAGGCTATGACCAGGTACTCCGCCCCCCCTGGAGACCCCCE
CTCGEACTCICGEGAAGTGCCTCCRATACTGGTCCATGAGGCGEGGGGGACCLCTEGGEGE

8641 ACAACCAGAATACGACTIGGAGCTCATAARCATCATGCTCCTCCAACGTGTCAGTCGCCCA
IGTIGGICTTATGCTGAACCTCGAGTATTGTAGTACGAGGAGGTTGCACAGTCAGCGGGT

8701 CGACGGCGCTGGAAAGAGGGTCTACTACCTCACCCGTGACCCTACAACCCCCCTCGCGAG
GCTGLCGCGACCTTTCTCCCAGATGATGGAGTEGGCACTGGGATGTTGGEGGGAGCGCTC

8761 AGCTGCGTGGGAGACAGCAAGACACACTCCAGTCAATTCCTGGCTAGGCAACATAATCAT
TCGACGCACCCTICTGICG TIC TG TG TGAGG TCAGTTAAGGACCGATCCGTTGTATTAGTA

B821 GTTTGCCCCCACACTGTGGGCGAGGATGATACTGATGACCCATTTCTTTAGCGTCCTTAT
CAAACGGGGG TG TGACACCCGCTCCTACTATGACTACTGGGTAAAGARRATCGCAGGAATA

8881 AGCCAGGGACCAGCTTIGAACAGGCCCTCGATTIGOGAGATCTACGGGGCCTGCTACTCCAT
TCGGTCCCTGGTCGAACTTGTCCGGGAGCTRACGCTCTAGATGCCCCGGACGATGAGGTA

B341 AGAACCACTTIGATCTACCTCCAATCATTCAAAGACTCCATGGCCTCAGCGCATTTTCACT
TCTIGGTGAACTAGATGGAGGTIAGTAAGTTTCTGAGG TACCGGAGTCGCGTAAAAGTGA

9001 CCACAGTTACTCTCCAGGTGAAATTAATAGGETGGCCGCATGCCTCAGAAAACTTGGGGT
GGTGTCAATGAGAGGTCCACTTTAATTATCCCACCGGCGTACGGAGTCTTTTGAACCCCA

- 9061 ACCGCCCTIGCGAGCTITGGAGACACCGGGCCCGGAGCGTCCGCGCTAGGCTTCTGGCCAG
TGGCGGCAACGUTCGAACCTCTGTEGCCCGGECCTCGCAGECGCGATCCGRAGACCGETC

9121 AGGAGGCAGGGCTGCCATATGTGGCAAGTACCTCTTCAACTGGGCAGTAAGAACAAAGCT
TCCTICCGETCCCGACGETATACACCGTTCATGGAGAAGTTGACCCGTCATTCTTGTTTCGA

$181 CaaAC
GTTIG
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IMMUNOLOGICAL SCREENING IN BACTERIA
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Structure of tha HCV polyprotein

B

{Ffrom tha putative inisistor asthicnine )

RT
NSTRPXPORKN KRN TNRRPOOVEF PGGGRI VGGVYLLPARGPRLGVRATR
KISERSUPRGRROPIPKARRP SSRIWAOPG Y PWPLYCNEGCOWAGSWLIS P~100
RGSRPSWGPTDPRERSRNLCKVIDIZICGPADINGY I PLVGAPLEGAARA

L}

amnmnmmmmm— 200
THYINDCPNSSIVYEAMDA ILNTPGCVPCVREGRASRCWAMTP TVATRD
GRLPATOLRRHIDIIVESATICIAL YVGDLOGSVILVGOLI T SPRRUWT-300

v
TQGCNCI T YPGHT TGHRMAMIRONNS PTTALVMAQGLLR IPOATLINTAG
AHWGVLAG IAYT SHVGNWAXVLVVLILFAGVDALTRVIOGSAGHTVSGFV-4 50

LGN
msmmmnxcmmmmss-soo

I
PHLTPRCLVDY PYRLIKY PCTINY T IFKIRMYVAGVENRLEAACYHIRGE
RCOLEDRDRSELS PLLLTTTOWOVLPCSFTTLPALS TG LIHLHON IVDVO- 700
YLYGVCSSTASHA SQABAALEMN
LVIINAASIAG THALV S FLVE T CY AN Y LEGENYPGAVY TFYGMWPLLLLL~800

{R)

Mnmmzmsmummmnrmmn FIGURE 66
TRVEACLHVWIPPLAVRGORDAVILIMCAVHP TLVFDI TKLLIAVIGPLN-900
ILOASLLXVPYFVRVOGLLRFCALARKMIGCHYVONVITELCALTGTYVY
NHLTPLROVANCLRDLAVAVEFYVP SCHETKL ITWGADTAACGD T INGL-1000

PVSARRGREILLG PADGHVSKGRRLLAPI TAYAQOTRGLIGCIITSLICR

DESQVEGIVQIVS TAAQTILATC INGVORTVYHGAG TRTIASPRG PVION-1100

YINVDODLVGNPAPOGSRSLT PCICGSSDLYLVTREADVI FVRRRGNSRG
SLLSPRPISYLXCSSCOPLLC PACHAVEIFRAAVE TRCGVARAVDF IPVEN-1200
LETTMRAPVITILNSS P FYYPOSTOVARLAAPTGSGKSTKVPAAYAAQGYK

VZNIN?SVMTMMIDERI&MTMSPIMM—I)OD

ADCGCECCAYDI I ICDRCHATDATS ILGIATYLOOAETAGARLYVLATAYT
PPGSVTVPHPNIEOVALS TTGEI P YGKAIPLEVIKGGRHL IPCHSKKKC-1400
DELAAK VAL G INAVAY Y RGLIVEV I PTECOVVVVATDALMNTG Y TGDIDA

Y {8)
VIDCKICVIQTYDPSLDMIFTIETI TLPQDAVIRTORRGRIGRGKPGIYR-1500
VA PGERPSEEDSSVILECY DAGCAWYELTPAETTVRLRAYMNT PCLIY
CODHL EFWRGVY TG L THIDANF LS OTRQEGENLP YLVAYQATVCARAGAP-16 00
PPSWOCMWRCLI REXFTLHGP I PLLYRIGAVONE I TLTHPVTKY IMTCMS
ADLEVVZSINVLVECVIAALAAYCISTGCVVIVCRVVIESCKPALL msv—»n 00

QRALGILOTASROAEYIAPA
QTNWOKLETFWRARHMUINF 15G IMWH&M&WWIHM
ITTECTLLENILGOWVAAQLAAPGAATAFVGAGLAGAA IGSYGIGKVLID

2]
CLAGYGAGVAGALYAFK IMSGEVPSTEDLYNLLPAILEPGALVVGVVCAA-1900

{HC)
TLRREVEPCEGAVRNR L IAFASRONHVS PINY VP RS DAAARVTALLSS

LOVIQLLRRI W I SIECTIPCSGIWLADIWDW ICEVLSDFK TWLEAKLM- 2000
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{V}
POLSG IPFVESORSYICVHRG DS INHTRCHEGAEI TGHVENG TR TVGPR
TCGISGTT P INAYTTIGPC T P L AP NY TEALMRVSAEEYVEIRVGDIH-2100
YVTGN T TONLECPCOVPR P EFF TELOGVRLERFAPPCED L REEVEFRVG
LHEYPVGSOLPCEPEPDVAVLTRC/TDPSHI TAZAAGRALARGSPPSVAS~ 2200
SEASQLSAFSLEKATCTANKDS PDARL IFPANLIWROEMCON ITRVES BNKY
VDS FDPLVAREDERE I SVPALI LAKSRRFAQALFYWARPDYNPPLVET- 2300

[ ]
WEKP DY P PVVAGCPLPPPRS PPVPPPRERRIVVLIES TLSTALASLATR

{¥A)
SFGSSSTSGITGORTTTSSEPAPSGCPPOSDATSYSSHPPLECEICDPDL-24 00
SDCSWS TVS S BANARDVVCCEMBY SWIGALVTPCAAEPOKLPINALSNSL
LRHHNLVYSTTSRSACOROKXVTFDRLOVLDSHY COVLKEVEAAASKVKA-2500

m.svmcs LD PHEARS KFCYGAKDVR CHARKAVTH I NEVWKDLLENN
1T IMAKNEVICVOPERGGRRPARL IVFPDLGVEVCERMAL YDVVT=26 00
XL PLAVMGSE YET OY S POORVES LVOANK S XX TPMGE SYSTRCFDOTVIR

{C)
SDIRTEEAIYCOCCOLDPOARVAIKIL ERLYVGGPLTESAGENCGYRRCR=2700 FIGURE 66.1
ASGVLTTSCGNTLICY IRARMOCEAAGLODCIMLVCOGDDLVVICESALVY

e
EINEVAMLRIKLGVP FLRANRHRARSYRARLLARGGRAA ICGKYLTNKAYV
RTXLX {Stop endon not yst reached)

{ ]} = #eterdogeneitry Cue to pessible 5* ar 3
tarminal eclening arctefacts.
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FIG.66A

NPK kKNK YGEYYLLPRRGPRLGYRATR
SRR AT 1
RGSRPSHGPTDPRRR KV TC6 ADLHGY PLYGAPL GA

T
LAHGVRVLEDGVﬂYATGHLPSCSFSIFLLALLSCLTVPASAYQVRNSTGL -200
YHVTNDEPHSS} EﬁABAILHTPGCVPCVREGHASR&WV??TP;V

GKLPATQLRRHIDLLYGSATLCSALYYGDLCESYFLYOGL RHWT-300

TC’CNCa!YPGHITGHRHAHDHHHHHSPTTALVHAQLLRIPOAILDH AG
é?ti;%ﬁﬁ&AYFSHVSNSAKVLVV%%LFAEVB ETHVT AGHT{? Fg -400
GCPERLASCRPL DOGHGP!EY&NGS%HD PKPCGIVP K-500

PYVYYGTTD
GCTHHNS%GFTKVCEAPPCVl65AG&HTLHCPTDCFRKH?"ITYSR 656-600

]
PWLTPRCLVDYPYRLNHYPCTINYTIFKIRMYYGGYEHRLEAACNWTRGE
RCDLEBRDRSELSPLLLTTTQHQVL?CSFTTLPALSTGLIHLHQNIVDVQ ~-700
YLYGVGSSIASHA!KH LLFLLLADARYCSCLWMMLL I SQAEAALEN
LNAASLAGTHGLVSFLVFFCFAHYLKGKHVPGAVYTFYGHHPLLLLL-800

{N)
LALPQRAYALDTEYAASCGGYYLYGLMALTLSPYYKRYISWCLWWLQYFL
TRVEAQLHVRIPPLNVRGGRDAVILLHCAVHPTLVFDITKLLLAVFEPLH -S00
1LQASL LKVPYFVRVQGLLRFCALARK“ISGHYVQHVII LGALTETYVY
NHLTPLRDWAHNGLRDLAVAVEFVVFSQMETKL I TWGADTAACED] INGL-10G0
PVSARRGREILLGPADGHVSKSHRLLAPITAYAQQTRGLLGCI!TSLTGR
DKNQVEGEVQIVSTAAQTTFATCINGVCWTVYHGAGTRT IASPKGPYIQM-1100
YTNYDQDLYGWPAPQGSRSLTPCTCESSDLYLYTRHADVIPYRRRGDSRG
QLLSPRPISYLKGSSSGPLLCPASHAVGIFRAAVCTRGVAKAVDFIPVEN -1200
LETTMRSPVFTDRSSPPVVPOSFQVAHLHAPTGSGKSTKVPAAYAAQGYK

VLVLKPSVAATLGFGAYHSKAHGIDPHIRTGVRTITTGSPITYSTYGKFL—ISOO

ADGECSEGAYDI I ICDECHSTDATSILGIGTVLDQAETAGARLYVLATAT
PPGSVTVPH?HIEEVALSTTGEIPFYGKAIPLEVIKGGRHLlFCHSKKKC*lQOD
DELAAKLYALGINAVAYYRGLDVSYIPTSGDVVVVATDALMTGYTGDFDS

(S
V’DCHT CVTOTVDFSLDPTFTIETITLPQDAVSRTQRRGRTEREKP [YR-1500
FYAPGERPSGMFDSSYLCECYDAGCAWYEL TPAE TTVRLRAYMNTPGLPY
CQDHLEFWEGVFTSL THI DAHFLSQTKQSGENLPYLYAYQATVCARAQAP-1600
PPSWDQMWKCL IRLKPTLHGPTPLLYRLGAVONE I TL THPVTKY IMTCMS
ADLEVVTSTHVLVGEVLAALAAYCLSTGCVVIVGRVVLSGKPAIIPDREV -1700
LYREFDEMEECSQHLPY | EQGMMLAEQFKQKALGLLQTASRQAEVIAPAY
QTNWQ KLETFHAKHHHNFISGiQYLAGLSTLPBHPAIASLHAFTAAVT P-1800
LTTSQTLLFNILGGWVAAQL AAPGAATAFYGAGLAGAAIGSYGLEKVLED
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FiG.66B
()
[LAGYGAGYAGALYAFKIMSGEYPSTEDLYNLLPATLSPGALVVYGVYVCAA-1300

{HC)
E%ﬁ;ﬁVBP EGAVOWMNRL I AFASRGNHYSPTHYVPESDAAARYTAILSS
QLLRRLHQWISSECTTPCSGSWLRDIWDWICEVLSDFKTWLKAKLM-2000

(Y}
PGLPGIPFYSCQRGYKGYWRGDE IMHTRCHCGAEI TGHVKNGTMRIVGPR
TCRHHHSGTFP!HAYTTGPCTPLPAPHYTFALHRVSAEEYVEIRQVEBFH-ZIDU

YVTGMTTDRL REEV%
LHEYPVGSQLPCEPEPDVAVLT%HL giHITAEAAgKELARGSP gXAS-ZZOO
SSASQLSAPSLKATCTANHDSPDAEL IEANLLWRQEMGGN

VILDSFBPLVAEEDEREISVPAEILRKSRRFAQALPVHARPDYHPPLVET -2300

S
WXKPDYEPPVVHGCPLPPPKSPPYPPPRKKRTVVLTESTLSTALAELATR

' (FA)
SFGSSSTSGITGDNTTTSSEPAPSGCPPDSDAESYSSMPPLEGEPGDPDL-2400
SDGSWSTVSSEANAEDYVCCSMSYSWTGALVTPCAAEEQKLPINALSNSL
LRHHNLYYSTTSRSACQROKKVTFDRLQVLDSHYQDVLKEVKAAASKVKA-2500

(F)
NLLSYEEACSLTPPHSAKSKFGYGAKDVRCHARKAVTHINSVWKDLLEDN

VTPIDTT IMAKNEVFCVGPEKGGRKPARL IVFPDLGYRYCEKMALYDVVT-2600
KLPLAYMGSSYGFQYSPGQRYEFLVQAWKSKKTPMGFSYDTRCFDSTYTE

(G)
SDIRTEEAIYQCCDLDPQARVAIKSLTERLYVGGPLTNSRGENCEYRRCR-ZYOO
ASGYLTTSCGNTLTCYIKARAACRAAGLGDCTMLVCGDDLVVICESAGYVQ
EDAASLRAFTEAHTRYSADPGDPPOPEYDLELITSCSSNVSVAHDGAEKR-ZSOO ~
YYYLTRDPTTPLARAAWETARHTFYNSWLGNI IMFAPTLWARMILMTHF
SVLIARDQLEQALDCEIYEACYSIEPLDLPPIIQRLHGLSAFSLHSYSPG-ZQOO

G
EINRVAACLRKLGVPPLRAHRHRARSVRARLLARGGRAAICGKYLFNHAV
RTKLK==mm e e (Stop codon not yet reached)

{ } = Heterogenelity due to possible 5 or 3’
terminal cloning artefacts.
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FIGRE 67-2
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(3001 - 3011)
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Same conserved co~linsar paptides in MOV & Flaviviruses

N$5
Highly=ccoservea
NS3 reglon Polymarase
region
Flaviviruses TATEPG—~———===SAAQRRGRIGRNP——= ~——-wewas-ewaGDDCVY
(Yellow Fever, -
Wect Nlile,Dengue)
(1 X123 - TEERET 2 ary B®
OV TATPPG— v ~=—SRTORRGRTIGRGK: -GDoLVY
] ] ]
$1348 $1423 #2737

PIGURE 68
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Transiation of DNA €k

Overlap with 16jh
GlyArgAlaAlaIleCysGlyLysTyrLeuPheAsnTrpAlavalArgThrLysLeulys
1 GGCAGGGCTGCCATATGTGECAAGTACCTICTTCAACTGGGCAGTAAGAACAAAGCTCARA
CCGTCCCGACGGTATAC.\CCGTTCATGGAGAAG'ITGACCCGTCATTCTDGTTTCGAGTTT

IeuThrProIleAlaAlaAI.aGlyGlnLeuAspIeuSerGlyTrp?heThrAlaGlyTyr
6l CTCACTCCAATAGCGGCCGCTGGCCAGCTGGACTTIGTCCGGCTGGT TCACGECTGGCTAC
GCACTGAGGTTATCGCCGGCGACCGGTCGACCTICGAACAGGCCGACCAAGTGCCGACCGATG

SerGlyGlyAspIleTyrHisSerValSerHisAlaArgProArgTrplleTrpPheCys

121 AGCGGGGGAGACATTTATCACAGCGTGTCTCATGCCCGGCCCCGCTGGATCTGGTTTTGE
TCGCCCCCTCTGTAAATAGTGTCGCACAGAGTACGGGCCGGGGCEGACCTAGACCAAAACG

181 CC
GG

FIGURE 71
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FIGURE 72-1

MetSerThrAsnProLlysProGlnArglysThriysArgAsnThrAsnATgArgProGlin
1 ATGAGCACGAATCCTRAACCTCAAAGAAAAACCAAACGTAACACCAACCGTCGCCCACAG
TACTCGTGCTTAGGATTIGGAGTTIC T T TTTGGTTIGCATTIGTGGTTGGCAGTGGGTGTC

AsSpV¥allysPheProGlyGlyGlyGlnIleValGlyGlyValTyrLeuleuProArgarg
61 GACGTCAAGTTCCCGGGTGGCGGTCAGATCGTTGGTGGAGTTTACTTGTTGCCGCGCAGG
CIGCAGTTCAAGGGCCCACCGCCAGTCTAGCAACCACCTCAAATGAACAACGGCGCGTCC

GlyProArgLeuGlyValArgalaThrArgLysThrSerGluArgSerGlnProArgGly
121 GGCCCTAGATTGGGTGTIGCGCGCGACGAGAMAGACTTCCGAGCGGTCGCAACCTCGAGGT
CCGGGATCTAACCCACACGCGCGCTGCTCTTICTGAAGGCTCGCCAGCGTTGGAGCTCCA

ArgArgGlnProllieProLysAlaArgArgProGluGlyArgThrTrpAlaGlnProGly
181 AGACGTCAGCCTATCCCCAAGGCTCGTCGGCCCGAGGGCAGGACCTGGGCTCAGCCCGEE
TCTGCAGTCGGATAGGGGTTCCGAGLAGCCGGGLCTCCCGTCCTGGACCCGAGTCGGGCCC .

TyrProTrpProLeuTyrGlyAsnGluGlyCysGlyTrpAlaGlyTrpLeuleuSerPro
241 TACCCTTGGCCCCTCTATGGCAATGAGGGCTGCGGCTGGECEGEATGECTCCTGTCTICCC
ATGGGARCCGGGGAGATACCGTTACTCCCGACGCCCACCCGCCCTACCGAGGACAGAGGS

ArgGlySerArgProSerTrpGlyProThraspProArgArgArgSerArgasnleuGly
301 CGETGGCTCTCGGCCTAGCTGGGECCCCACAGACCCCCGGCGTAGGTCGCGCAATTTGGGT
GCACCGAGAGCCGGATCGACCCCGGEETETUTGGGGGCCGCATCCAGCGCGTTAAACCCA

LysVallleaspThrleuThrCysGlyPheAlaAspleuMetGlyTyrIleProleuval
361 AAGGTCATCGATACCCTTACGTGCGGCTTCGCCGACCTCATGGGGTACATACCGCTCGTC
ITTCCAGTAGCTATGGGAATGCACGCCGAAGCGGCTGGAGTACCCCATGTATGGCGAGCAG

GlyAlaProLeuGlyGlyAlaAlaArgAlaleuAlaHisGlyValArgValLeuGluAsp
421 GGCGCCCCICTTGCAGGLGCTGCCAGGGCCCTGGCGCATGGCGTCCGGGTTCTGGAAGAL
CCGCGEGEAGAACCTCCGCGACGGTCCCGGGACCGCEGTACCGCAGGCCCARGACCTTCTG

GlyvalasnTyrAlaThrGlyAsnLeuProGlyCysSerPheSerIlePheleuleudla
481 GGCGTGAACTATGCAACAGGGAACCTTCCTGGTTGCTCTTTCTCTATCTTCCTTCTGGCC
CCGCACTTGATACGTTGTCCCTTGGAAGGACCAACGAGAAAGAGATAGAAGGAAGACCGE

LeuLeuSerCysLeuThrValProaAlaSeralaTyrGlnValArgAsnSerThrGlyLeu
541 CIGCTCTCTITGCTTGACTGTGCCCGCTTCGGCCTACCAAGTGCGCAACTCCACGGGGCTT
GACGAGAGEACGAACTGACACGGGCGAAGCCGGATGGTTCACGCGTTGAGGTGCCCCGAR

TyrHisValThrAsnAspCysProAsnSerSerIlevalTyrGluAlaAlaAspalalle
601 TACCACGTCACCAATGATTGCCCTAACTCGAGTATTGTGTACGAGGCGGCCGATGCCATC
AIGGTGCAGTGGTTACTAACGGGATTGAGCTCATAACACATGCTCCGCCGGCTACGGTAG

LeuHisThrProGlyCysvValProCysVal ArgGluGlyAsnAlaSerArgCysTrpval
€61 CIGCACACTCCGGGGTGCGTCCCTTGCGTTCGTGAGGGCAACGCCTCGAGGTGTTGGGTS
GACGTGTGAGGCCCCACGCAGGGARCGCAAGCACTCCCGTTGCGGAGCTCCACAACCCAC

AlaMetThrProThrvalAlaThrArgAspGlyLysLeuProAlaThrGlnleulrgArg
721 GUGATGACCCCTACGGTGGCCACCAGGGATGGCAAACTCCCCGCGACGCAGCTTCGACGT
CGCTACTGGGGATGCCACCGGTCCTCCCTACCGTTTGAGGGGCGCTGCGTCGAAGCTGCA

HisIleAspleuleuValGlySeralaThrLeuCysSerhAlaleuTyrValGlyAspleu
781 CACATCGATCIGCTTGTCGGGAGCGCCACCCTCTGTTCGGCCCTCTACGTGGGGGACCTG
GIGTAGCTAGACGAACAGCCCTCGCGETGGGAGACAAGCCGGEAGATGCACCCCCTGRAC

CysGlySerValPheleuValGlyGlnLeuPheThrPheSerProArgArgHisTrpThr
841 TGCGGGTCTGTICTITCTTIGTCGGLCAACTGT TCACCTTCTCTCCCAGGCGCCACTGGACG
ACGCCCAGACAGAMAGAACAGCCGGTTCACAAGTGGAAGAGAGGGTCCGCGGTGACCTGE

ThrGlnGlyCysAsnCysSerIleTyrProGlyHisIleThrGClyHisAxrgMetaAlaTrp
901 ACCCAAGGTIGCAATTIGCTCTATCTATCCCGGCCATATAACGGGTCACCGCATGGCATGG
TGCGTTCCAACGTTAACGAGATAGATAGEGCCGGTATATTGCCCAGTGGCGTACCGTALCC
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FIGURE 722
AspMetMetMetAsnTrpSerProThrThrAlaleuvalMetAlaGlnleuleuArglle

GATATGATGATGAACTGGTCCCCTACGACGGCGTTGGTAATGGCTCAGCTGCTCCGGATC
CTATACTACTACTTGACCAGGGGATGCTGCCCCAACCATTACCGAGTCGACGAGGCCTAG
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ProGlnAlalleleuAspMetIleAlaGlyAlalisTrpGlyvalleuilaGlyIlleAla
1021 CCACRAGCCATCTITGGACATGATCGCTGGTGCTCACTGGGGAGICCTGGLCGGCATAGLG
GOTGTTCGGTAGAACCTGTACTAGCGACCACGAGTGACCCCTCAGGACCGCCCGTATCGC

TyrPheSerMetvalGlyAsnTrpAlalysvValleuValValleuleuleuPheAlaGly
1081 TATTTICTCCATGGTGGCGAACTGGGCGAAGGTCCTGGTAGTGCTGCTGCTATTITGCCGGE
ATARAGAGGTACCACCCCTTGACCCGCTICCAGGACCATCACGACGACGATAAACGGCCG

vValAspAlaGluThrHisValThrGlyGlySerAlaGlyHisThrvalSerGlyPheval
1143 GTCGACGCGGAMACCCACGTCACCGGGGGARGTGECGGCCACACTGIGTCTGGATTIGIT
CAGCTGCGCCTTTGGETGCAGTGGCCCCCTTCACGGCCGGTGTGACACAGACCTARACAA

SerleuleudlaProGlyAlalysGlnAsnValGlnleulleAsnThrasnGlySerTrp
1201 AGCCTCCTCGCACCAGGCGCCAAGCAGAACGTCCAGCTGATCAACACCAACGGCAGTTCG -
TCGGAGGAGCETGOTCCECGGTTCGTCTTGCAGGTCGACTAGTTIGTGGTTGCCGTCAACC

HisleuAsnSerThrAlaleuAsnCysAsnAspSerleuadsnThrGlyTrpleuAlaGly
1261 CACCTCAATAGCACGGCCCTGAACTGCAATGATAGCCTCAACACCGGCTIGGTTGGCAGGG
GTGGAGTTATCCTGCCECGCACTTGACG T TACTATCGGAGTTGTGGCCGACCARCCGTCCC

LeuPheTyrHisHisLysPheAsnSerSerGlyCysProGluargleuAlaSerCysArg
132 CTTTTCTATCACCACAAGTTCAACTCTTICAGGCIGTCCTGAGAGGCTAGCCAGCTGCCGA
GAAAAGATAGTGGTGTTCAAGTTGAGAAGTCCGACAGGACTCTCCGATCGGTCGACGGCET

ProleuThrAspPheAspGlnGlyTrpGlyProlleSerTyralaAsnGlySerGlyPro
1381 CCCCTITACCGATTITTGACCAGGGCTGGGGCCCTATCAGTTATGCCAACGGAAGCGGCCCT
GGGGAATGGCTAAAACTGGTCCCGACCCCGGGATAGTCAATACGGTTGCCTTCGCCGGGE

AspGlnArgProTyrCysTrpHisTYyrProProlysProCysGlyIleValProAlalys
1441 GACCAGCGCCCCTACTGCTGGCACTACCCCCCAAAACCTTGCGGTATTGTGCCCGCGAAG
CTGGTCGCGGGGATGACGACCG TGATCGGGEETTTITGGAACGCCATAACACGGGCGCTTC

ServalCysGlyProValTyrCysPheThrProSerProvalvalvalGlyThrThrasp
1501 AGTGTIGTGTGGTCCGGTATATTGCTTCACTCCCAGCCCCGIGGTGGTGGGAACGACCGAC
TCACACACACCAGGCCATATAACGAAGTGAGGGTCGGGGCACCACCACCCTITGCTGGCTG

ArgSerGlyAlaProThrTyrSerTrpGlyGluAsnAspThrAspValPhevValLeuAsn
1561 AGGTCGGGCGCGCCCACCTACAGCTGGGGTGAAAATGATACGGACGTCTTCGTCCTTAAL
TCCAGCCCGCGUGEGTGGATGTCGACCCCACTTTTACTATGCCTGCAGAAGCAGGAATTG

AsnThrargProProleuGlyAsnTrpPheGlyCysThrTrpMetAsnSerThrGlyPhe
1621 AATACCAGGCCACCGCTGGGCAATIGCTTCGGTTGTACCTGGATGAACTCAACTGGATTIC
TTATGGTCCGGTGGCGACCCGTTAACCAAGCCAACATGGACCTACTTGAGTTIGACCTAAG

ThrLysValCysGlyAlaProProCysValIleGlyGlyAlaGlyAsnAsaThrLeuHis
1681 ACCAAAGTGTGCGGAGCGCCTCCTTGTEGTCATCGGAGGGGCCGGCAACAACRCCCTGCAC
IGGTTICACACGCCTCGCGGAGGAACACAGTAGCCTCCCCGCCCGTTGTTGTGGGACGTG

CysProThrAspCysPheArglysHisProAspAlaThrTyrSerArgCysGlySerGly
1741 TGCCCCACTGATTGCTTCCGCAAGCATCCGGACGCCACATACTCTCGGTGCGGCTCCERT
ACGGGETGACTARCGAAGGCGTTCGTAGGCCIGCGCTGTATGAGAGCCACGCCGAGGCCA

ProTrrIleThrProArgCysLleuValAspTyrProTyrArgLeuTrpHisTyrProCys
1801 CCCTGGATCACACCCAGGTGCCTGGTCGACTACCCGTIATAGGCTTITGGCATTATCCTTGT
GEGACCTAG TG IGGGTICCACGGACCAGCTGATGGGCATATCCGAAACCGTAATAGGAACA

ThrIleAsnTyrThrIlePheLyslleArgMetTyrValGlyGlyvalGluHisArgleu
1861 ACCATCAACTACACCATATTITAAARTCAGGATGTACGTGGGAGGGGTCGAACACAGGLTG
IGGIAGTTGATGTGGTATAAATTTTAGTCCTACATGCACCCTCCCCAGCTTGTGTCCGAC

GlualaalaCysAsnTrpThrArgGlyGluArgCysAspleuGluAspArgAspArgSer
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FIGURE 72-3

CITCGACGGACGTIGACCTGCGCCCCGCTTGCAACGCTAGACCTTCTGTCCCTGTCCAGS

GluleuSerProleuleuleuThrThrThrGlnTrpGlnValleuProlysSerPheThr
1981 GAGCTCAGCCCGTTACTGCTGACCACTACACAGTGGCAGGTCCTICCCGTGTTCCTTCACA
CTCGAGTCGGECAATGACGACTGGTGATGTGTCACCGTCCAGGAGGGCACAAGGAAGTGT

ThrieuProAlaleuSerThrGlyleulleHisleuHisGlnAsnIlevalaspValGln
2041 ACCCTACCAGCCTTGTCCACCGGCCTCATCCACCTCCACCAGAACATTGTIGGACGTGCAG
TGGGATGGTCGGRAACACGTIGGCCGGAGTAGGTCGAGGTGGTCTIGTAACACCTGCACGTC

TyrleuTyrGlyvValGlySerSerlieAlaSerTrpAlallelysTrpGluTyrvValval
2101 TACTIGTACGGGGIGGGGTCAAGCATCGCCTCCTGGGCCATTAAGTGGGAGTACGTCGTT
ATGAACATGCCCCACCCCAGTTCGTAGCGCAGGACCCGGTAATTCACCCTCATGCAGCAA

LeuleuPheleuleuleuAlaAspAlaArgValCysSerCysLeuTrpMetMetieuleu
2161 CTCCIGTTCCTTCIGCTTGCAGACGCGCGCETCTGCTCCIGCTIGCTGGATGATGCTACTC
GAGGACAAGGAAGACGARCGTCTGCGCGCGCAGACGAGGACGAACACCTACTACGATGAG.

IleSerGlnAlaGluAlaalaleuGluAsnleuvallleleuAsnalaAlaSerleulla
2221 ATATCCCAAGCGG2GGCGGCTTTGGAGAACCTCGTAATACTTAATGCAGCATOCCTGGRCS
TATAGGGTTCGCCTCCGCCGAAACCTCTTGGAGCATTATGAATTACGTCGTAGGGACCGS

GlyThrHisGlyleuValSerPheleuval PhePheCysPheAlaTrpTyrLeulysGly
2281 GGGACGCACGGTCTTGTATCCTTCCTCGIGTTCTITCTGCTTTGCATGGTATTTGAAGGGT
CCCTCCGIGCCAGAACATAGGAAGGAGCACAAGAAGACGAAACGTACCATAAACTTCCCA

LysTrpValProGlyAlavValTyrThrPheTyrGlyMetTrpProleuleuleuleuleu
234] AAGTGGGTGCCCGGAGCGGTCTACACCTTCTACGGGATGTGGCCTCTCCTCCTGCTCCTG
TITCACCCACGGGCCTCGCCAGATGTGGAAGATGCCCTACACCGGAGAGGAGGACGAGGAL

LeuhlaleuProGlnArgAlaTyrAlaleuAspThrGluvalAlaAlaSerCysGlyGly
2401 TIGGCGTITGCCCCAGCGGGCGTACGCGCTGGACACGEGAGGTGGCCGCGTCGTGTGGCGET
ARCCGCAACGGEGTCGCCCGCATGCGCGACCTCTGCCTCCACCGGCGCAGCACACCGCCA

ValvalleuvValGlyleuMetAlaleuThrLeuSerProTyrTyrLysArgTyrIleSer
2461 GITGTTCICGTCGGGTTGATGGCGCTGACTCTGTCACCATATTACAAGCGCTATATCAGC
CAACAAGAGCAGCCCAACTACCCCGACTCAGACAGTGGTATAATGTTCGCGATATAGTCG

TrpCysleuTrpTrpleuGlnTyrPheleuThrargvalGluAlaGlnleulisvalTrp
2521 TGGIGCTIGTGGTGGCTTCAGTATTTTCTGACCAGAGTGGAAGCGCAACTGCACGTGTGG
ACCACGARCACCACCGAAGTCATARAAGACTGGTCTCACCTTCGCGTTGACGTGCACACC

IleProProleuAsnValArgGlyGlyArgAspAlavalIleleuLeuMetCysAlaval
258) ATTCCCCCCCTCAACGTCCGAGGGGGGCGCGACGCCGTCATCTTACTCATGTGTGCTGTA
TRAAGGGGGGGAGTTGCAGGCTCCCCCCGCGCTCCGGCAGTAGAATGAGTACACACGACAT

HisProThrLeuValPheAspIleThrlysleuleuleuAlaValPheGlyProleuTrp
2641 CACCCGACTCTGGTATTTIGACATCACCARATIGCTGCTGGCCGTCTTCGGACCCCTTTGG
GIGGGCTGAGACCATAAACTGTAGTGGTTTAACGACGACCGGCAGAAGCCTGGGGARACC

IleleuGlnAlaSerLeuleulLysValProTyrPheValArgvValGlnGlyLeuleuArg
2701 ATTCTTCAAGCCAGTTTGCTTAAAGTACCCTACTTIGTGCGCGTCCAAGGCCTTCTCCGR
TAAGAAGTTCGGTCAAACGAATTTCATGGGATGAAACACGCGCAGG TTCCCGAAGAGELC

PheCysAlaleuAlaArgLysMetIleGlyGlyHisTyrvValGlnMetValIleIleLys
2761 TICTGCGCGTTAGCGCGGAAGATGATCGGAGGCCATTACGTGCAAATGGTCATCATTAAG
AAGACGCGCAATCGCGCCTTCTACTAGCCTCCGGTARTGCACGTTTACCAGTAG TAATTC

LeuGlyAlaLeuThrGlyThrTeralTyrAanisLeuThrProLeuArgAspTrpAla
2821 TTAGGEGCGCTTACTGGCACCTATGTTTATAACCATCTCACTCCTCTTCGGEACTGEGCG
AATCCCCGCGAATGACCGTGGATACAAATATTGGTAGAG TGAGGAGAAGCCCTGACCCGT

HisAsnGlyLeuArgAspleuAlavValAlavalGluProValvValPheSerGlnMetGlu
2881 CACAACGGCTTGCGAGATCTGGCCGTGGCTGTAGAGCCAGTCGTCTTCTCCCAAATGGAG
GIGTITGCCGARCGCICTAGACCGGCACCGACATCTCGGTCAGCAGAAGAGGGTTTACCTC
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FIGURE 72-4

ThriysleulleThrTrpGlyAlaAspThralaAlalysGlyAspIllelleAsnGlyleu
2941 ACCAAGCTCATCACGIGGGGEGGCAGATACCGCCGCGTGCGGTGACATCATCAACGGCTTG
TGGETTCGAGTAGTGCACCCCCCGTICTATGGCGGCGCACGCCACTGTAGTAGTTGCCGAAC

ProvValSeraAlaArgArgGlyArgGlulleleuleuGlyProAlaAspGlyMetValSer
3001 CCTGTTTCCGCCCGCAGGGGCCGEGAGATACTGCTCGGGCCAGCCGATGGAATGGTCTICC
GGACAAAGGCGGECGTCCCCGECCCTCTATGACGAGCCCGGTCGGCTACCTTACCAGAGG

LysGlyTrpArgleuleuAlaProlleThrAlaTyrAlaGlnGInThrArgGlyleuleu
3061 AAGGGGTGGAGGTTGCIGGCGCCCATCACGGCGTACGCCCAGCAGACAAGGGGCCTCCTA
TTCCCCACCTCCAACGACCGCGGGTAGTGCCGCATGCGGGTCGTCTGTTCCCCGGAGGAT

GlyCysIlelleThrSerlLeuThrGlyArgAspLysAsnGlnValGluGlyGluvalGlin
3121 GGGTGCATAATCACCAGCCTAACTGGCCGGGACARARACCAAGTGGAGGGTGAGGTCCAG
CCCACGTATTAGTGGTCGGATTGACCGGCCCIGTITTITGGTTCACCTCCCACTCCAGGTC

IlevalSerThrAlaAlaGlnThrPheleudlaThrCysIleAsnGlyvalCysTrpThr
3181 ATTIGIGTCAACTGCTGCCCAAACCTTCCTGGCAACGTIGCATCAATGGGGTGTGCTGGALT
TAACACAGTTGACGACGGG TTTGGAAGGACCGTTGCACGTAGTTACCCCACACGACCTIGA

ValTyrHisGlyAlaGlyThrArgThrileAlaSerProLysGlyProvallleGlnMet
3241 GICTACCACGGGGCCGGAACGAGGACCATCGCGTCACCCAAGGGTCCTGTCATCCAGATG
CAGATGGTGCCCCGGCCTTGCTCCTIGGTAGCGCAGTGGGTTCCCAGGACAGTAGGTCTAC

TyrThrAsnValAspGlnAspleuValGlyTrpProAlaProGlnGlySerArgSerleu
3301 TATACCAATGTAGACCAAGACCTTGTIGGGCTIGGCCCGCTCCGCAAGGTAGCCGCTCATTG
ATATGGTTACATCTGGTTCTGGAACACCCGACCGGGCGAGGCGTTCCATCGGCGAGTAAC

ThrProCysThrCysGlySerSerAspleuTyrLeuValThrArgHisAlaAspVallle
3361 ACACCCTGCACTIGCGGCTCCTCGGACCTITTACCTGGTCACGAGGCACGCCGATGTCATT
TGTGGGACCTGAACGCCGAGGAGCCTGGAAATGGACCAGTGCTCCGTGCGGCTACAGTAA

ProValArgArgArgGlyAspSerArgGlySerleuleuSerProArgProlleSerTyr
3421 CCCGTGCGCCGGCGGEGTGATAGCAGGGGCAGCCTGCTEGTCGCCCCGGCCCATTTCCTAC
GGGCACGCGGCCGCCCCACTATCGTCCCOGTCGGACGACAGCGGGGCCGGGTAAAGGATG

LeulysGlySerSerGlyGlyProLeuleuCysProalaGlyHisAlavalGlyIlePhe
3481 TIGAAAGGCICCTCGGGGGGTCCGCTETTGTGCCCCGCGEGGCACGCCGTGGGCATATTT
RACTTTCCGAGGAGCCCCCCAGGCGACAACACGEGGCGCCCCETGTGGCACCCGTATAAA

_ ArgAlaAlavalCysThrargGlyvalAlalysAlavalAspPhelleProvalGluAsn
3541 AGGGCCGCGGTGTGCACCCGTGGAGTGGCTAAGGCGGTGGACTTTATCCCTGTGGAGAAC
TCCCGEGCGCCACACGTGGGCACCTCACCGATTCCGCCACCTGAAATAGGGACACCTCTTG

LeuGluThrThrMetArgSerProvalPheThrAspAsnSerSerProProvValvalPro
3601 CTAGAGACAACCATGAGGTCCCCGGTGTTCACGGATAACTCCTCTCCACCAGTAGTGCCC
GATCTCTGTTIGGTACTCCAGGGGCCACAAGTGCCTATTGAGGAGAGGTGGTCATCACGGE

GlnSerPheGlnvalAlaHislLeuHisAlaProThrGlySerGlyLysSerThrlysval
3661 CAGAGCTTCCAGGTGGCTCACCTCCATGCTCCCACAGGCAGCGECARAAGCACCAAGETS
GTCTCGAAGETCCACCGAGTGGAGGTACGAGGGTGTCCGTCGCCGTTTTCGTGGTTCCAG

ProcAlaAlaTyrAlalAlaGlnGlyTyrLysValleuvalleuAsnProServalalaila
3721 CCGGCTGCATATGCAGCTCAGGGCTATAAGGTGCTAGTACTCAACCCCTCTGTTGCTGCA
GGCCGACGTATACGTCGAGTCCCGATATTCCACGATCATGAGTTGGGGAGACAACGACGT

ThrlLeuGlyPheGlyAlaTyrMetSerLysAlaHisGlyIleAspProAsnIleArgThr
3781 ACACTGGGCTTTGGTGCTTACATGTCCAAGGCTCATGGGATCGATCCTAACATCAGGACC
TGTGACCCGAAACCACGAATGTACAGG TTCCGAGTACCCTAGCTAGGATTGTAGTCCTGG

GlyValAx, ThrIleThrThrGlySerProlleThrTyrSerThrTyrGlyLysPheleu
3B41 GGGGTGAGAZ CAATTACCACTGGCAGCCCCATCACGTALTCCACC TACGGCAAGTTCCTT
CCCCACTCT TG TTAATGG TGACCGTCGGGG TAGTGCATGAGGTGGATGCCGTTCARAGGAR

AleAspGlyGlyCysSerGlyGlyAlaTyrAspI1eIleIleCysAspGluCysHisSer
GCLGACGGLGEGTGCICEGEEGECGCTTATGACATAATAATTTG TGACGAGTGCCACTCC
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FIGURE 72-5

CGGCTGCCGLCCACGAGCCCCCCGCGAATACTGTATTATTAAACACTGCTCACGGTGAGG

ThraspalaThrSerIleleuGlyIleGlyThrValleuAspGlnAlaGluThraAlaGly
3961 ACGGATGCCACATCCATCTTGGGCATCGGCACTGTCCTIGACCAAGCAGAGACTGCGGGG
TGCCTACGETGTAGGTAGAACCCGTAGCCG TGACAGGAACTGGTTCGTCTCTGACGCCCC

AlaarglLeuvValValleuAlaThrAlaThrProProGlySerValThrValProHisPro
4021 GCGAGACTGGTTGTGCTCEGCCACCGCCACCCCTCCGGGCTCCGTCACTGTGCCCCATCCC
CGCTCTGACCAACACGAGCGGTGGOGGTGECGAGGCCCCGAGGCAGTGACACGGGGTAGGE

asnlleGluGluvalalaleuSerThrThrGlyGlulleProPheTyrGlyLysAlalle
4081 AACATCGAGGAGGTTGCTCIGTCCACCACCGGAGAGATCCCTTTTTACGGCAAGGCTATC
TTGTAGCTCCTCCAACGAGACAGGTGGTGGCCTCTCTAGGGAARAAATGCCGTTCCGATAG

ProleuGluvalIleLysGlyGlyArgHisleuIlePheCysHisSerLysLysLysCys
4141 CCCCTCGAAGTAATCARGGGGGGGAGACATCTCATCTTCTGTCATTCAAAGAAGAAGTGC
GGGGAGCTTCATTAGTTCCCCCCCTCTGIAGAGTAGAAGACAGTAAGTTTCTTCTTCACG-

AspGluleuAlailalysleuValAlaleuGlyIleAsnAlaValAlaTyrTyrArgGly
4201 GACGRACTCGCCGCAMAGCTGGTCGCATTGGGCATCAATGCCGTGGCCTACTACCGCGET
CTGCTIGAGCGGCGTTTCGACCAGCGTAACCCGTAGTTACGGCACCGGATGATGGCGLCCA

LeuAspValServallleProThrSerGlyAspvalvalvalvValAlaThrAspAlaleu
4261 CTITGACGTGTCCGTCATCCCGACCAGCGSTGATGTTGTCGTCGTGGCAACCGATGCCCTC
GAACTGCACAGGCAGTAGGGCTGGTCGCCGCTACAACAGCAGCACCGTTGGCTACGGGAG

MetThrGilyTyrThrGlyAspPheAspServalIleAspCysAsnThrCysValThrGln
4321 ATGACCGGCTATACCGGCGACTTCGACTCGGIGATAGACTGCAATACGTGTGTCACCCAG
TACTGGCCGATATGGCCGCTGAAGCTGAGCCACTATCTGACGTTATGCACACAGTGGGTC

ThrValAspPheSerleuAspProThrPheThrIleGluThrIleThrleuProGlnAsp
4381 ACAGTCGATTTCAGCCTTGACCCTACCTTCACCATTGAGACAATCACGCTCCCCCAGGAT
TGTCAGCTAAAGTCGGAACTGGGATGGAAGTGGTAACTCTGTTAGTGCGAGGGGGTCCTA

Alaval SerArgThrGlnArgArgGlyArgThrGlyArgGlyLysProGlyIleTyrArg
4441 GCTGTCTCCCGCACTCAACGTCGGGGCAGGACTGGCAGGGEGAAGCCAGGCATCTACAGA
CGACAGAGGGCGTGAGTTIGCAGCCCCETCN TGACCGTCCCCCTTCGGTCCGTAGATSTCT

PhevalAl aProGlyGluArgProSerGlyMetPheAspSerServValleuCysGluCys
4501 TTTGTGGCACCGGGGGAGCGCCCCTCCGGCATGTTCGACTCGTCCGTCCTCTGTGAGTGE
AAACACCGTGGCCCCCTCGCGGGGAGGCCGTACAAGC TGAGCAGGCAGGAGACACTCACG

TyraAspAlaGlyCysalaTrpTyrGluLeuThrProalaGluThrThrValArgleuArg
4561 TATGACGCAGGCTGTGCTTGGTATGAGCTCACGCCCGCCGAGACTACAGTTAGGCTACGA
ATACTGCGTCCGACACGAACCATACTCGAGTGCGGGCGGCTCTGATGTCAATCCGATGCT

AlaTyrMetAsnThrProGlyleuProvalCysGlnAspHisleuGluPheTrpGluGly
4621 GUGTACATGAACACCCCGGGGCTTCCCGTGTGCCAGGACCATCTTGAATTTTGGCAGGGC
CGCATGTACTIGTGGGGCCCCGARAGGGCACACGGTCCTGGTAGAACTTAAAACCCTCCCG

ValPheThrGlyLeuThrHisIleAspaAlaHisPheleuSerGlnThrLysGlnSerGly
4681 GICTTTACAGGCCTCACTCATATAGATGCCCACTITCTATCCCAGACAAAGCAGAGTGGG
CAGAAATGTCCGGAGTGAGTATATCTACGGGTGARAGATAGGGTCTGTTICGTCTCACLCC

GluAsnLeuProTyrleuValAlaTyrGlnAlaThrvalCysAlaArgaAlaGlnAlaPro
4741 GAGAACCTTCCTTACCTGGTAGCGTACCAARGCCACCGTGTGCGCTAGGGCTCAAGCCCCT
CICTTGGAAGGAATGGACCATCGCATGGTTCGGTGGCACACGCGATCCCGAGTTCGGGGA

ProProSerTrpAspGlnMetTrpLysCysleulleArgleulysProThrLeulisGly
4801 CCCCCATCGIGGGACCAGATGTGGAAGTGTTTGATTCGCCTCAAGCCCACCCTCCATGGES
GGGGGTAGCACCCTGGTCTACACCTTCACAAACTAAGCGGAGTTCGGETGGGAGGTACCC

ProThrProleuleuTyrArgleuGlyAlaValGlnAsnGlulleThrieuThrHisPro
4861 CCAACACCCCTGCTATACAGACTGGGCGCTGTTCAGAATGAAATCACCCTGACGCACCCA
GGITGTGGGGACCATATGTCTGACCCGCGACAAGTCTTACTTTAGTGGGACTGCGTGGGT
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FIGCRE 72-6

ValThrLysTyrIleMetThrCysMetSerAlaAspleuGluvalvalThrSerThrTrp
4921 GTCACCAAATACATCATGACATGCATGTCGGCCGACCTGGAGGTCGTCACGAGCACCTIGG
CAGTGGTTTATGTAGTACTGTACGTACAGCCGGCTGGACCTCCAGCAGTGCTCGTGGACC

ValleuvalGlyGlyvalleuAlaAlaleuAlallaTyrCysleuSerThrGlyCysval
4981 GTGCTCGTTGGCGGCGTCCTGGCTCCTTTGGCCGCGTATTGCCTGTCAACAGGCTGCGTG
CACGAGCAACCGCCGCAGGACCGACGAAACCGGCGCATAACGGACAGTTGTCCGACGCAC

vallleValGlyArgValvalleuSerGlyLysProalallelleProAspArgGluval
5041 GICATAGTGGGCAGGGTCGTCTTGTCCGGGAAGCCGGCAATCATACCTGACAGGGAAGTC
CAGTATCACCCGTCCCAGCAGAACAGGCCCTTCGCCCGTTAGTATGGACTGTCCCTTCAG

LeuTyrargGluPheAspGluMetGluGiuCysSerGlnHisIleuProTyrIleGluGln
5101 CTCTACCGAGAGTTCGATGAGATGGAAGAGTCCTCTCAGCACTTACCGTACATCGAGCAA
GAGATGGCTCTCAAGCTACTCTACCTTCTCACGAGAGTCGTGAATGGCATGTAGCTCGTT

GlyMetMetleuAlaGluGlnPhelysGlnLysAlaleuGlyLeuleuGlnThrAlaSer
5161 GGGATGATGCTCGCCGAGCAGTTCAAGCAGAAGGCCCTCGGCCTICCTGCAGACCGLGTCC
CCCTACTACGAGCGECICGTCAAGTTCGTCTTCCGGCGAGCLCGGAGGACGICIGGOGCAGG

ArgGlnAlaGluVaiIleAlaProAiaValGlnThrAsnTrpGlnLysLeuGluThrPhe
5221 CGTCAGGCAGAGGTTATCGCCCCTGCIGTCCAGACCAACTGGCAARAACTCGAGACCTTC
GCAGTCCGTCTCCAATAGCGGGGACGACAGGTCTGEGTTGACCGTITTITGAGCTCTGGAAG

TrpalaLysHisMetTrpAsnPhelleSerGlylleGlnTyrlLeuAlaGlyleuSerThr
5281 TGGGCGAAGCATATGTGGAACTTCATCAGTGGGATACAATACTTGGCGGGCTTGTCAACG
ACCCGCTTCGTATACACCTTGAAGTAGTCACCCTATGTTATGAACCGCCCGAACAGTTGC

leuProGlyAsnProAlalledlaSerleuMetalaPheThrAlaklavalThrSerPro
5341 CIGCCIGGTAACCCCGCCATTGCTTCATTGATGGCTTTTACAGCTGCTGTCACCAGCCCA
GACGGACCATTGGGGCGGTAACGARGTAACTACCGAAAATGTCGACGACAGTGGTCGGGT

LeuThrThrSerGlnThrleuleuPheAsnIleleuGlyGlyTrpvValAlaAlaGlinleu
5401 CTAACCACTAGCCAAACCCTCCTCTTCAACATATIGGGGGGGTGGGTGGCTGCCCAGCTC
GATIGGTGATCGGTTTGGCGAGGAGRAAGTTGTATAACCCCCCCACCCACCGACGGGTCGAG

AlaAlaProGlyalaAlaThrAlaPheValGlyAlaGlyleuAlaGlyAlaAlalieGly
5461 GECCGCCCCCGGTGCCGCTACTGCCTTTCTGGGCCCIGGCTTAGCTGGCGCCGCCATCSGE
CGECEEGGGCCACGGCGATGACGGAAACACCCGCGACCGAATCGACCGCGGCGGTAGCCG

_ SerValGlyleuGlyLysvValleulleAspIleleuAlaGlyTyrGlyAlaGlyValala
5521 AGTGTTGGACTGGGGAAGGTCCTCATAGACATCCTTGCAGGGTATGGCGCGGGCGTGGCG
TCACAACCTGACCCCTTCCAGGAGTATCTGTAGGAACGTCCCATACCGCGCCCGCACCGL

GlyAlaleuvValalaPhelLysIleMetSerGlyGluValPreSerThrGluAspleuval
5581 GGAGCTICTTGTIGGCATTCAAGATCATGAGCGGTGAGGTCCCCTCCACGGAGGACCTGGTC
CCTCGAGAACACCGTAAGTTCTAGTACTCGCCACTCCAGGGGAGGTGCCTCCTGGACCAG

AsnleuleuProdlalleleuSerProGlyAlaleuValvValGlyvalvalCysAlaAla
5641 AATCTACTGCCCGCCATCCTCTCGCCCGGAGCCCTCGTAGTCGGCGTGGTC TGTGCAGCA
TTAGATGACGGGCGGTAGGAGAGCGGGCCTCGGGAGCATCAGCCGCACCAGACACGTCGT

IlelLeuArgArgHisValGlyProGlyGluGlyAlavalGlnTrpMetAsnArgleulle
5701 ATACTGCGCCGGCACGTTGGCCCGEGCEAGGGGECAGTGCAGTGGATGAACCGGCTGATA
TATGACGCGGCCGTGCAACCCGGCCOGCTCCCCCGTCACGTCACCTACTTGGCCGACTAT

- 2laPheAlaSerArgGlyAsnHisValSerProThrHisTyrvalProGluSerAspala
3761 GCCTTCGCCTCCCGGGGGAACCATGTTICCCCCACGCACTACGTGCCGGAGAGCGATGCA
CGGAAGCGGAGGGCCCCCTTGG TACAAAGG GGG TGCGTGATGCACGGCCTCTCGCTACGT

AlarladrgValThrAlalleLeuSerSerLeuThrValThrGlnLeuleuArgArgleu
5821 GCTGCCCGCGTCACTGCCATACTCAGCAGCCTCACTGTAACCCAGCTCCTGAGGCGACTG
CGACGGGCECAGTGACGGTATGAGTCGTCGGAGTGACATIGGE TCGAGGACT MG TGAC

HisGlnTrplleSerSerGluCysThrThrProCysSerGlySerTrpleuArchsslile
5881 CACCAGTGGATAAGCTCGGAGTGTACCACTCCATGCTCCGGTICCTGGCTAAGGGAZAT
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GTGGTCACCTATTCGAGCCTCACATGGTGAGGTACGAGCGCCARGGACCGATICCCTGTAG

TrpAspTrplleCysGluValleuSerAspPhelysThrTrpleulysAlalysleuMet
5841 TGGGACTGGATATGCGAGGTGTTGAGCGACTTTAAGACCTGGCTAARAGCTAAGCTCATG
ACCCTGACCTATACGCTCCACAACTCGCTGARATTCTGGACCGATT TTCGATTCGAGTAC

ProGlnleuProGlyIleProPheValSerCysGlnArgGlyTyrLysGlyValTrpArg
6001 CCACAGCTGCCTGGGATCCCCTTTGTGTCCTGCCAGCGCGGGTATAAGGGGGTCTGGCGA
GGTGTCGACGGACCCTAGGGGAARCACAGGACGSTCGCGCCCATATTCCCCCAGACCGLT

ValAspGlyIleMetHisThrArgCysHisCysGlyAlaGlulleThrGlyHisvVallys
6061 GTGGACGGCATCATGCACACTCGCTGCCACTGTGGAGCTGAGATCACTGGACATGTCAAA
CACCTGCCGTAGTACGTGTGAGCCGACGGTGACACCTCGACTCTAGTGACCTGTACAGTTT

AsnGlyThrMetArglleValGlyProArgThriysArgAsnMetTrpSerGlyThrPhe
6121 AACGGGACGATGAGGATCGTCGGTCCTAGGACCTGCAGGAACATGTGGAGTGGGACCTTC
TTGCCCTGCTACTCCTAGCAGCCAGGATCCTGGACGTCCTTGTACACCTCACCCTGGAAG_

ProlleAsnAlaTyrThrThrGlyProCysThrProleuProAlaProasnTyrThrPhe
6181 CCCATTAATGCCTACACCACGGGCCCCTGTACCCCCCTTCCTGCGCCGAACTACACGTTC
GGGTAATTACGGATGTGGTGCCCGGEEACATGEGEGGAAGGACGCGGCTIGATGTGCAAG

AlaleuTrpArgvValSerAlaGluGluTyrvValGlulleArgGlnValGlyAspPheHis
6241 GCGCTATGGAGGGTGTCTGCAGAGGAATATGIGGAGATAAGGCAGGTGGGGGACTTCCAC
CGCGATACCTCCCACAGACGTCTCCTTATACACCTCTATTCCGTCCACCCCCTGAAGGTG

TyrValThrGlyMetThrThrAspAsnLeulysCysProCysGlnvalProSerProGlu
6301 TACGTGACGGGTATGACTACTGACAATCTCAAATGCCCGTGCCAGGTCCCATCGCCCGRA
ATGCACTGCCCATACTGATGACTGTTAGAGTTTACGGGCACGGTCCAGGGTAGCGGGCTT

PhePheThrGluleuAspGlyValArgLeuHisArgPheAlaProProCysLysProLeu
6361 TTTTTCACAGAATTIGGACGGGGTGCGCCTACATAGGTTTGCGCCCCCCTGCARGCCCTTG
228 AAGTCTCTTAACCTGCCCCACGCGGATGTATCCAAACGCGGGGGGACGTTCGGGAAC

LeuArgGluGluvValSerPheArgvValGlyLeulisGluTyrProvalGlySerGlnleu
6421 CTGCGGGAGGAGGTATCATTCAGAGTAGGACTCCACGAATACCCGGTAGGGTCGCAATTA
GACGCCCTCCTCCATAGTAAGTCTCATCCTGAGGTGCT TATGGGCCATCCCAGCGTTAAT

ProCysGluProGluProAspValhAlavalLeuThrSerMetLeuThrAspProSerHis
6481 CCTTGCGAGCCCGAACCGGACGTGGCCGTGTTGACGTCCATGCTCACTGATCCCTCCCAT
GGAACGCTCGGGCTTGECCTGCACCGGCACAACTGCAGGTACGAGTGACTAGGGAGGGTA

IleThralaGluAlaAlaGlyArgArgLeualaArgGlySerProProServalalaser
6541 ATAACAGCAGAGGCGGCCGGGCGAAGGTTGGCGAGGGGATCACCCCCCTCTETGGCCAGT
TATTGTCGTCTCCGCCGGCCCGCTTCCAACCGC TCCCCTAGTGGGGGGAGACACCEGTCG

SerSerAlaSerGlnleuSerAlaProSerleulysAlaThrCysThrAlaAsnHisAsp
6601 TCCTCGGCTAGCCAGCTATCCGCTCCATCTCTCAAGGCAACTTGCACCGCTAACCATGAC
AGGAGCCGATCGGTCGATAGGCGAGGTAGAGAGTTCCGTTGAACGTGGCGATTGGTACTG

SerProAspAlaGluleulleGluAlaAsnleuleuTrpArgGlnGluMetGlyGlyAsn
6661 TCCCCIGATGCTGAGCTCATAGAGGCCAACCTCCTATGGAGGCAGGAGATGGGCGGCAAC
AGGGGACTACGACTCGAGTATCTCCGGTTGGAGGATACCTCCGTCCTCTACCCGCCGTTG

IleThrArgvalGluSerGludsnlysValValIleLeuAspSerPhedspProleuval
6721 ATCACCAGGGTTGAGTCAGAAAACAAAGTGGTGATTCTGGACTCCTTCGATCCGCTTCTG
TAGTGGTCCCAACTCAGTCTTT TG TTTCACCACTAAGACCTGAGGAAGCTAGGCGARCAC

_ AlaGluGluAspGluArgGluIleSerValProAlaGlulleleuArglysSeraArgarg
€781 GCGGAGGAGGACGAGCGGGAGATCTCCGTACCCGCAGAAATCCTGCGGAAGTCTCGGAGA
CGCCTCCTCCTGCTCGCCCTCTAGAGGCATGGGCGTCTTTAGGACGCCTTCAGAGCCTCT

PheAlaGlnAlaleuProValTrpAlaArgProAspTyrAsnProProkeuvalGiuThr
6841 TTCGCCCAGGCCCIGCCCETTTGGGCGCGGCCEGACTATAACCCCCCGCTAGTGGAGACG
AAGCGGETCCGGGACGGECAAACCCGCGLCEECCTGATATTGAGAGRCGATCACCTCTGE
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TrplysLysProdspTyrGluProProvValvalkisGlyCysProLeuProProProlys
TGGAARAAGCCCGACTACGAACCACCTGTGETCCATGGLTGTCCGCTTCCACCTCCARRG
ACCTITTITTCGGGCTGATGCTTGGTGGACACCAGGTACCGACAGGCGAAGGIGGAGGTTIC

SerProPrcValProProProdrglyslysargThrValvValleuThrGluSerThrleu
€9€2 TCCCCTCCTGIGCCTCCGCCTCGGAAGRAGCGGATGGTGGTCCTCACTGAATCAACCCTA
AGGGGAGGACACGGAGGCGGAGCCTTCTTCGCCTGCCACCAGGAGTGACITAGTTGGGAT

SerThrAlaleualaGluleullaThrargSerPheGlySerSerSerThrSerGlyIle
7021 TCTACTGCCTTGGCCGAGCTCGCCACCAGAAGCTTIGGCAGCTCCTCAACTTCCGGCATT
AGATGACGGAACCGGCTCGAGCGGTGGTCTICGARACCGTCGAGGAGTTGAAGGCCGTAA

ThrGlyAspAsnThrThrThrSerSerGluProAlaProSerGlyCysProProAspSer
7081 ACGGGCGACAATACGACAACATCCTCTGAGCCCGCCCCTTCTGGCTECCCCCCCGATTCE
TGCCCGCTCTTATGC TG TG TAGGAGACTCGGGCGEEEAAGACCGACGEGEGGEGCTGAGS

AspAlaGluSerTyrSerSeriMetProProleuGluGlyGluProGlyAspProAspleu
7141 GACGCTGAGTCCTATTCCTCCATGCCCCCCCTGRAGGEGGAGCCTGGGGATCCGGEATCTT -
CTGCGACTCAGGATAAGGAGETACGGGGGGGACCTCCCCCTCGGACCCCTAGGCCTAGAA

SerAspGlySerTrpSerThrvalSerSexGluAlaAsnAlaGlukspValvalCysCys
7201 AGCGACGGEICATGGTCAACGGTCAGTAGTGAGGCCAACGLGRAGGATGCTCETECTGCTES
TCGCTGCCCAGTACCAGTTGCCAGTCATCACTCCGGTTGCGCCTCCTACAGCACACGACG

SerMetSerTyrSerTrpThrGlyAlaleuvalThrProCysalaAlaGluGluGlnlys
7261 TCAATGTCTTACICTTGGACAGGCGCACTCGTCACCCCGTGCGCCGCGGAAGAACAGARAA
AGTTACAGAATGAGAACCTGTCCGCGTGAGCAGTGGGGCACGCGECGCCTTCTTCTCTTT

LeuProIleAsnAlaleuSerAsnSerLeuleudrgHisHisAsnleuValTyrSerThr
732} CIGCCCATCAATGCACTAAGCAACTCGTTGCTACGTCACCACAATTTGGTGTATTCCACC
GACGGGTAGTTACGTGATTCGTIGAGCARCGATGCAGTGG TG TTAAACCACATAAGGTGS

ThrSerArgSerAlaCysGlnArgGlnLysLysValThrPheAspArgleuGlnvalleu
7381 ACCTCACGCAGTGCTTGCCAAAGGCAGAAGAAAGTCACATTTGACAGACTGCAAGTTOTG
IGGAGTGCGICACGAACGETTTCCGTCTTC TTTCAG TG TAAACTGTCTGACGTTCAAGAC

AspSerHisTyrGlnAspValleulysGluvVallysAlaAlaAlaSerLysVallysAla
7441 GACAGCCATTACCAGGACGTACTCAAGGAGGTTAAAGCAGCGGCGTCAAAAGTGAAGGCT
CTIGTCGGTAATGE TCCIGCATGAGTTCC TCCAATT TCG TCGCCGCAGTTTTCACTTCCGA

AsnLeuleuServalGluGluAlaCysSerLeuThrProProHisSerAlalysSerLys
75301 AACTIGCTIATCCGTAGAGGAAGCTTGCAGCCTGACGCCCCCACACTCAGCCAAATCCAAG
TIGAACGATAGGCATCTCCTTCGAACG TCGGAC TGCEEGECTCTGAGTCGGTTTAGETTC

~ PheGlyTyrGlyAlalysAspValArgCysHisAlaArgLysAlaValThrHisIleAsn
7561 ITTIGGTTATGGGGCAAAAGACGTCCGTTGCCATGCCAGARAGGCCETAACCCACATCARC
ARACCAATACCCCG TTTTCTGCAGGCAACGGTACGGTC TTTCCGGCATTGGE TG TAGTTG

_ ServValTipLysAspleuleuGluAspAsnValThrProIleAspThrThrIleMethla
T€2) TCCGIGTGGAAAGACCTTCTGGAAGACAATGTAACACCAATAGACACTACCATCATCGCT
AGGCACACCTTTICTIGGAAGACC TTC TG TTACAT TG TGGTTATC TG TGATGG TAGTACCGA

_ LysAsnGluValPheCysValGlnProGluLysGlyGlyArgLysProAlaArgleulle
7681l AAGAACGAGGITTTICTGCGTTCAGCCTGAGAAGGGGGGTCGTAAGCCAGCTCGTCTCATC
I ICTTGCTCCAARAGACGCAAGTCGGACTC TTCCCCCCAGCATTCGOTCGAGCAGAGTAG

. valPheProAspLeuGlyvalArgVaICysGluLysMetAlaLeuTyrAspValValThr
7741 GIGTTCCCCGATCIGGECGTGCGCGTETGCGAAAAGATGGC TT TG TACGACGTGGTTACA
CACAAGGGGCILGACCCGCACGCGCACACGCITTTCIACCGAAACATGCTGCACCAATGT

. LysLeuProLeuAlavalxetGlySerSerTyrGlyPheGlnTyrSerProGlyGlnArg
78C1  AAGCTCCCCTTGGCCGTGATGGEAAGC TCCTACGGATTCCAATACTCACCAGGE.CAGCGG
TTCGAGGGGAACCGGCACTACCCTTCGAGGATGCCTAAGGTTATGAGTGGTCCTGTCGCC

ValGluPheLe&ValGlnAlaTrpLysSerLysLysThrProMetGlyPheSerTyrAsp
“BEL GTIGAATTCCICGTGCAAGCGTGGAAGTICCAAGARAACCCCAATARRRG TTCTCGTATRAT
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CAACTTAACCAGCACGTTCGCACCTTCAGGTTCTITICGGGTTACCCCAAGAGCATACTA

IhrArgCysPheAspSerThrValThrGluSerAspIleArgThrGluGluAlaIleTyr
7921  ACCCGCTIGCTTTCACTCCACAGTICACTGAGAGCGAC TCCGTACGSAGGAGGCAATCTAC
TGGGCGACGAAACTGAGGTGTCAGTGACTCTCGCTGTAGGCATGCCTCCTCCGTTAGATG

GlnCysCysAspLeuAspProGlnAlaArgValhlaIleLysSerLeuThrGluArgLeu
7981 CAATGTTGTGACCTCGACCCCCAAGLCCGCGTRGCCATCAAGTCCCTCACCGAGAGGCTT
GITACAACACTGGAGCTGGGGGTTCGGGCGCACCGGTAGTTCAGGGAGTGGCTCTCCGAA

TyrvalGlyGlyProleuThrAsnSerArgGlyGluAsnCysGlyTyrArgArglysarg
8041 TATGTTGCGGGCCCTCTTACCAATTCAAGEGGGGAGAACTCCGGCTATCGCAGGTGCCGC
ATACAACCCCCGGGAGAATGGTTARGTTCCCCCCTCTTGACGCCGATAGCGTCCACGGECG

AlaSerGlyValleuThrThrSerCysGlyAsnThrleuThrCysTyrIleLysAlaArg
§101 GCGAGCGGCGTACTGACAACTAGCTGTGGTAACACCCTCACTTGCTACATCAAGGCCCGG
CGCTCGCCGCAEGACTGTTGATCGACACCAEEGTGGGAGTGAACGATGTAGTTCCGGGCC_

2AlzAlaCysirgAlaAlaGlylLeuGlnAspCysThrMetLeuValCysGlyAspAspleu
8161 GCAGCCTGTCGAGCCGCAGGGCTCCAGGACTGCACCATGCTCCTGTGTGGCGACGACTTA
CGTCGGACAGCTCEGCETCCCGAGETCCTGACGTGGTACGAGCACACACCECTGCTGAAT

ValvalIlleCysGluSerAlaGlyValGlnGluAspalaAlaSerleuArgAlaPheThr
8221 GICGTTATCTGTGAAAGCGCGGGGETCCAGGAGGACGCGGCGACGCCTGAGAGCCTICACG
CAGCAATAGACACTTTCGCGCCCCCAGGTCCTCCTGCGCCGCTCGEACTCTCGGAAGTGE

GluAlaMetThrArgTyrSerAlaProProGlyaspProProGlnProGluTyrAspleu
B281 GAGGCTATGACCAGGTACTCCGCCCCCCCTGGGGACCCCCCACAACCAGARTACGACTIG
CTCCGATACTGGTCCATGAGGCCGGGEGGACCCCTEGEGGGTGTTGGICTTATGCTGAAC

GluLeunlleThrSerCysSerSerAsnvalServValalaHisAspGlyAlaGlyLysAry
8341 GAGCTCATAACATCATGCTCCTCCAACGTGTCAGTCGCCCACGACGGCGCTGGARAGAGG
CTCGAGTATTCTAGTACGAGGAGGTTGCACAGTCAGCGGGE TSCTGCCGCGACCTTTCTCC

ValTyrTyrievThrArgaAspProThrThrProleuAlaArgAlaAlaTrpGluThrAla
8401 GTCTACTACCTCACCCGTGACCCTACAACCCCCCTCGCGAGAGCTGCGTGGGAGACAGCA
CAGATGATGGAGTIGGGCACTGGGATG PTGEGGRGAGCGCTCTCGACGCACCCTCTGTCGT

ArgHisThrProvalAsnSerTrpleuGlyAsnIlelleMetPheAlaProThrLeuTrp
8461 AGACACACTCCAGTCAATTCCTGGCTAGGCAACATAATCATGTTTGCCCCCACACIGTGG
TG TG TCAGS TCAG T TAAGGACCGATCCG TTGTATTAG TACAAACGGEEGTGTGACALC

AlaArgMetIleleuMetThrHisPhePheServalleulleAlaArgAspGlnleuGlu
B321 GCGAGGATGATACTGATGACCCATITCTTTAGCGTCCTTATAGCCAGGGACCAGCTITGAA
CGCTCCTACTATGACTACTGGG TARAGARATCGCAGGAATATCGGTCCCIGGTCGAACTT

GlnAlaTeuAsplysGlulleTyrGlyalaCysTyrSerIleGluProleuAspleuPro
8581 CAGGCCCTCGATTGCGAGATCTACGGGECCTGCTACTCCATAGAACCACTTGATCTACCT
GICCGGGAGCTAACGCICTAGATGCCCCGGACGATGAGGTATCTIGGTGAACTAGATGGA

ProIleIlleGlnArgLleuHisGlyLeuSeralaPheSerLeudisSerTyrSerProGly
8641 CCAATCATTCAAAGACTCCATGGCCTCAGCGCATTTTICACTCCACAGTTACTCTCCAGST
GGTTAGTAAGTTTCTGAGGTACCGGAGTCGCGTARAAG TGAGGTG TCAATGAGAGGTCCA

_ GiulleAsnArgValilaalaCysleuArgLysleuGlyValProProleuArgilaTrp
8701 GARATTAATAGGGTGGCCGCATGCCTCAGARAACTIGGCGTACCGCCCTTGCGAGCTTGE
CTTTAATTIATCCCACCGECGTACGGAGTCTTTITGARCCCCATGGCGGGAACGCTCGAACT

_ ArggisérgalaArgServalArgAlaArgLeuLeuAlaArgGlyGlyArgAlaAlaIle
8761 AGACACCGGGLCCGGAGCGTCCGCECTAGGCTTCTGGCCAGAGGAGGCAGGGCTGCCATA
TCTGIGGCTCEGGCCTCGLAGGCCCGATCCGAAGACCGGTCTCCTCCGTCCCGACGGTAT

CnylyLysTyrleupheAsnTrpAlavalArgThrLysLeuLysLeuThrProIleAla
B821 TGTGGCAAGTACCTCTTCAACTGGGCAGTAAGAACARAGCTCAAACTCACTCCARTAGCG
ACACCSTTCATGGAGARGTTGACCCEGTCATTCITGTITCGAGTITGAGTGAGGTTATCGE
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AlarlaGlyGlnleuAspleuSerGlyTrpPheThrAlaGlyTyrSerGlyGlyAsplle
8881 GCCGCTGGCCAGCTGCACTTGTCCEGCTGGTTCACGGCIGGCTACAGCGGEGGAGACATT
CEECCACCEETCGACCTGAACAGGCCEACCAAGTGCCGACCGATGTCGCCCCCTCTGTAA

TyrHisServValSerHisAlaArgProArgTrplleTrpPheCys
8941 TATCACAGCGIGTCTCATGCCCGGCCCCGCTGGATCTGGTTITGCCC
ATAGTGTCGCACAGAGTACGGGCCGGGECGACCTAGACCARAACGGG
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Argument Map in DNA Strand ssc3l
from the 'standard restriction' file.
Translation shown at frame 1.

Sequence too long or too many sites for condensed map.

GluPheGlyServValIleProThrSerGlyAspValvalValValAlaThrAspAlaleu
1 GAATTCGGGTCCGTCATCCCGACCAGCGGCGATGTIGTCGTCETGGCAACCCATGCCCTC
ETTAAGQQCAGGCAQEAGGGCTGQTQGCCGCTACAACAGCAGCACCGTTGGQTACGQGAQ

1 ECOR1, 7 NLAlV, 8 AVA2 SAU96, 15 FOK1, 24 NSPBll, 26 FNU4H
1, 52 SFAN1, 57 MNL1, 60 NLAlll,

MetThrGlyTyrThrGlyAspPheAspServalIleAspCysAsnThrCysValThrGln
61 ATGACCGGCTATACCGGCGACTTCGACTCGGTGATAGACTGCAATACGTGTGTCACCCAG
TACTGGCCGATATGGCCGCTGAAGCTGAGCCACTATCTGACGTTATGCACACAGTGGGTC

65 HPAll, 74 HPAll, 83 TAQ1, 85 HINFl, 90 HPH, 106 AFL11l MA
E2, 112 MAE3, 113 HPH,

ThrValAspPheSerLeuAspProThrPheThrIleGluThrIleThrieuProGlnAsp
121  ACAGICGATTICAGCCTTGACCCTACCTTICACCATTGAGACAATCACGCTCCCCCAAGAT
TGTC&GCTAAAGTCGGAACTGGGA?GGA&GTGGTAACTCTGTTAGTGCGAGGGGGTTQTA

125 TAQl, 149 HPH, 178 SFANI,
AlavalSerArgThrGilnArgArgGlyArgThrGlyArgGlyLysProGlylleTyrArg
181 GCTGTCTCCCGCACTCAACGTCGGGGCAGGACTGSCAGGGEGARGCCAGGCATCTACAGA
CGACAGAGGGCGTGAGTEGCAGCCCCGTCCTGACCGTCCCCCTTCgGTCQGTAGATGTCT
198 MAE2, 226 ECOR11 SCRF1, 230 SFAN],
PheValAlaProGlyGluArgProProAlaCysSerThrArgProSerServalSeradla
241 TTTGTGGCACCGGGGGAGCGCCCTCCGGCATGTTCOACTOGTCCGTCCTCTGTGAGTACC
AAACAQCGT§GCCCCCEQGCGgGAQGCQQTACAéGQTGAGCAGGCA§GAGACACT§ACGG
246 BAN]1 NLAIV, 250 HPAl1l NCI1 SCRF1, 257 HAEll, 258 HHAl, 2
€2 MNL1, 265 HPAll, 268 NSPCl, 269 NLAlll, 274 TAQl, 276 HIN
Fl, 287 M11, 296 BSPl28s6,
Arglle
301 CGAATTC
GCTITARG

302 ECOR1,

FIGURE 74
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FIGURE 79-1

AlaValAspPheIleProValGluAsnleuGluThrThrMetArgSerProvalPheThr
2 GCGGTGGACTTTATCCCTGTGGAGAACCTAGAGACAACCATGAGGTCCCCGETGTICACG
CGCCACCTGARATAGGGACACCTCTTGGATCTCTGTTGGTACTCCAGGGGCCACAAGTGS

29 MAE1l, 40 NLAlll, 43 MNL1, 45 AVA2 NLAlV SAU96, 49 NCI1 SC
RF1l, 50 HPAll,

AsplAsnSerSerProProValval ProGilnSerPheGlnvValAlaHi sIeuHisAlaPro
62 GATAACTCCTCTCCACCAGTAGTGCCCCAGAGCTTCCAGEGTGGCTCACCTCCATGCTCCC
CTATTGAGGAGAGG TGGTCATCACGGGGTCTCGAAGGTCCACCGAGTGGAGGTACGAGGG

69 MNL1, 83 BSP1286, %2 ALUl, 97 ECOR1l SCRF1l, 106 HPH, 109
M1, 113 NLAlll,

ThrGlySerGlyLysSerThrLysvValProhlaAlaTyrAla’laGlnGlyTyrLysval
122 ACAGGCAGCGGCAAAAGCACCAAGGTCCCGGCTGCATATGCAGCTCAGGGCTATAAGGTG
TGTCCGTCGCCGTTTPCGTCGTTCCAGEGCCGACGTATACGTCGAGTCCCGATATTCCAC

126 BBV FNU4H), 127 NSPBll, 129 FNU4Hl, 145 AVA2 NLAlV SAU96
» 148 NCIl SCRF1l, 149 HPAll, 152 BBV FNU4H1l, 156 NDEl, 161 B
BV FNU4H1, 163 ALUl, 165 DDE],

LeuValleuAsnProServalalanlaThrLeuGlyPheGlyAlaTyrMetSerLysaAla
182 CTAGTACTCAACCCCTCIGTTGCTGCAACACTGGGCTTTGGTGCTTACATGTCCAAGGCT
QAEQATGAGTTGGEGAGACAAQGACGTTGTGACCCGAAACCACGAAIQTACAGGHCCGA

182 MAE]l, 184 SCAY, 185 RSAl, 195 MNL1l, 203 BBV FNU4Hl, 228
AFL11l NSPC1l, 229 NLAlll,

HisGlyIleAspProasnIleArgThrGlyValArgThrIleThrThrGlySerProlle

242 CATGGGATCGATCCTAACATCAGGACCGGGGTGAGAACAATTACCACTGGCAGCCCCATC
GWETAGGMAGTCCTGGCCCCACTCTTGTTAAIGGTGACCGTCGGGGTAG
242 NLAl111l, 246 BIN1, 247 MBOl SAU3A, 248 CTAl, 249 TAQl, 25
1 BIN1 MBOl1l SAU3A, 264 AVA2 SAU96, 267 HPAJl NCIl1l SCRF1l, 271
HPH, 291 BBV FNU4H1,

ThrTyrSerThrTyrGlyLysPheleuAl aAspGlyGlyCysSerGlyGlyAlaTyrAsp
302 ACGTACTCCACCTACGGCAAGTICCTTGCCGACCGCGGGTGCTCGGGGGGCGCTTATGAC
TGCATGAGGTGGATGCCGTTCAAGGAACGGCTGCCGCCCACGAGCCCCCCGCGAATACTG

302 MAE2, 304 RSAl, 3 ) BSP128B6 HGIA, 343 AVAl, 350 HAEll, 3
51 HHAL,

IlelleIleCysAspGluCysHisSerThraspalaThrSerIleLeuGlyIleGlyThr
362 ATAATAATTIGTGACGAGTGCCACTCCACGGATCGCCACATCCATCTTGGGCATTGGCACT
TATTATTAAACACTGCTCACGG TCAGGTGCCTACGGTGTAGGTAGAACCCGTAACCGTGA

372 MAE3, 391 FOK1, 392 SFAN1, 393 FOX1,

ValleuAspGlnAlaGluThralaGlyAlaArgLeuvalValleuAlaThrAlaThrPro
422 GTCCTTGACCAAGCAGAGACTGCGGGGGCGAGACTGGTTGTGCTCGCCACCGCCACCCCT

CAGGAACTGETTCG TCTCTGACGCCCCCGCTCTGACCAACACGAGCGETGGCGETGGGGA

431 TTHIII2, 435 ALWN1l, 4€1 BSP1286 HGIA, 479 MNL1,
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FIGURE 79-2

ProGlySerValThrValProHisProAsnIleGluGluValAlaLeuSe:ThrThrG17
482 CCGGGCTCCGTCACTGTGCCCCATCCCAACATCGAGGAGG TTGCTCTGTCCACCACCGGA
gGQCCGAGG‘_CAGTGAQACGGGgTAGGGmTéGQTCQTCCAACGAGACAGGTGGTQGCCT

482 HPA1l NCI1 SCRF1, 484 BAN11l BSP1286, 485 NLA1V, 491 MAE3
, 497 BSP1286, 503 FOK1, 513 TAQl, 515 MNL1, 518 MNL1, 537 H
PAll,

GlulleProPheTyrGlylLysAlalleProLeuGluvallleLysGlyGlyArgHisLeu
542 GAGATCCCTTTTTACGGCARGGCTATCCCCCTCGAAGTAATCAAGGGGGGGAGACATCTC
CIQTAGGGAMAATGCCGWCGATAGGGQ&EGCTTCATMTTCCCCCCCTCTGTAGAG

543 XHO2, 544 BIN1 MBO1l SAU3A, 571 MNL1, 573 TAQ1,

IlePheCysHisSerlysLysLysCysAspGluLeuAlaAlalysLeuValAlaleuGly
602 ATCTTCTGTCATTCAAAGAAGAAGTGCGACGAACTCGCCGCARAGCTGGTCGCATIGGGC
TAGAAGACAGTAAGTTTCTTCTTCACGCTIGCTIGAGCGGCGTTICGACCAGCGTARCCCG -

603 MBO1l, 615 MBOll, 638 FNU4H1, 645 ALUl, 660 SFAN1,

IleAsnAlaValAlaTyrTyrArgGlyleuAspValServallleProThrSexGlyAsp
662 ATCAATGCCGTGGCCTACTACCGCGETCTTGACGTGTCCGTCATCCCGACCAGCGGCGAT
TAGTTACGGCACCGGATGATGGCGCCAGRACTGCACAGGCAGTAGGGCTGGTCGCCGCTA

672 HAEl, 673 HAE1ll, 682 NSPBll SAC2, 683 THAl, 693 AFL1ll
MAE2, 703 FOK1, 712 NSPBll, 714 FNU4H1,

ValValValvValAlaThrAspAlaleuMetThrGlyTyrThrGlyAspPheAspSexVal
722 GTTGTCGTCGTIGGCAACCGATGCCCTCATGACCGGCTATACCGGCCGACTTCGACTCGGRTS
CAACAGCAGCACCGTTGGCTACGGGAGTACTCGCCGATATGGCCGCTGAAGCTGAGCCAC

740 SFAN1, 745 MNI1, 748 NLA11l, 753 HPAll, 762 HPAll, 771 T
AQl, 773 HINF1l, 778 HPH,

IleAspCysAsnThrCysValThrGlnThrValAspPheSerLeuAspProThrPheThr
782 ATAGACTGCAATACGTGTGTCACCCAGACAGTCGATTTCAGCCTTGACCCTACCTTCACC
TATCTGACGTTATGCACACAGTGCGTCTGTCAGCTARAGTCGGAACTGGGATGGAAGTCE

794 AFL1ll MAE2, 800 MAE3, 801 EPH, 813 TAQl, 837 HPH,

IleGluThrIleThrleuProGlnAspalavalSerArgThrGlnArgArgGlyArgThr
842 ATTGAGACAATCACGCTCCCCCAAGATGCIGTCTCCCGCACTCARCGTCGGGGCAGGACT

TAACTCIGTT&GECGAGGGGGTTQTACGAC&GAGGGCGTGAGT;GCAGCCCCGTCCTGA

866 SFAN1, 886 MAE2,

-

GlyArgGlyLysProGlyIleTyrArgPheValAlaProGlyGluArgProSerGlyMet
902 GGCAGGGCGAAGCCAGGCATCTACAGATTTGTGGCACCGGEGGAGCGCCCCTCCGGCATG
COGTCCCCCTTCGGTCOGTAGATGTCTAAACACCGTGGCCCCCTCGCGGEEAGGCOGTAC

914 ECOR11 SCRF1l, 918 SFAN), 934 BAN]1 NLAlvV, 938 HPAll KCI1
SCRF1, 945 HAEll, 946 HHAl, 948 BGL1l, 951 MNL1l, 954 HPAll, 9
57 NSPCl, 958 NLAlll,

PheAspSerServValleuCysGluCysTyrasphAlaGlyCysAlaTrpTyrGluleuThr
962 TTCGACTCGTCCGTCCTCTGTGAGTGCTATGACGCAGGCTGTGCTTGGTATGAGCTCACG
AAGCTGAGCAGGCAGGAGACACTCACGATACTGCGTCCGACACGAACCATACTCGAGTGC

963 TAQl, 965 HINF1, 976 MNL1, 992 HGAl, 1003 TTHIII2, 1013
BaN1l BSP1286 HGIA SACl, 1014 ALUl,

ProalaGluThrThrValArgLeuArgAlaTyrMetAsnThrProGlyleuProvalCys
1022 CCCGCCGAGACTACAGTTAGGCTACGAGCGTACATGAACACCCCGGGGCTTCCCGTIGTGC
GGGCGGCTCTGATGTCAATCCGATGCTCGCATGTAC TTG‘IGQEGCCCCGAAGGGCACACQ
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FIGLRE 79-3

1051 RrRSAl, 1054 NIAlll, 1063 AVAl NCI1 SCRF1 SMAl, 1064 HPAl
1 NCI1 SCRF1, 1081 ECOR1l SCRF1,

GlnAspHisLeuGluPheTrpGluGlyValPheThrGlyLleuThrHisYleAspAlaHis
1082 CAGGACCATCTTGAATITIGGGAGGGCGTCTTTACAGGCCTCACTCATATAGATGCCCAC
~TCCTGETAGAACTTAAAACCCTCCCGCAGARATGTCCGGAGTGAGTATATCTACGGETG

1084 AVA2 SAU96, 1103 MNL1, 1106 AHAlLl, 1107 HGAl, 1117 HAEl
STUl, 1118 HAEl1ll, 1120 MNL1, 1133 SFAN1,

PheleuSerGlnThrLysGlnSerGlyGluAsnleuProTyrleuvalAlaTyrGlnaAla
1142 TTTCTATCCCAGACAAAGCAGAGTGGGSAGAACCTTCCTTACCTEGTAGCGTACCAAGTC
AAAGATAGGGTCEGWT@CACCCCTCTIGGAAGGMT&;GACCATCGQATGGTTCGQ

1183 ECOR11 SCRF1, 1192 RSAl, 1201 DRA3,

ThrValCysAlaArgAlaGlnAlaProProfroSerTrpAspGloMet TrpLysCysLeu
1202 ACCGISTGCGCTAGGGCTCAAGCCCCTCCCCCATCETGGGACCAGATGTGGARGTGTTTG

TGGCACACCCGATCCCGAGTTCCGGEAGGGGETAGCACCCTGGTCTACACCTTCACAARC

1209 EHAl, 1212 MAE]l, 1215 BAN1l BSP12B6, 1226 MNL1, 1239 NL
AlV, 1240 AVA2 SAUS6, 1256 TTHIII2, 1261 HINFI,

IleArgLeulysProThrLeuHisGlyProThrProleuleuTyrArgLeuGlyAlaval
1262 ATTCGCCTCAAGCCCACCCTCCATGGGCCAACACCCCTGCTATACAGACTGGGCGCTCTT
TAAGCQGAGTTCGGGTGQGAQ.GTAQQCGGTTGTGGGGACGATATGTCTGACQQGCGACAA

1267 MNL1, 1279 MNL1, 1282 NCOl, 1283 KLAlll, 1286 SAU96, 12
87 HAE1lll, 1313 HAEl), 1314 HHAl,

GloAsnGluIleThrleuThrHisProval ThrLysTyrIleMetThrCysMetSerala
1322 CAGAATGAAATCACCCTGACGCACCCAGTCACCAAATACATCATGACATGCATGTCGECE
GTCTTACTTTAGTGGGACTGCGTCGETCAGTGETTTATC TAGTACTGTACGTACAGCCGS

1332 EPH, 1339 HGAl, 1349 MAE3, 1350 HPH, 1363 NLA)1l, 1367
NSPC1, 1368 NLAlll, 1369 AVA3 NSI1, 1371 NSPC1l, 1372 NIAlll,
1377 CFR1 XMA3, 1378 HARI1l],

AspLeuGluValValThréerThrTrpvalleuvalGlyGlyValleudlaalaLeuAla
1382 GACCTGGAGGTCGTCACGAGCACCTGGGTGCTCETIGGCGGCETCCTGECTECTTTRGCE

1384 ECOR11 SCRF1, 1385 GSU1, 1388 MNL1, 1394 MAE3, 1399 BSP
1286 HGIA, 1404 ECOR1l SCRF1, 1409 BSP1286 HGIA, 1419 FNU4H1
. 1421 AHAJ], 1422 HGAl, 1426 ECOR11 SCRF1, 1430 BBV FNU4H1,
1437 CFR1, 1438 HAE1ll, 1439 FNU4H1, 1441 THAl,

AlaTyrCysLeuSerThrGlyCysValValIlevalGlyArgvalValleuSerGlyLys
1442 GCGTATTGCCTIGTCAACAGGC TGOGTGGTCATACTGCECAGGC TCETCTIGTCCGGGAAG
CGCATAACGGACAGTIGTCCGACGCACCAG TATCACCCGTCCCAGCAGAACAGGCCCTTC

1453 EINC11, 1461 BBV FNUM4H1, 1494 HPAll NCI1 SCRF1, 1501 NA

’

ProAlallelleProAspArgGluValleuTyrArgGluPheAspGluMetGluGluCys
1502 CCGGCAATCATACCTGACAGGGAAGTCCICTACCGAGAGTICGANAGA&‘GGAAGAG%GYC

GGCOGTTAGTATGGACTGTCCC T ICAGGAGATEGCTCTCARGCTAC TCTACCTTCTCACE

é?_gz HPAll, 1528 MNL1, 1542 TAQ1, 1553 MBOll, 1558 BSP1286 H
r

SezGlnBisIeuProTyrIleGluGlnGlyHemeﬂ.euAlaGluGlnPhe.LysGlnLys
1562 TCTCAGCACTTACCGTACATCGAGCAAGGGATGATGCTCGCCGAGCAGTTCARGCAGAAG
AGAGTCGTCAATGGCATCTAGCTCGTTCCC TACTACGAGCGGC TCGTCAAGTTCGTCTTC
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FIGURE 79-4

TTHIII2, 1621 HAElll SAU36,

AlaleuGlyLeuLeuGlnThralaSerArgGlnAlaGluVallleAlaProAlavalGln
1322 GCCCTCGGCCTCCTGCAGACCGCGTCCCGTCAGGCAGAGGTTATCGCCCCTGCTGTCCAG
CGGGAGCCGGAGGACGTCTGGCGCAGGGCAGTCCGTCTCCAATAGCGGGGACGACAGETC

1624 MNL1, 1628 HAE11ll, 1630 MNL1, 1634 PST1, 1635 TTHIIIl,
1642 THAl, 1643 HGAl, 1658 MNL1,

ThrasnTrpGlnlysleuGluThrPheTrpAlalysHisMetTrpAsnPhelleSerGly
1682 ACCAACTGGCAAAAACTCGAGACCTTCTGGGCCAAGCATATGTGGAACTTICATCAGTGGS
TGGTTGACCGTTTTTGAGCTCTGGAAGACCCGCTTCGTATACACCTTGAAGTAGTCACCC

1657 AVAl XHOl, 1698 TaQl, 1718 NDE1,

IleGlnTyrleuAl aGlyLeuSerThrleuProGlyAsnProAlalleAl aSerLeuMet
1742 ATACAATACTTGGCGGGCTIGICAACGCTGCCIGGTAACCCCGCCATTGCTTCATTIGATG
TATGTTATGAACCGCCCGARCAGTTGCGACGGACCATTGGGGCCGTAACGAAGTAACTAC-

1762 HINC1l, 1768 BEV FNU4H1, 1772 ECOR1l SCRF1l, 1775 BSTE2,
1776 MAE3,

AlaPheThrAlaal avalThrSerProleuThrThrSerGlnThrleuleuPheAsnIle
31802 GCTTTTACAGCTGCTGTCACCAGCCCACTAACCACTAGCCAAACCCTCCTCTITCAACATA
CGMWQGTGGTCGGGMGTQATCGGWWT

1809 ALWN1 WSPB1l PVU1l, 1810 ALUl, 1811 BBV FNU4H1, 1817 MA
E3, 1818 HPH, 1836 MAEl, 1846 MNL!, 1849 MNL1, 1851 MBOll,

LeuGlyGlyTrpvalAlaAlaGlnleuAlaAlaProGlyAlaAlaThrAlaPheValGly -
1862 TIGGGGGEGETGGETGECTGCCCAGCTCGCCGCCCCCEECTGCCGCTACTGCCTTTIGTGGGE
AACCCCCCCACCCACCGACGGETCGAGCGEOGGGGGCCACGGCGATGACGGARACACCCG

1877 BBV FNU4H1, 1884 ALUl, 1889 FNU4H1, 1895 NCI1 SCRF1, 18
iﬁ HPAll, 1898 BAN1 NLAlV, 19061 FNU4H1l, 1919 HAEll, 1920 HHA

AlaGlyleuAlaGlyalaAlalleGlyServalGlyleuGlyLysValleulleAsplle
GCTGGLCTTAGCTCGCGCCGCCATCGGCAGTGITGGACTGGGGAAGGTCCTCATAGACATC
CGACCGAATCGACCGOGGCGETAGCCGTCACAACCTGACCCCTTCCAGGAGTATCIGTAG

1927 DDE1l, 1930 ALU1, 1934 AHAl] BAN1 HAEll NAR1 NLA1V, 1935
HHAl, 1937 FNU4H1, 1966 AVA2 SAU96, 1969 MNL1, 1978 FOK1,

LeuAlaGlyTyrGlyAlaGlyvalAlaGlyAlaLeuValAlaPheLysIleMetSerGly
1982 CTTGCAGGGTATGGCGCGGGCETCGCGECAGCTCTTGTGGCATTCAAGATCATGAGCGGT

GAACGTCCCATACCGCGCCCGCACCGCCCTCGAGAACACCGTAAGTTCTAGTACTCGCCA

1922

1995 HH2l, 1996 THAl, 2010 RAN1l BSP1286 HGIA SAC1, 2011 ALU
1, 2021 BSM1, 2029 MBOl SAU3A, 2032 NLAlll, 2039 HPH,

GluvalProSerThrGluAspleuValAsnLeuleuProAlalleLeuSerProGlyaAla

2042 GAGGTCCCCTCCACGGAGGACCTGGTCAATCTACTGCCCGCCATCCTCTOGCCCGGAGCC
2042 MNLI, 2044 AVA2 NIALV SAU96, 2049 MNL1, 2057 MNL1l, 2059
AVA2 SAU96, 2060 TTHIII1l, 2062 ECOR1l SCRF1l, 2083 FOKl1, 208
6 MNL1, 2093 NCI1 SCRF1l, 2094 HPAll, 2096 NLA1lV, 2097 BaN1l
BSP1286, 2101 MMI1, -

LeuvalvalGlyValvalCysAlaalaTleLeuArgArgHisvValGlyProGlyGluGly
2102 CTCGTAGTCSGCGTGGTCTGTGCAGCAATACTGCGCCGGCACGTTGGCCCGGGCGAGGGE
GAGCATCAGCCGCACCAGACACGTOGTTATGACGCGECOGTECARCCEGGCCCGCTCCCC

2123 BBV FNU4H1, 2134 HHAl, 2136 NAEl, 2137 HPAll, 2142 MAE2

NI AT erRMmMIIYT Aavene MY 2 mETe N cvmed  sAseeem PR YT O T
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FIGURE 79-5

CI1 SCRF1l, 2156 MNL1,
AlavalGlnTrpMetAsnArgLeulleAlaPheAlaSerArgGlyAsnHisValSer
2162 GCAGTGCAGTGGATGAACCGGCTGATAGCCTTOGCCTCCCGGEGGGAACCATSTTTCCCC
CGTCACGTCACCTACTTGGCCGACTATCGGAAGCGGAGGECCCCCTTGGTACAAAGGGS
2172 FOX1, 2179 HPAll, 2196 MNLY, 2199 AVAl NCI1 SCRF1l SMAl,
2200 HPAll NCI1 SCRF1, 2205 RLAlV, 2210 NLAlll,

2222
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FIGURE 80

Human 23

GlyPheAlaAspIeﬂ&etGly‘l‘yrIleProLeuValGlyAlaProLeuGlyGlyArgAla
1 GGCTTCGCCGACCTCATGGGGTACATACCSCTCGTCGGCGCCCCTCTIGGAGGCCGTGCC

ArgAlaLeu.AlaHisGlyValhrgValleuGluAspGlyValAsnTyrAlaThrGlyAsn
81 AGCCCCCTGECGCACCGOGTCCEEETITTTIGGAAGACGGCGTGAACTATGCAACAGEGAAC
G A

LeuProGlyCysSerPheSerIlePheleuleudl aleuleuSerCysLeuThrvalPro
121 CTTCCIGGTTGCTCCITTTCTATCTTCCTTCTGGCCCTACTCICTTGCCTGACCETGCCC
Ga T

AlaSerAlaTyrGlrnValArgAsnSerThrGlyLeuTyrHisValThrAsnAsplysPro
181 GCTTCAGCCTACCAAGTGCGCAACTCTACGGGGCTTTACCATGTCACCAATGATTGCCCT

AsnSerSerIleValTyrGluAlaAlaAspAlaIleleuHisAlaProGlyCysvValPro
221 AACTCGAGTATTCTIGTACGAGGCGGCCGATCCCATCCTGCACGCTCCGGGGTGTGTCCCT
T c

CysValArgGluAspAsnValSerArgCysTrpvalAlavalThrProThrValAlaThr
301 TGCETTCGCGAGGATAACGTCTCGAGATCTTCGETGGCGGTGACCCCCACGETGGCCACT
G T

LysAspGlyLysleuProThrThrGlnLeuArgArgHisileAspleuleuValGlySer
AAGGACGGCAAACTCCCCACAACGCAGCTTCGACGTCACATCGATCTGCTIGTCH S
C .

AlaThrleuCysSerAlaleuTyrValGlyAspleuCysGlySerIlePheleuvalGly
421 GCCACCCTCIGUTCGGCCCTCTACGTGGEGGACCTTIIGCGEGTCCATCTTTICTIGTICGET -
T

361

GlnLeuPheThrPheSerProArgArgHisTrpThrThrGlnAspCysasnCysSerIle
481 CAACTGTTIACCTTCTCTCCCAGGCGCCACTGGACGACGCAGGACTGCAACTGITCTATC
o

TYrProSlyHisIleThrGlyHisArgMetAlaTrpAspietMetMctAsnTrpSerPro
541 TATCCCGGCCATATAACGSGTCACCGCATGGCATGGEATATGATGATGAACTGGTCCCCT
G N

ThralaAlaleuValValAlaGlnLeuLeuArgIleProGlaAlalleleuAspMetIle
6§01 ACGGCGGCATTGGTAGTAGCTCAGCIGCTCCGGATCCCACAAGCCATCTTGGACATGATC
G AG

AlaGlyAlaHisTrpGlyvalleuAlaGlyMetAlaTyrPheSerMetValGlyAsnTrp
661 GCIGGTGCICACTGGEGAGTCCTGGCGEGCATGGCGTATTICTCCATGGTGGGGARCTGE

AlaLysvalleuValValLeuLeuLeuPhealatlyVa) AspAlaGluThrHisArgThr
721 GCGAAGGTCCTGGTAGTGCTGCTTCTATTTCCCGGCGTCGACGCGGAAACCCACCGTACC

G .
GlyGlySerAlailaargSerThrAlaGlyvalAlaSerLeuPheThrProGlyAlaArg
781 GGGGRAAGTGCCGCCCGCAGCACGGCTGRAGTTGCTAGTCTCTTCACACCAGGCGCTAGG

c T A

GlnAsnIleGlnleulleAsnThrAsnGlySerTrpHisIleAsnSerThrAlaleuAsn
841 CAGAACATCCAGCTGATCAACACCAACGGCAGTTGGCACATCAATAGTACGGCCTTGAAC
AT

201

CysasnAspSerLeuThrThrGlyTrpleualaGlyLeupheTyrHisHisLysPheAsn
mmmmmmmmmm

A A

LI Sl PR TR WL PUC PRSI SRR L PR JgEy. SHOSE NI NERE QST A e R K Yo N

.
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IGURE Bl

Buman 27

GlyPheAlaAspI.e&(etGlyTyrIleProLeuValGIyMaProLeuGlyGlyAlaua
1 GGCTTCGCCGACCTCATCGGGTACATTCCGCTCGTCGGCECTCCTCTITGGGEECGCTGCC

ArgAlaleuAladisGlyValArgValleuGluAspGlyValAsnTyrAlaThrGlyAsn
61 AGGGCCCIGGECGCATGGORTCCGEETICTGGAAGACGGCGTGAACTATGCAACAGGGAAC

LeuProGlyCysSerPheSerIlePheleuleurlaleuleuSerCysLeuThrvalPro
121 CITCCTGGTTGCTCTITTCICTATCTTICCTICIGGCICTGCTCTCTTIGCCTGACCGTGCCC

AlaSerAlaTyrGlnValArgAsnSerSerGlyIleTyrHisvalThrAsnAspCysPro
181 GCATCGGCCTACCAAGTACGCAACTCCTCGGGCATITACCATGTCACCAATGATIGCCCT

AsnpSerSerIleValTyrGluThrAlaAspThrileLeulisSerProGlyCysvalrro
241 AAITCGAGTAITGTGTACGH;ACGGCCGACACCATCCTACACTCTCCGGGGTGTGTCCCT
(od

CysValArgGluGlyAsnAlaSerLysCysTrpValProvalaAlaProThrValAlaThr
301 TGCGTTCGCGAGGGTAACGCCTOGAAATGTIGGGTGCCGETAGCCCCCACAGTGGCCACT
G

ArgAspGlyAsnLeuProalaThrGlnlenArgArgHisTleAspleuleuValGlySer
361 AGGGACGGCAACCTCCCCGCAACGCAGCTTCGACGTCACATCGATCTGCTTGTCGGGAGT
G G

AlaThrleuCysSerAlaLeuTyrvalGlyAspleuCysGlySerValPheleuValGly
421 GCCACCCTTIGCTCGGCCCICTATGTGGGGGACTTETG CGGGTCTGTCTI‘TCTTGTCGGT
c

GlnleuPheThrPheSerProArgArgHisTrpThrThrGlnAspCysAsnCysSerlle
48] CAACTGTTCACTTITCTCCCCCAGGOGCCACTGGACAACGCAAGATTIGCAACTGCTICTATC
- A

TyrProGlydisIleThrClyHisArgMet AlaTrpAcpMetMetMetAsnTrpSerPro
541 ITACCCCGGCCATATAACGSGACACCGCATGGCATGGEGATATGATCATGAACTGEGTCCCCT

ThralaAlaLeuvalMetAlaGlnLeuleuArgIleProGlnAlaIleleuAspMetIle
60> ACAGCAGCGCIGGTAATGGCTCAGCTGCICAGGATCCCCGCAAGCCATCTIGGACATGATC
G

AlaClyAlaHisTrpGlyValLeuAlaGlyvIleAlaTyrPheSerMetValGlyAsnTrp
661 GCTGGTGCTCACTGGGEAGTCCTAGCGEECATAGCETATTTCTICCATGGTGGGGAACTGG

AlaLysVallauvValvalleuleuleuPhealaGlyVal AspAlaThrThrTyrThrThr
721 GCGAAGGTCCIGGTGETGCTGTIGCTGTTIGCCGGCGTCGATGCGACAACCTATACCACE

GlyGlyAsnalzAl zArgThrThrGlnAlaleuThrSerPhePheSerProGlyAlaLys
7Bl GGGGEGGAATGCTGCCAGGACCACGCAGGCGCTCACCAGTTTTTITCAGCCCAGGLCGCCAAG

GloAsplleGinleulleAsnThrAsnGlySerTrpHisIleAsnArgThrAlaleuAsn
841 céssmcmmmmcmagssmmmcmcmsccm

CysAsnAlaserLeuAspThrGlyTrpValAlaGlyleuPheTyrTyrHisLysPheAsn
201 IGTAATGCGAGCCICGACACTGGCIGGGTAGCGGGGCTCTTCTATTACCACAAATICAAC
T G

SerSerGlyCysProGl ) aSerCy. ProLeuAlaAspPh 1in
961 4 uArgMet) SATY] z CGAP eASpPG
C
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FIGIRE 82-1

1. huwman 27
2. HCV1
3. human 23

1 CGGCTTCGCCGACCTCATGGGETACATECCGCTCGTCGGCECECCTCTIGGgGGCGCTGCCAGGGCCCTGGE

EREXAAEANAXAARNNRRRERTLEIEENRRE FANTRAANAXANRNLR NETETRNS EERERRERERITRRN R ATRRY

1 CGGCTICGCCGACCTCATGGGGTACATACCGCTCGTCGGCGCCCCTCTTGGAGGCGCTGCCAGGGLCCTEGEC

P S T T eI eI XIS R 22 2 A 2 2 2 2 2 2 2 2 d a2 dd st ady EEEXERARARTENRRL

1 CGGCTTCGCCGACCTCATGEGETACATACCGC TCETCGGLGCCCCTCTITGGAGGCegTGCCAGGGCCCTEGC

73 GCATGGCGTCCGEETTCTGGAAGACGGCCTGAACTATGCAACAGGGAACCTTCCTGGTTGCTCTTTCICTAT

R R T R TR TR R R PR AR R R AR AT R R R AR AT RN RN TR RAARANTE AR AN AR AR oN

73 GCATGGCGTCCSGETTCTGGAAGACGGCETEGAACTATGCAACAGGGAACCTTCCTGGTTGCTCTITCTCTAT

XEkE AAMEAXARAEEER AATERREEARRRNEXXNARAARAEARAARALANZARRARARTRNERALITY XX XTEXER

73 GCACGGCETCCGGGTTETGGAAGACGGCGTGAACTATGCAACAGGGAACCTTCCTGGTTGCPCCTTEICTAT

145 CTTCCTTCTGGCtCTGCTCTCTIGCCTGACCGTGCCCGCaTCEGCCTACCAAGTaCGCAACTCCECGGGeaT

ELRXEANEEENET AARNRAARERARLE AXXT EXXRNETNR RXXXTXAXTARTEN RAEFAdkrs AN *

145 CTTCCTICTGGCCCTGCTCICTTGCETGACEGTGCCCGCTTCGGCCTACCAAGTGCGCAACTCCACGGGGET

FEXEAXREXEATRTERT RARNTRTERER HRAXR ZREAXERAARAN ATARRRTATARFEERRTERR ARRATRRER

145 CTTCCTTCIGECCCTAaCTCTCTIGCETGACCETGCCCGCTTCaGCCTACCAAGTGCGCARCTCLACGRGGCT

217 TTACCAtGTCACCAATGATTGCCCTAALTCGAGTATTGTGTACGAGaCGGCCGACaCCATCCTaCACECTCC

KAXARER AREXXXRXEXRRXASREEERN EXTXTRLERXXATRRARAEE Ttk dws AXTXTRNRAR TRE XXRNT

217 TTACCACGTCACCAATGATTGCCCTAACTCGAGTATIGTG TACGAGGCGGCCGATGCCATCCTGCACaCTCC

ERERER RAERE AR R AR R R R L E R RS R AR A A R EENER AR A RSN ALEXRRATARS RTINS LTRSS SdS

217 TTACCATGTCACCAATGATTGCCCTAACTCGAGTATIGTGTACGAGGCGGCCGATGCCATCCTGCACGCTCC

289 CGGETGLETCCCTIGCGTICGCGAGGGLAACGCCTCEAaa TGTTGEETGCCEgTagCCCCeACaGTGGCCAC

RERXAR REANEERAXIAARARR Thedd K- bwdehkted ThEEAREET AT X TRXERE XX ERERERRE

289 GGGGIGCGTCCCTTIGCGTTCGLGAGGGCAACGCCTCGAGETGTTCEGTGGCGaTGACCCCLACGGTGGCCAC

AXTRERE AXXXTEXETRRRXRRE HERXN ARXXE FEERXEE AXXXXAXXRAAKE APARRTT RAXXTXRTREY

289 GGGGTGEGTCCCTIGCGTTCGCGAGGAtAACGECTCGAGATCTIGGGTGGCGgTIGACCCCCACGGTGGCCAC

361 CAGGGACGGCAACCTCCCCGCAACGCAGCTTCGACGTCACATCGATCTGCTTGTCGGGAGLGCCACCCTETG

FEETRR REERXT ARERRARE ERFREAREAARANRARANREIRASIASIASRRSRRFARNETRY KA XRAASr kN

361 CAGGGAtGGCAAACTCCCCGCGACCCAGCTTCGACGTCACATCGATCIGCTTGTICGGGAGCGCCACCCTCTG

KR RAR NERNEFENRADLE & R RN TR R R R R AR AR A RN R AN R PR RN T R TE AR AR TNRRNRY

361 CAaGGACGGCAAACTCCCCaCaACGCAGCTTCGACGTCACATCGATCTGCTTGTCGGGAGCGCCACCCICTG

433 cTCGGCCCTCTALCTGCGGEGACL TGTECGEETCIGTCTITCTTGTCGG tCAACTGTTCACETTCTCCCCCAG

AEZEREARRAERS REREAXRER FARXATEERNERAIRERZANARNEERNREREN RAXXNNATTRRAR Shidrd Attt w

433 tTCGGCCCTCTACGTGGGGGACCTCTGCGGETCTGTCTTICTTIGTCGGCCAACTGTTCACCTTCTCTCCCAG

EEEFTREREAAEEIARREEELRAREEN REFTRERELSY REXRETRERANELTN EEXREREY RXEATRRRAATEAS

433 CTCGGCCCTCTACGTGGGGRACCTEIGCGGETCCaTCTTTCTTGTCGGECAACTGTTEACCTICTCTCCCAS

505 GOGCCACTGGACaACGCAAGaTTGCAACTGCTCTATCTACCCCGGCCATATAACGGGACACCGCATGGCATG

EEEXRTETERRES RERERTE RREFEE PRXFXXARTTIREN FERAXXXATEINARLIARE ERXXNXRANRRTRNR
505 GCGCCACTGGACGACGCAAGYTTGCAALTGCTCTATCTATCCCGGCCATATAACGGGTCACCGTATGGCATG

EEXXLTENTERNTENEZRNRERE W I I s T TR T332 2222222 22222 R 2 adtstds sl

505 GCGCCACTGGACGACGCAGGacTGCAACTGHTCTATCTATCCCGGCCATATAACGGGTCACCGCATGGCATG

577 GGATATGATGATGAACTGGTCCCCTACagCaGCGCTGETAATGGCTCAGCTGCTCaGGATCCCgCARGCCAT

(2222222222222 2 2222222222224 T REN EAXEREARARRRRRETRANSE RRARRRE SHEERTEN
77T COATAT AT AT A AT OMA L = L TIVEEMA A AT AL TN ATC T ACARCCCAT
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FIGURE 82-2

649 CTTCGACATGATCGCTGGTGCTCACTGGGRAGTCCTaGCEGGCATAGCGTATTTCTCCATGGTGGGGAACTG

R AR AT IR R R T AR RT IR LN AR EEANERARNT ER TR N A AN R A A AN R RN RE AR LA AT NE

643 CITCGACATGATCGCTGGTGCTCACTGGGGAGTCCTGGCGGGCATAGCGTATTTCTCCATGGTGGGSAACTG

P e 2212222232232 2232233222222 1222322222 B2ttt il il diadltsssy

649 CTIGEACATGATCGCTGGTGCTCACTGGGEAGTCCIGGCGGECATGGCGTATTICTCCATGGTGGGEAACTG

721 GGCGAAGGTCCTGETgGTGCTGtTGCTTTTGCCGGCGTCGALGCGacAACCEALacCACCGEGGGIAATGC

RAEREAEEXAZRAAIR RERNEE ATXR SRANTRARRNANEDT XX RAXE % AERXRERKRE & KPR
721 CGCGAAGGTCCTCGTAGTGCIGCTGCTATTIGCCGGCGTCCGACGCGGARACCCACG . CACCGGGGGAAGTGC
EEANTEEAEREEERTERRETANIREE ARR LR RN RE SR RNR AR ERA AN R AR SRR RS ERERERREETRENE

721 GGCGAAGGTCCIGGTAGTGCTGCTHCTATTTGCCEGCGTCGACGCGGARACCCACCTtACCEGGGGAAGTGC

793 tGcCaggACcachachgcTuccAGttTttTCaQCCCAGGCGCCAAGCAGQAuTCCAGCTGATCAACAC

ARXAXXREREXRAEREY X REXREERRRNTEREN R

793 CGg‘CCaCACtthtCTGGAtmtTAGcCTCcmgCACCAGGCGCCAAGCBGAACgTCCPﬁCNATCAACAC

wr wR XN REEER BRE RAR REE RE RRAAARTRREE & HAEEAERNT EAXARAAAREAAEATL

793 CGcCCgCAg&chCTGGAgﬂGcﬂGt@CtTC&CBCCAGGCGCtAgGCAGAACaTCCMCTGM@A&C

B65 mcmummmmmcm@amﬂascm

AXAXAANEREAAEREEE STRARKEE AALTEARNE REXTRRXNY AXRXN XXRNXEX XXX XXXEEE T X XX

B65 CAACGGCAGTTGGCACCTCAATAGCACGGCCCTGAACTGCAATGALAGCCTCAACACCGGCTGETTIGCAGE

EXEXANEZARENRERARANE RARXXRERRE ARXAXRY AT ARTETRNARNY FPTFE & Feddrrrrdrrrd S *w

865 CAACGGCAGTTGGCACATCAATAGtACGGCCtTGAACTGCAATGACAGCCTLACCACCGECTGETTaGCgGG

937 GCTCTTCTATHACCACAAATTCAACTCTTCAGGCTGCCCCGAGAGGaTgGCCAGCTGtaGgCCCCTTgCCGA

HERERX NETREE AAXARNAEREY ZERXREXTRREAANTRNIN L ERAXRART * AT RER * ETRERENT WRER

937 GCTITTTCTATCACCACAAGTTCAACTCTTCAGGCTGTCCLGAGAGGCTaGCCAGCTGCCGACCCCTTACCGA

REXERAREERERRRARE BN EREXAEELARNAERREEARERE REAREEET X EXRKARTALSRXRTRLRNE REEXR

937 GCTTITCTATCACCAtAA2TTCAACTCITCAGGCTGTCCOGAGAGGETgGCCAGCTGCCGACCCCTCACCGA

1009 TTTcGACCALG

ERE TEEERER

1009 TTTTGACCAGG

ERRER EEARER

1009 TTTITGCCCAGS



Patent Application Publication Aug. 28, 2003 Sheet 133 of 145 US 2003/0162167 Al

FIGURE 33

l. human 27
2. HCV 1
3. human 23

1 GFPADLMGYIPLVGAPLGGAARALAHGVRVLEDGVNYATGNLPGCSFSIFLIALLSCLTVPASAYQVRNSSGL

ES SIS PL 222X L 2222222 2222 22222222222 22222228t 22 42222t 222 222 22 0E 5

1 GFADLMGYIPLVGAPLGGAARALAHGVRVLEDGVNYATGNLPGCSESIFLLALLSCLIVPASAYQVRNSTGL

P I 22222223222 R 22 XXX 4323342222222 2222322222232 222 22 ¢222 3322224}

1 GFADIMGYIPLVGAPLGGrARALAHGVRVLEDGVNYATGNLPGCSFSIFLLALLSCLTVPASAYQVRNSTGL

73 YHVINDCPNSSIVYEtADtILHSPGCVPCVREGIASKCWVpvaPTVATRDGNLPATOLRREIDLLVGSATLC

AEXRXRXRXAXERERR Lt 2 A2 XATAE St AR RXRE RRXXEREREIRA RTINS E

73 YHVINDCPNSSIVYEAADAIEHtPGCVPCVREGNASRCWVARTPTVATRDGRLPATOLRRHIDLLVGSATIC

AXXTRXRLEXERXRSAELAAREZARASE AATRNLIEEXR X TEXETEANT ATERXRNR RAETEE ERXERALTREANXTRARLT S

73 YAVINDCPNSSIVYEAADAILHaPGCVPCVREANVSRCWVAVIPIVATKDGKLPLTOLRRHIPLIVGSATLC

145 SALYVGDLCGSVELVGQLFIF SPRRHWTTOICNCSIYPGHITGHRMAWDMMMNWSPTAALVMAQII.RIPOAT

REREERARAERRNERETARAREEERRRRAEREN AANRRTRXAFAERIEXERERNREERRE TR ARtk

145 SALYVGDLCGSVFLVGQLFTFSPRREHWITOGCNCSIYPGHITGHRMAWDMMMNWS PTCALVMAQLLRIPQAT

EXRXAETARXERTRERE RERTRIRNAETEREERANAN TERATRARLANEAAAARRLIRARNLENER AXY RLTTENANTRY

145 SALYVGDLCGSIFLVGQOLETFSPRREWTTQACNCSIYPGHITGHRMAWDMMMNWS PTaALVVAQLLRTIPQAT

217 WHWWMAMAtMNGﬂMqﬂtSffSPGAKQdiQLIM

AT AR EXENRERNRRNIANRTANRRXRINDTERERENES *  HRX * rarrE EEERR
217 Wmmmmm&ghﬁﬁmaMQML$hT
ACRERXRRRREANE R IR IR NI AR RRRINTRRRRRRNCES hReh KK mEK R RAEEW

217 WWWMGMMMSLfMNiQLIM

285 NGSWHANrXrTALNCNaSLATGWvAGLFYYHKFNSSCCPERMASCRPLADEDQ

EEXER X BEAXRXE AR ARE ARARXR FPERENRXRRALE L RPRRAT ki

289 NGSWHINSTALNCNDS LN TCWLAGLFYHHRENSSGCPERLASCRPLTDEDQ

EENEE AXXEARRRATAR ZERRRAARENXREPEINRICRENANIRNTRNIRNEY &

282 NGSWHiINSTAINCNDSLtIGWLAGLEFYHHRENSSGCPERLASCRPLTDFaQ
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FIERE (2-1
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4. envi.hey  (1-1657)
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o T f?ss JﬁTfo"ii i::ff?islslttcfiff“ illi:lll ] Elllzi..asfc
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B k1110 Ty ?’f“;‘?ﬂ??‘?";??“"’f?g"ﬁgw*ﬂ@?
—aGIGT O e e CoTTaS -h—mmm

- 1.;?’ T T N T ST LT
iR f:tfﬂmf i ‘TTW T T

645 ATIGTGTACGAGGOBGEAGA mcm.ac::cmxcc TCCCITOUBT T G tGAGGECAACCSC

383 =C ccc*a s c,c GaCseraganTeen 5CTgCCA
it “f"wffc‘;h }z ST mi:nj:;;::::-w H
il lé}.éc” TR m 1. m |°°TT??.°?? f“ﬁ?g:‘?? :‘?fr??? Nt

NI IHH“‘ HH x!i I I T]iz!i : “TTAQATC?C??C':\FI:?

721 FGAGG‘?G?"GGG‘IGGN& ..ACCC" 'I'SCCAM\. TCCTCQCgACGCAGCTICGA

:;: ,.1mxziwﬁmﬂ?@ﬁqﬂ?ﬁ?wjm?%f”’wmmi'
oy itk TRy T lﬁ?cc“: ?C?Eﬁﬁ’f? ']T?ch“i
mﬁu'uﬁWn ms GiaaihtinEs ik

793 CG!'CA.A‘ICGA’!‘C"‘GC!!.’G‘IC" CCTCIGLTOGGCCCICT ACGTGGGGGACCT&TGCGquC"

=7 ’ﬂ*:f it 'ﬁﬁfﬂmns ﬁgWWﬁ?W"F

207 GICPeal CMC’."G
T TS m: mz it 11“?5'"1-:.m.ﬁ??s'i?’;'f?iﬁf‘i”l‘m “f

NHRRRInG HI i“l !M' HIHHI‘HH‘I SIHAUNIS iH
BES SICTITCTICICECCCAACTG m:acc'r's: CCACCAAGGTIGAATTGCTCS

379

578 A’I@.A?Bi:
573 ATCGAATTC
§37 ATCtatcol
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10 20 30 40
GAATTCGGEACGACGCAAGE TIGCAATTIGCTCTATCTATCCEGGCCATAT
Xoczzocezzsasetzrszozsssosrspestettgeasgses
17../88p T LT AGECECCA TG GACGACE CAAGE T IGCAATIG L TCTATC TATCCLGGCCATAT
- 550 560 570 580 530 €00

50 60 70 80 & 80 100
aA AGGTCACCGCATGGCATGGGATATGATGATGAACTGETCCCCTACGACSGLGTTAGT

----------------------------------------------------- (¥

....................................................

&ACS u¢CACCG»A“GGgA*GGGATATGAT’A”GAACTGuICCCCI CRACGRCOTTGST
€610 620 6§30 §4C 6§30 660

"120 120 130 140 150 160
- auTAuC*CAGb-n”TCCGGA’CuCAuAAG'CA TTGGA;ATGA¢»qC TGETGLTCACTG

-----------------------------------------------------
-----------------------------------------------

AR Ge A TE e TECGEATCCCAC AN AT C TG ACA T ATCEC TEE TECTEACTE
670 680 630 706G 710 720

ol 80 190 200 210 220
GEGAGICCTGECGEELATAGCSTATI TCICCATGE TGGGGAACTGEGLGAAGG TLTTGSEC

----------------------------------------------------------
-------------------------------------------------------

AGGAGTCL TGGCGEGCATAGCG TATT T TCCATGG TCGEGAAC TGES COARGG TCCTGGT
730 740 750 760 _ 770 780

230 240 250 260 270 280°
AGTGCIGTIGCTATTIGT uGGmeCGlCGCGGAAACCCAC@"CAC'GGGGGGATCGCCGC
3:ctr2szIIzosIsITIIITSSTILILILLILIIIILEIITIIIIIIIL 23353 13t
AGIGCIGCIGCIATTTIGCCGSCGTCGALGCSGAARCCCACGTCACCAGESES AAGTGCCGG

790 BCO 81C 820 830 840

250 300 310 320 330 340
= CAARACTACGGCTAGCCTTACTGOTCTCTICAATTTAGG SGCCAAGCAGRACATCCAGCT

2 4 s - L ] e e e s2: sassssgsesse :aissEET
- &85 & § =9 423 " e s e e dbtboemesr m=usEdas

”CA»A”'GTG‘CIGGATTTG AGCCTC»TCuCA CAGGCGCCAAGSAGAACGTCCAGCT
850 860 87¢ 880 890 $00

350 350 370 380 390 400
SATCARCRCCAACGGC&GITGGC%CRT~AACAGGACGGCC‘TGAACTGCAA?GA”AGCCT
$:3323:48823283232488223233¢ 3332 §T :TrIi: zaiaftrssrsivsiiizas

A’CAnLRCCAACGGCAGTTGuCAC»TCAA”AGCACuG»CCTGAAC*GCAATGA!AGCCT

8lC 520 930 940 950 960
410 420
CAACACCGGCTGGAATIC
----- Tr3sz3ss
uAACAC"GuCIGG TGGCAGEGECTITTICTATCACCACAAGTTCAACTCTTCAGSCIGTCC
870 o80 250 1000 1010 020

FIGURE 86
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FIGLRE £7

AA #117-308 (putative envelope reqiop)
1) HCT #18 (USA) 3 clones sequenced
2} JH23 (USA) ?
3) JH 27 (USA) ?
4) PBL-Th (USA) 2 clones sequenced
5) EC1 (ltaly) 3 clones seguenced
) HCV-1 (chimpanzes) multiple

CU!AG-T-is
1) {P}
2)
3)
4)
5)

6)RNLGKVIDTLTCGFADLMGYIPLVGAPLGGAARALAHGVRVLEDGVNYATGNL

1) H

2)

3) S T 7T
4) L

5) P S
6)PGCSFSIFLLALLSCLTVPASAYQVRNSTGLYHVTNDCPNSSIVYEAADAILH
1) (E) v v T

2)a DV v K T

3)s PVA N

4)A A R T

5) H v T

6)TPGCVPCVREGNASRCWVAMTPTVATRDGKLPATOLRRHIDLLVGSATLCS

1)

2) 1 D
3) D
4) :

5) |

B)ALYVGDLCGSVFLVGQLFTFSPRRHWTTQGCNCS!
STMMARY: "S" Aall7-308 (33%)

ECT#18, PBL-Th, ECI(Italy) have 97X homology with HCV-1
JH23 and JE 27 have 962 and 95% homology with HCV-1, respectively
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amirg ~4/2 __of NSO

1) JH23 ?
2) JH27 ?
3) Japanese isolate {T. Miyamurs) ?
4} EC1D (haly} 2 clones saquenced

{one nit difference, which did not
result in an amino acid change)
E) HCV-1 {chimpanzee) multiple

S‘——r—iNSl
A v

1) D

2) b A

3) Vs W v
4)

5 TTQGCNCSIYPGHITGHRMAWDMMMNWSPTTALVMACGLLRIPQAILDMIAGA

1) ™ R ARSTA VA
2) TYT N AR TQALT F
3) L Y I~ GH R V@ VT TLT
4) A 1 AK TASLTA

S)HWGVLAGIAYFSMVGNWAKVLVVLLLFAGVDAETHVTGGSAGHTVSGFVSL

1%sS P 1 i T v
ZFT D1 1 R A D

3FR S K1 V 1 R e F
4)PNL t I R N

SILAPGAKONVQLINTNGSWHLNSTALNCNDSLNTGWL

STMMARY: N5 1 AA 330-650

W3- 4ed
"Isolaze” TRemology (AA330-438) THomology (AAIS3 -%ai)
JE23 83 57
JB27 8C 39
Japazess 73 48

EC10 (Irzalw) 84 4B
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FIGGRE B9-1

SEQUENCE OF THE HCV GENOME

(AS DEDUCED FROM OVERLAPPING CLONES blisa/18g/ag30a/CA2052/
CA290a/CA216a/pi14a/CAlG?b/CAlSSe/CAB4a/CAS93/K9-1/26j/13i/
l2f/14i/llb/":fﬂe/ah/33c/40b/37b/35/36/81/32/33b/25c/14c/8f/
33f/339/39c/3Sf/l9g/26g/15e/b53/16jh/6k/131jh)

5'terminus
CACTIC CACCATGAATCACTCCCCTCTGAGSAACTACTGTCTTCAC GCAGAAAGCGICTAG
CCATGGCGTTAGTATGAGTGTCGTGCAGCCTCCAGGACCCCCCCTCCCGGGAGAGCCATA
GIGGTC‘I‘GCGGAACCGGTGAGTACACCGGAAT’I‘GCCAGGACGACCGGGTCCITTCTI’GGA
TCAACCCGCTCAATGCCTGGAGATTIGGGCGTGCCCCCGCAAGACTGCTAGCCGAGTAGT
GTTGGGTCGCGAAAGGCCTTGTGGTACTGCC’I’GATAGGGTGC‘I‘I’GCGAGTGCCCCGGGAGﬁ00

fPutative initiator methionine codon)

G C
GTC'I‘CGTAGACCGTGCACCATGAGCACGAATCCTAAACCTCAAAAMAAAACAAACGTAA
CACCAACCGTCGCCCACAGGACGTCAAGTTCCCGGGTGGCGGTCAGATCGTI‘GGTGGAGT
TTACTTGTTGCCGCGCAGGGGCCCTAGATIGGGTGTGCGCGCGACGAGAAAGACTTCCGA
GCGGTCGCAACCTCGAGGTAGACGTCAGCCTATCCCCAAGGCTCGTCGGCCCGAGGGCAG
GACCTGGGCTCAGCCCGGGTACCCT'IGGCCCCTCTATGGCAATGAGGGCTGCGGG’I’GGGC-S00
GGGATGGC'I'CCTGTCTCCCCGTGGCTCTCGGCCTAGCTGGGGCCCCACAGACCCCCGGCG
'J.’AGG’I‘CGCGCAATTTGGGTAAGGTCATCGATACCCTTACGTGCGGCTICGCCGACCTC‘AT
GGGGTACATACCGCTCGTCGGCGCCCCTCT'IGGAGGCGC‘I‘GCC&GGGCCCIGGCGCATGG
CGTCCGGGTICTGGAAGACGGCGTGAACTATGCAACAGGGAACCTTCCTGGTTGCTCTTT

C

CTCTATCTTCCTTCTGGCCCTGCTCTCTTGCTTGACTG TGCCCGCTTCGGCCTACCAAGT- 900
GCGCAACTCCACGGGGCTTTACCACGTCACCAATGATTGCCCTAACTCGAGTATIGTGTA
CGAGGCGGCCGATSCCATCCTGCACACTCCEGGETGCGTCCCTTGCGTTCGTGAGGGCAA
CGCCTCGAGGTGT TGGETGGCGATGACCCCTACGGTGGCCACCAGGGATGGCARACTCCC
CGCGACGCAGCTTCGACGTCACATCGATC TGCTTGTCGGGAGCGCCACCCTCTGTTCGGC
CCTCTACGTGGGGGACCTATGCGGGTCTIGTCTTICTTGTOGGCCAACTGTTCACCTTCTC-1200
TCCCAGGCGCCACTGGACGACGCAAGGTTGCAATTGCTCTATCTATCCCGGCCATATAAC

G
GGGTCACCGCATGGCATGGGATATGATGATGAACTGGTCCCCTACGACGGCGTTGGTAAT
GGCTCAGCTGCTCCGGATCCCACAAGCCATCTTGGACATGATCGCTGGTGCTCACTGEGE
AGTCCTGGCGGECATAGCGTATETCTCCATGGTGGGGAACTGGGCCARGGTCCTGGTAGT
GCTGCTGCTATTTGCCGGCG TCGACGCGGARACCCACGTCACCGGGGGAAGTGCCGGCCA1500
CACTCTGTCTCCATTTCTTAGCCTCCTCGCACCAGGCGCCAAGCAGAACGTCCAGCTGAT
CAACACCAACGGCAGTTGGCACCTCAATAGCACGGCCCTGAACTGCAATGATAGCCTCAR
CACCGGCTCETTGGCAGGGCTTTTCTATCACCACAAGTTCAACTCTTCAGGCTGTCCTGA
GAGGCTAGCCAGCTGCCGACCCCTTACCGATTTTGACCAGGGCTGGGGCCCTATCAGTTA
TGCCARCGGAAGCGECCCCGACCAGCGCCCCTACTGCTGGCACTACCCCCCAAAACCTTG-1800
CGGTATTGTCCCCGOGAAGAG TG TGTGTGGTCCGGTATATTGCTTCACTCCCAGCCCCGT
GGTGGTGGGAACGACCGACAGGTCGGGCGCGCCCACCTACAGCTGGCGTGAAARTGATAC
GGACGTCTTCGTCCTTAACAATACCAGGCCACCGCTGGGCAATTIGGTICGGTTGTACCTG
GATGAACTCAACTGGATTCACCARAGTG TGCGGAGCGCCTCCTIGTGTCATCGGAGGGEC
GGGCAACAACACCCTGCACTGCCCCACTGATTGCTICCGCAAGCATCCGGACGCCACATA—2100

Cc
CTCTCGGTGCGGCTCCGETCCCTGGATCACACCCAGGTGCCTGGTCGACTACCCGTATAG
GCTTTGGCATTATCCTTGTACCATCAACTACACCATATTTAAAATCAGGATGTACGTGGG
AGGGGTCGAACACACGCTERAAGCTGCCTGCAACTGGACGCGEGGCGAACGTTGCGATCT
GGAAGACASGGACAGGTCCGAGCTCAGCCCGTTACTGCTGACCACTACACAGTGGCAGGT
CCTCCCGTGTTCCTTCACAACCCTACCAGCCTTGTCCACCGGCCTCATCCACCTCCACCA-2400
GRACATIGTGGACGTGCAGTACTIGTACGGGGTGGGGTCAAGCATCGCGTCCTGGECCAT
TAAGTGGGAGTACGTCCTICTCCTGTTCCTTCTGCTTGCAGACGCGCGLGTCTGCTCCTG
CTTGIGGATGATGCTACTCATATCCCAAGCGGAGGCGGCTTTGGAGAACCTCGTAATACT
TAATGCAGCATCCCTGECCGGGACGCACGGTCTTGTATCCTTCCTCGTGTTCTTCTIGCTT
TGCATGGTATTTGAAGGGTAAGTGGGTGCCCGGAGCGGTCTACACCTTCTACGGGATGTG-2700
GCCTCTCCTCCIGCTCCTCTIGGCGTTGCCCCAGCGGGCGTACGCGCTGGACACGGAGGT
GGCCGCGTCETETEECEEIGTTGTTCTCGTCGGGTIGATGGCGCTGACTCTGTCACCATA
TTACARGCECTATATCAGC TG TGCTTGTGGTGGCTTCAGTATTTTCTGACCAGAGTGGA
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FIGRE 89-2

ACCCCAACTCCACGTGTEGATTCCCCCCCTCAACGTCCGAGEGGGG CGCGACGCCGTCAT
C’I’IACI'CATGTGTGCTGTACACCCGACTCTGGTATITGACATCACCAAATTGCTGCTGGC- 3000
CGTICTTCGGACCCCTTIGGATTCTTCAAGCCAG TTTGCTTAAAGTACCCTACTTITGTGEG
CGTCCAAGGCCTTCICCGETTCTGEGCGT TAGCGCGGAAGATGATCGGAGGCCATIACGT
GCAAAIGGTCATCATTAAGTTAGGGGCGCT’IAC’IGGCACCTATGTTTATAACCATCTCAC
TCCTCTTCGGGACTGGGCGCACAACGGCTTGCGAGATCTGGCCGTGGCIGTAGAGCCAGT
CGTCTTCTCCCAAATGGAGACCAAGCTCATCACGTGGGGGGCAGATACCGCCGCGTGCGG- 3300
TGACATCATCAACGGCTTCCC TETTTCCGCCCGCAGGGGCCGGGAGATACTGCTCGEGCC
AGCCGATGGAATGGTC [CCAAGEGETLGAGGTTGCTGGCGCCCATCACGGCGTACGCCCA
GCAGACAAGGGGCCTCCTAGGGTGCATAATCACCAGCCTAACTGGCCGGGACARARACCA
AGTCGAGGCTGAGETCCAGATTGTGTCAACTGCTGCCCAAACCTTICCIGGCAACGTGCAT
CAATGGGGTCTCCTCGACTC TCTACCACSGGECCGEAACGAGGAC CATCGCGTCACCCAA~3600

T
GGGTCCTETCATCCAGATGTATACCAATG TAGACCAAGACCTTGTGGGCTGGCCCGCTCC

C
GCAAGGTAGCCECTCATTGACACCCTGCACTTGCGECTCCTCGGACCTTTACCTGGTCAC
GAGGCACGCCEATGTCATTCCCGTGCGCCGGCGGEGTGATAGCAGGGGCAGCCTGCTGTC
GCCCCCGCCCATTTCCTACTTGAAAGGCTCCTCGEGEGETCCGCTCTIGTIGCCCCGCGGE
GCACGCCGTGEGCATATTTAGGGCOGOGG TG TGCACCCCTGGAGTGGCTAAGGCGETGGA-39C0
CTTTATCCCTGTGGAGAACCTAGAGACAACCATGAGGTCCCCGGTGTTCACGGATAACTC
CTICTCCACCAGTAGTGCCCCACAGCTTCCAGETCGCTCACCTCCATGCTCCCACAGGCAG
CGGCARAAGCACCARGGTCCCGGCTGCATATGCAGCTCAGGGCTATAAGGTGCTAGTACT
CAACCCCTCTGTTGCTGCAACACTGGECTTTGETGCT TACATETCCARGGCTCATGGGAT

T
CGATCCTAACATCAGGACCGGGGTGAGAACARTTACCACTGGCAGCCCCATCACGTACTC-4200
CACCTACGGCAAGTTCCTTGCCGACGEUGEETCCTCGGGGGGCGCTTATGACATAATAAT
TTGTGACCACTCCCACTCCACGGATGCCACATCCATCTTGGGCATCGGCACTGTCCTTGA
CCAAGCAGABACTGCGGGEGCEAGACTGGTTGTGCTCGCCACCGCCACCCCTCCGGGCTC
CGTCACTGTGCCCCATCCCAACATCGAGGAGG T TGCTCTGTCCACCACCGGAGAGATCCC
TTTTTACGGCAAGGCTATCCCCCTCGAAGTAATCAAGGGGGGGAGACATCTCATCTICTG-4500
TCATTCAAAGAAGAAGTGCGACGAACTOGCCGCAAAGCTGGTCGCATTGGGCATCAATGC
CGTGGCCTACTACCGOGGTCTTGACGTGTCOGTCATCCCGACCAGCGGCGATGTIGTCGT

A
CGTGGCAACCGATGCCCTCATGACCGGCTATACCGGCGACTTICGACTCGGTGATAGACTG
CAATACGTGTGTCACCCAGACAGTCGATTTCAGCCTTGACCCTACCTICACCATTGAGAC
AATCACGCTCCCCCAGGATGCTIGTCTCCCGCACTCAACGTCGGGGCAGGACTGGCAGGGG- 4800
GAAGCCAGGCATCTACAGATTTGTGGCACCGGGGGAGCGCCCCTCCGGCATGTTCGACTC
GTCCGTCCTCTGTGAG TGCTATGACGCAGGCIGTGCTIGGTATGAGCTCACGCCCGLCGA
GACTACAGITAGGCTACGAGCGTACATGAACACCCCGGGGCTTCCCGTGTGCCAGGACCA
TCTTIGAATTTIGGGAGGGCGTCTTTACAGGCCTCACTCATATAGATGCCCACTTICTATC
CCAGACARAGCAGAGTGGGGAGAACCTTCCTTACCTGGTAGCCTACCAAGCCACCGTGTG-5100
CGCTAGGGCTCAAGCCCCTCCCCCATCGTGGGACCAGATGTGGAAGIGTTIGATTCGCCT
CAAGCCCACCCTCCATGGGCCAACACCCCTGC TATACAGACTGGGCGCTGTTCAGAATGA
AATCACCCTGACGCACCCAGTCACCRAATACATCATGACATGCATG TCGGCCGACCTGGA
GGTCGTCACCAGCACCIGEETGCTCG TIGGCEELGTCCTEECIGCITTGGCCGCGIATTG
CCTGTCAACAGGCTGCGTGGTCATAGTGGGLAGGGTCGTCTTGTCCGGGAAGCCGGCAAT-5400
CATACCTGACAGGSAASTCCTCTACCGAGAGTTCGRATGAGATGGAAGAGTGCTCTCAGCA
CTTACCGTACATCGAGCAAGGGATGATGC TCGCOSAGCAGTTCAAGCAGAAGGCCCICGG
CCTCCTGCAGACCGCGTCCOGTCAGGCAGAGCTTATCGCCCCTGCTGTCCAGACCAACTG
GCAAAAACTCGAGACCTTCTCGGCGAAGCATATGTGGAACTTICATCAGTGGGATACAATA
CTIGGCGGGCTIGTCAACGC TGCCTGGTAACCCCGCCATIGCTICATTGATGGCTTITAC-5700
AGCTGCTGTCACCAGCCCACTAACCACTAGCCAAACCCTCCTCTTCAACATATTGEGGGE
GTGGETGGCTGCCCAGCTCGCCECCCCCGGTGCCGCTACTCCCTTTIGTGGGCGCTGGCIT
AGCTGGCGCIGCCATCGGCAG TCTTGGAC TGCGGARGETCCICATAGACATCCTIGCAGG
GTATGGCGCGGECETGECCEGACCTCT TS TGGCATTCAAGATCATGAGCGGTGAGGTCCC
CTICCACGGAGGACCTGGTCAATCTACTGCCCSCCATCCTCTCGCCCGGAGCCCTCGTAGT-6000
CGGCETGGTCTCTIGCACCAATACTGCBCCGGCACGTTGGCCCGEGCGAGGGEGCAGTGCA
GIGGATGAACCGGCTGATAGCCTTCGCCTCCCGGGGGAACCRTGTTTCCCCCACGCACTA
CETECCGGAGAGCGATGCAGC TGCCCGCGTCACTGCCATACTCAGCAGCCICACTGTAAC
CCAGCTCCTCASECEACTGCACCAGTGGATAAGC TCGEAGTGTACCACTCCATGCTCCGG
TTCCTCGCTIRAGGGACATCTEGRAC TGCATATGCGAGG TG TTGAGCGACTTTAAGACCTG-6300
~CTAAAAGCTARGCTCATGCCA TAGCTGCOTGEGATCCCCTITGTGTCC TGCCAGCECEE
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CT2TAAGGGGCTCTGGCEAGTGGACGGCATCATGCACACTCGCIGCCACTGTGGAGCTGA
GATCACTGGACATGTCAARAACGGGACGATGAGGATCGTCGGTCCTAGGACCTGCAGGAA
CATSTGGAGTGGGACCTTCCCCATTAATGCCTACACCACGGGCCCCTGTACCCCCCTTCC
TGCGCCGAACTACACGTTCGCGCTATGGAGGG TG TCTGCAGAGGAATATG TGGAGATAAG-6600
GCAGGTGGGGGACTTCCACTACGTGACGGGTATGACTACTGACARTCTCAAATGCCCGTG
CCAGGTCCCATOGCCCGAATTTTTCACAGAATTGGACGGGGIGCGCCTACATAGGTTTIGC
GCCCCCCTGCAAGCCCTTGCTGCGGGAGGAGGTATCATTCAGAGTAGGACTCCACGAATA
CCCGGTAGGGTCGCAATTACCTTGCGAGCCCGAACCGGACGTGGCCGTGTTGACGTCCAT
COTCACTGATCCCTCCCATATAACAGCAGAGGCGGCCGGGCGAAGGTTGGCGAGGGGATC-6900
ACCCCCCTCTE TGGCCAGCTCCTCGGC TAGCCAGCTATCCGCTCCATCTCTCAAGGCAAC
TTGCACCGCTAACCATGACTCCCCTGATGCTGAGCTCATAGAGGCCAACCTCCTATGGAG
GCAGGAGATGGGCGGCAACATCACCAGGG TTGAGTCAGAAAACAAAGTGGTGATTICTGGA
CICCTTCGATCCGCTTIGTGGCGGAGGAGGACGAGCGGGAGATCTCCGTACCCGCAGAAAT
CCTGCGGAAGTCTCGGAGATTCEGCCCAGGCCCTGCCCETTTGGECGCGECCGGACTATAA~7200
CCCCCCGCTAGCTGGAGACGTGGAARAAGCCCGACTACGAACCACCTGTGGTCCATGGCTG
TCCGCTTCCACCTCCAAAGTCCCCTCCTGTGCCTCCGCCTCGGAAGARGCGGACGGTGGT
CCTCACTGAATCAACCCTATCTACTGCCTIGGCCGAGCTCGCCACCAGAAGCTTIGGCAG
CTCCTCAACTTCCGGCATTACGEGCGACAATACGACAACATCCTCTGAGCCCGCCCCTIC
TGGCTGCCCCCCCGACTCCGACGCTGAGTCCTATTCCTCCATGCCCCCCCTGGAGGGGGA—7500
GCCTGGGSATCCGGATCTTAGCGACGGGTCATGGTCAACGGTCAGTAGTGAGGCCAACGC
GGAGGATGTCCTGTGCTGCTCAATGTCTTACTCTTGGACAGGCGCACTCGTCACCCCGTG
CGCCGCGGAAGAACAGAAACTGCCCATCAATGCACTAAGCAACTCGTTGCTACGTCACCA
CAATTTGGTGTATTCCACCACCTCACGCAGTGCTTGCCAAAGGCAGRAGARAGTCACATT
TGACAGACTGCAAGTTCTGGACAGCCATTACCAGGACGTACTCAAGGAGGTTAAAGCAGC-7800
GGCGTCAARAGTGAAGGCTAACTTGCTATCCGTAGAGGAAGCTTGCAGCCTGACGCCCCC
ACACTCAGCCAAATCCAAGTTTGGTTATGGGGCAAAAGACGTCCGTTGCCATGCCAGARA
GGCCGTAACCCACATCAACTCCGTGTGGAAAGACCTTCTGGAAGACAATGTAACACCAAT
AGACACTACCATCATGGCTAAGAACGAGGTTTTCTGCGTTCAGCCYGAGAAGGGGGGTCG
TAAGCCAGCTCETCTCATCGTGTTCCCCGATCTGGGCGTGCGCGTGTGCGAAAAGATGGC 8100
TTTGTACGACGTGGTTACAAAGCTCCCCTTGGCCGTGATGGGAAGCTCCTACGGATTCCA
ATACTCACCAGGACAGCGGGTTGAATTCCTCGTGCAAGCGTGGAAGTCCAAGAAAACCCC
AATGGGGTTCTCG TATGATACCCGCTGCTTTGACTCCACAGTCACTGAGAGCGACATCCG
TACGGAGGAGGCAATCTACCAATGTTCTGACCTCGACCCCCAAGCCCGCGTGGCCATCAA
GTCCCTCACCGAGAGGCTTTATGTTGGGGGCCCTCTTACCAATTCAAGGGGEGAGAACTG-8400
CGGCTATCGCAGG TGLCGCGCGAGCGGCGTACTGACRACTAGCTGTGGTAACACCCTCAC
TTGCTACATCAAGGCCCGGGCAGCCTGTCCAGCCGCAGGGCTCCAGGACTGCACCATGCT
CGTGTGTGGCGACGACTTAGTCGTTATCTGTGAAAGCGCGGGGGTCCAGGAGGACGLCGGT
GAGCCTGAGAGCCTTCACGGAGGCTATGACCAGGTACTCCGCCCCCCCTGGGGACCCTCC
ACAACCAGAATACGACTTGGAGCTCATAACATCATGCTCCTCCAACGTGTCAGTCGCCCA-8700
CGACGGCGCTGGAAAGAGGGTCTACTACCTCACCCGTGACCCTACAACCCCCCTCGCGAG
AGCTGCGTGGGAGACAGCAAGACACACTCCAGTCAATTCCTGGCTAGGCAACATAATCAT
GTTTGCCCCCACACTGTGGGCGAGGATCGATACTGATGACCCATTTCTTTAGCGTCCTTAT
AGCCAGGGACCAGCTTGAACAGGCCCTCGATTGCGAGATCTACGGCGCCTGCTACTCCAT
AGAACCACTTIGATCTACCTCCAATCATTCAAAGACTCCATGGCCTCAGCGCATTTTCACT-9000
CCACAGTTACTCTCCAGSTGAAATTAATAGGGTGCGCCGCATGCCTCAGARAACTTIGGGGT

G
ACCGCCCTTGCGAGCTTGGAGACACCGGGCCCGGAGCGTCCGCGCTAGGCTTCTGGCCAG
BGGAGGCAGGGCTGCCATATGYGGCAAGTACCTCTTCAACTGGGCAGTAAGAACAAAGCT
CRAACTCACTCCAATAGCGGCCGCTGGCCAGCTGGACTTGTCCGGCTGGTTCACGGCTGG
CTACAGCGGGGGAGACATTTATCACAGCGTGTCTCATGCCCGGCCCCGCTGGATCTGGTT-9300
TTGCCTACTCCTGCTIGCTGCAGGGGTAGGCATCTACCTCCTCCCCAACCGATGAAGGTT
GGGG1AAACACTCCGGCCT— 3'terminus
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FIGURE 90-1

structure of the HCV polyprotein

(From the putative initiator methionine )

RT
MSTNPEKPOKXKNKRNTNRRPQDVKFPGGGQIVGGVYLLPRRGPRLGVRATR
KTSERSQPRGRRQPIPKARRPEGRTWAQPGYPWPLYGNEGCGWAGWLLSP-106
RGSRPSWGPTDPRRRSRNLGKVIDTLICGFADLMGY TPLVGAPLGGAARA

T
LAHGVRVLEDGVNYATGNLPGCSFSIFLLALLSCLTVPASAYQVRNSTGL-200
YHVTNDCPNSSIVYEAADAILHTPGCVPCVREGNASRCWVAMTPTVATRD
GKLPATOLRRHIDLIVGSATLCSALYVGDLCGSVELVGOLETFSPRREWT-300

v
TOGCNCSIYPGHI TGHRMAWDMMMNWSPTTALVMAQLLRIPORTLDMIAG
AHWGVLAGIAYFSMVGNWAKVLVVLLLFAGVDAETHVIGGSAGHTVSGEFV-400
SLLAPGAKONVQLINTNGSWHLNSTALNCNDSLNTGWLAGLFYHHKFNSS
GCPERLASCRPLIDFDQGWGP ISYANGSGPDORPYCWHYPPKPCGIVPAK-500
SVCGPVYCFIPSPVVVGTTDRSGAPTY SWGENDTDVFVLNNTRPPLGNWF
GCTWMNSTGFTKVCGAPPCVIGGAGNNTLHCPTDCFRKHPDATYSRCGSG-600

I
PWLTPRCLVDYPYRLWHYPCTINYTIFKIRMYVGGVEHRLERACNWIRGE
RCDLEDRDRSELSPLLLTTTQWQVLPCSFTTLPALSTGLIHLHONIVDVQ-700
YLYGVGSSIASWAIKWEYVVLLFLLLADARVCSCIMMMLLISQAEAALEN
LVILNAASLAGTHGLVSFLVFFCFAWYLKGKWVPGAVYTFYGMWPLLLLL-800

(N}
LALPORAYALDTEVAARSCGGVVLVGIMALTLSPYYRRYISWCIWWLOYFL
TRVEAQLHVWIPPLNVRGGRDAVILIMCAVHPTLVFDITKLLLAVFGPLW-900
ILOASLLKVPYFVRVOGLLRFCALARKMIGGHYVOMVITKLGALTGTYVY
NHLTPLRDWAHNGLRDLAVAVEFVVF SQMETRKL I TWGADTAACGDIINGL~1000
PVSARRGREILLGPADGMVSKGWRLLAPITAYAQOTRGLLGCIITSLTGR
DXNQVEGEVQIVSTAAQTFLATCINGVCWIVYHGAGTRTIIASPRGPVIQM-1100

s T
YTNVDODLVGWPAPOGSRSLTPCTCGSSDLYLVTREADVIPVRRRGDSRG
SLLSPRPISYLKGSSGGPLLC PAGHAVGIFRAAVCTRGVAKAVDF IPVER-1200
LETTMRSPVFIDNSSPPVVP{SFQVAHLHAPTGSGKSTKVPAAYAAQGYK

L
VLVLNPSVAATLGFGAYMSKAHGIDPNIRTGVRTITTGSPITYSTYGKFL~1300

ADGGCSGGAYDIIICPECHSTDATS ILGIGTVLDOAETAGARLVVLATAT
PPGSVTVPHPNIEEVALSTTGEIPFYGKATPLEVIKGGRHLIFCHSKKKC-1400
DELAAKLVALGINAVAYYRGLDVSVIPTSGDVVVVAIDALMTGYTGDFDS

Y (S)
VIDCNTCVTQTVDFSLDPTFTIETITL.PODAVSRTORRGRTGRGKPGIYR-1500
FVAPGERPSGMFDSSVECECYDAGCAWYELTPAETTVRLRAYMNTPGLPV
CODHLEFWEGVF TGLTHIDAHFLSOTKQSCENLPYLVAYOATVCARAQAP-1600
BPPSWDOMWRCLIRLKPTEHGPTPLLYRLGAVONEITLTHPVIKY IMTCMS
ADLEVVTSTWVLVGGVLAALAAYCLSTGCVVIVGRVVLSGKPAIIPDREV-1700
LYREFDEMEECSQHLPY IFOGMMLAEQFKOKALGLLOTASROAEVIAPAV
OTNWOKLETFWAKHMWNF ISGIQYLAGLSTLPGNPAIASIMAFTAAVISP-1800
LITSQTILFNILGGWVARQLAAPGAATAFVGAGLAGARIGSVGLGKVLID

{G)
ILAGYGAGVAGALVAFKIMSGEVPSTEDLVNLLPAILSPGALVVGVVCAA-19G0

(HC)
ILRRHVGPGEGAVOWMNRLIAFASRGNHVSPTHYVPESDAAARVTATLSS
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FIGURE 90-2

T TVIOLLRRLHOWISSECTTPCSGSWLRDIWDWICEVLSDFKTWLRAKIM-2000

(V)
POLPGIPFVSCORGYKGVWRGDG IMHTRCHCGAEITGHVRNGTMRIVGPR
TCRNMWSGTFPINAYTTGPCTPLPAPNY TFALWRVSAEEYVEIRQVGDFH-2100
YVTGMTTDNLKCPCQVPSPEFFTELDGVRLHRFAPPCKPLLREEVSFRVG
I HEYFPVGSOLPCEPEPDVAVLTSMLTDPSHITAEAAGRRLARGSPPSVAS-2200
SSASOLSAPSLKATCTANHDSPDAELIEANLIMROEMGGNITRVESENKV
VILDSFDPLVAEEDEREISVPAEILRKSRRFAQALPVWARPDYNPPLVET-2300

{S)
WKKPDYEPPVVHGCPLPPPKSPPVPPPRKKRTIVVLTESTLSTALAELATR

(FA)
SFGSSSTSGITGDNTITSSEPAPSGCPPDSDAESYSSMPPLEGEPGDPDL-2400
SDGSWSTVSSEANAEDVVCCSMSYSWIGALVTIPCAAEEQKLPINALSNSL
LREHNLVYSTTSRSACOROKKVTFDRLOVLDSHYQDVLKEVKAAASKVKA-2500

(F)

NLLSVEEACSLTPPHSAKSKFGYGAKDVRCHARKAVIHINSVWKDLLEDN
VIPIDTTIMAKNEVFCVOPEKGGRKPARLIVFPDLGVRVCEKMALYDVVI-2600
KLPLAVMGSSYGFQYSPGQRVEFLVOAWKSKKTPMGF SYDTRCFDSTVIE

(G)
SDIRTEEAIYQCCDLDPQARVAIKSLTERLYVGGPLTNSRGENCGYRRCR—2700
ASGVLTTSCGNTLTCY IKARAACRAAGIQDCTMLVCGDDIVVICESAGVQ
EDAASLRAFTEAMTRYSAPPGDPPOPEYDLELITSCSSNVSVAHDGAGKR-2800
VYYLTRDPTTPLARAAWETARHTPVNSWLGNIIMFAPTLWARMILMTHFF
SVLIARDOLEQALDCEIYGACYSIEPLDLPPIIQRIHGLSAFSLHSYSPG-2900

G
EINRVAACLRKILGVPPLRAWRHRARSVRARLLARGGRAAICGKYLFNWAY
(P)
RTIKLKLTPIAAAGOLDLSGWF TAGYSGGDIYHSVSHARPRWIWFCLLLLA-3000
AG\FGIYILPNR?- 3011

Stop codon

{ ) = Reterogeneity due possibly
to 5' or 3' terminal cloning
artefact.
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METHOD OF DETECTING ANTIBODIES TO HCV
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BACKGROUND ART

[0120] Non-A, Non-B hepatitis (NANBH) is a transmis-
sible disease or family of diseases that are believed to be
viral-induced, and that are distinguishable from other forms
of viral-associated liver diseases, including that caused by
the known hepatitis viruses, i.e., hepatitis A virus (HAV),
hepatitis B virus (HBV), and delta hepatitis virus (HDV), as
well as the hepatitis induced by cytomegalovirus (CMV) or
Epstein-Barr virus (EBV). NANBH was first identified in
transfused individuals. Transmission from man to chimpan-
zee and serial passage in chimpanzees provided evidence
that NANBH is due to a transmissible infectious agent or
agents. However, the transmissible agent responsible for
NANBH is still unidentified and the number of agents which
are causative of the discase are unknown.

[0121] Epidemiologic evidence is suggestive that there
may be three types of NANBH: the water-borne epidemic
type; the blood or needle associated type; and the sporadi-
cally occurring (community acquired) type. However, the
number of agents which may be the causative of NANBSH
are unknown.

[0122] Clinical diagnosis and identification of NANBH
has been accomplished primarily by exclusion of other viral
markers. Among the methods used to detect putative
NANBYV antigens and antibodies are agar-gel diffusion,
counterimmunoelectrophoresis, immunofluorescence
microscopy, immune electron microscopy, radioimmunoas-
say, and enzyme-linked immunosorbent assay. However,

Aug. 28, 2003

none of these assays has proved to be sufficiently sensitive,
specific, and reproducible to be used as a diagnostic test for
NANBH.

[0123] Until now there has been neither clarity nor agree-
ment as to the identity or specificity of the antigen antibody
systems associated with agents of NANBH. This is due, at
least in part, to the prior or co-infection of HBV with
NANBY in individuals, and to the known complexity of the
soluble and particulate antigens associated with HBV, as
well as to the integration of HBV DNA into the genome of
liver cells. In addition, there is the possibility that NANBH
is caused by more than one infectious agent, as well as the
possibility that NANBH has been misdiagnosed. Moreover,
it is unclear what the serological assays detect in the serum
of patients with NANBH. It has been postulated that the
agar-gel diffusion and counterimmunoelectrophoresis assays
detect autoimmune responses or nonspecific protein inter-
actions that sometimes occur between serum specimens, and
that they do not represent specific NANBYV antigen-antibody
reactions. The immunofluorescence, and enzyme-linked
immunosorbent, and radioimmunoassays appear to detect
low levels of a rheumatoid-factor-like material that is fre-
quently present in the serum of patients with NANBH as
well as in patients with other hepatic and nonhepatic dis-
eases. Some of the reactivity detected may represent anti-
body to host-determined cytoplasmic antigens.

[0124] There are a number of alleged candidate NANBV.
See, for example the reviews by Prince (1983), Feinstone
and Hoofnagle (1984), and Overby (1985, 1986, 1987) and
the article by Iwarson (1987). However, the field has not
accepted that any of these candidates represent the etiologi-
cal agent of NANBH.

[0125] The demand for sensitive, specific methods for
screening and identifying carriers of NANBV and NANBV
contaminated blood or blood products is significant. Post-
transfusion hepatitis (PTH) occurs in approximately 10% of
transfused patients, and NANBH accounts for up to 90% of
these cases. The major problem in this disease is the frequent
progression to chronic liver damage (25-55%).

[0126] Patient care as well as the prevention of transmis-
sion of NANBH by blood and blood products or by close
personal contact require reliable diagnostic and prognostic
tools to detect nucleic acids, antigens and antibodies related
to NANBYV. In addition, there is also a need for effective
vaccines and immunotherapeutic therapeutic agents for the
prevention and/or treatment of the disease.

DISCLOSURE OF THE INVENTION

[0127] The invention pertains to the isolation and charac-
terization of a newly discovered etiologic agent of NANBH,
hepatitis C virus (HCV), its nucleotide sequences, its protein
sequences and resulting polynucleotides, polypeptides and
antibodies derived therefrom. The inventions described
herein were made possible by the discovery of cDNA
replicas isolated by a technique which included a novel step
of screening expression products from cDNA libraries cre-
ated from a particulate agent in infected tissue with sera
from patients with NANBH to detect newly synthesized
antigens derived from the genome of the heretofore uniso-
lated and uncharacterized viral agent, and of selecting clones
which produced products which reacted immunologically
only with sera from infected individuals as compared to
non-infected individuals.
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[0128] Studies of the nature of the genome of the HCV,
utilizing probes derived from the HCV cDNA, as well as
sequence information contained within the HCV ¢cDNA, are
suggestive that HCV is a positive-stranded RNA virus which
appears to be distantly related to the flaviviridae family, and
to the pestiviruses.

[0129] Portions of the cDNA sequences derived from
HCYV are useful as probes to diagnose the presence of virus
in samples, and to isolate naturally occurring variants of the
virus. These cDNAs also make available polypeptide
sequences of HCV antigens encoded within the HCV
genome(s) and permits the production of polypeptides which
are useful as standards or reagents in diagnostic tests and/or
as components of vaccines. Antibodies, including for
example both polyclonal and monoclonal, directed against
HCYV epitopes contained within these polypeptide sequences
are also useful for diagnostic tests, as therapeutic agents, for
screening of antiviral agents, and for the isolation of the
NANBY agent from which these cDNAs derive. In addition,
by utilizing probes derived from these cDNAs it is possible
to isolate and sequence other portions of the HCV genome,
thus giving rise to additional probes and polypeptides which
are useful in the diagnosis and/or treatment, both prophy-
lactic and therapeutic, of NANBH.

[0130] Accordingly with respect to polynucleotides, some
aspects of the invention are: a purified HCV polynucleotide;
a recombinant HCV polynucleotide; a recombinant poly-
nucleotide comprising a sequence derived from an HCV
genome or from HCV ¢cDNA; a recombinant polynucleotide
encoding an epitope of HCV; a recombinant vector contain-
ing the any of the above recombinant polynucleotides, and
a host cell transformed with any of these vectors.

[0131] Other aspects of the invention are: a recombinant
expression system comprising an open reading frame (ORF)
of DNA derived from an HCV genome or from HCV ¢cDNA,
wherein the ORF is operably linked to a control sequence
compatible with a desired host, a cell transformed with the
recombinant expression system, and a polypeptide produced
by the transformed cell.

[0132] Still other aspects of the invention are: purified
HCYV, a preparation of polypeptides from the purified HCV;
a purified HCV polypeptide; a purified polypeptide com-
prising an epitope which is immunologically identifiable
with an epitope contained in HCV.

[0133] Included aspects of the invention are a recombinant
HCYV polypeptide; a recombinant polypeptide comprised of
a sequence derived from an HCV genome or from HCV
cDNA; a recombinant polypeptide comprised of an HCV
epitope; and a fusion polypeptide comprised of an HCV
polypeptide.

[0134] Also included in the invention are a monoclonal
antibody directed against an HCV epitope; and a purified
preparation of polyclonal antibodies directed against an
HCV epitope; and an anti-idiotype antibody comprising a
region which mimics an HCV epitope.

[0135] Another aspect of the invention is a particle which
is immunogenic against HCV infection comprising a non-
HCV polypeptide having an amino acid sequence capable of
forming a particle when said sequence is produced in a
eukaryotic host, and an HCV epitope.
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[0136] Still another aspect of the invention is a polynucle-
otide probe for HCV.

[0137] Aspects of the invention which pertain to kits are
those for: analyzing samples for the presence of polynucle-
otides derived from HCV comprising a polynucleotide probe
containing a nucleotide sequence from HCV of about 8 or
more nucleotides, in a suitable container; analyzing samples
for the presence of an HCV antigen comprising an antibody
directed against the HCV antigen to be detected, in a suitable
container; analyzing samples for the presence of an anti-
bodies directed against an HCV antigen comprising a
polypeptide containing an HCV epitope present in the HCV
antigen, in a suitable container.

[0138] Other aspects of the invention are: a polypeptide
comprised of an HCV epitope, attached to a solid substrate;
and an antibody to an HCV epitope, attached to a solid
substrate.

[0139] Still other aspects of the invention are: a method
for producing a polypeptide containing an HCV epitope
comprising incubating host cells transformed with an
expression vector containing a sequence encoding a
polypeptide containing an HCV epitope under conditions
which allow expression of said polypeptide; and a polypep-
tide containing an HCV epitope produced by this method.

[0140] The invention also includes a method for detecting
HCV nucleic acids in a sample comprising reacting nucleic
acids of the sample with a probe for an HCV polynucleotide
under conditions which allow the formation of a polynucle-
otide duplex between the probe and the HCV nucleic acid
from the sample; and detecting a polynucleotide duplex
which contains the probe.

[0141] Immunoassays are also included in the invention.
These include an immunoassay for detecting an HCV anti-
gen comprising incubating a sample suspected of containing
an HCV antigen with a probe antibody directed against the
HCV antigen to be detected under conditions which allow
the formation of an antigen-antibody complex; and detecting
an antigen-antibody complex containing the probe antibody.
An immunoassay for detecting antibodies directed against
an HCV antigen comprising incubating a sample suspected
of containing anti-HCV antibodies with a probe polypeptide
which contains an epitope of the HCV, under conditions
which allow the formation of an antibody-antigen complex;
and detecting the antibody-antigen complex containing the
probe antigen.

[0142] Also included in the invention are vaccines for
treatment of HCV infection comprising an immunogenic
peptide containing an HCV epitope, or an inactivated prepa-
ration of HCV, or an attenuated preparation of HCV.

[0143] Another aspect of the invention is a tissue culture
grown cell infected with HCV.

[0144] Yet another aspect of the invention is a method for
producing antibodies to HCV comprising administering to
an individual an isolated immunogenic polypeptide contain-
ing an HCV epitope in an amount sufficient to produce an
immune response.

BRIEF DESCRIPTION OF THE DRAWINGS

[0145] FIG. 1 shows the double-stranded nucleotide
sequence of the HCV ¢DNA insert in clone 5-1-1, and the
putative amino acid sequence of the polypeptide encoded
therein.
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[0146] FIG. 2 shows the homologies of the overlapping
HCV ¢DNA sequences in clones 5-1-1, 81, 1-2, and 91.

[0147] FIG. 3 shows a composite sequence of HCV cDNA
derived from overlapping clones 81, 1-2, and 91, and the
amino acid sequence encoded therein.

[0148] FIG. 4 shows the double-stranded nucleotide
sequence of the HCV cDNA insert in clone 81, and the
putative amino acid sequence of the polypeptide encoded
therein.

[0149] FIG. 5 shows the HCV c¢DNA sequence in clone
36, the segment which overlaps the NANBV ¢cDNA of clone
81, and the polypeptide sequence encoded within clone 36.

[0150] FIG. 6 shows the combined ORF of HCV ¢cDNAs
in clones 36 and 81, and the polypeptide encoded therein.

[0151] FIG. 7 shows the HCV c¢DNA sequence in clone
32, the segment which overlaps clone 81, and the polypep-
tide encoded therein.

[0152] FIG. 8 shows the HCV c¢DNA sequence in clone
35, the segment which overlaps clone 36, and the polypep-
tide encoded therein.

[0153] FIG. 9 shows the combined ORF of HCV ¢cDNAs
in clones 35, 36, 81, and 32, and the polypeptide encoded
therein.

[0154] FIG. 10 shows the HCV c¢cDNA sequence in clone
37b, the segment which overlaps clone 35, and the polypep-
tide encoded therein.

[0155] FIG. 11 shows the HCV cDNA sequence in clone
33b, the segment which overlaps clone 32, and the polypep-
tide encoded therein.

[0156] FIG. 12 shows the HCV c¢cDNA sequence in clone
40b, the segment which overlaps clone 37b, and the
polypeptide encoded therein.

[0157] FIG. 13 shows the HCV c¢cDNA sequence in clone
25c, the segment which overlaps clone 33b, and the
polypeptide encoded therein.

[0158] FIG. 14 shows the nucleotide sequence and
polypeptide encoded therein of the ORF which extends
through the HCV ¢cDNAs in clones 40b, 37b, 35, 36, 81, 32,
33b, and 25c.

[0159] FIG. 15 shows the HCV c¢cDNA sequence in clone
33c, the segment which overlaps clones 40b and 33c¢, and the
amino acids encoded therein.

[0160] FIG. 16 shows the HCV ¢cDNA sequence in clone
8h, the segment which overlaps clone 33c, and the amino
acids encoded therein.

[0161] FIG. 17 shows the HCV c¢cDNA sequence in clone
7e, the segment which overlaps clone 8h, and the amino
acids encoded therein.

[0162] FIG. 18 shows the HCV cDNA sequence in clone
14c¢, the segment which overlaps clone 25¢, and the amino
acids encoded therein.

[0163] FIG. 19 shows the HCV c¢cDNA sequence in clone
8f, the segment which overlaps clone 14c, and the amino
acids encoded therein.
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[0164] FIG. 20 shows the HCV c¢cDNA sequence in clone
33f, the segment which overlaps clone 8f, and the amino
acids encoded therein.

[0165] FIG. 21 shows the HCV c¢cDNA sequence in clone
33g, the segment which overlaps clone 33f, and the amino
acids encoded therein.

[0166] FIG. 22 shows the HCV c¢cDNA sequence in clone
71, the segment which overlaps the sequence in clone 7e, and
the amino acids encoded therein.

[0167] FIG. 23 shows the HCV c¢cDNA sequence in clone
11b, the segment which overlaps the sequence in clone 7f,
and the amino acids encoded therein.

[0168] FIG. 24 shows the HCV c¢cDNA sequence in clone
141, the segment which overlaps the sequence in clone 11b,
and the amino acids encoded therein.

[0169] FIG. 25 shows the HCV c¢cDNA sequence in clone
39c, the segment which overlaps the sequence in clone 33g,
and the amino acids encoded therein.

[0170] FIG. 26 shows a composite HCV cDNA sequence
derived from the aligned cDNAs in clones 141, 11b, 7f, 7e,
8h, 33c 40b 37b 35 36, 81, 32, 33b, 25¢, 14c, 8f, 33f, and
33g; also shown is the amino acid sequence of the polypep-
tide encoded in the extended ORF in the derived sequence.

[0171] FIG. 27 shows the sequence of the HCV ¢cDNA in
clone 12f, the segment which overlaps clone 141, and the
amino acids encoded therein.

[0172] FIG. 28 shows the sequence of the HCV ¢cDNA in
clone 35f, the segment which overlaps clone 39¢, and the
amino acids encoded therein.

[0173] FIG. 29 shows the sequence of the HCV ¢cDNA in
clone 19g, the segment which overlaps clone 35f, and the
amino acids encoded therein.

[0174] FIG. 30 shows the sequence of clone 26g, the
segment which overlaps clone 19g, and the amino acids
encoded therein.

[0175] FIG. 31 shows the sequence of clone 15e, the
segment which overlaps clone 26g, and the amino acids
encoded therein.

[0176] FIG. 32 shows the sequence in a composite cDNA,
which was derived by aligning clones 12f through 15¢ in the
5' to 3' direction; it also shows the amino acids encoded in
the continuous ORF.

[0177] FIG. 33 shows a photograph of Western blots of a
fusion protein, SOD-NANB;_, ,, with chimpanzee serum
from chimpanzees infected with BB-NANB, HAV, and
HBV.

[0178] FIG. 34 shows a photograph of Western blots of a
fusion protein, SOD-NANB;_; ;, with serum from humans
infected with NANBYV, HAV, HBYV, and from control
humans.

[0179] FIG. 35 is a map showing the significant features
of the vector pAB24.

[0180] FIG. 36 shows the putative amino acid sequence of
the carboxy-terminus of the fusion polypeptide C100-3 and
the nucleotide sequence encoding it.
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[0181]
stained polyacrylamide gel which
expressed in yeast.

[0182] FIG. 37B shows a Western blot of C100-3 with
serum from a NANBYV infected human.

[0183] FIG. 38 shows an autoradiograph of a Northern
blot of RNA isolated from the liver of a BB-NANBV
infected chimpanzee, probed with BB-NANBV cDNA of
clone 81.

[0184] FIG. 39 shows an autoradiograph of NANBV
nucleic acid treated with RNase A or DNase I, and probed
with BB-NANBV c¢DNA of clone 81.

[0185] FIG. 40 shows an autoradiograph of nucleic acids
extracted from NANBYV particles captured from infected
plasma with anti-NANB; _; ,, and probed with **P-labeled
NANBYV cDNA from clone 81.

[0186] FIG. 41 shows autoradiographs of filters contain-
ing isolated NANBYV nucleic acids, probed with **P-labeled
plus and minus strand DNA probes derived from NANBV
cDNA in clone 81.

FIG. 37A is a photograph of a coomassie blue
identifies C100-3

[0187] FIG. 42 shows the homologies between a polypep-
tide encoded in HCV ¢cDNA and an NS protein from Dengue
flavivirus.

[0188] FIG. 43 shows a histogram of the distribution of
HCV infection in random samples, as determined by an
ELISA screening.

[0189] FIG. 44 shows a histogram of the distribution of
HCYV infection in random samples using two configurations
of immunoglobulin-enzyme conjugate in an ELISA assay.

[0190] FIG. 45 shows the sequences in a primer mix,
derived from a conserved sequence in NS1 of flaviviruses.

[0191] FIG. 46 shows the HCV c¢cDNA sequence in clone
k9-1, the segment which overlaps the cDNA in FIG. 26, and
the amino acids encoded therein.

[0192] FIG. 47 shows the sequence in a composite cDNA
which was derived by aligning clones k9-1 through 15¢ in
the 5' to 3' direction; it also shows the amino acids encoded
in the continuous ORF.

[0193] FIG. 48 shows the nucleotide sequence of HCV
¢DNA in clone 13i, the amino acids encoded therein, and the
sequences which overlap with clone 12f.

[0194] FIG. 49 shows the nucleotide sequence of HCV
c¢DNA in clone 267, the amino acids encoded therein, and the
sequences which overlap clone 13i.

[0195] FIG. 50 shows the nucleotide sequence of HCV
¢DNAin clone CA59a, the amino acids encoded therein, and
the sequences which overlap with clones 26] and K9-1.

[0196] FIG. 51 shows the nucleotide sequence of HCV
¢cDNAin clone CA84a, the amino acids encoded therein, and
the sequences which overlap with clone CA59a.

[0197] FIG. 52 shows the nucleotide sequence of HCV
¢DNA in clone CA156¢, the amino acids encoded therein,
and the sequences which overlap with CA84a.

[0198] FIG. 53 shows the nucleotide sequence of HCV
¢DNA in clone CA167b, the amino acids encoded therein,
and the sequences which overlap CA156e.
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[0199] FIG. 54 shows the ORF of HCV ¢cDNA derived
from clones pil4a, CA167b, CA156e, CA84a, CA59a,
K9-1, 12f, 144, 11b, 71, 7e, 8h, 33¢, 40b, 37b, 35, 36, 81, 32,
33b, 25¢, 14c, 81, 33f, 33g, 39c¢, 351, 19g, 26g, and 15e.

[0200] FIG. 55 shows the hydrophobicity profiles of
polyproteins encoded in HCV and in West Nile virus.

[0201] FIG. 56 shows the nucleotide sequence of HCV
¢DNA in clone CA216a, the amino acids encoded therein,
and the overlap with clone CA167b.

[0202] FIG. 57 shows the nucleotide sequence of HCV
¢DNA in clone CA290a, the amino acids encoded therein,
and the overlap with clone CA216a.

[0203] FIG. 58 shows the nucleotide sequence of HCV
c¢DNA in clone ag30a and the overlap with clone CA290a.

[0204] FIG. 59 shows the nucleotide sequence of HCV
c¢DNA in clone CA205a, and the overlap with the HCV
c¢DNA sequence in clone CA290a.

[0205] FIG. 60 shows the nucleotide sequence of HCV
c¢DNA in clone 18¢g, and the overlap with the HCV ¢cDNA
sequence in clone ag30a.

[0206] FIG. 61 shows the nucleotide sequence of HCV
c¢DNA in clone 16jh, the amino acids encoded therein, and
the overlap of nucleotides with the HCV ¢cDNA sequence in
clone 15e.

[0207] FIG. 62 shows the composite sequence of the HCV
cDNA sense strand deduced from overlapping clones b114a,
18g, ag30a, CA205a, CA290a, CA216a, pilda, CA167b,
CA156e, CA84a, CA59a, K9-1 (also called k9-1), 26j, 13,
12f, 144, 11b, 7£, 7e, 8h, 33c¢, 40b, 37b, 35, 36, 81, 32, 33b,
25c, 14c, 81, 331, 33g, 39¢, 351, 19g, 26g, 15¢, b5a, and 16jh.

[0208] FIG. 62A shows the sequence of FIG. 62, but
includes the complementary cDNA strand.

[0209] FIG. 63 shows the relative positions of the clones
from which HCV ¢DNA was isolated for expression and
antigenic mapping of the putative HCV polyprotein.

[0210] FIG. 64 is a diagram of the immunological colony
screening method used in antigenic mapping studies.

[0211] FIG. 65 presents the antigenicity of polypeptides
expressed from HCV c¢DNA clones used in an antigenic
mapping study of the putative HCV polyprotein.

[0212] FIG. 66 presents the amino acid sequence of the
putative polyprotein encoded in a composite HCV cDNA
sequence shown in FIG. 62.

[0213] FIG. 67 is a tracing of the hydrophilicity/hydro-
phobicity profile and of the antigenic index of the putative
HCV polyprotein.

[0214] FIG. 68 shows the conserved co-linear peptides in
HCV and Flaviviruses.

[0215] FIG. 69 shows schematic alignment of a flaviviral
polyprotein and a putative HCV polyprotein encoded in the
major ORF of the HCV genome. Also indicated in the figure
are the possible functions of the flaviviral polypeptides
cleaved from the flaviral polyprotein. In addition, the rela-
tive placements of the HCV polypeptides, NANB;_, ; and
C100, with respect to the putative HCV polyprotein are
indicated.
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[0216] FIG. 70 shows relevant characteristics of AcNPV
transfer vectors used for high level expression of nonfused
foreign proteins. It also shows a restriction endonuclease
map of the transfer vector pAc373.

[0217] FIG. 71 shows the nucleotide sequence of clone
6k, the part of the sequence which overlaps clone 16jh, and
the amino acids encoded therein.

[0218] FIG. 72 shows a composite cDNA sequence
derived from overlapping clones clones bil4a, 18g, ag30a,
CA205a, CA290a, CA216a, pil4a, CA167b, CA156e,
CA84a, CA59a, K9-1 (also called k9-1), 26j, 13i, 12f, 14,
11b, 7f, 7e, 8h, 33c, 40b, 37b, 35, 36, 81, 32, 33b, 25¢, 14c,
81, 33f, 33g, 39¢, 351, 19g, 26g, 15¢, b5a, 16jh and 6k; also
shown are the amino acids encoded in the positive strand of
the cDNA (which is the equivalent of the HCV RNA).

[0219] FIG. 73 shows the linkers used in the construction
of pS3-56¢100m-

[0220] FIG. 74 shows the nucleotide sequence of the HCV
¢DNA in clone 31, the amino acids encoded therein, and
putative restriction enzyme sites encoded therein.

[0221] FIG. 75 shows the nucleotide sequence of the HCV
c¢DNA in clone p131jh, and its overlap with the nucleotide
sequence in clone 6k.

[0222] FIG. 76 shows a flow chart for construction of the
expression vector pC100~d#3.

[0223] FIG. 77 shows a flow chart for construction of the
expression vector pS2d#9.

[0224] FIG. 78 shows a flow chart for construction of the
expression vector pNS11d/13.

[0225] FIG. 79 shows the nucleotide sequence of HCV
¢DNA in the C200-C100 construct, the amino acids encoded
therein, and putative restriction enzyme sites encoded
therein.

[0226] FIG. 80 shows the nucleotide consensus sequence
of human isolate 23, variant sequences are shown below the
sequence line. The amino acids encoded in the consensus
sequence are also shown.

[0227] FIG. 81 shows the nucleotide consensus sequence
of human isolate 27, variant sequences are shown below the
sequence line. The amino acids encoded in the consensus
sequence are also shown.

[0228] FIG. 82 shows the aligned nucleotide sequences of
human isolates 23 and 27 and of HCV1. Homologous
sequences are indicated by the symbol (*). Non homologous
sequences are in small letters.

[0229] FIG. 83 shows the aligned amino acid sequences
of human isolates 23 and 27 and of HCV1. Homologous
sequences are indicated by the symbol (*). Non homologous
sequences are in small letters.

[0230] FIG. 84 is a graph showing the relationship of the
EnvL and EnvR primers to the model flavivirus polyprotein
and putative HCV polyprotein.

[0231] FIG. 85 shows a comparison of the composite
aligned nucleotide sequences of isolates Thorn, EC1, HCT
#18, and HCV1.
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[0232] FIG. 86 shows a comparison of the nucleotide
sequences of EC10 and a composite of the HCV1 sequence;
the EC10 sequence is on the line above the dots, and the
HCV1 sequence is on the line below the dots.

[0233] FIG. 87 shows a comparison of the amino acid
sequences 117-308 (relative to HCV1) encoded in the
“EnvL” regions of the consensus sequences of human iso-
lates HCT #18, JH23, JH27, Thorne, EC1, and of HCV1.

[0234] FIG. 88 shows a comparison of the amino acid
sequences 330-360 (relative to HCV1) encoded in the
“EnvR” regions of the consensus sequences of human
isolates HCT #18, JH23, JH 27, Thorne, EC1. and of HCV1.

[0235] FIG. 89 shows a composite cDNA sequence for
HCV1, deduced from overlapping clones b114a, 18g, ag30a,
CA205a, CA290a, CA216a, pil4a, CA167b, CA156e,
CA84a, CA59a, K9-1 (also called k9-1), 26j, 13i, 12f, 14,
11b, 7f, 7e, 8h, 33c, 40b, 37b, 35, 36, 81, 32, 33b, 25¢, 14c,
8f, 33f, 33g, 39¢, 35f, 19g, 26g, 15¢, b5a, 16jh, 6k, and
131jh.

[0236] FIG. 90 shows a putative polyprotein encoded in
the HCV ¢cDNA shown in FIG. 89.

[0237] FIG. 91 is a flow chart for the preparation of
expression vector pC22.

MODES FOR CARRYING OUT THE
INVENTION

[0238]

[0239] The term “hepatitis C virus” has been reserved by
workers in the field for an heretofore unknown etiologic
agent of NANBH. Accordingly, as used herein, “hepatitis C
virus” (HCV) refers to an agent causitive of NANBH, which
was formerly referred to as NANBV and/or BB-NANBV.
The terms HCV, NANBYV, and BB-NANBY are used inter-
changeably herein. As an extension of this terminology, the
disease caused by HCV, formerly called NANB hepatitis
(NANBH), is called hepatitis C. The terms NANBH and
hepatitis C may be used interchangeably herein.

I. Definitions

[0240] HCV is a viral species of which pathogenic strains
cause NANBH, and attenuated strains or defective interfer-
ing particles derived therefrom. As shown infra, the HCV
genome is comprised of RNA. It is known that RNA
containing viruses have relatively high rates of spontaneous
mutation, i.e., reportedly on the order of 1073 to 10™* per
incorporated nucleotide (Fields & Knipe (1986)). Therefore,
since heterogeneity and fluidity of genotype are inherent in
RNA viruses, there are multiple strains/isolates, which may
be virulent or avirulent, within the HCV species. The
compositions and methods described herein, enable the
propagation, identification, detection, and isolation of the
various HCV strains or isolates. Moreover, the disclosure
herein allows the preparation of diagnostics and vaccines for
the various strains/isolates, as well as compositions and
methods that have utility in screening procedures for anti-
viral agents for pharmacologic use, such as agents that
inhibit replication of HCV.

[0241] Information on several different strains/isolates of
HCYV is disclosed herein, particularly strain or isolate CDC/
HCVI (also called HCV1). Information from one strain or
isolate, such as a partial genomic sequence, is sufficient to
allow those skilled in the art using standard techniques to
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isolate new strains/isolates and to identify whether such new
strains/isolates are HCV. For example, several different
strains/isolates are described in Section IVH.7., infra. These
strains, which were obtained from a number of human sera
(and from different geographical areas), were isolated uti-
lizing the information from the genomic sequence of HCV1.

[0242] The information provided herein is indicative that
HCV may be distantly related to the flaviviridae. The
Flavivirus family contains a large number of viruses which
are small, enveloped pathogens of man. The morphology
and composition of Flavivirus particles are known, and are
discussed in Brinton (1986). Generally, with respect to
morphology, Flaviviruses contain a central nucleocapsid
surrounded by a lipid bilayer. Virions are spherical and have
a diameter of about 40-50 nm. Their cores are about 25-30
nm in diameter. Along the outer surface of the virion
envelope are projections that are about 5-10 nm long with
terminal knobs about 2 nm in diameter. Typical examples of
the family include Yellow Fever virus, West Nile virus, and
Dengue Fever virus. They possess positive-stranded RNA
genomes (711,000 nucleotides) that are slightly larger than
that of HCV and encode a polyprotein precursor of about
3500 amino acids. Individual viral proteins are cleaved from
this precursor polypeptide.

[0243] Using the techniques derived infra, the genomic
structure and the nucleotide sequence of HCV1 genomic
RNA has been deduced. The genome appears to be single-
stranded RNA containing ~10,000 nucleotides. The genome
is positive-stranded, and possesses a continuous, transla-
tional open reading frame (ORF) that encodes a polyprotein
of about 3,000 amino acids. In the ORF, the structural
protein(s) appear to be encoded in approximately the first
quarter of the N-terminus region, with the majority of the
polyprotein responsible for non-structural proteins. When
compared with all known viral sequences, small but signifi-
cant co-linear homologies are observed with the non-struc-
tural proteins of the flavivirus family, and with the pestivi-
ruses (which are now also considered to be part of the
Flavirus family).

[0244] A schematic alignment of possible regions of a
flaviviral polyprotein (using Yellow Fever Virus as an
example), and of a putative polyprotein encoded in the major
OREF of the HCV genome, is shown in Fig. FIG. 69. In the
figure the possible domains of the HCV polyprotein are
indicated. The flavivirus polyprotein contains, from the
amino terminus to the carboxy terminus, the nucleocapsid
protein (C), the matrix protein (M), the envelope protein (E),
and the non-structural proteins 1, 2 (a+b), 3, 4 (a+b), and 5
(NS1, NS2, NS3, NS4, and NS5). Based upon the putative
amino acids encoded in the nucleotide sequence of HCV1,
a small domain at the extreme N-terminus of the HCV
polyprotein appears similar both in size and high content of
basic residues to the nucleocapsid protein (C) found at the
N-terminus of flaviviral polyproteins. The non-structural
proteins 2,3,4, and 5 (NS2-5) of HCV and of yellow fever
virus (YFV) appear to have counter parts of similar size and
hydropathicity, although there is divergence of the amino
acid sequences. However, the region of HCV which would
correspond to the regions of YFV polyprotein which con-
tains the M, E, and NS1 protein not only differs in sequence,
but also appears to be quite different both in size and
hydropathicity. Thus, while certain domains of the HCV
genome may be referred to herein as, for example, NS1, or
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NS2, it should be borne in mind that these designations are
speculative; there may be considerable differences between
the HCV family and flaviviruses that have yet to be appre-
ciated.

[0245] Based upon the nucleotide sequences encoding the
polypeptides NANB._, ; and HCV C100, and the sequence
of the OREF, the relative placements of the 5-1-1 polypeptide
and the C100 polypeptide with respect to the putative HCV
polyprotein have been calculated. These are also shown in
FIG. 69.

[0246] Different strains, isolates or subtypes of HCV are
expected to contain variations at the amino acid and nucleic
acids compared with HCV1. Many isolates are expected to
show much (i.e., more than about 40%) homology in the
total amino acid sequence compared with HCV1. However,
it may also be found that there are other less homologous
HCYV isolates. These would be defined as HCV according to
various criteria such as, for example, an ORF of approxi-
mately 9,000 nucleotides to approximately 12,000 nucle-
otides, encoding a polyprotein similar in size to that of
HCV1, an encoded polyprotein of similar hydrophobic
and/or antigenic character to that of HCV1, and the presence
of co-linear peptide sequences that are conserved with
HCV1. In addition, the genome would be a positive-stranded
RNA.

[0247] HCV encodes at least one epitope which is immu-
nologically identifiable with an epitope in the HCV genome
from which the cDNAs described herein are derived; pref-
erably the epitope is contained in an amino acid sequence
described herein. The epitope is unique to HCV when
compared to previously known Flaviviruses. The uniqueness
of the epitope may be determined by its immunological
reactivity with anti-HCV antibodies and lack of immuno-
logical reactivity with antibodies to known Flavivirus spe-
cies. Methods for determining immunological reactivity are
known in the art, for example, by radioimmunoassay, by
Elisa assay, by hemagglutination, and several examples of
suitable techniques for assays are provided herein.

[0248] In addition to the above, the following parameters
of nucleic acid homology and amino acid homology are
applicable, either alone or in combination, in identifying a
strain/isolate as HCV. Since HCV strains and isolates are
evolutionarily related, it is expected that the overall homol-
ogy of the genomes at the nucleotide level may be about
10% or greater, probably will be about 40% or greater,
probably about 60% or greater, and even more probably
about 80% or greater; and in addition that there will be
corresponding contiguous sequences of at least about 13
nucleotides. It should be noted, as shown infra, that there are
variable and hypervariable regions within the HCV genome;
therefore, the homology in these regions is expected to be
significantly less than that in the overall genome. The
correspondence between the putative HCV strain genomic
sequence and, for example, the CDC/HCV1 cDNA sequence
can be determined by techniques known in the art. For
example, they can be determined by a direct comparison of
the sequence information of the polynucleotide from the
putative HCV, and the HCV ¢DNA sequencers) described
herein. For example, also, they can be determined by hybrid-
ization of the polynucleotides under conditions which form
stable duplexes between homologous regions (for example,
those which would be used prior to S; digestion), followed



US 2003/0162167 Al

by digestion with single stranded specific nuclease(s), fol-
lowed by size determination of the digested fragments.

[0249] Because of the evolutionary relationship of the
strains or isolates of HCV, putative HCV strains or isolates
are identifiable by their homology at the polypeptide level.
Generally, HCV strains or isolates are expected to be at least
10% homologous, more than about 40% homologous, prob-
ably more than about 70% homologous, and even more
probably more than about 80% homologous, and some may
even be more than about 90% homologous at the polypep-
tide level. The techniques for determining amino acid
sequence homology are known in the art. For example, the
amino acid sequence may be determined directly and com-
pared to the sequences provided herein. Alternatively the
nucleotide sequence of the genomic material of the putative
HCV may be determined (usually via a cDNA intermediate),
the amino acid sequence encoded therein can be determined,
and the corresponding regions compared.

[0250] As used herein, a polynucleotide “derived from” a
designated sequence refers to a polynucleotide sequence
which is comprised of a sequence of approximately at least
about 6 nucleotides, preferably at least about 8 nucleotides,
more preferably at least about 10-12 nucleotides, and even
more preferably at least about 15-20 nucleotides correspond-
ing to a region of the designated nucleotide sequence.
“Corresponding” means homologous to or complementary
to the designated sequence. Preferably, the sequence of the
region from which the polynucleotide is derived is homolo-
gous to or complementary to a sequence which is unique to
an HCV genome. Whether or not a sequence is unique to the
HCV genome can be determined by techniques known to
those of skill in the art. For example, the sequence can be
compared to sequences in databanks, e.g., Genebank, to
determine whether it is present in the uninfected host or
other organisms. The sequence can also be compared to the
known sequences of other viral agents, including those
which are known to induce hepatitis, e.g., HAV, HBV, and
HDYV, and to members of the Flaviviridae. The correspon-
dence or non-correspondence of the derived sequence to
other sequences can also be determined by hybridization
under the appropriate stringency conditions. Hybridization
techniques for determining the complementarity of nucleic
acid sequences are known in the art, and are discussed infra.
See also, for example, Maniatis et al. (1982). In addition,
mismatches of duplex polynucleotides formed by hybrid-
ization can be determined by known techniques, including
for example, digestion with a nuclease such as S1 that
specifically digests single-stranded areas in duplex poly-
nucleotides. Regions from which typical DNA sequences
may be “derived” include but are not limited to, for example,
regions encoding specific epitopes, as well as non-tran-
scribed and/or non-translated regions.

[0251] The derived polynucleotide is not necessarily
physically derived from the nucleotide sequence shown, but
may be generated in any manner, including for example,
chemical synthesis or DNA replication or reverse transcrip-
tion or transcription. In addition, combinations of regions
corresponding to that of the designated sequence may be
modified in ways known in the art to be consistent with an
intended use.

[0252] Similarly, a polypeptide or amino acid sequence
“derived from” a designated nucleic acid sequence refers to
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a polypeptide having an amino acid sequence identical to
that of a polypeptide encoded in the sequence, or a portion
thereof wherein the portion consists of at least 3-5 amino
acids, and more preferably at least 8-10 amino acids, and
even more preferably at least 11-15 amino acids, or which is
immunologically identifiable with a polypeptide encoded in
the sequence. This terminology also includes a polypeptide
expressed from a designated nucleic acid sequence.

[0253] A recombinant or derived polypeptide is not nec-
essarily translated from a designated nucleic acid sequence,
for example, the sequences in Section IV.A, or from an HCV
genome; it may be generated in any manner, including for
example, chemical synthesis, or expression of a recombinant
expression system, or isolation from HCYV, including
mutated HCV. A recombinant or derived polypeptide may
include one or more analogs of amino acids or unnatural
amino acids in its sequence. Methods of inserting analogs of
amino acids into a sequence are known in the art. It also may
include one or more labels, which are known to those of skill
in the art.

[0254] The term “recombinant polynucleotide” as used
herein intends a polynucleotide of genomic, cDNA, semi-
synthetic, or synthetic origin which, by virtue of its origin or
manipulation: (1) is not associated with all or a portion of a
polynucleotide with which it is associated in nature, (2) is
linked to a polynucleotide other than that to which it is
linked in nature, or (3) does not occur in nature.

[0255] The term “polynucleotide” as used herein refers to
a polymeric form of nucleotides of any length, either ribo-
nucleotides or deoxyribonucleotides. This term refers only
to the primary structure of the molecule. Thus, this term
includes double- and single-stranded DNA and RNA. It also
includes known types of modifications, for example, labels
which are known in the art, methylation, “caps”, substitution
of one or more of the naturally occurring nucleotides with an
analog, internucleotide modifications such as, for example,
those with uncharged linkages (e.g., methyl phosphonates,
phosphotriesters, phosphoamidates, carbamates, etc.) and
with charged linkages (e.g., phosphorothioates, phospho-
rodithioates, etc.), those containing pendant moieties, such
as, for example proteins (including for e.g., nucleases,
toxins, antibodies, signal peptides, poly-L-lysine, etc.),
those with intercalators (e.g., acridine, psoralen, etc.), those
containing chelators (e.g., metals, radioactive metals, boron,
oxidative metals, etc.), those containing alkylators, those
with modified linkages (e.g., alpha anomeric nucleic acids,
etc.), as well as unmodified forms of the polynucleotide.

[0256] The term “purified viral polynucleotide” refers to
an HCV genome or fragment thereof which is essentially
free, i.e., contains less than about 50%, preferably less than
about 70%, and even more preferably less than about 90%
of polypeptides with which the viral polynucleotide is
naturally associated. Techniques for purifying viral poly-
nucleotides from viral particles are known in the art, and
include for example, disruption of the particle with a chao-
tropic agent, differential extraction and separation of the
polynucleotide(s) and polypeptides by ion-exchange chro-
matography, affinity chromatography, and sedimentation
according to density.

[0257] The term “purified viral polypeptide” refers to an
HCV polypeptide or fragment thereof which is essentially
free, i.e., contains less than about 50%, preferably less than
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about 70%, and even more preferably less than about 90%,
of cellular components with which the viral polypeptide is
naturally associated. Techniques for purifying viral polypep-
tides are known in the art, and examples of these techniques

are discussed infra.
[0258] “Recombinant host cells”, “host cells”, “cells”,
“cell lines”, “cell cultures”, and other such terms denoting
microorganisms or higher eukaryotic cell lines cultured as
unicellular entities refer to cells which can be, or have been,
used as recipients for recombinant vector or other transfer
DNA, and include the progeny of the original cell which has
been transfected. It is understood that the progeny of a single
parental cell may not necessarily be completely identical in
morphology or in genomic or total DNA complement as the
original parent, due to natural, accidental, or deliberate
mutation.

[0259] A “replicon” is any genetic element, e.g., a plas-
mid, a chromosome, a virus, a cosmid, etc. that behaves as
an autonomous unit of polynucleotide replication within a
cell; i.e., capable of replication under its own control.

[0260] A “vector” is a replicon in which another poly-
nucleotide segment is attached, so as to bring about the
replication and/or expression of the attached segment.

[0261] “Control sequence” refers to polynucleotide
sequences which are necessary to effect the expression of
coding sequences to which they are ligated. The nature of
such control sequences differs depending upon the host
organism; in prokaryotes, such control sequences generally
include promoter, ribosomal binding site, and terminators; in
eukaryotes, generally, such control sequences include pro-
moters, terminators and, in some instances, enhancers. The
term “control sequences” is intended to include, at a mini-
mum, all components whose presence is necessary for
expression, and may also include additional components
whose presence is advantageous, for example, leader
sequences.

[0262] “Operably linked” refers to a juxtaposition wherein
the components so described are in a relationship permitting
them to function in their intended manner. A control
sequence “operably linked” to a coding sequence is ligated
in such a way that expression of the coding sequence is
achieved under conditions compatible with the control
sequences.

[0263] An “open reading frame” (ORF) is a region of a
polynucleotide sequence which encodes a polypeptide; this
region may represent a portion of a coding sequence or a
total coding sequence.

[0264] A “coding sequence” is a polynucleotide sequence
which is transcribed into mRNA and/or translated into a
polypeptide when placed under the control of appropriate
regulatory sequences. The boundaries of the coding
sequence are determined by a translation start codon at the
5'-terminus and a translation stop codon at the 3'-terminus.
A coding sequence can include, but is not limited to mRNA,
c¢DNA, and recombinant polynucleotide sequences.

[0265] “Immunologically identifiable with/as” refers to
the presence of epitope(s) and polypeptides(s) which are
also present in the designated polypeptide(s), usually HCV
proteins. Immunological identity may be determined by
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antibody binding and/or competition in binding; these tech-
niques are known to those of average skill in the art, and are
also illustrated infra.

[0266] As used herein, “epitope” refers to an antigenic
determinant of a polypeptide. An epitope could comprise 3
amino acids in a spatial conformation which is unique to the
epitope. Generally an epitope consists of at least 5 such
amino acids, and more usually, consists of at least 8-10 such
amino acids. Methods of determining the spatial conforma-
tion of amino acids are known in the art, and include, for
example, x-ray crystallography and 2dimensional nuclear
magnetic resonance.

[0267] A polypeptide is “immunologically reactive” with
an antibody when it binds to an antibody due to antibody
recognition of a specific epitope contained within the
polypeptide. Immunological reactivity may be determined
by antibody binding, more particularly by the kinetics of
antibody binding, and/or by competition in binding using as
competitors a known polypeptide(s) containing an epitope
against which the antibody is directed. The techniques for
determining whether a polypeptide is immunologically reac-
tive with an antibody are known in the art.

[0268] As used herein, the term “antibody” refers to a
polypeptide or group of polypeptides which are comprised
of at least one antibody combining site. An “antibody
combining site” or “binding domain” is formed from the
folding of variable domains of an antibody molecule(s) to
form three-dimensional binding spaces with an internal
surface shape and charge distribution complementary to the
features of an epitope of an antigen, which allows an
immunological reaction with the antigen. An antibody com-
bining site may be formed from a heavy and/or a light chain
domain (VH and VL, respectively), which form hypervari-
able loops which contribute to antigen binding. The term
“antibody” includes, for example, vertebrate antibodies,
hybrid antibodies, chimeric antibodies, altered antibodies,
univalent antibodies, the Fab proteins, and single domain
antibodies.

[0269] As used herein, a “single domain antibody” (dAb)
is an antibody which is comprised of an VH domain, which
reacts immunologically with a designated antigen. A dAB
does not contain a VL. domain, but may contain other antigen
binding domains known to exist in antibodies, for example,
the kappa and lambda domains. Methods for preparing
dABs are known in the art. See, for example, Ward et al.
(1989).

[0270] Antibodies may also be comprised of VH and VL
domains, as well as other known antigen binding domains.
Examples of these types of antibodies and methods for their
preparation are known in the art (see, e.g., U.S. Pat. No.
4,816,467, which is incorporated herein by reference), and
include the following. For example, “vertebrate antibodies”
refers to antibodies which are tetramers or aggregates
thereof, comprising light and heavy chains which are usually
aggregated in a “Y” configuration and which may or may not
have covalent linkages between the chains. In vertebrate
antibodies, the amino acid sequences of all the chains of a
particular antibody are homologous with the chains found in
one antibody produced by the lymphocyte which produces
that antibody in situ, or in vitro (for example, in hybrido-
mas). Vertebrate antibodies typicallly include native anti-
bodies, for example, purified polyclonal antibodies and
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monoclonal antibodies. Examples of the methods for the
preparation of these antibodies are described infra.

[0271] “Hybrid antibodies” are antibodies wherein one
pair of heavy and light chains is homologous to those in a
first antibody, while the other pair of heavy and light chains
is homologous to those in a different second antibody.
Typically, each of these two pairs will bind different
epitopes, particularly on different antigens. This results in
the property of “divalence”, i.e., the ability to bind two
antigens simultaneously. Such hybrids may also be formed
using chimeric chains, as set forth below.

[0272] “Chimeric antibodies”, are antibodies in which the
heavy and/or light chains are fusion proteins. Typically the
constant domain of the chains is from one particular species
and/or class, and the variable domains are from a different
species and/or class. Also included is any antibody in which
either or both of the heavy or light chains are composed of
combinations of sequences mimicking the sequences in
antibodies of different sources, whether these sources be
differing classes, or different species of origin, and whether
or not the fusion point is at the variable/constant boundary.
Thus, it is possible to produce antibodies in which neither
the constant nor the variable region mimic known antibody
sequences. It then becomes possible, for example, to con-
struct antibodies whose variable region has a higher specific
affinity for a particular antigen, or whose constant region can
elicit enhanced complement fixation, or to make other
improvements in properties possessed by a particular con-
stant region.

[0273] Another example is “altered antibodies”, which
refers to antibodies in which the naturally occurring amino
acid sequence in a vertebrate antibody has been varied.
Utilizing recombinant DNA techniques, antibodies can be
redesigned to obtain desired characteristics. The possible
variations are many, and range from the changing of one or
more amino acids to the complete redesign of a region, for
example, the constant region. Changes in the constant
region, in general, to attain desired cellular process charac-
teristics, e.g., changes in complement fixation, interaction
with membranes, and other effector functions. Changes in
the variable region may be made to alter antigen binding
characeristics. The antibody may also be engineered to aid
the specific delivery of a molecule or substance to a specific
cell or tissue site. The desired alterations may be made by
known techniques in molecular biology, e.g., recombinant
techniques, site directed mutagenesis, etc.

[0274] Yet another example are “univalent antibodies”,
which are aggregates comprised of a heavy chain/light chain
dimer bound to the Fc (i.e., constant) region of a second
heavy chain. This type of antibody escapes antigenic modu-
lation. See, ¢.g., Glennie et al. (1982).

[0275] Included also within the definition of antibodies are
“Fab” fragments of antibodies. The “Fab” region refers to
those portions of the heavy and light chains which are
roughly equivalent, or analogous, to the sequences which
comprise the branch portion of the heavy and light chains,
and which have been shown to exhibit immunological
binding to a specified antigen, but which lack the effector Fc
portion . “Fab” includes aggregates of one heavy and one
light chain (commonly known as Fab'), as well as tetramers
containing the 2H and 2L chains (referred to as F(ab),),
which are capable of selectively reacting with a designated
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antigen or antigen family. “Fab” antibodies may be divided
into subsets analogous to those described above, i.e, “ver-
tebrate Fab”, “hybrid Fa”, “chimeric Fab”, and “altered
Fab”. Methods of producing “Fab” fragments of antibodies
are known within the art and include, for example, proteoly-
sis, and synthesis by recombinant techniques.

[0276] As used herein, the term “immunogenic polypep-
tide” is a polypeptide that elicits a cellular and/or humoral
immune response, whether alone or linked to a carrier in the
presence or absence of an adjuvant.

[0277] The term “polypeptide” refers to a polymer of
amino acids and does not refer to a specific length of the
product; thus, peptides, oligopeptides, and proteins are
included within the definition of polypeptide. This term also
does not refer to or exclude post-expression modifications of
the polypeptide, for example, glycosylations, acetylations,
phosphorylations and the like. Included within the definition
are, for example, polypeptides containing one or more
analogs of an amino acid (including, for example, unnatural
amino acids, etc.), polypeptides with substituted linkages, as
well as other modifications known in the art, both naturally
occurring and non-naturally occurring.

[0278] “Transformation”, as used herein, refers to the
insertion of an exogenous polynucleotide into a host cell,
irrespective of the method used for the insertion, for
example, direct uptake, transduction, f-mating or electropo-
ration. The exogenous polynucleotide may be maintained as
a non-integrated vector, for example, a plasmid, or alterna-
tively, may be integrated into the host genome.

[0279] “Treatment” as used herein refers to prophylaxis
and/or therapy.

[0280] An “individual”, as used herein, refers to verte-
brates, particularly members of the mammalian species, and
includes but is not limited to domestic animals, sports
animals, and primates, including humans.

[0281] As used herein, the “sense strand”0 of a nucleic
acid contains the sequence that has sequence homology to
that of mRNA. The “anti-sense strand” contains a sequence
which is complementary to that of the “sense strand”.

[0282] As used herein, a “positive stranded genome” of a
virus is one in which the genome, whether RNA or DNA, is
single-stranded and which encodes a viral polypeptide(s).
Examples of positive stranded RNA viruses include
Togaviridae, Coronaviridae, Retroviridae, Picornaviridae,
and Caliciviridae. Included also, are the Flaviviridae, which
were formerly classified as Togaviradae. See Fields & Knipe
(1986).

[0283] As used herein, “antibody containing body com-
ponent” refers to a component of an individuals body which
is a source of the antibodies of interest. Antibody containing
body components are known in the art, and include but are
not limited to, for example, plasma, serum, spinal fluid,
lymph fluid, the external sections of the respiratory, intes-
tinal, and genitourinary tracts, tears, saliva, milk, white
blood cells, and myelomas.

[0284] As used herein, “purified HCV” refers to a prepa-
ration of HCV which has been isolated from the cellular
constituents with which the virus is normally associated, and
from other types of viruses which may be present in the
infected tissue. The techniques for isolating viruses are
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known to those of skill in the art, and include, for example,
centrifugation and affinity chromatography; a method of
preparing purified HCV is discussed infra.

[0285] The term “HCV particles” as used herein include
entire virion as well as particles which are intermediates in
virion formation. HCV particles generally have one or more
HCYV proteins associated with the HCV nucleic acid.

[0286] As used herein, the term “probe” refers to a poly-
nucleotide which forms a hybrid structure with a sequence
in a target region, due to complementarity of at least one
sequence in-the probe with a sequence in the target region.

[0287] As used herein, the term “target region” refers to a
region of the nucleic acid which is to be amplified and/or
detected.

[0288] As used herein, the term “viral RNA”, which
includes HCV RNA, refers to RNA from the viral genome,
fragments thereof, transcripts thereof, and mutant sequences
derived therefrom.

[0289] As used herein, a “biological sample” refers to a
sample of tissue or fluid isolated from an individual, includ-
ing but not limited to, for example, plasma, serum, spinal
fluid, lymph fluid, the external sections of the skin, respi-
ratory, intestinal, and genitourinary tracts, tears, saliva, milk,
blood cells, tumors, organs, and also samples of in vitro cell
culture constituents (including but not limited to conditioned
medium resulting from the growth of cells in cell culture
medium, putatively virally infected cells, recombinant cells,
and cell components).

[0290]

[0291] The practice of the present invention will employ,
unless otherwise indicated, conventional techniques of
molecular biology, microbiology, recombinant DNA, and
immunology, which are within the skill of the art. Such
techniques are explained fully in the literature. See e.g.,
Maniatis, Fitsch & Sambrook, MOLECULAR CLONING;
A LABORATORY MANUAL (1982); DNA CLONING,
VOLUMES I AND II (D. N Glover ed. 1985); OLIGO-
NUCLEOTIDE SYNTHESIS (M. J. Gait ed, 1984);
NUCLEIC ACID HYBRIDIZATION (B. D. Hames & S. J.
Higgins eds. 1984); TRANSCRIPTION AND TRANSLA-
TION (B. D. Hames & S. J. Higgins eds. 1984); ANIMAL
CELL CULTURE (R. I. Freshney ed. 1986); IMMOBI-
LIZED CELLS AND ENZYMES (IRL Press, 1986); B.
Perbal, APRACTICAL GUIDE TO MOLECULAR CLON-
ING (1984); the series, METHODS IN ENZYMOLOGY
(Academic Press, Inc.); GENE TRANSFER VECTORS
FOR MAMMALIAN CELLS (J. H. Miller and M. P. Calos
eds. 1987, Cold Spring Harbor Laboratory), Methods in
Enzymology Vol. 154 and Vol. 155 (Wu and Grossman, and
Wu, eds., respectively), Mayer and Walker, eds. (1987,
IMMUNOCHEMICAL METHODS IN CELL AND
MOLECULAR BIOLOGY (Academic Press, London),
Scopes, (1987), PROTEIN PURIFICATION: PRINCIPLES
AND PRACTICE, Second Edition (Springer-Verlag, N.Y.),
and HANDBOOK OF EXPERIMENTAL IMMUNOLOGY,
VOLUMES I-IV (D. M. Weir and C. C. Blackwell eds
1986). All patents, patent applications, and publications
mentioned herein, both supra and infra, are hereby incorpo-
rated herein by reference.

II. Description of the Invention

[0292] The useful materials and processes of the present
invention are made possible by the provision of a family of
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closely homologous nucleotide sequences isolated from a
c¢DNA library derived from nucleic acid sequences present
in the plasma of an HCV infected chimpanzee. This family
of nucleotide sequences is not of human or chimpanzee
origin, since it hybridizes to neither human nor chimpanzee
genomic DNA from uninfected individuals, since nucle-
otides of this family of sequences are present only in liver
and plasma of chimpanzees with HCV infection, and since
the sequence is not present in Genebank. In addition, the
family of sequences shows no significant homology to
sequences contained within the HBV genome.

[0293] The sequence of one member of the family, con-
tained within clone 5-1-1, has one continuous open reading
frame (ORF) which encodes a polypeptide of approximately
50 amino acids. Sera from HCV infected humans contain
antibodies which bind to this polypeptide, whereas sera from
non-infected humans do not contain antibodies to this
polypeptide. Moreover, whereas the sera from uninfected
chimpanzees do not contain antibodies to this polypeptide,
the antibodies are induced in chimpanzees following acute
NANBH infection. In addition, antibodies to this polypep-
tide are not detected in chimps and humans infected with
HAV and HBV. By these criteria the sequence is a cDNA to
a viral sequence, wherein the virus causes or is associated
with NANBH; this cDNA sequence is shown in FIG. 1. As
discussed infra, the cDNA sequence in clone 5-1-1 differs
from that of the other isolated cDNAs in that it contains 28
extra base pairs.

[0294] A composite of other identified members of the
cDNA family, which were isolated using as a probe a
synthetic sequence equivalent to a fragment of the cDNA in
clone 5-1-1, is shown in FIG. 3. A member of the cDNA
family which was isolated using a synthetic sequence
derived from the ¢cDNA in clone 81 is shown in FIG. 5, and
the composite of this sequence with that of clone 81 is
shown in FIG. 6. Other members of the cDNA family are
described in Section IV.A. A composite of the cDNAs in
these clones is shown in FIG. 62. The composite cDNA
shows that it contains one continuous ORF, and thus encodes
a polyprotein. This data is consistent with the suggestion,
discussed infra., that HCV is a flavi-like virus.

[0295] The availability of the family of ¢cDNAs shown
herein in Section IV.A permits the construction of DNA
probes and polypeptides useful in diagnosing NANBH due
to HCV infection and in screening blood donors as well as
donated blood and blood products for infection. For
example, from the sequences it is possible to synthesize
DNA oligomers of about 8-10 nucleotides, or larger, which
are useful as hybridization probes to detect the presence of
HCV RNA in, for example, sera of subjects suspected of
harboring the virus, or for screening donated blood for the
presence of the virus. The family of cDNA sequences also
allows the design and production of HCV specific polypep-
tides which are useful as diagnostic reagents for the presence
of antibodies raised during NANBH. Antibodies to purified
polypeptides derived from the cDNAs may also be used to
detect viral antigens in infected individuals and in blood.

[0296] Knowledge of these cDNA sequences also enables
the design and production of polypeptides which may be
used as vaccines against HCV and also for the production of
antibodies, which in turn may be used for protection against
the disease, and/or for therapy of HCV infected individuals.
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[0297] Moreover, the family of cDNA sequences enables
further characterization of the HCV genome. Polynucleotide
probes derived from these sequences may be used to screen
cDNA libraries for additional overlapping cDNA sequences,
which, in turn, may be used to obtain more overlapping
sequences. Unless the genome is segmented and the seg-
ments lack common sequences, this technique may be used
to gain the sequence of the entire genome. However, if the
genome is segmented, other segments of the genome can be
obtained by repeating the lambda-gt11 serological screening
procedure used to isolate the cDNA clones described herein,
or alternatively by isolating the genome from purified HCV
particles.

[0298] The family of cDNA sequences and the polypep-
tides derived from these sequences, as well as antibodies
directed against these polypeptides are also useful in the
isolation and identification of the BB-NANBYV agent(s). For
example, antibodies directed against HCV epitopes con-
tained in polypeptides derived from the cDNAs may be used
in processes based upon affinity chromatography to isolate
the virus. Alternatively, the antibodies may be used to
identify viral particles isolated by other techniques. The viral
antigens and the genomic material within the isolated viral
particles may then be further characterized.

[0299] The information obtained from further sequencing
of the HCV genome(s), as well as from further character-
ization of the HCV antigens and characterization of the
genome enables the design and synthesis of additional
probes and polypeptides and antibodies which may be used
for diagnosis, for prevention, and for therapy of HCV
induced NANBH, and for screening for infected blood and
blood-related products.

[0300] The availability of probes for HCV, including anti-
gens and antibodies, and polynucleotides derived from the
genome from which the family of cDNAs is derived also
allows for the development of tissue culture systems which
will be of major use in elucidating the biology of HCV. This
in turn, may lead to the development of new treatment
regimens based upon antiviral compounds which preferen-
tially inhibit the replication of, or infection by HCV.

[0301] In addition to the above, the information provided
infra allows the identification of additional HCV strains or
isolates. The isolation and characterization of the additional
HCYV strains or isolates may be accomplished by isolating
the nucleic acids from body components which contain viral
particles and/or viral RNA, creating cDNA libraries using
polynucleotide probes based on the HCV cDNA probes
described infra., screening the libraries for clones containing
HCYV cDNA sequences described infra., and comparing the
HCV cDNAs from the new isolates with the cDNAs
described infra. The polypeptides encoded therein, or in the
viral genome, may be monitored for immunological cross-
reactivity utilizing the polypeptides and antibodies
described supra. Strains or isolates which fit within the
parameters of HCV, as described in the Definitions section,
supra., are readily identifiable. Other methods for identify-
ing HCV strains will be obvious to those of skill in the art,
based upon the information provided herein.

[0302] The method used to identify and isolate the etio-
logic agent for NANBH may be applicable to the identifi-
cation and/or isolation of heretofore uncharacterized agents
which contain a genome, and which are associated with a
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variety of diseases, including those induced by viruses,
viroids, bacteria, fungi and parasites. In this method, a
c¢DNA library was created from the nucleic acids present in
infected tissue from an infected individual. The library was
created in a vector which allowed the expression of polypep-
tides encoded in the cDNA. Clones of host cells containing
the vector, which expressed an immunologically reactive
fragment of a polypeptide of the etiologic agent, were
selected by immunological screening of the expression
products of the library with an antibody-containing body
component from another individual previously infected with
the putative agent. The steps in the immunological screening
technique included interacting the expression products of the
c¢DNA containing vectors with the antibody-containing body
component of a second infected individual, and detecting the
formation of antibody-antigen complexes between the
expression product(s) and antibodies of the second infected
individual. The isolated clones are screened further immu-
nologically by interacting their expression products with the
antibody-containing body components of other individuals
infected with the putative agent and with control individuals
uninfected with the putative agent, and detecting the forma-
tion of antigen-antibody complexes with antibodies from the
infected individuals; and the cDNA containing vectors
which encode polypeptides which react immunologically
with antibodies from infected individuals and individuals
suspected of being infected with the agent, but not with
control individuals are isolated. The infected individuals
used for the construction of the cDNA library, and for the
immunological screening need not be of the same species.

[0303] The cDNAs isolated as a result of this method, and
their expression products, and antibodies directed against
the expression products, are useful in characterizing and/or
capturing the etiologic agent. As described in more detail
infra, this method has been used successfully to isolate a
family of ¢cDNAs derived from the HCV genome.

[0304] IL.A. Preparation of the cDNA Sequences

[0305] Pooled serum from a chimpanzee with chronic
HCYV infection and containing a high titer of the virus, i.c.,
at least 10° chimp infectious doses/m1 (CID/ml) was used to
isolate viral particles; nucleic acids isolated from these
particles was used as the template in the construction of a
c¢DNA library to the viral genome. The procedures for
isolation of putative HCV particles and for constructing the
cDNA library in lambda-gt11 is discussed in Section IV.A.1.
Lambda-gt11 is a vector that has been developed specifically
to express inserted cDNAs as fusion polypeptides with
beta-galactosidase and to screen large numbers of recombi-
nant phage with specific antisera raised against a defined
antigen. Huynh, T. V. et al. (1985). The lambda-gt11 cDNA
library generated from a cDNA pool containing cDNA of
approximate mean size of 200 base pairs was screened for
encoded epitopes that could bind specifically with sera
derived from patients who had previously experienced
NANB hepatitis. Approximately 10° phages were screened,
and five positive phages were identified, purified, and then
further tested for specificity of binding to sera from different
humans and chimpanzees previously infected with the HCV
agent. One of the phages, 5-1-1, bound 5 of the 8 human sera
tested. This binding appeared selective for sera derived from
patients with prior NANB hepatitis infections since 7 normal
blood donor sera did not exhibit such binding.
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[0306] The sequence of the cDNA in recombinant phage
5-1-1 was determined, and is shown in FIG. 1. The polypep-
tide encoded by this cloned cDNA, which is in the same
translational frame as the N-terminal beta-Galactosidase
moiety of the fusion polypeptide is shown above the nucle-
otide sequence. This translational ORF, therefore, encodes
an epitope(s) specifically recognized by sera from patients
with NANB hepatitis infections.

[0307] The availability of the cDNA in recombinant phage
5-1-1 has allowed for the isolation of other clones containing
additional segments and/or alternative segments of cDNA to
the viral genome. The lambda-gt11 cDNA library described
supra, was screened using a synthetic polynucleotide
derived from the sequence of the cloned 5-1-1 cDNA. This
screening yielded three other clones, which were identified
as 81, 1-2 and 91; the cDNAs contained within these clones
were sequenced. See Sections IV.A3. and IV.A4. The
homologies between the four independent clones are shown
in FIG. 2, where the homologies are indicated by the vertical
lines. Sequences of nucleotides present uniquely in clones
5-1-1, 81, and 91 are indicated by small letters.

[0308] The cloned cDNAs present in recombinant phages
in clones 5-1-1, 81, 1-2, and 91 are highly homologous, and
differ in only two regions. First, nucleotide number 67 in
clone 1-2 is a thymidine, whereas the other three clones
contain a cytidine residue in this position. This substitution,
however, does not alter the nature of the encoded amino
acid.

[0309] The second difference between the clones is that
clone 5-1-1 contains 28 base pairs at its 5'-terminus which
are not present in the other clones. The extra sequence may
be a 5'-terminal cloning artifact; 5'-terminal cloning artifacts
are commonly observed in the products of cDNA methods.

[0310] Synthetic sequences derived from the 5'-region and
the 3'-region of the HCV ¢cDNA in clone 81 were used to
screen and isolate cDNAs from the lambda-gt1l NANBV
¢DNA library, which overlapped clone 81 ¢cDNA (Section
IV.A.5.). The sequences of the resulting cDNAs, which are
in clone 36 and clone 32, respectively, are shown in FIG. 5§
and FIG. 7.

[0311] Similarly, a synthetic polynucleotide based on the
5'-region of clone 36 was used to screen and isolate cDNAs
from the lambda gt-11 NANBV cDNA library which over-
lapped clone 36 cDNA (Section IV.A.8.). A purified clone of
recombinant phage-containing cDNA which hybridized to
the synthetic polynucleotide probe was named clone 35 and
the NANBYV cDNA sequence contained within this clone is
shown in FIG. 8.

[0312] By utilizing the technique of isolating overlapping
cDNA sequences, clones containing additional upstream and
downstream HCV cDNA sequences have been obtained. The
isolation of these clones, is described infra in Section IV.A.

[0313] Analysis of the nucleotide sequences of the HCV
cDNAs encoded within the isolated clones show that the
composite cDNA contains one long continuous ORF. FIG.
62 shows the sequence of the composite cDNA from these
clones, along with the putative HCV polypeptide encoded
therein.

[0314] The description of the method to retrieve the cDNA
sequences is mostly of historical interest. The resultant
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sequences (and their complements) are provided herein, and
the sequences, or any portion thereof, could be prepared
using synthetic methods, or by a combination of synthetic
methods with retrieval of partial sequences using methods
similar to those described herein.

[0315] The description above, of “walking” the genome
by isolating overlapping cDNA sequences from the HCV
lambda gt-11 library provides one method by which cDNAs
corresponding to the entire HCV genome may be isolated.
However, given the information provided herein, other
methods for isolating these cDNAs are obvious to one of
skill in the art. Some of these methods are described in
Section IV.A., infra.

[0316]
ments

IL.B. Preparation of Viral Polypeptides and Frag-

[0317] The availability of cDNA sequences, either those
isolated by utilizing the cDNA sequences described in
Section IV.A, as discussed infra, or nucleotide sequences
derived therefrom (including segments and modifications of
the sequence), permits the construction of expression vec-
tors encoding antigenically active regions of the polypeptide
encoded in either strand. These antigenically active regions
may be derived from coat or envelope antigens or from core
antigens, or from antigens which are non-structural includ-
ing, for example, polynucleotide binding proteins, poly-
nucleotide polymerase(s), and other viral proteins required
for the replication and/or assembly of the virus particle.
Fragments encoding the desired polypeptides are derived
from the cDNA clones using conventional restriction diges-
tion or by synthetic methods, and are ligated into vectors
which may, for example, contain portions of fusion
sequences such as beta-Galactosidase or superoxide dismu-
tase (SOD), preferably SOD. Methods and vectors which are
useful for the production of polypeptides which contain
fusion sequences of SOD are described in European Patent
Office Publication number 0196056, published Oct. 1, 1986.
Vectors encoding fusion polypeptides of SOD and HCV
polypeptides, i.e., NANB_, ;, NANBg,, and C100-3, which
is encoded in a composite of HCV ¢cDNAs, are described in
Sections IV.B.1, IVB.2, and IV.B.4, respectively. Any
desired portion of the HCV cDNA containing an open
reading frame, in either sense strand, can be obtained as a
recombinant polypeptide, such as a mature or fusion protein;
alternatively, a polypeptide encoded in the cDNA can be
provided by chemical synthesis.

[0318] The DNA encoding the desired polypeptide,
whether in fused or mature form, and whether or not
containing a signal sequence to permit secretion, may be
ligated into expression vectors suitable for any convenient
host. Both eukaryotic and prokaryotic host systems are
presently used in forming recombinant polypeptides, and a
summary of some of the more common control systems and
host cell lines is given in Section III.A., infra. The polypep-
tide is then isolated from lysed cells or from the culture
medium and purified to the extent needed for its intended
use. Purification may be by techniques known in the art, for
example, differential extraction, salt fractionation, chroma-
tography on ion exchange resins, affinity chromatography,
centrifugation, and the like. See, for example, Methods in
Enzymology for a variety of methods for purifying proteins.
Such polypeptides can be used as diagnostics, or those
which give rise to neutralizing antibodies may be formulated
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into vaccines. Antibodies raised against these polypeptides
can also be used as diagnostics, or for passive immuno-
therapy. In addition, as discussed in Section-II.J. herein
below, antibodies to these polypeptides are useful for iso-
lating and identifying HCV particles.

[0319] The HCV antigens may also be isolated from HCV
virions. The virions may be grown in HCV infected cells in
tissue culture, or in an infected host.

[0320] II.C. Preparation of Antigenic Polypeptides and
Conjugation with Carrier

[0321] An antigenic region of a polypeptide is generally
relatively small—typically 8 to 10 amino acids or less in
length. Fragments of as few as 5 amino acids may charac-
terize an antigenic region. These segments may correspond
to regions of HCV antigen. Accordingly, using the cDNAs
of HCV as a basis, DNAs encoding short segments of HCV
polypeptides can be expressed recombinantly either as
fusion proteins, or as isolated polypeptides. In addition,
short amino acid sequences can be conveniently obtained by
chemical synthesis. In instances wherein the synthesized
polypeptide is correctly configured so as to provide the
correct epitope, but is too small to be immunogenic, the
polypeptide may be linked to a suitable carrier.

[0322] A number of techniques for obtaining such linkage
are known in the art, including the formation of disulfide
linkages using N-succinimidyl-3-(2-pyridyl-thio)propionate
(SPDP) and succinimidyl 4-(N-maleimido-methyl)cyclo-
hexane-1-carboxylate (SMCC) obtained from Pierce Com-
pany, Rockford, IlL., (if the peptide lacks a sulfhydryl group,
this can be provided by addition of a cysteine residue.) These
reagents create a disulfide linkage between themselves and
peptide cysteine residues on one protein and an amide
linkage through the epsilon-amino on a lysine, or other free
amino group in the other. A variety of such disulfide/amide-
forming agents are known. See, for example, Immun. Rev.
(1982) 62:185. Other bifunctional coupling agents form a
thioether rather than a disulfide linkage. Many of these
thio-ether-forming agents are commercially available and
include reactive esters of 6-maleimidocaproic acid, 2-bro-
moacetic acid, 2-iodoacetic acid, 4-(N-maleimido-methyl-
)eyclohexane-1-carboxylic acid, and the like. The carboxyl
groups can be activated by combining them with succinim-
ide or 1-hydroxyl-2-nitro-4-sulfonic acid, sodium salt. Addi-
tional methods of coupling antigens employs the rotavirus/
“binding peptide” system described in EPO Pub. No. 259,
149, the disclosure of which is incorporated herein by
reference. The foregoing list is not meant to be exhaustive,
and modifications of the named compounds can clearly be
used.

[0323] Any carrier may be used which does not itself
induce the production of antibodies harmful to the host.
Suitable carriers are typically large, slowly metabolized
macromolecules such as proteins; polysaccharides, such as
latex functionalized sepharose, agarose, cellulose, cellulose
beads and the like; polymeric amino acids, such as poly-
glutamic acid, polylysine, and the like; amino acid copoly-
mers; and inactive virus particles, see, for example, section
ILD. Especially useful protein substrates are serum albu-
mins, keyhole limpet hemocyanin, immunoglobulin mol-
ecules, thyroglobulin, ovalbumin, tetanus toxoid, and other
proteins well known to those skilled in the art.

[0324] In addition to full-length viral proteins, polypep-
tides comprising truncated HCV amino acid sequences
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encoding at least one viral epitope are useful immunological
reagents. For example, polypeptides comprising such trun-
cated sequences can be used as reagents in an immunoassay.
These polypeptides also are candidate subunit antigens in
compositions for antiserum production or vaccines. While
these truncated sequences can be produced by various
known treatments of native viral protein, it is generally
preferred to make synthetic or recombinant polypeptides
comprising an HCV sequence. Polypeptides comprising
these truncated HCV sequences can be made up entirely of
HCV sequences (one or more epitopes, either contiguous or
noncontiguous), or HCV sequences and heterologous
sequences in a fusion protein. Useful heterologous
sequences include sequences that provide for secretion from
arecombinant host, enhance the immunological reactivity of
the HCV epitope(s), or facilitate the coupling of the
polypeptide to an immunoassay support or a vaccine carrier.
See, e.g., EPO Pub. No. 116,201; U.S. Pat. No. 4,722,840;
EPO Pub. No. 259,149; U.S. Pat. No. 4,629,783, the dis-
closures of which are incorporated herein by reference.

[0325] The size of polypeptides comprising the truncated
HCV sequences can vary widely, the minimum size being a
sequence of sufficient size to provide an HCV epitope, while
the maximum size is not critical. For convenience, the
maximum size usually is not substantially greater than that
required to provide the desired HCV epitopes and functions
of the heterologous sequence, if any. Typically, the truncated
HCYV amino acid sequence will range from about 5 to about
100 amino acids in length. More typically, however, the
HCYV sequence will be a maximum of about 50 amino acids
in length, preferably a maximum of about 30 amino acids. It
is usually desirable to select HCV sequences of at least about
10, 12 or 15 amino acids, up to a maximum of about 20 or
25 amino acids.

[0326] Truncated HCV amino acid sequences comprising
epitopes can be identified in a number of ways. For example,
the entire viral protein sequence can be screened by prepar-
ing a series of short peptides that together span the entire
protein sequence. By starting with, for example, 100mer
polypeptides, it would be routine to test each polypeptide for
the presence of epitope(s) showing a desired reactivity, and
then testing progressively smaller and overlapping frag-
ments from an identified 100mer to map the epitope of
interest. Screening such peptides in an immunoassay is
within the skill of the art. It is also known to carry out a
computer analysis of a protein sequence to identify potential
epitopes, and then prepare oligopeptides comprising the
identified regions for screening. Such a computer analysis of
the HCV amino acid sequence is shown in FIG. 67, where
the hydrophilic/hydrophobic character is displayed above
the antigen index. The amino acids are numbered from the
starting MET (position 1) as shown in FIG. 66. It is
appreciated by those of skill in the art that such computer
analysis of antigenicity does not always identify an epitope
that actually exists, and can also incorrectly identify a region
of the protein as containing an epitope.

[0327] Examples of HCV amino acid sequences that may
be useful as described herein are set forth below. It is to be
understood that these peptides do not necessarily precisely
map one epitope, but may also contain HCV sequence that
is not immunogenic. These non-immunogenic portions of
the sequence can be defined as described above using
conventional techniques and deleted from the described
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sequences. Further, additional truncated HCV amino acid
sequences that comprise an epitope or are immunogenic can
be identified as described above. The following sequences
are given by amino acid number (i.e., “AAn”) where n is the
amino acid number as shown in FIG. 66:

AAl-AA25; AAl—AAS0; AAI—AAS4; AA9—AAL77; AAI-AALD;
AAS—AA20; AA20—AA25; AA35—AA45; AA50—AALO0O;
AAL0—AA90; AA45—AA65; AAG5—AAT5; AAS0—90;
AA99—AA120; AA95—AA110; AA105—AA120; AALOO—AAL50;
AA150—AA200; AAIS55—AAL70; AAL90—AA210;

AA200—AA250; AA220—AA240; AA245—AA265;

AA250—AA300; AA290—AA330; AA290—305;

AA300—AA350; AA310—AA330; AA350—AA400;

AA380—AA395; AARA05—AA495; AAL00—AA450;

AAL05—AA415; ARA15—AA425; AA425—AA435;

AA437—AA582; AAA50—AA500; AAL40—AA4G0;

AAL60—AA4T70; ARAT5—AA495; AA500—AA550;

AA511-AA690; AA515—AA550; AA550—AAG00;

AAS50—AA625; AA575—AA605; AA585—AAG00;

AA600—AA650; AAG600—AA625; AA635—AA665;

AA650—AA700; AAG645—AA680; AA700—AAT750;

AA700—AA725; AAT00—AA750; AA725—AAT775;

AA770—AA790; AA750—AAS00; AAS00—AASL5;

AAS25-AA850; AAS50—AAS875; AAS00—AAS50;

AA920—AA990; AAS50—AA900; AA920—AA945;

AA940—AA965; AA970—AA990; AA950—AA1000;

AA1000—AA1060; AA1000—AA1025; AA1000—AAl050;

AA1025—-AA1040; AA1040—AA1055; AA1075—AAl1l75;

AA1050—AA1200; AA1070—AA1100; AA1100—AAl1130;

AA1140-AAl165; AA1192—-AA1457; AA1195-AA1250;

AA1200—-AA1225; AA1225—-AA1250; AA1250-—-AA1300;

AA1260—AA1310; AA1260—AA1280; AA1266—AA1428;

AA1300—AA1350; AA1290—AA1310; AA1310—AAl1340;

AA1345-AA1405; AA1345—-AA1365; AA1350—AA1400;

AA1365—AA1350; AA1380—AA1405; AA1400—AAl1450;

AA1450—-AA1500; AA1460—AA1475; AA1475-AAl1515;

AA1475—-AA1500; AA1500—AA1550; AA1500—-AAl515;

AA1515—-AA1550; AA1550—AA1600; AA1545—-AAl1560;

AA1569—AA1931; AA1570—AA1590; AA1595—AAl610;

AA1590—-AA1650; AA1610—AAl645; AA1G50—AAl690;

16
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-continued

AR1685—AA1770; AA1689—AA1805; AA1690—AA1720;

AR1694—AA1735; AA1720—-AA1745; AA1745-AA1770;

AA1750—-AA1800; AA1775—-AA1810; AA1795-AA1850;

AA1850—AA1900; AA1900—AA1950; AA1900—AA1920;

ARA1916—AA2021; AA1920—AA1940; AA1949-AA2124;

AA1950—AA2000; AA1950—AA1985; AA1980—AA2000;

AR2000—AA2050; AA2005—AA2025; AA2020—AA2045;

AR2045—-AA2100; AA2045—AA2070; AA2054—ARA2223;

AR2070—AA2100; AA2100—AA2150; AA2150—AA2200;

AR2200—-AA2250; AA2200—AA2325; AA2250—AA2330;

AR2255—-AA2270; AA2265—AA2280; AA2280—AA2290;

AM2287-AA2385; AA2300—AA2350; AA2290-—AA2310;

AA2310—-AA2330; AA2330—AA2350; AA2350—AA2400;

AR2348—-AA2464; AA2345—-ARA2415; AA2345-AA2375;

AR2370—AA2410; AA2371-AA2502; AA2400—AA2450;

AR2400—AA2425; AA2415—-AA2450; AA2445-AA2500;

AR2445-AA2475; AA2470—-AA2490; AA2500—AA2550;

AM2505—AA2540; AA2535—-AA2560; AA2550—AA2600;

AM2560—AA2580; AA2600—AA2650; AA2605—AA2620;

AR2620—AA2650; AA2640—AA2660; AA2650—AA2700;

AR2655—AA2670; AA2670—AA2700; AA2700—-AA2750;

AR2740-AA2760; AA2750—AA2800; AA2755-—AA2780;

AR2780—AA2830; AA2785—AA2810; AA2796—AA2886;

AR2810—-AA2825; AA2800—AA2850; AA2850—AA2900;

AR2850—AA2865; AA2885—AA2905; AA2900—AA2950;

AA2910—-AA2930; AA2925—AA2950; AA2945—end(C'’

terminal).

[0328] The above HCV amino acid sequences can be
prepared as discrete peptides or incorporated into a larger
polypeptide, and may find use as described herein. Addi-
tional polypeptides comprising truncated HCV sequences
are described in the examples.

[0329] The observed relationship of the putative polypro-
teins of HCV and the Flaviviruses allows a prediction of the
putative domains of the HCV “non-structural” (NS) pro-
teins. The locations of the individual NS proteins in the
putative Flavirus precursor polyprotein are fairly well-
known. Moreover, these also coincide with observed gross
fluctuations in the hydrophobicity profile of the polyprotein.
It is established that NS5 of Flaviviruses encodes the virion
polymerase, and that NS1 corresponds with a complement
fixation antigen which has been shown to be an effective
vaccine in animals. Recently, it has been shown that a
flaviviral protease function resides in NS3. Due to the
observed similarities betwen HCV and the Flaviviruses,
deductions concerning the approximate locations of the
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corresponding protein domains and functions in the HCV
polyprotein are possible (see Section IV.R.6). The expres-
sion of polypeptides containing these domains in a variety of
recombinant host cells, including, for example, bacteria,
yeast, insect, and vertebrate cells, should give rise to impor-
tant immunological reagents which can be used for diagno-
sis, detection, and vaccines.

[0330] Although the non-structural protein region of the
putative polyproteins of the HCV isolate described herein
and of Flaviviruses appears to be generally similar, there is
less similarity between the putative structural regions which
are towards the N-terminus. In this region, there is a greater
divergence in sequence, and in addition, the hydrophobic
profile of the two regions show less similarity. This “diver-
gence” begins in the N-terminal region of the putative NS1
domain in HCV, and extends to the presumed N-terminus.
Nevertheless, it is still possible to predict the approximate
locations of the putative nucleocapsid (N-terminal basic
domain) and E (generally hydrophobic) domains within the
HCV polyprotein. In Section IV.H.6., the predictions are
based on the changes observed in the hydrophobic profile of
the HCV polyprotein, and on a knowledge of the location
and character of the flaviviral proteins. From these predic-
tions it may be possible to identify approximate regions of
the HCV polyprotein that could correspond with useful
immunological reagents. For example, the E and NS1 pro-
teins of Flaviviruses are known to have efficacy as protective
vaccines. These regions, as well as some which are shown
to be antigenic in the HCV isolate described herein, for
example those within putative NS3, C, and NS5, etc., should
also provide diagnostic reagents. Moreover, the location and
expression of viral-encoded enzymes may also allow the
evaluation of anti-viral enzyme inhibitors, i.e., for example,
inhibitors which prevent enzyme activity by virtue of an
interaction with the enzyme itself, or substances which may
prevent expression of the enzyme, (for example, anti-sense
RNA, or other drugs which interfere with expression).

[0331] IL.D. Preparation of Hybrid Particle Immunogens
Containing HCV Epitopes

[0332] The immunogenicity of the epitopes of HCV may
also be enhanced by preparing them in mammalian or yeast
systems fused with or assembled with particle-forming
proteins such as, for example, that associated with hepatitis
B surface antigen. See, e.g., U.S. Pat. No. 4,722,840. Con-
structs wherein the NANBYV epitope is linked directly to the
particle-forming protein coding sequences produce hybrids
which are immunogenic with respect to the HCV epitope. In
addition, all of the vectors prepared include epitopes specific
to HBV, having various degrees of immunogenicity, such as,
for example, the pre-S peptide. Thus, particles constructed
from particle forming protein which include HCV sequences
are immunogenic with respect to HCV and HBV.

[0333] Hepatitis surface antigen (HBSAg) has been shown
to be formed and assembled into particles in S. cerevisiae
(Valenzuela et al. (1982)), as well as in, for example,
mammalian cells (Valenzuela, P, et al. (1984)). The forma-
tion of such particles has been shown to enhance the
immunogenicity of the monomer subunit. The constructs
may also include the immunodominant epitope of HBSAg,
comprising the 55 amino acids of the presurface (pre-S)
region. Neurath et al. (1984). Constructs of the pre-S-
HBSAg particle expressible in yeast are disclosed in EPO
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174,444, published Mar. 19, 1986; hybrids including heter-
ologous viral sequences for yeast expression are disclosed in
EPO 175,261, published Mar. 26, 1966. These constructs
may also be expressed in mammalian cells such as Chinese
hamster ovary (CHO) cells using an SV40dihydrofolate
reductase vector (Michelle et al. (1984)).

[0334] In addition, portions of the particle-forming protein
coding sequence may be replaced with codons encoding an
HCV epitope. In this replacement, regions which are not
required to mediate the aggregation of the units to form
immunogenic particles in yeast or mammals can be deleted,
thus eliminating additional HBV antigenic sites from com-
petition with the HCV epitope.

[0335]

[0336] Vaccines may be prepared from one or more immu-
nogenic polypeptides derived from HCV. The observed
homology between HCV and Flaviviruses provides infor-
mation concerning the polypeptides which are likely to be
most effective as vaccines, as well as the regions of the
genome in which they are encoded. The general structure of
the Flavivirus genome is discussed in Rice et al (1986). The
flavivirus genomic RNA is believed to be the only virus-
specific mRNA species, and it is translated into the three
viral structural proteins, i.e., C, M, and E, as well as two
large nonstructural proteins, NS4 and NS5, and a complex
set of smaller nonstructural proteins. It is known that major
neutralizing epitopes for Flaviviruses reside in the E (enve-
lope) protein (Roehrig (1986)). The corresponding HCV E
gene and polypeptide encoding region may be predicted,
based upon the homology to Flaviviruses. Thus, vaccines
may be comprised of recombinant polypeptides containing
epitopes of HCV E. These polypeptides may be expressed in
various host cells (e.g., bacteria, yeast, insect, or mammalian
cells), or alternatively may be isolated from viral prepara-
tions. It is also anticipated that the other structural proteins
may also contain epitopes which give rise to protective
anti-HCV antibodies. Thus, polypeptides containing the
epitopes of E, C, and M may also be used, whether singly or
in combination, in HCV vaccines.

[0337] In addition to the above, it has been shown that
immunization with NS1 (nonstructural protein 1), results in
protection against yellow fever (Schlesinger et al (1986)).
This is true even though the immunization does not give rise
to neutralizing antibodies. Thus, particularly since this pro-
tein appears to be highly conserved among Flaviviruses, it is
likely that HCV NS1 will also be protective against HCV
infection. Moreover, it also shows that nonstructural pro-
teins may provide protection against viral pathogenicity,
even if they do not cause the production of neutralizing
antibodies.

[0338] In view of the above, multivalent vaccines against
HCV may be comprised of one or more epitopes from one
or more structural proteins, and/or one or more epitopes
from one or more nonstructural proteins. These vaccines
may be comprised of, for example, recombinant HCV
polypeptides and/or polypeptides isolated from the virions.
In particular, vaccines are contemplated comprising one or
more of the following HCV proteins, or subunit antigens
derived therefrom: E, NS1, C, NS2, NS3, NS4 and NS5.
Particularly preferred are vaccines comprising E and/or
NS1, or subunits thereof. In addition, it may be possible to
use inactivated HCV in vaccines; inactivation may be by the

ILE. Preparation of Vaccines
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preparation of viral lysates, or by other means known in the
art to cause inactivation of Flaviviruses, for example, treat-
ment with organic solvents or detergents, or treatment with
formalin. Moreover, vaccines may also be prepared from
attenuated HCV strains. The preparation of attenuated HCV
strains is described infra.

[0339] 1t is known that some of the proteins in Flavivi-
ruses contain highly conserved regions. Thus, some immu-
nological cross-reactivity is possible between HCV and
other Flaviviruses. It is possible that shared epitopes
between the Flaviviruses and HCV will give rise to protec-
tive antibodies against one or more of the disorders caused
by these pathogenic agents. Thus, it may be possible to
design multipurpose vaccines based upon this knowledge.

[0340] In addition to the above, it is also possible to
prepare live vaccines of attenuated microorganisms which
express one or more recombinant HCV polypeptides. Suit-
able attenuated microorganisms are known in the art and
include, for example, viruses (e.g., vaccinia virus (see
Brown et al. (1986)), as well as bacteria. The preparation of
vaccines which contain an immunogenic polypeptide(s) as
active ingredients, is known to one skilled in the art.
Typically, such vaccines are prepared as injectables, either
as liquid solutions or suspensions; solid forms suitable for
solution in, or suspension in, liquid prior to injection may
also be prepared. The preparation may also be emulsified, or
the protein encapsulated in liposomes. The active immuno-
genic ingredients are often mixed with excipients which are
pharmaceutically acceptable and compatible with the active
ingredient. Suitable excipients are, for example, water,
saline, dextrose, glycerol, ethanol, or the like and combina-
tions thereof. In addition, if desired, the vaccine may contain
minor amounts of auxiliary substances such as wetting or
emulsifying agents, pH buffering agents, and/or adjuvants
which enhance the effectiveness of the vaccine. Examples of
adjuvants which may be effective include but are not limited
to: aluminum hydroxide, N-acetyl-muramyl-L-threonyl-D-
isoglutamine (thr-MDP), N-acetyl-nor-muramyl-L-alanyl-
D-isoglutamine (CGP 11637, referred to as nor-MDP),
N-acetylmuramyl-L-alanyl-D-isoglutaminyl-I-alanine-2-
(1'-2'-dipalmitoyl-sn-glycero-3hydroxyphosphoryloxy)-
ethylamine (CGP 19835A, referred to as MTP-PE), and
RIBI, which contains three components extracted from
bacteria, monophosphoryl lipid A, trehalose dimycolate and
cell wall skeleton (MPL+TDM+CWS) in a 2% squalene/
Tween 80 emulsion. The effectiveness of an adjuvant may be
determined by measuring the amount of antibodies directed
against an immunogenic polypeptide containing an HCV
antigenic sequence resulting from administration of this
polypeptide in vaccines which are also comprised of the
various adjuvants.

[0341] The vaccines are conventionally administered
parenterally, by injection, for example, either subcutane-
ously or intramuscularly. Additional formulations which are
suitable for other modes of administration include supposi-
tories and, in some cases, oral formulations. For supposito-
ries, traditional binders and carriers may include, for
example, polyalkylene glycols or triglycerides; such sup-
positories may be formed from mixtures containing the
active ingredient in the range of 0.5% to 10%, preferably
1%-2%. Oral formulations include such normally employed
excipients as, for example, pharmaceutical grades of man-
nitol, lactose, starch, magnesium stearate, sodium saccha-
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rine, cellulose, magnesium carbonate, and the like. These
compositions take the form of solutions, suspensions, tab-
lets, pills, capsules, sustained release formulations or pow-
ders and contain 10%-95% of active ingredient, preferably
25%-70%.

[0342] The proteins may be formulated into the vaccine as
neutral or salt forms. Pharmaceutically acceptable salts
include the acid addition salts (formed with free amino
groups of the peptide) and which are formed with inorganic
acids such as, for example, hydrochloric or phosphoric
acids, or such organic acids such as acetic, oxalic, tartaric,
maleic, and the like. Salts formed with the free carboxyl
groups may also be derived from inorganic bases such as, for
example, sodium, potassium, ammonium, calcium, or ferric
hydroxides, and such organic bases as isopropylamine,
trimethylamine, 2-ethylamino ethanol, histidine, procaine,
and the like.

[0343] ILF. Dosage and Administration of Vaccines

[0344] The vaccines are administered in a manner com-
patible with the dosage formulation, and in such amount as
will be prophylactically and/or therapeutically effective. The
quantity to be administered, which is generally in the range
of 5 micrograms to 250 micrograms of antigen per dose,
depends on the subject to be treated, capacity of the subject’s
immune system to synthesize antibodies, and the degree of
protection desired. Precise amounts of active ingredient
required to be administered may depend on the judgment of
the practitioner and may be peculiar to each subject.

[0345] The vaccine may be given in a single dose sched-
ule, or preferably in a multiple dose schedule. A multiple
dose schedule is one in which a primary course of vaccina-
tion may be with 1-10 separate doses, followed by other
doses given at subsequent time intervals required to main-
tain and or reenforce the immune response, for example, at
1-4 months for a second dose, and if needed, a subsequent
dose(s) after several months. The dosage regimen will also,
at least in part, be determined by the need of the individual
and be dependent upon the judgment of the practitioner.

[0346] In addition, the vaccine containing the immuno-
genic HCV antigen(s) may be administered in conjunction
with other immunoregulatory agents, for example, immune
globulins.

[0347] 1I.G. Preparation of Antibodies Against HCV
Epitopes

[0348] The immunogenic polypeptides prepared as
described above are used to produce antibodies, including
polyclonal and monoclonal. If polyclonal antibodies are
desired, a selected mammal (e.g., mouse, rabbit, goat, horse,
etc.) is immunized with an immunogenic polypeptide bear-
ing an HCV epitope(s). Serum from the immunized animal
is collected and treated according to known procedures. If
serum containing polyclonal antibodies to an HCV epitope
contains antibodies to other antigens, the polyclonal anti-
bodies can be purified by immunoaffinity chromatography.
Techniques for producing and processing polyclonal antis-
era are known in the art, see for example, Mayer and Walker
(1987).

[0349] Alternatively, polyclonal antibodies may be iso-
lated from a mammal which has been previously infected
with HCV. A. example of a method for purifying antibodies
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to HCV epitopes from serum from an infected individual,
based upon affinity chromatography and utilizing a fusion
polypeptide of SOD and a polypeptide encoded within
c¢DNA clone 5-1-1, is presented in Section V.E.

[0350] Monoclonal antibodies directed against HCV
epitopes can also be readily produced by one skilled in the
art. The general methodology for making monoclonal anti-
bodies by hybridomas is well known. Immortal antibody-
producing cell lines can be created by cell fusion, and also
by other techniques such as direct transformation of B
lymphocytes with oncogenic DNA, or transfection with
Epstein-Barr virus. See, e.g., M. Schreier et al. (1980);
Hammerling et al. (1981); Kennett et al. (1980); see also,
U.S. Pat. Nos. 4,341,761; 4,399,121, 4,427,783, 4,444,887,
4,466,917, 4,472,500, 4,491,632; and 4,493,890. Panels of
monoclonal antibodies produced against HCV epitopes can
be screened for various properties; i.e., for isotype, epitope
affinity, etc.

[0351] Antibodies, both monoclonal and polyclonal,
which are directed against HCV epitopes are particularly
useful in diagnosis, and those which are neutralizing are
useful in passive immunotherapy. Monoclonal antibodies, in
particular, may be used to raise anti-idiotype antibodies.

[0352] Anti-idiotype antibodies are immunoglobulins
which carry an “internal image” of the antigen of the
infectious agent against which protection is desired. See, for
example, Nisonoff, A., et al. (1981) and Dreesman et al.
(1985). Techniques for raising anti-idiotype antibodies are
known in the art. See, for example, Grzych (1985), Mac-
Namara et al. (1984), and Uytdehaag et al. (1985). These
anti-idiotype antibodies may also be useful or treatment,
vaccination and/or diagnosis of NANBH, as well as for an
elucidation of the immunogenic regions of IICV antigens.

[0353]

[0354] Using the disclosed portions of the isolated HCV
c¢DNAs as a basis, including those described in Section IV.A,
oligomers of approximately 8 nucleotides or more can be
prepared, either by excision from recombinant polynucle-
otides or synthetically, which hybridize with the HCV
genome and are useful in identification of the viral agent(s),
further characterization of the viral genome(s), as well as in
detection of the virus(es) in diseased individuals. The probes
for HCV polynucleotides (natural or derived) are a length
which allows the detection of unique viral sequences by
hybridization. While 6-8 nucleotides may be a workable
length, sequences of 10-12 nucleotides are preferred, and
about 20 nucleotides appears optimal. Preferably, these
sequences will derive from regions which lack heterogene-
ity. These probes can be prepared using routine methods,
including automated oligonucleotide synthetic methods.
Among useful probes, for example, are the clone 5-1-1 and
the additional clones disclosed herein, as well as the various
oligomers useful in probing cDNA libraries, set forth below.
A complement to any unique portion of the HCV genome
will be satisfactory. For use as probes, complete comple-
mentarity is desirable, though it may be unnecessary as the
length of the fragment is increased.

II.H. Diagnostic Oligonucleotide Probes and Kits

[0355] For use of such probes as diagnostics, the biologi-
cal sample to be analyzed, such as blood or serum, may be
treated, if desired, to extract the nucleic acids contained
therein. The resulting nucleic acid from the sample may be
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subjected to gel electrophoresis or other size separation
techniques; alternatively, the nucleic acid sample may be dot
blotted without size separation. The probes are usually
labeled. Suitable labels, and methods for labeling probes are
known in the art, and include, for example, radioactive
labels incorporated by nick translation or kinasing, biotin,
fluorescent probes, and chemiluminescent probes. The
nucleic acids extracted from the sample are then treated with
the labeled probe under hybridization conditions of suitable
stringencies.

[0356] The probes can be made completely complemen-
tary to the HCV genome. Therefore, usually high stringency
conditions are desirable in order to prevent false positives.
However, as shown infra, portions of the HCV genome are
variable. Therefore, conditions of high stringency should
only be used if the probes are complementary to regions of
the viral genome which lack heterogeneity. The stringency
of hybridization is determined by a number of factors during
hybridization and during the washing procedure, including
temperature, ionic strength, length of time, and concentra-
tion of formamide. These factors are outlined in, for
example, Maniatis, T. 1982).

[0357] Generally, it is expected that the HCV genome
sequences will be present in serum of infected individuals at
relatively low levels, i.c., at approximately 10>-10° chimp
infectious doses (CID) per ml. This level may require that
amplification techniques be used in hybridization assays.
Such techniques are known in the art. For example, the Enzo
Biochemical Corporation “Bio-Bridge” system uses termi-
nal deoxynucleotide transferase to add unmodified 3'-poly-
dT-tails to a DNA probe. The poly dT-tailed probe is
hybridized to the target nucleotide sequence, and then to a
biotin-modified poly-A. PCT application 84/03520 and
EPA124221 describe a DNA hybridization assay in which:
(1) analyte is annealed to a single-stranded DNA probe that
is complementary to an enzyme-labeled oligonucleotide;
and (2) the resulting tailed duplex is hybridized to an
enzyme-labeled oligonucleotide. EPA 204510 describes a
DNA hybridization assay in which analyte DNA is contacted
with a probe that has a tail, such as a poly-dT tail, an
amplifier strand that has a sequence that hybridizes to the tail
of the probe, such as a poly-A sequence, and which is
capable of binding a plurality of labeled strands. A particu-
larly desirable technique may first involve amplification of
the target HCV sequences in sera approximately 10,000 fold,
i.e., to approximately 10° sequences/ml. This may be c.com-
plished, for example, by the polymerase chain reactions
(PCR) technique described which is by Saiki et al. (1986),
by Mullis, U.S. Pat. No. 4,683,195, and by Mullis et al. U.S.
Pat. No. 4,683,202. The amplified sequence(s) may then be
detected using a hybridization assay which is described in
co-pending U.S. Serial No. 109;282 (Attorney Docket No.
2300-0171), which was filed Oct. 15, 1987, U.S. Serial No.
185,201 (filed Apr. 22, 1988), and U.S. Serial No. 252,638
(filed Sep. 30, 1988), which are assigned to the herein
assignee, and are hereby incorporated herein by reference.
These hybridization assays, which should detect sequences
at the level of 10%/ml, utilize nucleic acid multimers which
bind to single-stranded analyte nucleic acid, and which also
bind to a multiplicity of single-stranded labeled oligonucle-
otides. A suitable solution phase sandwich assay which may
be used with labeled polynucleotide probes, and the methods
for the preparation of probes is described in EPO 225,807,
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published Jun. 16, 1987, which is assigned to the herein
assignee, and which is hereby incorporated herein by refer-
ence.

[0358] The probes can be packaged into diagnostic kits.
Diagnostic kits include the probe DNA, which may be
labeled; alternatively, the probe DNA may be unlabeled and
the ingredients for labeling may be included in the kit in
separate containers. The kit may also contain other suitably
packaged reagents and materials needed for the particular
hybridization protocol, for example, standards, as well as
instructions for conducting the test.

[0359]

[0360] Both the polypeptides which react immunologi-
cally with serum containing HCV antibodies, for example,
those derived from, expressed from, or encoded within the
clones described in Section IV.A., and composites thereof,
(see section IV.A)) and the antibodies raised against the
HCV specific epitopes in these polypeptides, see for
example Section IV.E, are useful in immunoassays to detect
presence of HCV antibodies, or the presence of the virus
and/or viral antigens, in biological samples. Design of the
immunoassays is subject to a great deal of variation, and
many formats are known in the art. The immunoassay will
utilize at least one viral epitope derived from HCV. In one
embodiment, the immunoassay uses a combination of viral
epitopes derived from HVC. These epitopes may be derived
from the same or from different viral polypeptides, and may
be in separate recombinant or natural polypeptides, or
together in the same recombinant polypeptides. An immu-
noassay may use, for example, a monoclonal antibody
directed towards a viral epitope(s), a combination of mono-
clonal antibodies directed towards epitopes of one viral
antigen, monoclonal antibodies directed towards epitopes of
different viral antigens, polyclonal antibodies directed
towards the same viral antigen, or polyclonal antibodies
directed towards different viral antigens. Protocols may be
based, for example, upon competition, or direct reaction, or
sandwich type assays. Protocols may also, for example, use
solid supports, or may be by immunoprecipitation. Most
assays involve the use of labeled antibody or polypeptide;
the labels may be, for example, enzymatic, fluorescent
chemiluminescent, radioactive, or dye molecules. Assays
which amplify the signals from the probe are also known;
examples of which are assays which utilize biotin and
avidin, and enzyme-labeled and mediated immunoassays,
such as ELISA assays.

ILI. Immunoassay and Diagnostic Kits

[0361] Typically, an immunoassay for an anti-HCV anti-
body(s) will involve selecting and preparing the test sample
suspected of containing the antibodies, such as a biological
sample, then incubating it with an antigenic (i.e., epitope-
containing) HCV polypeptide(s) under conditions that allow
antigen-antibody complexes to form, and then detecting the
formation of such complexes. Suitable incubation conditions
are well known in the art. The immunoassay may be, without
limitations, in a heterogenous or in a homogeneous format,
and of a standard or competitive type.

[0362] In a heterogeneous format, the polypeptide is typi-
cally bound to a solid support to facilitate separation of the
sample from the polypeptide after incubation. Examples of
solid supports that can be used are nitrocellulose (e.g., in
membrane or microtiter well form), polyvinyl chloride (e.g.,
in sheets or microtiter wells), polystyrene latex (e.g., in
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beads or microtiter plates, polyvinylidine fluoride (known as
Immulon™), diazotized paper, nylon membranes, activated
beads, and Protein A beads. For example, Dynatech Immu-
lon™ 1 or Immulon™ 2 microtiter plates or 0.25 inch
polysterene beads (Precision Plastic Ball) can be used in the
heterogeneous format. The solid support containing the
antigenic polypeptide is typically washed after separating it
from the test sample, and prior to detection of bound
antibodies. Both standard and competitive formats are
known in the art.

[0363] In a homogeneous format, the test sample is incu-
bated with antigen in solution. For example, it may be under
conditions that will precipitate any antigen-antibody com-
plexes which are formed. Both standard and competitive
formats for these assays are known in the art.

[0364] In a standard format, the amount of HCV antibod-
ies forming the antibody-antigen complex is directly moni-
tored. This may be accomplished by determining whether
labeled anti-xenogenic (e.g., anti-human) antibodies which
recognize an epitope on anti-HCV antibodies will bind due
to complex formation. In a competitive format, the amount
of HCV antibodies in the sample is deduced by monitoring
the competitive effect on the binding of a known amount of
labeled antibody (or other competing ligand) in the complex.

[0365] Complexes formed comprising anti-HCV antibody
(or, in the case of competetive assays, the amount of
competing antibody) are detected by any of a number of
known techniques, depending on the format. For example,
unlabeled HCV antibodies in the complex may be detected
using a conjugate of antixenogeneic Ig complexed with a
label, (e.g., an enzyme label).

[0366] Inimmunoassays where HCV polypeptides are the
analyte, the test sample, typically a biological sample, is
incubated with anti-HCV antibodies under conditions that
allow the formation of antigen-antibody complexes. Various
formats can be employed. For example, a “sandwich assay”
may be employed, where antibody bound to a solid support
is incubated with the test sample; washed; incubated with a
second, labeled antibody to the analyte, and the support is
washed again. Analyte is detected by determining if the
second antibody is bound to the support. In a competitive
format, which can be either heterogeneous or homogeneous,
a test sample is usually incubated with antibody and a
labeled, competing antigen is also incubated, either sequen-
tially or simultaneously. These and other formats are well
known in the art.

[0367] The Flavivirus model for HCV allows predictions
regarding the likely location of diagnostic epitopes for the
virion structural proteins. The C, pre-M, M, and E domains
are all likely to contain epitopes of significant potential for
detecting viral antigens, and particularly for diagnosis. Simi-
larly, domains of the nonstructural proteins are expected to
contain important diagnostic epitopes (e.g., NS5 encoding a
putative polymerase; and NS1 encoding a putative comple-
ment-binding antigen). Recombinant polypeptides, or viral
polypeptides, which include epitopes from these specific
domains may be useful for the detection of viral antibodies
in infections blood donors and infected patients.

[0368] In addition, antibodies directed against the E and/or
M proteins can be used in immunoassays for the detection of
viral antigens in patients with HCV caused NANBH, and in
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infectious blood donors. Moreover, these antibodies may be
extremely useful in detecting acute-phase donors and
patients.

[0369] Some of the antigenic regions of the putative
polyprotein have been mapped and identified by screening
the antigenicitiy of bacterial expression products of HCV
cDNAs which encode portions of the polyprotein. See
Section IV.B.8. Other antigenic regions of HCV may be
detected by expressing the portions of the HCV ¢cDNAs in
other expression systems, including yeast systems and cel-
lular systems derived from insects and vertebrates. In addi-
tion, studies giving rise to an antigenicity index and hydro-
phobicity/hydrophilicity profile give rise to information
concerning the probability of a region’s antigenicity.

[0370] The studies on antigenic mapping by expression of
HCV cDNAs showed that a number of clones containing
these cDNAs expressed polypeptides which were immuno-
logically reactive with serum from individuals with
NANBH. No single polypeptide was immunologically reac-
tive with all sera. Five of these polypeptides were very
immunogenic in that antibodies to the HCV epitopes in these
polypeptides were detected in many different patient sera,
although the overlap in detection was not complete. Thus,
the results on the immunogenicity of the polypeptides
encoded in the various clones suggest that efficient detection
systems for HCV infection may include the use of panels of
epitopes. The epitopes in the panel may be constructed into
one or multiple polypeptides. The assays for the varying
epitopes may be sequential or simultaneous.

[0371] Kits suitable for immunodiagnosis and containing
the appropriate labeled reagents are constructed by packag-
ing the appropriate materials, including the polypeptides of
the invention containing HCV epitopes or antibodies
directed against HCV epitopes in suitable containers, along
with the remaining reagents and materials required for the
conduct of the assay, as well as a suitable set of assay
instructions.

[0372] ILJ. Further Characterization of the HCV Genome,
Virions, and Viral Antigens Using Probes Derived From
cDNA to the Viral Genome

[0373] The HCV cDNA sequence information in the
clones described in Section IV.Amay be used to gain further
information on the sequence of the HCV genome, and for
identification and isolation of the HCV agent, and thus will
aid in its characterization including the nature of the
genome, the structure of the viral particle, and the nature of
the antigens of which it is composed. This information, in
turn, can lead to additional polynucleotide probes, polypep-
tides derived from the HCV genome, and antibodies directed
against HCV epitopes which would be useful for the diag-
nosis and/or treatment of HCV caused NANBH.

[0374] The cDNA sequence information in the above-
mentioned clones is useful for the design of probes for the
isolation of additional cDNA sequences which are derived
from as yet undefined regions of the HCV genome(s) from
which the cDNAs in clones described in Section IV.A. are
derived. For example, labeled probes containing a sequence
of approximately 8 or more nucleotides, and preferably 20
or more nucleotides, which are derived from regions close to
the 5'-termini or 3'-termini of the family of HCV cDNA
sequences shown in FIGS. 1, 3, 6, 9, 14 and 62 may be used
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to isolate overlapping cDNA sequences from HCV cDNA
libraries. These sequences which overlap the cDNAs in the
above-mentioned clones, but which also contain sequences
derived from regions of the genome from which the cDNA
in the above mentioned clones are not derived, may then be
used to synthesize probes for identification of other over-
lapping fragments which do not necessarily overlap the
cDNAs in the clones described in Section IV.A. Unless the
HCV genome is segmented and the segments lack common
sequences, it is possible to sequence the entire viral
genome(s) utilizing the technique of isolation of overlapping
¢DNAs derived from the viral genome(s). Although it is
unlikely, if the genome is a segmented genome which lacks
common sequences, the sequence of the genome can be
determined by serologically screening lambda-gt1l HCV
cDNA libraries, as used to isolate clone 5-1-1, sequencing
cDNA isolates, and using the isolated cDNAs to isolate
overlapping fragments, using the technique described for the
isolation and sequencing of the clones described in Section
IV.A. Alternatively, characterization of the genomic seg-
ments could be from the viral genome(s) isolated from
purified HCV particles. Methods for purifying HCV par-
ticles and for detecting them during the purification proce-
dure are described herein, infra. Procedures for isolating
polynucleotide genomes from viral particles are known in
the art, and one procedure which may be used is shown in
Example IV.A.1. The isolated genomic segments could then
be cloned and sequenced. Thus, with the information pro-
vided herein, it is possible to clone and sequence the HCV
genome(s) irrespective of their nature.

[0375] Methods for constructing cDNA libraries are
known in the art, and are discussed supra and infra; a method
for the construction of HCV cDNA libraries in lambda-gt11
is discussed infra in Section IV.A. However, cDNA libraries
which are useful for screening with nucleic acid probes may
also be constructed in other vectors known in the art, for
example, lambda-gt10 (Huynh et al. (1985)). The HCV
derived cDNA detected by the probes derived from the
c¢DNAs described in Section IV.A, and from the probes
synthesized from polynucleotides derived from these
c¢DNAs, may be isolated from the clone by digestion of the
isolated polynucleotide with the appropriate restriction
enzyme(s), and sequenced. See, for example, Section
IV.A3. and IV.A 4. for the techniques used for the isolation
and sequencing of HCV ¢cDNA which overlaps HCV cDNA
in clone 5-1-1, Sections IV.A.5-IV.A.7 for the isolation and
sequencing of HCV ¢cDNA which overlaps that in clone 81,
and Section IV.A.8 and IV.A.9 for the isolation and sequenc-
ing of a clone which overlaps another clone (clone 36),
which overlaps clone 81.

[0376] The sequence information derived from these over-
lapping HCV cDNAs is useful for determining areas of
homology and heterogeneity within the viral genome(s),
which could indicate the presence of different strains of the
genome, and/or of populations of defective particles. It is
also useful for the design of hybridization probes to detect
HCYV or HCV antigens or HCV nucleic acids in biological
samples, and during the isolation of HCV (discussed infra),
utilizing the techniques described in Section II.G. Moreover,
the overlapping cDNAs may be used to create expression
vectors for polypeptides derived from the HCV genome(s)
which also encode the polypeptides encoded in clones 5-1-1,
36, 81, 91, and 1-2, and in the other clones described in
Section IV.A. The techniques for the creation of these
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polypeptides containing HCV epitopes, and for antibodies
directed against HCV epitopes contained within them, as
well as their uses, are analogous to those described for
polypeptides derived from NANBV c¢DNA sequences con-
tained within the HCV cDNA clones described in Section
IV.A, discussed supra and infra.

[0377] Encoded within the family of ¢cDNA sequences
contained within clones 5-1-1, 32, 35, 36, 81, 91, 1-2, and
the other clones described in Section IV.A. are antigen(s)
containing epitopes which appear to be unique to HCV; i.e.,
antibodies directed against these antigens are absent from
individuals infected with HAV or HBV, and from individuals
not infected with HCV (see the serological data presented in
Section IV.B.). Moreover, a comparison of the sequence
information of these cDNAs with the sequences of HAV,
HBYV, HDV, and with the genomic sequences in Genebank
indicates that minimal homology exists between these
c¢DNAs and the polynucleotide sequences of those sources.
Thus, antibodies directed against the antigens encoded
within the cDNAs of these clones may be used to identify
BB-NANBY particles isolated from infected individuals. In
addition, they are also useful for the isolation of NANBH

agent(s).

[0378] HCV particles may be isolated from the sera from
individuals with NANBH or from cell cultures by any of the
methods known in the art, including for example, techniques
based on size discrimination such as sedimentation or exclu-
sion methods, or techniques based on density such as
ultracentrifugation in density gradients, or precipitation with
agents such as polyethylene glycol, or chromatography on a
variety of materials such as anionic or cationic exchange
materials, and materials which bind due to hydrophobicity,
as well as affinity columns. During the isolation procedure
the presence of HCV may be detected by hybridization
analysis of the extracted genome, using probes derived from
the HCV ¢cDNAs described supra, or by immunoassay (see
Section ILI) utilizing as robes antibodies directed against
HCV antigens encoded within the family of cDNA
sequences described in Section IV.A, and also directed
against HCV antigens encoded within the overlapping HCV
cDNA sequences discussed supra. The antibodies may be
monoclonal, or polyclonal, and it may be desirable to purify
the antibodies before their use in the immunoassay. A
purification procedure for polyclonal antibodies directed
against antigen(s) encoded within clone 5-1-1 is described in
Section IV.E; analogous purification procedures may be
utilized for antibodies directed against other HCV antigens.

[0379] Antibodies directed against HCV antigens encoded
within the family of cDNAs described in Section IV.A, as
well as those encoded within overlapping HCV cDNAs,
which are affixed to solid supports are useful for the isolation
of HCV by immunoaffinity chromatography. Techniques for
immunoaffinity chromatography are known in the art,
including techniques for affixing antibodies to solid supports
so that they retain their immunoselective activity; the tech-
niques may be those in which the antibodies are adsorbed to
the support (see, for example, Kurstak in ENZYME IMMU-
NODIAGNOSIS, page 31-37), as well as those in which the
antibodies are covalently linked to the support. Generally,
the techniques are similar to those used for covalent linking
of antigens to a solid support, which are generally described
in Section II.C.; however, spacer groups may be included in
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the bifunctional coupling agents so that the antigen binding
site of the antibody remains accessible.

[0380] During the purification procedure the presence of
HCV may be detected and/or verified by nucleic acid
hybridization, utilizing as probes polynucleotides derived
from the family of HCV cDNA sequences described in
Section IV.A, as well as from overlapping HCV cDNA
sequences, described supra. In this case, the fractions are
treated under conditions which would cause the disruption
of viral particles, for example, with detergents in the pres-
ence of chelating agents, and the presence of viral nucleic
acid determined by hybridization techniques described in
Section II.H. Further confirmation that the isolated particles
are the agents which induce HCV may be obtained by
infecting chimpanzees with the isolated virus particles,
followed by a determination of whether the symptoms of
NANBH result from the infection.

[0381] WViral particles from the purified preparations may
then be further characterized. The genomic nucleic acid has
been purified. Based upon its sensitivity to RNase, and not
DNase I, it appears that the virus is composed of an RNA
genome. See Example IV.C.2., infra. The strandedness and
circularity or non-circularity can determined by techniques
known in the art, including, for example, its visualization by
electron microscopy, its migration in density gradients, and
its sedimentation characteristics. Based upon the hybridiza-
tion of the captured HCV genome to the negative strands of
HCV ¢DNA:s, it appears that HCV may be comprised of a
positive stranded RNA genome (see Section IV.H.1). Tech-
niques such as these are described in, for example, METH-
ODS IN ENZYMOLOGY. In addition, the purified nucleic
acid can be cloned and sequenced by known techniques,
including reverse transcription since the genomic material is
RNA. See, for example, Maniatis (1982), and Glover
(1985). Utilizing the nucleic acid derived from the viral
particles, it is possible to sequence the entire genome,
whether or not it is segmented.

[0382] Examination of the homology of the polypeptide
encoded within the continuous ORF of combined clones 141
through 39c (the ORF is shown in FIG. 26), suggests that a
portion of the HCV polypeptide contains regions of homol-
ogy with the corresponding proteins in conserved regions of
flaviviruses. An example of this is described in Section
IV.H.3. This evidence, in conjunction with the results which
show that HCV contains a positive-stranded genome, the
size of which is approximately 10,000 nucleotides, is con-
sistent with the suggestion that HCV is is distantly related to
the flaviviridae. Generally, flavivirus virions and their
genomes have a relatively consistent structure and organi-
zation, which are known. See Rice et al. (1986), and Brinton,
M. A. (1988). Using the comparison with flaviviruses,
predictions as to the location of the sequences encoding
some of the HCV proteins may be made.

[0383] The structure of the HCV may also be determined
and its components isolated. The morphology and size may
be determined by, for example, electron microscopy. The
identification and localization of specific viral polypeptide
antigens such as coat or envelope antigens, or internal
antigens, such as nucleic acid binding proteins, core anti-
gens, and polynucleotide polymerase(s) may also be deter-
mined by, for example, determining whether the antigens are
present as major or minor viral components, as well as by
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utilizing antibodies directed against the specific antigens
encoded within isolated cDNAs as probes. This information
is useful in the design of vaccines; for example, it may be
preferable to include an exterior antigen in a vaccine prepa-
ration. Multivalent vaccines may be comprised of, for
example, an epitope derived from the genome encoding a
structural protein. for example, E, as well as an epitope from
another portion of the genome, for example, a nonstructural
or structural polypeptide.

[0384] ILK. Cell Culture Systems and Animal Model
Systems for HCV Replication

[0385] The suggestion that HCV is a flavi-like virus also
provides information on methods for growing HCV. The
virus is thought to be “Flavi-like” for several reasons. Based
upon the HCV cDNA sequence, the genome appears to
contain a large ORF which encodes a putative polyprotein.
The HCV genome is positive-stranded with respect to trans-
lation of this polyprotein. The hydrophobicity profile of the
HCV polyprotein resembles in particular that of putative
polyproteins from known Flaviviruses. The apparent size of
the genome, approximately 10,000 nucleotides in size, may
be smaller than, but is close to that of known Flaviviruses.
Although there is only a slight amount of amino acid
homology between the HCV putative polyprotein and that of
Flaviviruses, the homology is probably significant because
there appear to be at three conserved motifs that have similar
spacing in HCV and the Flaviviruses. Two of these con-
served motifs, which are of larger size, are in the putative
NS3 region. A third conserved motif is in putative NS5; the
conserved sequence in this region, GDD, is usually associ-
ated with a Flavivirus polymerase. Other regions which are
conserved between the Flaviviruses are also partially con-
served in HCV. Methods for culturing flaviviruses are
known to those of skill in the art (see, for example, the
reviews by Brinton (1986) and Stollar, V. (1980)). Generally,
suitable cells or cell lines for culturing HCV may include
those known to support Flavivirus replication, for example,
the following: monkey kidney cell lines (e.g. MK,, VERO);
porcine kidney cell lines (e.g. PS); baby hamster kidney cell
lines (e.g. BHK); murine macrophage cell lines (e.g.,
P388D1, MK1, Mm1); human macrophage cell lines (e.g.,
U-937); human peripheral blood leukocytes; human adher-
ent monocytes; hepatocytes or hepatocyte cell lines (e.g.,
HUH7, HEPG2); embryos or embryonic cells (e.g., chick
embryo fibroblasts); or cell lines derived from invertebrates,
preferably from insects (e.g. drosophila cell lines), or more
preferably from arthropods, for example, mosquito cell lines
(e.g., A. Albopictus, Aedes aegypti, Cutex tritacniorhyn-
chus) or tick cell lines (e.g. RML-14 Dermacentor parumap-
ertus). it is possible that primary hepatocytes can be cul-
tured, and then infected with HCV; or alternatively, the
hepatocyte cultures could be derived from the livers of
infected individuals (e.g., humans or chimpanzees). The
latter case is an example of a cell which is infected in vivo
being passaged in vitro. In addition, various immortalization
methods can be used to obtain cell-lines derived from
hepatocyte cultures. For example, primary liver cultures
(before and after enrichment of the hepatocyte population)
may be fused to a variety of cells to maintain stability. For
example, also, cultures may be infected with transforming
viruses, or transfected with transforming genes in order to
create permanent or semipermanent cell lines. In addition,
for example, cells in liver cultures may be fused to estab-
lished cell lines (e.g., HepG2). Methods for cell fusion are
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known in the art, and include, for example, the use of fusion
agents such as polyethylene glycol, Sendai Virus, and
Epstein-Barr virus. As discussed above, HCV is a Flavi-like
virus. Therefore, it is probable that HCV infection of cell
lines may be accomplished by techniques known in the art
for infecting cells with Flaviviruses. These include, for
example, incubating the cells with viral preparations under
conditions which allow viral entry into the cell. In addition,
it may be possible to obtain viral production by transfecting
the cells with isolated viral polynucleotides. It is known that
Togavirus and Flavivirus RNAs are infectious in a variety of
vertebrate cell lines (Pfefferkorn and Shapiro (1974)), and in
a mosquito cell line (Peleg (1969)). Methods for transfecting
tissue culture cells with RNA duplexes, positive stranded
RNAs, and DNAs (including cDNAs) are known in the art,
and include, for example, techniques which use electropo-
ration, and precipitation with DEAE-Dextran or calcium
phosphate. An abundant source of HCV RNA can be
obtained by performing in vitro transcription of an HCV
c¢DNA corresponding to the complete genome. Transfection
with this material, or with cloned HCV ¢DNA should result
in viral replication and the in vitro propagation of the virus.

[0386] In addition to cultured cells, animal model systems
may be used for viral replication; animal systems in which
flaviviruses are known to those of skill in the art (see, for
example, the review by Monath (1986)). Thus, HCV repli-
cation may occur not only in chimpanzees, but also in, for
example, marmosets and suckling mice.

[0387]

[0388] The availability of cell culture and animal model
systems for HCV also makes possible screening for anti-
viral agents which inhibit HCV replication, and particularly
for those agents which preferentially allow cell growth and
multiplication while inhibiting viral replication. These
screening methods are known by those of skill in the art.
Generally, the anti-viral agents are tested at a variety of
concentrations, for their effect on preventing viral replica-
tion in cell culture systems which support viral replication,
and then for an inhibition of infectivity or of viral pathoge-
nicity (and a low level of toxicity) in an animal model
system.

ILL. Screening for Anti-viral Agents for HCV

[0389] The methods and compositions provided herein for
detecting HCV antigens and HCV polynucleotides are use-
ful for screening of anti-viral agents in that they provide an
alternative, and perhaps more sensitive means, for detecting
the agent’s effect on viral replication than the cell plaque
assay or 1D, assay. For example, the HCV-polynucleotide
probes described herein may be used to quantitate the
amount of viral nucleic acid produced in a cell culture. This
could be accomplished, for example, by hybridization or
competition hybridization of the infected cell nucleic acids
with a labeled HCV-polynucleotide probe. For example,
also, anti-HCV antibodies may be used to identify and
quantitate HCV antigen(s) in the cell culture utilizing the
immunoassays described herein. In addition, since it may be
desirable to quantitate HCV antigens in the infected cell
culture by a competition assay, the polypeptides encoded
within the HCV ¢cDNAs described herein are useful in these
competition assays. Generally, a recombinant HCV polypep-
tide derived from the HCV ¢cDNA would be labeled, and the
inhibition of binding of this labeled polypeptide to an HCV
polypeptide due to the antigen produced in the cell culture
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system would be monitored. Moreover, these techniques are
particularly useful in cases where the HCV may be able to
replicate in a cell line without causing cell death.

[0390] The anti-viral agents which may be tested for
efficacy by these methods are known in the art, and include,
for example, those which interact with virion components
and/or cellular components which are necessary for the
binding and/or replication of the virus. Typical anti-viral
agents may include, for example, inhibitors of virion poly-
merase and/or protease(s) necessary for cleavage of the
precursor polypeptides. Other anti-viral agents may include
those which act with nucleic acids to prevent viral replica-
tion, for example, anti-sense polynucleotides, etc.

[0391] Antisense polynucleotides molecules are com-
prised of a complementary nucleotide sequence which
allows them to hybridize specifically to designated regions
of genomes or RNAs. Antisense polynucleotides may
include, for example, molecules that will block protein
translation by binding to mRNA, or may be molecules which
prevent replication of viral RNA by transcriptase. They may
also include molecules which carry agents (non-covalently
attached or covalently bound) which cause the viral RNA to
be inactive by causing, for example, scissions in the viral
RNA. They may also bind to cellular polynucleotides which
enhance and/or are required for viral infectivity, replicative
ability, or chronicity. Antisense molecules which are to
hybridize to HCV derived RNAs may be designed based
upon the sequence information of the HCV cDNAs provided
herein. The antiviral agents based upon anti-sense poly-
nucleotides for HCV may be designed to bind with high
specificity, to be of increased solubility, to be stable, and to
have low toxicity. Hence, they may be delivered in special-
ized systems, for example, liposomes, or by gene therapy. In
addition, they may include analogs, attached proteins, sub-
stituted or altered bonding between bases, etc.

[0392] Other types of drugs may be based upon polynucle-
otides which “mimic” important control regions of the HCV
genome, and which may be therapeutic due to their inter-
actions with key components of the system responsible for
viral infectivity or replication.

[0393]

[0394] In addition to the above, utilizing the tissue culture
systems and/or animal model systems, it may be possible to
isolate attenuated strains of HCV. These strains would be
suitable for vaccines, or for the isolation of viral antigens.
Attenuated strains are isolatable after multiple passages in
cell culture and/or an animal model. Detection of an attenu-
ated strain in an infected cell or individual is achievable by
techniques known in the art, and could include, for example,
the use of antibodies to one or more epitopes encoded in
HCYV as a probe or the use of a polynucleotide containing an
HCV sequence of at least about 8 nucleotides as a probe.
Alternatively, or in addition, an attenuated strain may be
constructed utilizing the genomic information of HCV pro-
vided herein, and utilizing recombinant techniques. Gener-
ally, one would attempt to delete a region of the genome
encoding, for example, a polypeptide related to pathogenic-
ity, but which allows viral replication. In addition, the
genome construction would allow the expression of an
epitope which gives rise to neutralizing antibodies for HCV.
The altered genome could then be utilized to transform cells
which allow HCV replication, and the cells grown under
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conditions to allow viral replication. Attenuated HCV strains
are useful not only for vaccine purposes, but also as sources
for the commercial production of viral antigens, since the
processing of these viruses would require less stringent
protection measures for the employees involved in viral
production and/or the production of viral products.

[0395] III. General Methods

[0396] The general techniques used in extracting the
genome from a virus, preparing and probing a cDNA library,
sequencing clones, constructing expression vectors, trans-
forming cells, performing immunological assays such as
radioimmunoassays and ELISA assays, for growing cells in
culture, and the like are known in the art and laboratory
manuals are available describing these techniques. However,
as a general guide, the following sets forth some sources
currently available for such procedures, and for materials
useful in carrying them out.

[0397]

[0398] Both prokaryotic and eukaryotic host cells may be
used for expression of desired coding sequences when
appropriate control sequences which are compatible with the
designated host are used. Among prokaryotic hosts, E. coli
is most frequently used. Expression control sequences for
prokaryotes include promoters, optionally containing opera-
tor portions, and ribosome binding sites. Transfer vectors
compatible with prokaryotic hosts are commonly derived
from, for example, pBR322, a plasmid containing operons
conferring ampicillin and tetracycline resistance, and the
various pUC vectors, which also contain sequences confer-
ring antibiotic resistance markers. These markers may be
used to obtain successful transformants by selection. Com-
monly used prokaryotic control sequences include the Beta-
lactamase (penicillinase) and lactose promoter systems
(Chang et al. (1977)), the tryptophan (trp) promoter system
(Goeddel et al. (1980)) and the lambda-derived PL promoter
and N gene ribosome binding site (Shimatake et al. (1981))
and the hybrid tac promoter (De Boer et al. (1983)) derived
from sequences of the trp and lac UV5 promoters. The
foregoing systems are particularly compatible with E. coli;
if desired, other prokaryotic hosts such as strains of Bacillus
or Pseudomonas may be used, with corresponding control
sequences.

IIILA. Hosts and Expression Control Sequences

[0399] Eukaryotic hosts include yeast and mammalian
cells in culture systems. Saccharomyces cerevisiae and
Saccharomyces carlsbergensis are the most commonly used
yeast hosts, and are convenient fungal hosts. Yeast compat-
ible vectors carry markers which permit selection of suc-
cessful transformants by conferring prototrophy to aux-
otrophic mutants or resistance to heavy metals on wild-type
strains. Yeast compatible vectors may employ the 2 micron
origin of replication (Broach et al. (1983)), the combination
of CEN3 and ARSI or other means for assuring replication,
such as sequences which will result in incorporation of an
appropriate fragment into the host cell genome. Control
sequences for yeast vectors are known in the art and include
promoters for the synthesis of glycolytic enzymes (Hess et
al. (1968); Holland et al. (1978)), including the promoter for
3 phosphoglycerate kinase (Hitzeman (1980)). Terminators
may also be included, such as those derived from the enolase
gene (Holland (1981)). Particularly useful control systems
are those which comprise the glyceraldehyde-3 phosphate
dehydrogenase (GAPDH) promoter or alcohol dehydroge-
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nase (ADH) regulatable promoter, terminators also derived
from GAPDH, and if secretion is desired, leader sequence
from yeast alpha factor. In addition, the transcriptional
regulatory region and the transcriptional initiation region
which are operably linked may be such that they are not
naturally associated in the wild-type organism. These sys-
tems are described in detail in EPO 120,551, published Oct.
3, 1984; EPO 116,201, published Aug. 22, 1984; and EPO
164,556, published Dec. 18, 1985, all of which are assigned
to the herein assignee, and are hereby incorporated herein by
reference.

[0400] Mammalian cell lines available as hosts for expres-
sion are known in the art and include many immortalized
cell lines available from the American Type Culture Collec-
tion (ATCC), including HeLa cells, Chinese hamster ovary
(CHO) cells, baby hamster kidney (BHK) cells, and a
number of other cell lines. Suitable promoters for mamma-
lian cells are also known in the art and include viral
promoters such as that from Simian Virus 40 (SV40) (Fiers
(1978)), Rous sarcoma virus (RSV), adenovirus (ADV), and
bovine papilloma virus (BPV). Mammalian cells may also
require terminator sequences and poly A addition sequences;
enhancer sequences which increase expression may also be
included, and sequences which cause amplification of the
gene may also be desirable. These sequences are known in
the art.

[0401] Vectors suitable for replication in mammalian cells
are known in the art, and may include viral replicons, or
sequences which insure integration of the appropriate
sequences encoding NANBYV epitopes into the host genome.

[0402] A vector which is used to express foreign DNA,
and which may be used in vaccine preparation is Vaccinia
virus. In this case the heterologous DNA is inserted into the
Vaccinia genome. Techniques for the insertion of foreign
DNA into the vaccinia virus genome are known in the art,
and utilize, for example, homologous recombination. The
insertion of the heterologous DNA is generally into a gene
which is non-essential in nature, for example, the thymidine
kinase gene (tk), which also provides a selectable marker.
Plasmid vectors that greatly facilitate the construction of
recombinant viruses have been described (see, for example,
Mackett et al. (1984), Chakrabarti et al. (1985); Moss
(1987)). Expression of the HCV polypeptide then occurs in
cells or individuals which are immunized with the live
recombinant vaccinia virus.

[0403] The segment of HCV ¢DNA which is inserted into
a vaccinia vector may be derived from the “x” region of the
HCV genome (see FIG. 69); for example, it may encode a
polypeptide comprised of amino acid numbers 406-661. The
polypeptide encoding sequence may be attached to a leader
sequence. The leader sequence may be that for tissue plas-
minogen activator (tPA), or from another source, ¢.g., that
for beta-globin. The heterologous polynucleotide may be
inserted into a vaccinia vector which is a modified version
of pSC11, due to the addition of a polylinker sequence which
contains a cloning site.

[0404] The segment of HCV ¢DNA which is inserted into
the vaccinia vector may also be derived from the “x” region
of the HCV genome, but it may encode a larger polypeptide,
i.e., one comprised of amino acid numbers 347-906. The

polypeptide encoding sequence, which may or may not be
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attached to an upstream heterologous leader sequence, may
be inserted into the modified pSC11 wvaccinia vector
described above.

[0405] In order to detect whether or not the HCV polypep-
tide is expressed from the vaccinia vector, BSC1 cells may
be infected with the recombinant vector and grown on
microscope slides under conditions which allow expression.
The cells may then be acetone-fixed, and immunofluores-
cence assays performed using serum which is known to
contain anti-HCV antibodies to a polypeptide(s) encoded in
the region of the HCV genome from which the HCV
segment in the recombinant expression vector was derived.

[0406] Other systems for expression of eukaryotic or viral
genomes include insect cells and vectors suitable for use in
these cells. These systems are known in the art, and include,
for example, insect expression transfer vectors derived from
the baculovirus Autographa californica nuclear polyhedro-
sis virus (AcNPV), which is a helper-independent, viral
expression vector. Expression vectors derived from this
system usually use the strong viral polyhedrin gene pro-
moter to drive expression of heterologous genes. Currently
the most commonly used transfer vector for introducing
foreign genes into AcNPV is pAc373 (FIG. 70). Many other
vectors, known to those of skill in the art, have also been
designed for improved expression. These include, for
example, pVLI85 (which alters the polyhedrin start codon
from ATG to ATT, and which introduces a BamHI cloning
site 32 basepairs downstream from the ATT; See Luckow
and Summers (1989)). AcNPV transfer vectors for high level
expression of nonfused foreign proteins are shown in FIG.
70. In the figure, the numbers shown refer to positions wihtin
the native gene, where the A of the ATG codon is +1. FIG.
70 also shows a restriction endonuclease map of the transfer
vector pAc373. The map shows that a unique BamHI site is
located following position -8 with respect to the translation
initiation codon ATG of the polyhedrin gene. There are no
cleavage sites for Smal, Pstl, Bglll, Xbal or Sstl. Good
expression of nonfused foreign proteins usually requires
foreign genes that ideally have a short leader sequence
containing suitable translation initiation signals preceding
an ATG start signal. The plasmid also contains the polyhe-
drin polyadenylation signal and the ampicillin-resistance
(amp) gene and origin of replication for selection and
propagation in E. coli.

[0407] Methods for the introduction of heterologous DNA
into the desired site in the baculovirus virus are known in the
art. (See Summer and Smith, Texas Agricultural Experiment
Station Bulletin No. 1555; Ju et al. (1987); Smith et al.
(1983); and Luckow and Summers (1989)). For example, the
insertion can be into a gene such as the polyhedrin gene, by
homologous recombination; insertion can also be into a
restriction enzyme site engineered into the desired baculovi-
rus gene. The inserted sequences may be those which encode
all or varying segments of the polyprotein, or other orfs
which encode viral polypeptides. For example, the insert
could encode the following numbers of amino acid segments
from the polyprotein: amino acids 1-1078; amino acids
332-662; amino acids 406-662; amino acids 156-328, and
amino acids 199-328.

[0408] The signals for posttranslational modifications,
such as signal peptide cleavage, proteolytic cleavage, and
phosphorylation, appear to be recognized by insect cells.
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The signals required for secretion and nuclear accumulation
also appear to be conserved between the invertebrate cells
and vertebrate cells. Examples of the signal sequences from
vertebrate cells which are effective in invertebrate cells are
known in the art, for example, the human interleukin 2 signal
(IL2) which is a signal for transport out of the cell, is
recognized and properly removed in insect cells.

[0409]

[0410] Transformation may be by any known method for
introducing polynucleotides into a host cell, including, for
example packaging the polynucleotide in a virus and trans-
ducing a host cell with the virus, and by direct uptake of the
polynucleotide. The transformation procedure used depends
upon the host to be transformed. For example, transforma-
tion of the E. coli host cells with lambda-gt1l containing
BB-NANBYV sequences is discussed in the Example section,
infra. Bacterial transformation by direct uptake generally
employs treatment with calcium or rubidium chloride
(Cohen (1972); Maniatis (1982)). Yeast transformation by
direct uptake may be carried out using the method of Hinnen
et al. (1978). Mammalian transformations by direct uptake
may be conducted using the calcium phosphate precipitation
method of Graham and Van der Eb (1978), or the various
known modifications thereof. Other methods for the intro-
duction of recombinant polynucleotides into cells, particu-
larly into mammalian cells, which are known in the art
include dextran-mediated transfection, calcium phosphate
mediated transfection, polybrene mediated transfection, pro-
toplast fusion, electroporation, encapsulation of the poly-
nucleotide(s) in liposomes, and direct microinjection of the
polynucleotides into nuclei.

[0411]

[0412] Vector construction employs techniques which are
known in the art. Site-specific DNA cleavage is performed
by treating with suitable restriction enzymes under condi-
tions which generally are specified by the manufacturer of
these commercially available enzymes. In general, about 1
microgram of plasmid or DNA sequence is cleaved by 1 unit
of enzyme in about 20 microliters buffer solution by incu-
bation of 1-2 hr at 37° C. After incubation with the restric-
tion enzyme, protein is removed by phenol/chloroform
extraction and the DNA recovered by precipitation with
ethanol. The cleaved fragments may be separated using
polyacrylamide or agarose gel electrophoresis techniques,
according to the general procedures found in Methods in
Enzymology (1980) 65:499-560.

[0413] Sticky ended cleavage fragments may be blunt
ended using E. coli DNA polymerase I (Klenow) in the
presence of the appropriate deoxynucleotide triphosphates
(dNTPs) present in the mixture. Treatment with S1 nuclease
may also be used, resulting in the hydrolysis of any single
stranded DNA portions.

II1.B. Transformations

III.C. Vector Construction

[0414] Ligations are carried out using standard buffer and
temperature conditions using T4 DNA ligase and ATP;
sticky end ligations require less ATP and less ligase than
blunt end ligations. When vector fragments are used as part
of a ligation mixture, the vector fragment is often treated
with bacterial alkaline phosphatase (BAP) or calf intestinal
alkaline phosphatase to remove the 5'-phosphate and thus
prevent religation of the vector; alternatively, restriction
enzyme digestion of unwanted fragments can be used to
prevent ligation.
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[0415] Ligation mixtures are transformed into suitable
cloning hosts, such as E. coli, and successful transformants
selected by, for example, antibiotic resistance, and screened
for the correct construction.

[0416]

[0417] Synthetic oligonucleotides may be prepared using
an automated oligonucleotide synthesizer as described by
Warner (1984). If desired the synthetic strands may be
labeled with 2P by treatment with polynucleotide kinase in
the presence of *?P-ATP, using standard conditions for the
reaction.

IIL.D. Construction of Desired DNA Sequences

[0418] DNA sequences, including those isolated from
c¢DNA libraries, may be modified by known techniques,
including, for example site directed mutagenesis, as
described by Zoller (1982). Briefly, the DNA to be modified
is packaged into phage as a single stranded sequence, and
converted to a double stranded DNA with DNA polymerase
using, as a primer, a synthetic oligonucleotide complemen-
tary to the portion of the DNA to be modified, having the
desired modification included in its own sequence. The
resulting double stranded DNA is transformed into a phage
supporting host bacterium. Cultures of the transformed
bacteria, which contain replications of each strand of the
phage, are plated in agar to obtain plaques. Theoretically,
50% of the new plaques contain phage having the mutated
sequence, and the remaining 50% have the original
sequence. Replicates of the plaques are hybridized to labeled
synthetic probe at temperatures and conditions which permit
hybridization with the correct strand, but not with the
unmodified sequence. The sequences which have been iden-
tified by hybridization are recovered and cloned.

[0419] IILE. Hybridization with Probe

[0420] DNA libraries may be probed using the procedure
of Grunstein and Hogness (1975). Briefly, in this procedure,
the DNA to be probed is immobilized on nitrocellulose
filters, denatured, and prehybridized with a buffer containing
0-50% formamide, 0.75 M NaCl, 75 mM Na citrate, 0.02%
(wt/v) each of bovine serum albumin, polyvinyl pyrollidone,
and Ficoll, 50 mM Na Phosphate (pH 6.5), 0.1% SDS, and
100 micrograms/ml carrier denatured DNA. The percentage
of formamide in the buffer, as well as the time and tempera-
ture conditions of the prehybridization and subsequent
hybridization steps depends on the stringency required.
Oligomeric probes which require lower stringency condi-
tions are generally used with low percentages of formamide,
lower temperatures, and longer hybridization times. Probes
containing more than 30 or 40 nucleotides such as those
derived from cDNA or genomic sequences generally employ
higher temperatures, e.g., about 40-42° C., and a high
percentage, e.g., 50%, formamide. Following prehybridiza-
tion, 5'-**P-labeled oligonucleotide probe is added to the
buffer, and the filters are incubated in this mixture under
hybridization conditions. After washing, the treated filters
are subjected to autoradiography to show the location of the
hybridized probe; DNA in corresponding locations on the
original agar plates is used as the source of the desired DNA.

[0421]

[0422] For routine vector constructions, ligation mixtures
are transformed into E. coli strain HB101 or other suitable
host, and successful transformants selected by antibiotic
resistance or other markers. Plasmids from the transformants

IILF. Verification of Construction and Sequencing
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are then prepared according to the method of Clewell et al.
(1969), usually following chloramphenicol amplification
(Clewell (1972)). The DNA is isolated and analyzed, usually
by restriction enzyme analysis and/or sequencing. Sequenc-
ing may be by the dideoxy method of Sanger et al. (1977)
as further described by Messing et al. (1981), or by the
method of Maxam et al. (1980). Problems with band com-
pression, which are sometimes observed in GC rich regions,
were overcome by use of T-deazoguanosine according to
Barr et al. (1986).

[0423]

[0424] The enzyme-linked immunosorbent assay (ELISA)
can be used to measure either antigen or antibody concen-
trations. This method depends upon conjugation of an
enzyme to either an antigen or an antibody, and uses the
bound enzyme activity as a quantitative label. To measure
antibody, the known antigen is fixed to a solid phase (e.g.,
a microplate or plastic cup), incubated with test serum
dilutions, washed, incubated with anti-immunoglobulin
labeled with an enzyme, and washed again. Enzymes suit-
able for labeling are known in the art, and include, for
example, horseradish peroxidase. Enzyme activity bound to
the solid phase is measured by adding the specific substrate,
and determining product formation or substrate utilization
calorimetrically. The enzyme activity bound is a direct
function of the amount of antibody bound.

III.G. Enzyme Linked Immunosorbent Assay

[0425] To measure antigen, a known specific antibody is
fixed to the solid phase, the test material containing antigen
is added, after an incubation the solid phase is washed, and
a second enzyme-labeled antibody is added. After washing,
substrate is added, and enzyme activity is estimated calori-
metrically, and related to antigen concentration.

IV. EXAMPLES

[0426] Described below are examples of the present
invention which are provided only for illustrative purposes,
and not to limit the scope of the present invention. In light
of the present disclosure, numerous embodiments within the
scope of the claims will be apparent to those of ordinary skill
in the art. The procedures set forth, for example, in Sections
IV.A. may, if desired, be repeated but need not be, as
techniques are available for construction of the desired
nucleotide sequences based on the information provided by
the invention. Expression is exemplified in . coli; however,
other systems are available as set forth more fully in Section
III.A. Additional epitopes derived from the genomic struc-
ture may also be produced, and used to generate antibodies
as set forth below.

[0427] IV.A. Preparation, Isolation and Sequencing of
HCV cDNA

[0428] IV.A.1. Preparation of HCV cDNA

[0429] The source of NANB agent was a plasma pool
derived from a chimpanzee with chronic NANBH. The
chimpanzee had been experimentally infected with blood
from another chimpanzee with chronic NANBH resulting
from infection with HCV in a contaminated batch of factor
8 concentrate derived from pooled human sera. The chim-
panzee plasma pool was made by combining many indi-
vidual plasma samples containing high levels of alanine
aminotransferase activity; this activity results from hepatic
injury due to the HCV infection. Since 1 ml of a 107°
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dilution of this pooled serum given i.v. caused NANBH in
another chimpanzee, its CID was at least 10/ml, i.e., it had
a high infectious virus titer.

[0430] A cDNA library from the high titer plasma pool
was generated as follows. First, viral particles were isolated
from the plasma; a 90 ml aliquot was diluted with 310 ml of
a solution containing 50 mM Tris-HCl, pH 8.0, 1 mM
EDTA, 100 mM NaCl. Debris was removed by centrifuga-
tion for 20 min at 15,000xg at 20° C. Viral particles in the
resulting supernatant were then pelleted by centrifugation in
a Beckman SW28 rotor at 28,000 rpm for 5 hours at 20° C.
To release the viral genome, the particles were disrupted by
suspending the pellets in 15 ml solution containing 1%
sodium dodecyl sulfate (SDS), 10 mM EDTA, 10 mM
Tris-HCl, pH 7.5, also containing 2 mg/ml proteinase k,
followed by incubation at 45° C. for 90 min. Nucleic acids
were isolated by adding 0.8 micrograms MS2 bacteriophage
RNA as carrier, and extracting the mixture four times with
a 1:1 mixture of phenol:chloroform (phenol saturated with
0.05M Tris-HCl, pH 7.5, 0.1% (v/v) beta-mercaptoethanol,
0.1% (w/v) hydroxyquinolone, followed by extraction two
times with chloroform. The aqueous phase was concentrated
with 1-butanol prior to precipitation with 2.5 volumes abso-
lute ethanol overnight at —20° C. Nucleic acid was recovered
by centrifugation in a Beckman SW41 rotor at 40,000 rpm
for 90 min at 4° C., and dissolved in water that had been
treated with 0.05% (v/v) diethylpyrocarbonate and auto-
claved.

[0431] Nucleic acid obtained by the above procedure (<2
micrograms) was denatured with 17.5 mM CH,HgOH;
c¢DNA was synthesized using this denatured nucleic acid as
template, and was cloned into the EcoRI site of phage
lambda-gt11 using methods described by Huynh (1985),
except that random primers replaced oligo(dT) 12-18 during
the synthesis of the first cDNA strand by reverse tran-
scriptase (Taylor et al. (1976)). The resulting double
stranded cDNAs were fractionated according to size on a
Sepharose CL-4B column; elated material of approximate
mean size 400, 300, 200, and 100 base-pairs were pooled
into cDNA pools 1, 2, 3, and 4, respectively. The lambda-
gt1l cDNA library was generated from the cDNA in pool 3.

[0432] The lambda-gtll cDNA library generated from
pool 3 was screened for epitopes that could bind specifically
with serum derived from a patient who had previously
experienced NANBH. About 10° phage were screened with
patient sera using the methods of Huynh et al. (1985), except
that bound human antibody was detected with sheep anti-
human Ig antisera that had been radio-labeled with **°1. Five
positive phages were identified and purified. The five posi-
tive phages were then tested for specificity of binding to sera
from 8 different humans previously infected with the
NANBH agent, using the same method. Four of the phage
encoded a polypeptide that reacted immunologically with
only one human serum, i.e., the one that was used for
primary screening of the phage library. The fifth phage
(5-1-1) encoded a polypeptide that reacted immunologically
with 5 of 8 of the sera tested. Moreover, this polypeptide did
not react immunologically with sera from 7 normal blood
donors. Therefore, it appears that clone 5-1-1 encodes a
polypeptide which is specifically recognized immunologi-
cally by sera from NANB patients.
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[0433] IV.A.2. Sequences of the HCV ¢cDNA in Recom-
binant Phage 5-1-1, and of the Polypeptide Encoded Within
the Sequence.

[0434] The cDNA in recombinant phage 5-1-1 was
sequenced by the method of Sanger et al. (1977). Essentially,
the cDNA was excised with EcoRI, isolated by size frac-
tionation using gel electrophoresis. The EcoRI restriction
fragments were subcloned into the M13 vectors, mp18 and
mpl9 (Messing (1983)) and sequenced using the dideoxy-
chain termination method of Sanger et al. (1977). The
sequence obtained is shown in FIG. 1.

[0435] The polypeptide encoded in FIG. 1 that is encoded
in the HCV ¢cDNA is in the same translational frame as the
N-terminal beta-galactosidase moiety to which it is fused.
As shown in Section IV.A,, the translational open reading
frame (ORF) of 5-1-1 encodes epitope(s) specifically rec-
ognized by sera from patients and chimpanzees with
NANBH infections.

[0436] IV.A.3. Isolation of Overlapping HCV cDNA to
c¢DNA in Clone 5-1-1.

[0437] Overlapping HCV cDNA to the cDNA in clone
5-1-1 was obtained by screening the same lambda-gt1l
library, created as described in Section IV.A.1., with a
synthetic polynucleotide derived from the sequence of the
HCV ¢DNA in clones 5-1-1, as shown in FIG. 1. The
sequence of the polynucleotide used for screening was:

[0438] 5'-TCCCTT GCT CGATGT ACG GTAAGT
GCT GAG AGC ACT CTT CCA TCT CAT CGA
ACT CTC GGT AGA GGA CTIT CCC TGT CAG
GT-3'.

[0439] The lambda-gtll library was screened with this
probe, using the method described in Huynh (1985).
Approximately 1 in 50,000 clones hybridized with the
probe. Three clones which contained cDNAs which hybrid-
ized with the synthetic probe have been numbered 81, 1-2,
and 91.

[0440] IV.A4. Nucleotide Sequences of Overlapping
HCV cDNAs to cDNA in Clone 5-1-1.

[0441] The nucleotide sequences of the three cDNAs in
clones 81, 1-2, and 91 were determined essentially as in
Section IV.A.2. The sequences of these clones relative to the
HCV cDNA sequence in phage 5-1-1 is shown in FIG. 2,
which shows the strand encoding the detected HCV epitope,
and where the homologies in the nucleotide sequences are
indicated by vertical lines between the sequences.

[0442] The sequences of the cloned HCV c¢DNAs are
highly homologous in the overlapping regions (see FIG. 2).
However, there are differences in two regions. Nucleotide 67
in clone 1-2 is a thymidine, whereas the other three clones
contain a cytidine residue in this position. It should be noted,
however, that the same amino acid is encoded when either
C or T occupies this position.

[0443] The second difference is that clone 5-1-1 contains
28 base pairs which are not present in the other three clones.
These base pairs occur at the start of the cDNA sequence in
5-1-1, and are indicated by small letters. The 28 bp region
is probably a terminal artifact in clone 5-1-1 which enhances
its antigenicity.
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[0444] The sequences of small letters in the nucleotide
sequence of clones 81 and 91 simply indicate that these
sequences have not been found in other cDNAs because
c¢DNAs overlapping these regions were not yet isolated.

[0445] A composite HCV cDNA sequence derived from
overlapping cDNAs in clones 5-1-1, 81, 1-2 and 91 is shown
in FIG. 3. However, in this figure the unique 28 base pairs
of clone 5-1-1 are omitted. The figure also shows the
sequence of the polypeptide encoded within the ORF of the
composite HCV cDNA.

[0446] IV.A5. Isolation of Overlapping HCV cDNAs to
cDNA in Clone 81.

[0447] The isolation of HCV c¢cDNA sequences upstream
of, and which overlap those in clone 81 cDNA was accom-
plished as follows. The lambda-gt11 cDNA library prepared
as described in Section IV.A.1. was screened by hybridiza-
tion with a synthetic polynucleotide probe which was
homologous to a 5' terminal sequence of clone 81. The
sequence of clone 81 is presented in FIG. 4. The sequence
of the synthetic polynucleotide used for screening was:

[0448] 5'CTG TCA GGT ATG ATT GCC GGC TTC
CCG GAC 3.

[0449] The methods were essentially-as described in
Huynh (1985), except that the library filters were given two
washes under stringent conditions, i.e., the washes were in
5%SSC, 0.1% SDS at 55° C. for 30 minutes each. Approxi-
mately 1 in 50,000 clones hybridized with the probe. A
positive recombinant phage which contained cDNA which
hybridized with the sequence was isolated and purified. This
phage has been numbered clone 36.

[0450] Downstream cDNA sequences, which overlaps the
carboxyl-end sequences in clone 81 cDNA. were isolated
using a procedure similar to that for the isolation of upstream
cDNA sequences, except that a synthetic oligonucleotide
probe was prepared which is homologous to a 3' terminal
sequence of clone 81. The sequence of the synthetic poly-
nucleotide used for screening was:

[0451] 5'TTT GGC TAG TGG TTA GTG GGC TGG
TGA CAG 3'

[0452] A positive recombinant phage, which contained
c¢DNA which hybridized with this latter sequence was iso-
lated and purified, and has been numbered clone 32.

[0453] IV.A.6. Nucleotide Sequence of HCV cDNA in
Clone 36.

[0454] The nucleotide sequence of the cDNA in clone 36
was determined essentially as described in Section IV.A.2.
The double-stranded sequence of this cDNA, its region of
overlap with the HCV cDNA in clone 81, and the polypep-
tide encoded by the ORF are shown in FIG. §.

[0455] The ORF in clone 36 is in the same translational
frame as the HCV antigen encoded in clone 81. Thus, in
combination, the ORFs in clones 36 and 81 encode a
polypeptide that represents part of a large HCV antigen. The
sequence of this putative HCV polypeptide and the double
stranded DNA sequence encoding it, which is derived from
the combined ORFs of the HCV ¢cDNAs of clones 36 and 81,
is shown in FIG. 6.
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[0456] IV.A.7 Nucleotide Sequences of HCV c¢DNA in
Clone 32

[0457] The nucleotide sequence of the cDNA in clone 32
was determined essentially as was that described in Section
IV.A.2 for the sequence of clone 5-1-1. The sequence data
indicated that the cDNA in clone 32 recombinant phage was
derived from two different sources. One fragment of the
cDNA was comprised of 418 nucleotides derived from the
HCV genome; the other fragment was comprised of 172
nucleotides derived from the bacteriophage MS2 genome,
which had been used as a carrier during the preparation of
the lambda gt11 plasma cDNA library.

[0458] The sequence of the cDNA in clone 32 correspond-
ing to that of the HCV genome is shown in FIG. 7. The
region of the sequences that overlaps that of clone 81, and
the polypeptide encoded by the ORF are also indicated in the
figure. This sequence contains one continuous ORF that is in
the same translational frame as the HCV antigen encoded by
clone 81.

[0459] IV.A.8 Isolation of Overlapping HCV cDNA to
cDNA in Clone 36

[0460] The isolation of HCV c¢cDNA sequences upstream
of, and which overlap those in clone 36 cDNA was accom-
plished as described in Section IV.A.5, for those which
overlap clone 81 cDNA, except that the synthetic polynucle-
otide was based on the 5'-region of clone 36. The sequence
of the synthetic polynucleotide used for screening was:

[0461] 5' AAG CCA CCG TGT GCG CTA GGG
CTC AAG CCC 3!

[0462] Approximately 1 in 50,000 clones hybridized with
the probe. The isolated, purified clone of recombinant phage
which contained cDNA which hybridized to this sequence
was named clone 35.

[0463] IV.A.9 Nucleotide Sequence of HCV c¢DNA in
Clone 35

[0464] The nucleotide sequence of the cDNA in clone 35
was determined essentially as described in Section IV.A.2.
The sequence, its region of overlap with that of the cDNA
in clone 36, and the putative polypeptide encoded therein,
are shown in FIG. 8.

[0465] Clone 35 apparently contains a single, continuous
ORF that encodes a polypeptide in the same translational
frame as that encoded by clone 36, clone 81, and clone 32.
FIG. 9 shows the sequence of the long continuous ORF that
extends through clones 35, 36, 81, and 32, along with the
putative HCV polypeptide encoded therein. This combined
sequence has been confirmed using other independent cDNA
clones derived from the same lambda gt11 cDNA library.

[0466] IV.A.10. Isolation of Overlapping HCV c¢DNA to
cDNA in Clone 35

[0467] The isolation of HCV c¢cDNA sequences upstream
of, and which overlap those in clone 35 cDNA was accom-
plished as described in Section IV.A.8, for those which
overlap clone 36 cDNA, except that the synthetic polynucle-
otide was based on the 5'-region of clone 35. The sequence
of the synthetic polynucleotide used for screening was:

[0468] 5'CAG GAT GCT GTC TCC CGC ACT CAA
CGT 3
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[0469] Approximately 1 in 50,000 clones hybridized with
the probe. The isolated, purified clone of recombinant phage
which contained cDNA which hybridized to this sequence
was named clone 37b.

[0470] IV.A.11. Nucleotide Sequence of HCV in Clone
37b

[0471] The nucleotide sequence of the cDNA in clone 37b
was determined essentially as described in Section IV.A.2.
The sequence, its region of overlap with that of the cDNA
in clone 35, and the putative polypeptide encoded therein,
are shown in FIG. 10.

[0472] The 5'-terminal nucleotide of clone 35 is a T,
whereas the corresponding nucleotide in clone 37b is an A.
The cDNAs from three other independent clones which were
isolated during the procedure in which clone 37b was
isolated, described in Section IV.A.10, have also been
sequenced. The cDNAs from these clones also contain an A
in this position. Thus, the 5'-terminal T in clone 35 may be
an artefact of the cloning procedure. It is known that
artefacts often arise at the 5'-termini of cDNA molecules.

[0473] Clone 37b apparently contains one continuous
ORF which encodes a polypeptide which is a continuation of
the polypeptide encoded in the ORF which extends through
the overlapping clones 35, 36, 81 and 32.

[0474] IV.A.12 Isolation of Overlapping HCV ¢cDNA to
cDNA in Clone 32

[0475] The isolation of HCV cDNA sequences down-
stream of clone 32 was accomplished as follows. First, clone
cla was isolated utilizing a synthetic hybridization probe
which was based on the nucleotide sequence of the HCV
c¢DNA sequence in clone 32. The method was essentially
that described in Section IV.A.5, except that the sequence of
the synthetic probe was:

[0476] 5' AGT GCA GTG GAT GAA CCG GCT
GAT AGC CTT 3.

[0477] Utilizing the nucleotide sequence from clone cla,
another synthetic nucleotide was synthesized which had the
sequence:

[0478] 5' TCC TGA GGC GAC TGC ACC AGT
GGA TAA GCT 3.

[0479] Screening of the lambda gt11 library using the
clone cla derived sequence as probe yielded approximately
1 in 50,000 positive colonies. An isolated, purified clone
which hybridized with this probe was named clone 33b.

[0480] IV.A.13 Nucleotide Sequence of HCV c¢DNA in
Clone 33b

[0481] The nucleotide sequence of the cDNA in clone 33b
was determined essentially as described in Section IV.A.2.
The sequence, its region of overlap with that of the cDNA
in clone 32, and the putative polypeptide encoded therein,
are shown in FIG. 11.

[0482] Clone 33b apparently contains one continuous
ORF which is an extension of the ORFs in overlapping
clones 37b, 35, 36, 81 and 32. The polypeptide encoded in
clone 33b is in the same translational frame as that encoded
in the extended ORF of these overlapping clones.
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[0483] IV.A.14 Isolation of Overlapping HCV c¢cDNAs to
¢DNA Clone 37b and to cDNA in Clone 33b

[0484] In order to isolate HCV cDNAs which overlap the
c¢DNAs in clone 37b and in clone 33b, the following
synthetic oligonucleotide probes, which were derived from
the ¢cDNAs in those clones, were used to screen the lambda
gt11 library, using essentially the method described in Sec-
tion IV.A.3. The probes used were:

[0485] 5'CAG GAT GCT GTC TCC CGC ACT CAA
CGT C 3'and

[0486] 5' TCC TGA GGC GAC TGC ACC AGT
GGA TAA GCT 3

[0487] to detect colonies containing HCV cDNA
sequences which overlap those in clones 37b and 33b,
respectively. Approximately 1 in 50,000 colonies were
detected with each probe. A clone which contained cDNA
which was upstream of, and which overlapped the cDNA in
clone 37b, was named clone 40b. A clone which contained
c¢DNA which was downstream of, and which overlapped the
c¢DNA in clone 33b was named clone 25c.

[0488] IV.A.15 Nucleotide Sequences of HCV c¢DNA in
clone 40b and in clone 25¢

[0489] The nucleotide sequences of the cDNAs in clone
40b and in clone 25c were determined essentially as
described in Section IV.A.2. The sequences of 40b and 25c¢,
their regions of overlap with the cDNAs in clones 37b and
33b, and the putative polypeptides encoded therein, are
shown in FIG. 12 (clone 40b) and FIG. 13 (clone 25¢).

[0490] The 5'-terminal nucleotide of clone 40b is a G.
However, the cDNAs from five other independent clones
which were isolated during the procedure in which clone
40b was isolated, described in Section IV.A.14, have also
been sequenced. The cDNAs from these clones also contain
a T in this position. Thus, the G may represent a cloning
artifact (see the discussion in Section IV.A.11).

[0491] The 5'-terminus of clone 25¢ is ACT, but the
sequence of this region in clone cla (sequence not shown),
in clone 33b is TCA. This difference may also represent a
cloning artifact, as may the 28 extra 5'-terminal nucleotides
in clone 5-1-1.

[0492] Clones 40b and 25c¢ each apparently contain an
ORF which is an extension of the continuous ORF in the
previously sequenced clones. The nucleotide sequence of
the ORF extending through clones 40b, 37b, 35, 36, 81, 32,
33b, and 25¢, and the amino acid sequence of the putative
polypeptide encoded therein, are shown in FIG. 14. In the
figure, the potential artifacts have been omitted from the
sequence, and instead, the corresponding sequences in non-
5'-terminal regions of multiple overlapping clones are
shown.

[0493] IV.A.16. Preparation of a Composite HCV ¢cDNA
from the ¢cDNAs in Clones 36, 81, and 32

[0494] The composite HCV c¢DNA, C100, was con-
structed as follows. First the cDNAs from the clones 36, 81,
and 32 were excised with EcoRI. The EcoRI fragment of
c¢DNA from each clone was cloned individually into the
EcoRI site of the vector pGEM3-blue (Promega Biotec) The
resulting recombinant vectors which contained the cDNAs
from clones 36, 81, and 32 were named pGEM3-blue/36,

Aug. 28, 2003

pGEM3-blue/81, and pGEM3-blue/32, respectively. The
appropriately oriented recombinant of pGEM3-blue/81 was
digested with Nael and Narl, and the large (72850 bp)
fragment was purified and ligated with the small (7570 bp)
Nael/Narl purified restriction fragment from pGEM3-blue/
36. This composite of the cDNAs from clones 36 and 81 was
used to generate another pGEM3-blue vector containing the
continuous HCV ORF contained within the overlapping
cDNA within these clones. This new plasmid was then
digested with Pvull and EcoRI to release a fragment of
approximately 680 bp, which was then ligated with the small
(580 bp) Pvull/EcoRI fragment isolated from the appropri-
ately oriented pGEM3-blue/32 plasmid, and the composite
cDNA from clones 36, 81, and 32 was ligated into the EcoRI
linearized vector pSODcf1, which is described in Section
IVB.1, and which was used to express clone 5-1-1 in
bacteria. Recombinants containing the “1270 bp EcoRI
fragment of composite HCV ¢DNA (C100) were selected,
and the cDNA from the plasmids was excised with EcoRI
and purified.

[0495] IV.A.17. Isolation and Nucleotide Sequences of
HCV ¢DNAs in Clones 141, 11b, 7f, 7e, 8h, 33c, 14c¢, 8f, 33f,
33g, and 39c¢

[0496] The HCV cDNAs in clones 141, 11b, 7f, 7e, 8h,
33c, 14c, 8f, 33f, 33g, and 39c were isolated by the tech-
nique of isolating overlapping cDNA fragments from the
lambda gt11 library of HCV cDNAs described in Section
IV.A.1. The technique used was essentially as described in
Section IV.A.3., except that the probes used were designed
from the nucleotide sequence of the last isolated clones from
the 5' and the 3' end of the combined HCV sequences. The
frequency of clones which hybridized with the probes
described below was approximately 1 in 50,000 in each
case.

[0497] The nucleotide sequences of the HCV ¢cDNAs in
clones 144, 71, 7e, 8h, 33c, 14c, 8f, 33f, 33g, and 39c were
determined essentially as described in Section IV.A.2.,
except that the cDNA excised from these phages were
substituted for the cDNA isolated from clone 5-1-1.

[0498] Clone 33c was isolated using a hybridization probe
based on the sequence of nucleotides in clone 40b. The
nucleotide sequence of clone 40b is presented in FIG. 12.
The nucleotide sequence of the probe used to isolate 33c
was:

[0499] 5'ATC AGGACC GGG GTG AGAACAATT
ACC ACT 3'

[0500] The sequence of the HCV ¢cDNA in clone 33c, and
the overlap with that in clone 40b, is shown in FIG. 15,
which also shows the amino acids encoded therein.

[0501] Clone 8h was isolated using a probe based on the
sequence of nucleotides in clone 33c. The nucleotide
sequence of the probe was

[0502] 5' AGA GAC AAC CAT GAG GTC CCC
GGT GTT C 3'.

[0503] The sequence of the HCV ¢cDNA in clone 8h, and
the overlap with that in clone 33c, and the amino acids
encoded therein, are shown in FIG. 16.

[0504] Clone 7e was isolated using a probe based on the
sequence of nucleotides in clone 8h. The nucleotide
sequence of the probe was
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[0505] 5'TCGCAC CTTTAC CTG GTCACG AGG
CAC 3.

[0506] The sequence of HCV cDNA in clone 7e, the
overlap with clone 8h, and the amino acids encoded therein,
are shown in FIG. 17.

[0507] Clone 14c was isolated with a probe based on the
sequence of nucleotides in clone 25¢. The sequence of clone
25c¢ is shown in FIG. 13. The probe in the isolation of clone
14c had the sequence

[0508] 5'ACCTTC CCC ATT AAT GCC TAC ACC
ACG GGC 3.

[0509] The sequence of HCV cDNA in clone 14c, its
overlap with that in clone 25¢, and the amino acids encoded
therein are shown in FIG. 18.

[0510] Clone 8f was isolated using a probe based on the
sequence of nucleotides in clone 14c. The nucleotide
sequence of the probe was

[0511] 5'TCCATC TCT CAA GGCAACTTG CAC
CGC TAA 3"

[0512] The sequence of HCV cDNA in clone 8f, its
overlap with that in clone 14c¢, and the amino acids encoded
therein are shown in FIG. 19.

[0513] Clone 33f was isolated using a probe based on the
nucleotide sequence present in clone 8f. The nucleotide
sequence of the probe was

[0514] 5'TCC ATG GCT GTC CGC TTC CAC CTC
CAA AGT 3.

[0515] The sequence of HCV c¢DNA in clone 33f, its
overlap with that in clone 8f, and the amino acids encoded
therein are shown in FIG. 20.

[0516] Clone 33g was isolated using a probe based on the
sequence of nucleotides in clone 33f. The nucleotide
sequence of the probe was

[0517] 5'GCG ACA ATA CGA CAA CAT CCT CTG
AGC CCG 3.

[0518] The sequence of HCV c¢DNA in clone 33g, its
overlap with that in clone 33f, and the amino acids encoded
therein are shown in FIG. 21.

[0519] Clone 7f was isolated using a probe based on the
sequence of nucleotides in clone 7e¢. The nucleotide
sequence of the probe was

[0520] 5' AGC AGA CAA GGG GCC TCC TAG
GGT GCATAAT 3"

[0521] The sequence of HCV cDNA in clone 7f, its
overlap with clone 7e¢, and the amino acids encoded therein
are shown in FIG. 22.

[0522] Clone 11b was isolated using a probe based on the
sequence of clone 7f. The nucleotide sequence of the probe
was

[0523] 5'CAC CTATGT TTA TAA CCA TCT CAC
TCC TCT 3'.

[0524] The sequence of HCV cDNA in clone 11b, its
overlap with clone 7f, and the amino acids encoded therein
are shown in FIG. 23.
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[0525] Clone 14i was isolated using a probe based on the
sequence of nucleotides in clone 11b. The nucleotide
sequence of the probe was

[0526] 5'CTC TGT CAC CAT ATT ACA AGC GCT
ATA TCA 3.

[0527] The sequence of HCV c¢DNA in clone 14i, its
overlap with 11b, and the amino acids encoded therein are
shown in FIG. 24.

[0528] Clone 39¢ was isolated using a probe based on the
sequence of nucleotides in clone 33g. The nucleotide
sequence of the probe was

[0529] 5'CTC GTT GCT ACG TCA CCACAATTT
GGT GTA 3'

[0530] The sequence of HCV cDNA in clone 39c, its
overlap with clone 33g, and the amino acids encoded therein
are shown in FIG. 25.

[0531] IV.A.18. The Composite HCV cDNA Sequence
Derived from Isolated Clones Containing HCV ¢cDNA

[0532] The HCV cDNA sequences in the isolated clones
described supra have been aligned to create a composite
HCV cDNA sequence. The isolated clones, aligned in the 5'
to 3' direction are; 141, 7f, 7e, 8h, 33c, 40b, 37b, 35, 36, 81,
32, 33b, 25¢, 14c, 8f, 33f, 33g, and 39c.

[0533] A composite HCV cDNA sequence derived from
the isolated clones, and the amino acids encoded therein, is
shown in FIG. 26.

[0534] In creating the composite sequence the following
sequence heterogeneities have been considered. Clone 33c¢
contains an HCV cDNA of 800 base pairs, which overlaps
the cDNAs in clones 40b and 37c¢. In clone 33c, as well as
in 5 other overlapping clones, nucleotide #789 is a G.
However, in clone 37b (see Section IV.A.11), the corre-
sponding nucleotide is an A. This sequence difference cre-
ates an apparent heterogeneity in the amino acids encoded
therein, which would be either CYS or TYR, for G or A,
respectively. This heterogeneity may have important rami-
fications in terms of protein folding.

[0535] Nucleotide residue #2 in clone 8h HCV ¢cDNAis a
T. However, as shown infra, the corresponding residue in
clone 7¢ is an A; moreover, an A in this position is also found
in 3 other isolated overlapping clones. Thus, the T residue in
clone 8h may represent a cloning artifact. Therefore, in FIG.
26, the residue in this position is designated as an A.

[0536] The 3'-terminal nucleotide in clone 8f HCV cDNA
is a G. However, the corresponding residue in clone 33f, and
in 2 other overlapping clones is a T. Therefore, in FIG. 26,
the residue in this position is designated as a The 3'-terminal
sequence in clone 33f HCV ¢DNA is TTGC. However, the
corresponding sequence in clone 33g and in 2 other over-
lapping clones is ATTC. Therefore, in FIG. 26, the corre-
sponding region is represented as ATTC.

[0537] Nucleotide residue #4 in clone 33g HCV cDNA is
a'T. However, in clone 33f and in 2 other overlapping clones
the corresponding residue is an A. Therefore, in FIG. 26, the
corresponding residue is designated as an A.

[0538] The 3'-terminus of clone 14i is an AA, whereas the
corresponding dinucleotide in clone 11b, and in three other
clones, is TA. Therefore, in FIG. 26, the TA residue is
depicted.
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[0539] The resolution of other sequence heterogeneities is
discussed supra.

[0540] An examination of the composite HCV cDNA
indicates that it contains one large ORF. This suggests that
the viral genome is translated into a large polypeptide which
is processed concomitant with, or subsequent to translation.

[0541] IV.A.19. Isolation and Nucleotide Sequences of
HCV ¢DNAs in Clones 12f, 35f, 19¢g, 26g, and 15¢

[0542] The HCV ¢cDNAs in clones 12f, 35f, 19¢g, 26g, and
15¢ were isolated essentially by the technique described in
Section IV.A.17, except that the probes were as indicated
below. The frequency of clones which hybridized with the
probes was approximately 1 in 50,000 in each case. The
nucleotide sequences of the HCV ¢cDNAs in these clones
were determined essentially as described in Section IV.A.2.,
except that the cDNA from the indicated clones were
substituted for the cDNA isolated from clone 5-1-1.

[0543] The isolation of clone 12f, which contains cDNA
upstream of the HCV ¢cDNA in FIG. 26, was accomplished
using a hybridization probe based on the sequence of
nucleotides in clone 14i. The nucleotide sequence of the
probe was

[0544] 5' TGC TTG TGG ATG ATG CTA CTC ATA
TCC CAA 3.

[0545] The HCV cDNA sequence of clone 12f, its overlap
with clone 141, and the amino acids encoded therein are
shown in FIG. 27.

[0546] The isolation of clone 35f, which contains cDNA
downstream of the HCV ¢DNA in FIG. 26, was accom-
plished using a hybridization probe based on the sequence of
nucleotides in clone 39c. The nucleotide sequence of the
probe was

[0547] 5" AGC AGC GGC GTC AAA AGT GAA
GGC TAA CTT 3.

[0548] The sequence of clone 35f, its overlap with the
sequence in clone 39¢c, and the amino acids encoded therein
are shown in FIG. 28. The isolation of clone 19g was
accomplished using a hybridization probe based on the 3'
sequence of clone 35f. The nucleotide sequence of the probe
was

[0549] 5' TTC TCG TAT GAT ACC CGC TGC TTT
GAC TCC 3.

[0550] The HCV cDNA sequence of clone 19g, its overlap
with the sequence in clone 35f, and the amino acids encoded
therein are shown in FIG. 29.

[0551] The isolation of clone 26g was accomplished using
a hybridization probe based on the 3' sequence of clone 19g.
The nucleotide sequence of the probe was

[0552] 5'TGT GTG GCG ACGACT TAG TCG TTA
TCT GTG 3"

[0553] The HCV cDNA sequence of clone 26g, its overlap
with the sequence in clone 19g, and the amino acids encoded
therein are shown in FIG. 30.

[0554] Clone 15e was isolated using a hybridization probe
based on the 3' sequence of clone 26g. The nucleotide
sequence of the probe was
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[0555] 5'CAC ACT CCA GTC AAT TCC TGG CTA
GGC AAC 3.

[0556] The HCV cDNA sequence of clone 15¢, its overlap
with the sequence in clone 26g, and the amino acids encoded
therein are shown in FIG. 31.

[0557] The HCV cDNA sequences in the isolated clones
described supra. have been aligned to create a composite
HCV cDNA sequence. The isolated clones, aligned in the 5'
to 3' direction are: 12f, 141, 7f, 7e, 8h, 33c, 40b, 37b, 35, 36,
81, 32, 33b, 25c¢, 14c¢, 8f 33f, 33g, 39c, 35f, 19g, 26g, and
15e.

[0558] A composite HCV ¢cDNA sequence derived from
the isolated clones, and the amino acids encoded therein, is
shown in FIG. 32.

[0559] IV.A20. Alternative Method of Isolating cDNA
Sequences Upstream of the HCV ¢cDNA Sequence in Clone
12f

[0560] Based on the most 5' HCV sequence in FIG. 32,
which is derived from the HCV ¢cDNA in clone 12f, small
synthetic oligonucleotide primers of reverse transcriptase
are synthesized and used to bind to the corresponding
sequence in HCV genomic RNA, to prime reverse transcrip-
tion of the upstream sequences. The primer sequences are
proximal to the known 5'-terminal sequence of clone 12f, but
sufficiently downstream to allow the design of probe
sequences upstream of the primer sequences. Known stan-
dard methods of priming and cloning are used. The resulting
cDNA libraries are screened with sequences upstream of the
priming sites (as deduced from the elucidated sequence in
clone 12f). The HCV genomic RNA is obtained from either
plasma or liver samples from chimpanzees with NANBH, or
from analogous samples from humans with NANBH.

[0561] IV.A21. Alternative method Utilizing Tailing to
Isolate Sequences from the 5'-Terminal Region of the HCV
Genome

[0562] In order to isolate the extreme 5'-terminal
sequences of the HCV RNA genome, the cDNA product of
the first round of reverse transcription, which is duplexed
with the template RNA, is tailed with oligo C. This is
accomplished by incubating the product with terminal trans-
ferase in the presence of CTP. The second round of cDNA
synthesis, which yields the complement of the first strand of
c¢DNA, is accomplished utilizing oligo G as a primer for the
reverse transcriptase reaction. The sources of genomic HCV
RNA are as described in Section IV.A.20. The methods for
tailing with terminal transferase, and for the reverse tran-
scriptase reactions are as in Maniatis et al. (1982). The
c¢DNA products are then cloned, screened, and sequenced.

[0563] IV.A22. Alternative Method Utilizing Tailing to
Isolate Sequences from the 3'-Terminal Region of the HCV
Genome

[0564] This method is based on previously used methods
for cloning cDNAs of Flavivirus RNA. In this method, the
RNA is subjected to denaturing conditions to remove sec-
ondary structures at the 3'-terminus, and is then tailed with
Poly A polymerase using rATP as a substrate. Reverse
transcription of the poly A tailed RNA is catalyzed by
reverse transcriptase, utilizing oligo dT as a primer. The
second strands of cDNA are synthesized, the cDNA products
are cloned, screened, and sequenced.
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[0565] IV.A.23 Creation of Lambda-gt1l HCV cDNA
Libraries Containing Larger cDNA Inserts

[0566] The method used to create and screen the Lambda
gt11 libraries are essentially as described in Section IV.A.1.,
except that the library is generated from a pool of larger size
c¢DNAs eluted from the Sepharose CL-4B column.

[0567] IV.A.24. Creation of HCV ¢cDNA Libraries Using
Synthetic Oligomers as Primers

[0568] New HCV cDNA libraries have been prepared
from the RNA derived from the infectious chimpanzee
plasma pool described in Section IV.A.1., and from the poly
A" RNA fraction derived from the liver of this infected
animal. The cDNA was constructed essentially as described
by Gubler and Hoffman (1983), except that the primers for
the first cDNA strand synthesis were two synthetic oligo-
mers based on the sequence of the HCV genome described
supra. Primers based on the sequence of clone 11 b and 7e
were, respectively,

[0569] 5'CTG GCT TGA AGA ATC 3'and
[0570] 5' AGT TAG GCT GGT GAT TAT GC 3'.

[0571] The resulting cDNAs were cloned into lambda
bacteriophage vectors, and screened with various other
synthetic oligomers, whose sequences were based on the
HCV sequence in FIG. 32.

[0572] IV.A.25. Creation of HCV ¢DNA Library From
Liver of a Chimpanzee with Infectious NANBH

[0573] An HCV cDNA library was created from liver from
the chimpanzee from which the HCV cDNA library in
Section IV.A.1. was created. The technique for creating the
library was similar to that in Section IV.A.24, except for this
different source of the RNA, and that a primer based on the
sequence of HCV cDNA in clone 11b was used. The
sequence of the primer was

[0574] 5'CTG GCT TGA AGA ATC 3.

[0575] IV.A.26. Isolation and Nucleotide Sequence of
Overlapping HCV ¢cDNA in Clone k9-1 to cDNA in Clone
11b

[0576] Clone k9-1 was isolated from the HCV c¢cDNA
library created from the liver of an NANBH infected chim-
panzee, as described in Section IV.A.25. The library was
screened for clones which overlap the sequence in clone 11b,
by using a clone which overlaps clone 11b at the 5'-terminus,
clone 11e. The sequence of clone 11b is shown in FIG. 23.
Positive clones were isolated with a frequency of 1 in
500,000. One isolated clone, k9-1, was subjected to further
study. The overlapping nature-of the HCV ¢cDNA in clone
k9-1 to the 5'-end of the HCV-cDNA sequence in FIG. 26
was confirmed by probing the clone with clone Alex46; this
latter clone contains an HCV cDNA sequence of 30 base
pairs which corresponds to those base pairs at the 5'terminus
of the HCV ¢DNA in clone 141, described supra.

[0577] The nucleotide sequence of the HCV cDNA iso-
lated from clone k9-1 was determined using the techniques
described supra. The sequence of the HCV ¢cDNA in clone
k9-1, the overlap with the HCV ¢cDNA in FIG. 26 (indicated
by the dotted line), and the amino acids encoded therein are
shown in FIG. 46.
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[0578] The HCV cDNA sequence in clone k9-1 has been
aligned with those of the clones described in Section
IV.A.19. to create a composite HCV cDNA sequence, with
the k9-1 sequence being placed upstream of the sequence
shown in FIG. 32. The composite HCV cDNA which
includes the k9-1 sequence, and the amino acids encoded
therein, is shown in FIG. 47.

[0579] IV.A27. Isolation and Sequence of Overlapping
HCYV cDNA Clones 13i, 26j, CA59a, CA84a, CA156e and
CA167b

[0580] The clones 13i, 26j, CA59a, CA84a, CA156¢ and
CA167b were isolated from the lambda-gtll library
described in Section IV.A.1. The frequencies with which
positive clones appeared with the respective probes was
about 1 in 50,000.

[0581] The isolation of clone 13i was accomplished using
a synthetic probe derived from the sequence of clone 12f.
The sequence of the probe was:

[0582] 5' GAA CGT TGC GAT CTG GAA GAC
AGG GAC AGG 3.

[0583] The isolation of clone 26j was accomplished using
a probe derived from the 5'-region of clone K9-1. The
sequence of the probe was:

[0584] 5'TAT CAG TTATGC CAACGGAAG CGG
CCC CGA 3.

[0585] The HCV cDNA sequences of clones 13i and 26j,
are shown in FIGS. 48 and 49, respectively. Also shown are
the amino acids encoded therein, as well as the overlap of
clone 13i with clone 12f, and the overlap of clone 26j with
clone 13i. The sequences for these clones confirmed the
sequence of clone K9-1, which had been isolated from a
different HCV ¢cDNA library (see Section IV:A.26).

[0586] Clone CA59a was isolated utilizing a probe based
upon the sequence of the 5'-region of clone 26j. The
sequence of this probe was:

[0587] 5'CTG GTT AGC AGG GCT TTT CTATCA
CCA CAA 3.

[0588] A probe derived from the sequence of clone CA59a
was used to isolate clone CA84a. The sequence of the probe
used for this isolation was:

[0589] 5'AAG GTC CTG GTAGTG CTG CTG CTA
TTT GCC 3.

[0590] Clone CA156¢ was isolated using a probe derived
from the sequence of clone CA84a. The sequence of the
probe was:

[0591] 5'ACT GGA CGACGCAAG GTTGCAATT
GCT CTA 3.

[0592] Clone CA167b was isolated using a probe derived
from the sequence of clone CA 156e. The sequence of the
probe was:

[0593] 5'TTC GAC GTCACATCG ATC TGCTTG
TCG GGA 3"

[0594] The nucleotide sequences of the HCV ¢cDNAs in
clones CA59a, CA84a, CA156e, and CA167b, are shown
FIGS. 50, 51, 52, and 53, respectively. The amino acids
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encoded therein, as well as the overlap with the sequences
of relevant clones, are also shown in the FIGS.

[0595] IV.A.28. Creation of “pi” HCV c¢cDNA Library

[0596] A library of HCV cDNA, the “pi” library, was
constructed from the same batch of infectious chimpanzee
plasma used to construct the lambda-gtll described in
Section IV.A.1, and utilizing essentially the same tech-
niques. However, construction of the pi library utilized a
primer-extension method, in which the primer for reverse
transcriptase was based on the sequence of clone CA59A.
The sequence of the primer was:

[0597] 5' GGT GAC GTG GGT TTC 3.

[0598]

[0599] Screening of the “pi” HCV cDNA library described
in Section IV.A.28 with the probe used to isolate clone
CA167b (see Section IV.A.27.) yielded clone pil4a. The
clone contains about 800 base pairs of cDNA which overlaps
clones CA16i7b, CA156¢, CA84a and CA59a (which were
isolated from the HCV cDNA library described in Section
IV.A.1.). In addition, pil4a also contains about 250 base
pairs of DNA which are upstream of the HCV cDNA in
clone CA167b.

[0600] The combined ORF derived from the HCV ¢cDNA
sequences in clones pil4a, CA167b, CAl156e, CA84a,
CA59a,K9-1, 12f, 141, 11b, 7f, 7¢, 8h, 33c, 40b, 37b, 35, 36,
81, 32, 33b, 25c¢, 14c, 8f, 33f, 33g, 39¢, 35f, 19g, 26¢g, and
15e¢ is shown in FIG. 54; also shown are the amino acids
encoded therein.

[0601] IV.A.30. Isolation and Sequence of Clones
CA216a, CA290a and ag30a

[0602] Based on the sequence of clone CA167b (see
Section IV.A.27 and FIG. 53), a synthetic probe was made
having the following sequence:

[0603] 5" GGC TTT ACC ACG TCA CCA ATG ATT
GCC CTA 3

IV.A.29. Isolation and Sequence of Clone pil4a

[0604] The above probe was used to screen the lambda-
gtll library described in Section IV.A.1, which yielded
clone CA216a, whose HCV sequences are shown in FIG.
56.

[0605] Another probe was made based on the sequence of
clone CA216a having the following sequence:

[0606] 5' TTT GGG TAA GGT CAT CGATAC CCT
TAC GTG 3

[0607] Screening the above library with this probe yielded
clone CA290a, the HCV sequences therein being shown in
FIG. 57.

[0608] In a parallel approach, a primer-extension cDNA
library was made using nucleic acid extracted from the same
infectious plasma used in the original lambda-gt11 cDNA
library described above. The primer used was based on the
sequence of clones CA216a and CA290a:

[0609] 5' GAA GCC GCA CGT AAG 3'

[0610] The cDNA library was made using methods similar
to those described previously for libraries used in the
isolation of clones pil4a and k9-1 (see Sections IV.A.26 and
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IV.A.29). The probe used to screen this library was based on
the sequence of clone CA290a:

[0611] 5'CCG GCG TAG GTC GCG CAATTT GGG
TAA 3'

[0612] Clone ag30a was isolated from the new library with
the above probe, and contained about 670 basepairs of HCV
sequence. See FIG. 58. Part of this sequence overlaps the
HCV sequence of clones CA216a and CA290a. About 300
base-pairs of the ag30a sequence, however, is upstream of
the sequence from clone CA290a. The non-overlapping
sequence shows a start codon (*) and stop codons that may
indicate the start of the HCV ORF. Also indicated in FIG.
58 are putative small encoded peptides (#) which may play
a role in regulating translation, as well as the putative first
amino acid of the putative polypeptide (/), and downstream
amino acids encoded therein.

[0613] IV.1%.31.
CA205a

[0614] Clone CA205a was isolated from the original
lambda gt-11 library, using a synthetic probe derived from
the HCV sequence in clone CA290a (FIG. 57). The
sequence of the probe was:

[0615] 5TCA GAT CGT TGG TGG AGT TTA CTT
GTT GCC 3'.

[0616] The sequence of the HCV c¢DNA in CA205a,
shown in FIG. 59, overlaps with the cDNA sequences in
both clones ag30a and CA290a. The overlap of the sequence
with that of CA290a is shown by the dotted line above the
sequence (the figure also shows the putative amino acids
encoded in this fragment).

[0617] As observed from the HCV cDNA sequences in
clones CA205a and ag30a, the putative HCV polyprotein
appears to begin at the ATG start codon; the HCV sequences
in both clones contain an in-frame, contiguous double stop
codon (TGATAG) forty two nucleotides upstream from this
ATG. The HCV ORF appears to begin after these stop
codons, and to extend for at least 8907 nucleotides (see the
composite HCV ¢cDNA shown in FIG. 62).

[0618] IV.A.32. Isolation and Sequence of Clone 18g

[0619] Based on the sequence of clone ag30a (see [V.A.30
and FIG. 58) and of an overlapping clone from the original
lambda gt-11 library, CA230a, a synthetic probe was made
having the following sequence:

[0620] 5'CCATAG TGG TCT GCG GAA CCG GTG
AGT ACA 3.

[0621] Screening of the original lambda-gt11 HCV cDNA
library (described in Section IV.A.1.) with the probe yielded
clone 18g, the HCV cDNA sequence of which is shown in
FIG. 60. Also shown in the figure are the overlap with clone
ag30a, and putative polypeptides encoded within the HCV
cDNA.

[0622] The cDNA in clone 18g (C18g or 18g) overlaps
that in clones ag30a and CA205a, described in Section
IV.A.32. The sequence of C18g also contains the double stop
codon region observed in clone ag30a. The polynucleotide
region upstream of these stop codons presumably represents
part of the 5'-region of the HCV genome, which may contain
short ORFS, and which can be confirmed by direct sequenc-

Isolation and Sequence of Clone
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ing of the purified HCV genome. These putative small
encoded peptides may play a regulatory role in translation.
The region of the HCV genome upstream of that represented
by C18g can be isolated for sequence analysis using essen-
tially the technique described in Section IC.A.20., except
that that the primers of reverse transcriptase are based upon
the sequence of C18g. Since HCV appears to be a Flavi-like
virus, it is probable that the 5'-terminus of the genome will
be modified with a “cap” structure. It is known that Flavivi-
rus genomes contain 5'-terminal “cap” structures. (Yellow
Fever virus, Rice et al. (1988); Dengue virus, Hahn et al
(1988); Japanese Encephalitis Virus (1987)).

[0623] IV.A.33. Isolation and Sequence of Clones from
the beta-HCV ¢DNA Library

[0624] Clones containing cDNA representative of the
3'-terminal region of the HCV genome were isolated from a
cDNA library constructed from the original infectious chim-
panzee plasma pool which was used for the creation of the
HCV cDNA lambda-gt11 library described in Section I'V-
A.1. In order to create the DNA library, RNA extracted from
the plasma was “tailed” with poly rA using poly (rA)
polymerase, and cDNA was synthesized using oligo(dT);,,5
as a primer for reverse transcriptase. The resulting
RNA:cDNA hybrid was digested with RNAase H, and
converted to double stranded HCV cDNA. The resulting
HCV cDNA was cloned into lambda-gt10, using essentially
the technique described in Huynh (1985), yielding the beta
(or b) HCV cDNA library. The procedures used were as
follows.

[0625] An aliquot (12 ml) of the plasma was treated with
proteinase K, and extracted with an equal volume of phenol
saturated with 0.05M Tris-Cl, pH 7.5, 0.05% (v/v) beta-
mercaptoethanol, 0.1% (w/v) hydroxyquinolone, 1 mM
EDTA. The resulting aqueous phase was re-extracted with
the phenol mixture, followed by 3 extractions with a 1:1
mixture containing phenol and chloroform:isoamyl alcohol
(24:1), followed by 2 extractions with a mixture of chloro-
form and isoamyl alcohol (1:1). Subsequent to adjustment of
the aqueous phase to 200 mM with respect to NaCl, nucleic
acids in the aqueous phase were precipitated overnight at
-20° C., with 2.5 volumes of cold absolute ethanol. The
precipitates were collected by centrifugation at 10,000 RPM
for 40 min., washed with 70% ethanol containing 20 mM
NaCl, and with 100% cold ethanol, dried for 5 min. in a
dessicator, and dissolved in water.

[0626] The isolated nucleic acids from the infectious
chimpanzee plasma pool were tailed with poly rA utilizing
poly-A polymerase in the presence of human placenta ribo-
nuclease inhibitor (HPR1) (purchased from Amersham
Corp.), utilizing MS2 RNA as carrier. Isolated nucleic acids
equivalent to that in 2 ml of plasma were incubated in a
solution containing THN (50 mM Tris HCL, pH 7.9, 10 mm
MgCl,, 250 mM Na(l, 2.5 mM MnCl,, 2 mM dithiothreitol
(DTT)), 40 micromolar alpha-[>*P] ATP, 20 units HPR1
(Amersham Corp.), and about 9 to 10 units of RNase free
poly-A polymerase (BRL). Incubation was for 10 min. at 37°
C., and the reactions were stopped with EDTA (final con-
centration about 250 mM). The solution was extracted with
an equal volume of phenol-chloroform, and with an equal
volume of chloroform, and nucleic acids were precipitated
overnight at —20° C. with 2.5 volumes of ethanol in the
presence of 200 mM NaCl.
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[0627] 1V.A.33.a. Isolation of Clone b5a

[0628] The beta HCV c¢DNA library was screened by
hybridization using a synthetic probe, which had a sequence
based upon the HCV cDNA sequence in clone 15e. The
sequence of the probe was:

[0629] 5'ATT GCG AGATCTACG GGG CCT GCT
ACT CCA 3.

[0630] Screening of the library yielded clone beta-5a
(b5a), which contains an HCV cDNA region of approxi-
mately 1000 base pairs. The 5'-region of this cDNA overlaps
clones 35f, 19g, 26g, and 15¢ (these clones are described
supra). The region between the 3'-terminal poly-A sequence
and the 3'-sequence which overlaps clone 15e, contains
approximately 200 base pairs. This clone allows the iden-
tification of a region of the 3'-terminal sequence the HCV
genome.

[0631] The sequence of b5a is contained within the
sequence of the HCV ¢cDNA in clone 16jh (described infra).
Moreover, the sequence is also present in CC34a, isolated
from the original lambda-gt11 library. (The original lambda-
gtll library is referred to herein as the “C” library).

[0632] IV.A.34.Isolation and Sequence of Clones Gener-
ated by PCR Amplification of the 3'-Region of the HCV
Genome

[0633] Multiple cDNA clones have been generated which
contain nucleotide sequences derived from the 3'-region of
the HCV genome. This was accomplished by amplifying a
targeted region of the genome by a polymerase chain reac-
tion technique described in Saiki et al. (1986), and in Saiki
et al. (1988), which was modified as described below. The
HCV RNA which was amplified was obtained from the
original infectious chimpanzee plasma pool which was used
for the creation of the HCV cDNA lambda-gt1l library
described in Section IV.A.1. Isolation of the HCV RNA was
as described in Section IV.A.33. The isolated RNA was
tailed at the 3'-end with ATP by F. coli poly-A polymerase
as described in Sippel (1973), except that the nucleic acids
isolated from chimp serum were substituted for the nucleic
acid substrate. The tailed RNA was then reverse transcribed
into cDNA by reverse transcriptase, using an oligo dT-
primer adapter, essentially as described by Han (1987),
except that the components and sequence of the primer-
adapter were:

Stuffer NotI SP6Promoter Primer
AATTC GCGGCCGC CATACGATTTAGGTGACACTATAGAA T,q

[0634] The resultant cDNA was subjected to amplification
by PCR using two primers:

Primer Sequence

JH32 (30mer) ATAGCGGCCGCCCTCGATTGCGAGATCTAC

JH11 (20mer) AATTCGGGCGGCCGCCATACGA

[0635] The JH32 primer contained 20 nucleotide
sequences hybridizable to the 5'-end of the target region in
the cDNA, with an estimated T, of 66° C. The JH11 was
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derived from a portion of the oligo dT-primer adapter; thus,
it is specific to the 3'-end of the cDNA with a T, of 64° C.
Both primers were designed to have a recognition site for the
restriction enzyme, Notl, at the 5'-end, for use in subsequent
cloning of the amplified HCV cDNA.

[0636] The PCR reaction was carried out by suspending
the cDNA and the primers in 100 microliters of reaction
mixture containing the four deoxynucleoside triphosphates,
buffer salts and metal ions, and a thermostable DNA poly-
merase isolated from Thermus aguaticus (Taq polymerase),
which are in a Perkin Elmer Cetus PCR kit (NBDI-0043 or
N801-0055). The PCR reaction was performed for 35 cycles
in a Perkin Elmer Cetus DNA thermal cycler. Each cycle
consisted of a 1.5 min denaturation step at 94° C., an
annealing step at 60° C. for 2 min, and a primer extension
step at 72° C. for 3 min. The PCR products were subjected
to Southern blot analysis using a 30 nucleotide probe, JH34,
the sequence of which was based upon that of the 3'-terminal
region of clone 15e¢. The sequence of JH34 is:

[0637] 5 CTT GAT CTA CCT CCA ATC ATT CAA
AGA CTC 3.

[0638] The PCR products detected by the HCV ¢cDNA
probe ranged in size from about 50 to about 400 base pairs.

[0639] In order to clone the amplified HCV cDNA, the
PCR products were cleaved with Notl and size selected by
polyacrylamide gel electrophoresis. DNA larger than 300
base pairs was cloned into the Notl site of pUC18S The
vector pUCI18S is constructed by including a Notl polylinker
cloned between the EcoRI and Sall sites of pUC18. The
clones were screened for HCV ¢cDNA using the JH34 probe.
A number of positive clones were obtained and sequenced.
The nucleotide sequence of the HCV cDNA insert in one of
these clones, 16jh, and the amino acids encoded therein, are
shown in FIG. 61. A nucleotide heterogeneity, detected in
the sequence of the HCV ¢cDNA in clone 16jh as compared
to another clone of this region, is indicated in the figure.

[0640] IV.A.35 Compiled HCV cDNA Sequence

[0641] The HCV cDNA sequence compiled from a series
of overlapping clones derived from the various HCV cDNA
libraries described supra. and infra is shown in FIG. 62. The
clones from which the sequence was derived are b114a, 18¢g,
ag30a, CA205a, CA290a, CA216a, pllda, CA167b,
CA156e, CA84a, CA59a, K9-1 (also called k9-1),26j, 13,
12f, 144, 11b, 7£, 7e, 8h, 33c¢, 40b, 37b, 35, 36, 81, 32, 33b,
25c¢, 14c, 81, 331, 33g, 39¢, 351, 19g, 26g, 15¢, b5a, and 16jh.
In the figure the three dashes above the sequence indicate the
position of the putative initiator methionine codon.

[0642] Clone bl14a was obtained using the cloning pro-
cedure described for clone b5a, supra. except that the probe
was the synthetic probe used to detect clone 18g, supra.
Clone b114a overlaps with clones 18g, ag30a, and CA205a,
except that clone bl14a contains an extra two nucleotides
upstream of the sequence in clone 18¢g (i.e., 5-CA). These
extra two nucleotides have been included in the HCV
genomic sequence shown in FIG. 62.

[0643] 1t should be noted that although several of the
clones described supra. have been obtained from libraries
other than the original HCV ¢cDNA lambda-gtll library
described in Section IV.A.1., these clones contain HCV
c¢DNA sequences which overlap HCV ¢DNA sequences in
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the original library. Thus, essentially all of the HCV
sequence is derivable from the original lambda-gt11 library
which was used to isolate the first clone (5-1-1).

[0644] IV.A.36 Isolation and Sequence of Clone 6k

[0645] Based on the sequence of clone 16jh and clone b5a
(see IV.A.34. and FIG. 61), a synthetic probe was made
having the following sequence:

[0646] 5'TCTTCAACT GGG CAG TAAGAACAA
AGC TCA 3.

[0647] Screening of the original lambda-gt11 HCV cDNA
library (described in Section IV.A.1.) with the probe yielded
clones with a frequency of approximately 1 in 10% one of
these was called clone 6k (also called C6k), the HCV ¢cDNA
sequence of which is shown in FIG. 71. Also shown in the
figure are the overlap with clone 16jh, and putative polypep-
tides encoded within the HCV ¢cDNA. Sequence information
on the HCV ¢cDNA in clone 6k was obtained from only one
strand. Information on the deposit of this clone is provided
infra, wherein the clone is listed as Lambda gt1ll C6k.
Confirmation of the C6K sequence as part of an ORF
encoding HCV1 polypeptide has been obtained by sequenc-
ing other overlapping clones.

[0648] A composite of the HCV ¢cDNA sequence derived
from overlapping clones bll4a, 18g, ag30a, CA205a,
CA290a, CA216a, pilda, CA167b, CA156e, CA84a,
CA59a, K9-1 (also called k9-1), 265, 13i, 12f, 144, 11b, 7f,
7e, 8h, 33c, 40b, 37b, 35, 36, 81, 32, 33b, 25¢, 14c, 8f, 33f,
33g, 39¢, 351, 19¢g, 26g, 15¢, b5a, 16jh, and 16k is shown in
FIG. 72. The figure also shows the amino acids encoded in
the sense strand of the cDNA, which is the equivalent of the
genomic RNA.

[0649] IV.A.36 Construction of pS3-56100m

[0650] The vector pS3-56.,, contains a construct which
encodes the fusion polypeptide SOD-C100 (sece Section
IV.B.4)). In addition, this vector contains an ms2 phage
sequence, which was removed from the HCV C100 encod-
ing sequence by digestion of pS3-56,,,, with Xmal and
Sall, followed by isolation of the large fragment. The
afore-mentioned digestion, however, removes some of the
HCV sequence. The latter was recreated by ligation of the
fragment with the following linkers, which also introduced
a Sall site and a stop codon. The linker sequences, annealed
to each other, are shown in FIG. 73.

[0651] The resulting vector is called pS3-56,,,, (also
called pS356c100m)-

[0652]
C200

[0653] An HCV-cDNA sequence, C200, which is a com-
posite of HCV sequences derived from clones 33c¢, 31, and
35, was constructed. Clones 33¢ and 35 are described in
Section IV.A.17. and IV.A.8., respectively. Clone 31 is from
the C library, and has one difference from the confirmed
sequence of HCV-1 in FIG. 62. The sequence of clone 31 is
shown in FIG. 74, which also shows the amino acids
encoded therein, and the location of restriction enzyme sites
within the HCV ¢cDNA. A C200 cassette was constructed by
ligating together a 718 bp fragment obtained by digestion of
clone 33¢c DNA with EcoRI and Hinfl, a 179 bp fragment
obtained by digestion of clone 31 DNA with Hinfl and Bgll,

IV.A.37. Construction of Composite Sequence
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and a 377 bp fragment obtained by digestion of clone 35
DNA with Bgll and EcoRI. The construct of ligated frag-
ments were inserted into the EcoRI site of pBR322, yielding
the plasmid pBR322-C200.

[0654] IV.A.38. Isolation and Sequence of Clone p131jh

[0655] A clone containing sequence from the 3'-region of
the HCV genome, and which contains an in-frame stop
codon, was isolated essentially as described in Section
IV.A.34, except that HCV1 RNA was converted to cDNA
using the oligonucleotide

5' AAT TCG CGG CCG CCA TAC GAT TTA GGT GAC
ACT ATA GAA T;5 3'.

[0656] The cDNA was then amplified by the PCR reaction
using the primers:

[0657] 5" TTC GCG GCC GCT ACA GCG GGG
GAG ACA'T 3'and

[0658] 5' AAT TCG CGG CCG CCA TAC GA 3"

[0659] After amplification, the PCR products were pre-
cipitated with spermine, digested with Notl, and extracted
with phenol. The purified products were cloned into the Notl
site of pUC18S, and HCV positive clones were selected
using the oligonucleotide:

[0660] 5'CGATGAAGG TTG GGG TAAACACTC
CGG CCT 3.

[0661] The HCV cDNA in one clone, designated p131jh,
is shown in FIG. 75. This clone contains an in-frame stop
codon for the large ORF contained in the HCV genome.

[0662] IV.B. Expression and Purification of Polypeptides
Encoded Within HCV c¢DNAs and Identification of the
Expressed Products as HCV Induced Antigens.

[0663] IV.B.1. Expression of the Polypeptide Encoded in
Clone 5-1-1.

[0664] The HCV polypeptide encoded within clone 5-1-1
(see Section IV.A.2., supra) was expressed as a fusion
polypeptide with superoxide dismutase (SOD). This was
accomplished by subcloning the clone 5-1-1 cDNA insert
into the expression vector pSODcf1 (Steimer et al. (1986))
as follows.

[0665] First, DNA isolated from pSODcfl was treated
with BamHI and EcoRI, and the following linker was ligated
into the linear DNA created by the restriction enzymes:

5' GAT CCT GGA ATT CTG ATA AGA
CCT TAA GAC TAT TTT AA 3'

[0666] After cloning, the plasmid containing the insert
was isolated.

[0667] Plasmid containing the insert was restricted with
EcoRI. The HCV c¢DNA insert in clone 5-1-1 was excised
with EcoRlI, and ligated into this EcoRI linearized plasmid
DNA. The DNA mixture was used to transform E. coli strain
D1210 (Sadler et al. (1980)). Recombinants with the 5-1-1
c¢DNA in the correct orientation for expression of the ORF
shown in FIG. 1 were identified by restriction mapping and
nucleotide sequencing.
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[0668] Recombinant bacteria from one clone were
induced to express the SOD-NANBg, ; polypeptide by
growing the bacteria in the presence of IPTG.

[0669] IV.B.2. Expression of the Polypeptide Encoded in
Clone 81.

[0670] The HCV cDNA contained within clone 81 was
expressed as a SOD-NANBg, fusion polypeptide. The
method for preparing the vector encoding this fusion
polypeptide was analogous to that used for the creation of
the vector encoding SOD-NANB; , , except that the source
of the HCV ¢DNA was clone 81, which was isolated as
described in Section IV.A.3, and for which the cDNA
sequence was determined as described in Section IV.A4.
The nucleotide sequence of the HCV cDNA in clone 81, and
the putative amino acid sequence of the polypeptide encoded
therein are shown in FIG. 4.

[0671] The HCV cDNA insert in clone 81 was excised
with EcoRI, and ligated into the pSODcf1 which contained
the linker (see IV.B.1.) and which was linearized by treat-
ment with ECOR1. The DNA mixture was used to transform
E. coli strain D1210. Recombinants with the clone 81 HCV
c¢DNA in the correct orientation for expression of the ORF
shown in FIG. 4 were identified by restriction mapping and
nucleotide sequencing.

[0672] Recombinant bacteria from one clone were
induced to express the SOD-NANBy, polypeptide by grow-
ing the bacteria in the presence of IPTG.

[0673] IV.B.3. Identification of the Polypeptide Encoded
Within Clone 5-1-1 as an HCV and NANBH Associated
Antigen.

[0674] The polypeptide encoded within the HCV cDNA of
clone 5-1-1 was identified as a NANBH associated antigen
by demonstrating that sera of chimpanzees and humans
infected with NANBH reacted immunologically with the
fusion polypeptide, SOD-NANB; _, ,, which is comprised of
superoxide dismutase at its N-terminus and the in-frame
5-1-1 antigen at its C-terminus. This was accomplished by
“Western” blotting (Towbin et al. (1979)) as follows.

[0675] A recombinant strain of bacteria transformed with
an expression vector encoding the SOD-NANBg, ,
polypeptide, described in Section IV.B.I., was induced to
express the fusion polypeptide by growth in the presence of
IPTG. Total bacterial lysate was subjected to electrophoresis
through polyacrylamide gels in the presence of SDS accord-
ing to Laemnli (1970). The separated polypeptides were
transferred onto nitrocellulose filters (Towbin et al. (1979)).
The filters were then cut into thin strips, and the strips were
incubated individually with the different chimpanzee and
human sera. Bound antibodies were detected by further
incubation with '*’I-labeled sheep anti-human Ig, as
described in Section IV.A1.

[0676] The characterization of the chimpanzee sera used
for the Western blots and the results, shown in the photo-
graph of the autoradiographed strips, are presented in FIG.
33. Nitrocellulose strips containing polypeptides were incu-
bated with sera derived from chimpanzees at different times
during acute NANBH (Hutchinson strain) infections (lanes
1-16), hepatitis A infections (lanes 17-24, and 26-33), and
hepatitis B infections (lanes 34-44). Lanes 25 and 45 show
positive controls in which the immunoblots were incubated
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with serum from the patient used to identify the recombinant
clone 5-1-1 in the original screening of the lambda-gt1l
cDNA library (see Section IV.A.1.).

[0677] The band visible in the control lanes, 25 and 45, in
FIG. 23 reflects the binding of antibodies to the NANB, _; ;
moiety of the SOD fusion polypeptide. These antibodies do
not exhibit binding to SOD alone, since this has also been
included as a negative control in these samples, and would
have appeared as a band migrating significantly faster than
the SOD-NANB, _, ; fusion polypeptide.

[0678] Lanes 1-16 of FIG. 33 show the binding of anti-
bodies in sera samples of 4 chimpanzees; the sera were
obtained just prior to infection with NANBH, and sequen-
tially during acute infection. As seen from the figure,
whereas antibodies which reacted immunologically with the
SOD-NANB. _, ; polypeptide were absent in sera samples
obtained before administration of infectious HCV inoculum
and during the early acute phase of infection, all 4 animals
eventually induced circulating antibodies to this polypeptide
during the late part of, or following the acute phase. Addi-
tional bands observed on the immunoblots in the cases of
chimps numbers 3 and 4 were due to background binding to
host bacterial proteins.

[0679] In contrast to the results obtained with sera from
chimps infected with NANBH, the development of antibod-
ies to the NANB;_, ; moiety of the fusion polypeptide was
not observed in 4 chimpanzees infected with HAV or 3
chimpanzees infected with HBV. The only binding in these
cases was background binding to the host bacterial proteins,
which also occurred in the HCV infected samples.

[0680] The characterization of the human sera used for the
Western blots, and the results, which are shown in the
photograph of the autoradiographed strips, are presented in
FIG. 34. Nitrocellulose strips containing polypeptides were
incubated with sera derived from humans at different times
during infections with NANBH (lanes 1-21), HAV (lanes
33-40), and HBV (lanes 41-49). Lanes 25 and 50 show
positive controls in which the immunoblots were incubated
with serum from patient used in the original screening of the
lambda-gt11 library, described supra. Lanes 22-24 and
26-32 show “non-infected” controls in which the sera was
from “normal” blood donors.

[0681] As seen in FIG. 34, sera from nine NANBH
patients, including the serum used for screening the lambda-
gt11 library, contained antibodies to the NANBg_, ; moiety
of the fusion polypeptide. Sera from three patients with
NANBH did not contain these antibodies. It is possible that
the anti-NANB;_, ; antibodies will develop at a future date
in these patients. It is also possible that this lack of reaction
resulted from a different NANBYV agent being causative of
the disease in the individuals from which the non-respond-
ing serum was taken.

[0682] FIG. 34 also shows that sera from many patients
infected with HAV and HBV did not contain anti-NANBy ;
antibodies, and that these antibodies were also not present in
the sera from “normal” controls. Although one HAV patient
(lane 36) appears to contain anti-NANB. , ; antibodies, it is
possible that this patient had been previously infected with
HCYV, since the incidence of NANBH is very high and since
it is often subclinical.

[0683] These serological studies indicate that the cDNA in
clone 5-1-1 encodes epitopes which are recognized specifi-
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cally by sera from patients and animals infected with BB-
NANBV. In addition, the cDNA does not appear to be
derived from the primate genome. A hybridization probe
made from clone 5-1-1 or from clone 81 did not hybridize
to “Southern” blots of control human and chimpanzee
genomic DNA from uninfected individuals under conditions
where unique, single-copy genes are detectable. These
probes also did not hybridize to Southern blots of control
bovine genomic DNA.

[0684] IV.B.4. Expression of the Polypeptide Encoded in
a Composite of the HCV ¢cDNAs in Clones 36, 81 and 32

[0685] The HCV polypeptide which is encoded in the
ORF which extends through clones 36, 81 and 32 was
expressed as a fusion polypeptide with SOD. This was
accomplished by inserting the composite cDNA, C100, into
an expression cassette which contains the human superoxide
dismutase gene, inserting the expression cassette into a yeast
expression vector, and expressing the polypeptide in yeast.

[0686] An expression cassette containing the composite
C100 cDNA derived from clones 36, 81, and 32, was
constructed by inserting the “1270 bp EcoRI fragment into
the EcoRI site of the vector-pS3-56 (also called pS356),
yielding the plasmid pS3-56,4, The construction of C100 is
described in Section IV.A.16, supra.

[0687] The vector pS3-56, which is a pPBR322 derivative,
contains an expression cassette which is comprised of the
ADH2/GAPDH hybrid yeast promoter upstream of the
human superoxide dismutase gene, and a downstream alpha
factor transcription terminator. A similar cassette, which
contains these control elements and the superoxide dismu-
tase gene has been described in Cousens et al. (1987), and
in copending application EPO 196,056, published Oct. 1,
1986, which is commonly owned by the herein assignee. The
cassette in pS3-56, however, differs from that in Cousens et
al. (1987) in that the heterologous proinsulin gene and the
immunoglobulin hinge are deleted, and in that the gln,s, of
the superoxide dismutase is followed by an adaptor
sequence which contains an EcoRI site. The sequence of the
adaptor is:

5'-AAT TTG GGA ATT CCA TAA TGA
GAC CCT TAA GGT ATT ACT GAG CT 3'.

[0688] The EcoRlIsite allows the insertion of heterologous
sequences which, when expressed from a vector containing
the cassette, yield polypeptides which are fused to superox-
ide dismutase via an oligopeptide linker containing thd
amino acid sequence:

[0689]

[0690] After recombinants containing the C100 cDNA
insert in the correct orientation were isolated, the expression
cassette containing the C100 cDNA was excised from pS3-
56c100 With BamHI, and a fragment of “3400 bp which
contains the cassette was isolated and purified. This frag-
ment was then inserted into the BamHI site of the yeast
vector pAB24.

[0691] Plasmid pAB24, the significant features of which
are shown in FIG. 35, is a yeast shuttle vector which
contains the complete 2 micron sequence for replication
[Broach (1981)] and pBR322 sequences. It also contains the

-asn-leu-gly-ile-arg-.
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yeast URA3 gene derived from plasmid YEp24 [Botstein et
al. (1979)], and the yeast LEU?? gene derived from plasmid
pC1/1. EPO Pub. No. 116,201. Plasmid pAB24 was con-
structed by digesting YEp24 with EcoRI and religating the
vector to remove the partial 2 micron sequences. The
resulting plasmid, YEP24deltaRI, was linearized by diges-
tion with Clal and ligated with the complete 2 micron
plasmid which had been linearized with Clal. The resulting
plasmid, pCBou, was then digested with Xbal and the 8605
bp vector fragment was gel isolated. This isolated Xbal
fragment was ligated with a 4460 bp Xbal fragment con-
taining the LEU?? gene isolated from pC1/1; the orientation
of the LEU?® gene is in the same direction as the URA3
gene. Insertion of the expression was in the unique BamHI
site of the pBR322 sequence, thus interrupting the gene for
bacterial resistance to tetracycline.

[0692] The recombinant plasmid which contained the
SOD-C100 expression cassette, pAB24C100-3, was trans-
formed into yeast strain JSC 308, as well as into other yeast
strains. The cells were transformed as described by Hinnen
et al. (1978), and plateo onto ura-selective plates. Single
colonies were inoculated into leu-selective media and grown
to saturation. The culture was induced to express the SOD-
C100 polypeptide (called C100-3) by growth in YEP con-
taining 1% glucose.

[0693] Strain JSC 308 is of the genotype MAT @, leu2,
ura3(del) DM15 (GAP/ADRI1) integrated at the ADRI1
locus. In JSC 308, over-expression of the positive activator
gene product, ADR1, results in hyperderepression (relative
to an ADR1 wild type control) and significantly higher
yields of expressed heterologous proteins when such pro-
teins are synthesized via an ADH2 UAS regulatory system.
The construction of the yeast strain JSC 308 is disclosed in
copending application, U.S. Serial No. 190,868, filed con-
currently herewith, and which is hereby incorporated herein
by reference.

[0694] The complete C100-3 fusion polypeptide encoded
in pAB24C100-3 should contain 154 amino acids of human
SOD at the amino-terminus, 5 amino acid residues derived
from the synthetic adaptor containing the EcoRI site, 363
amino acid residues derived from C100 ¢DNA, and 5
carboxy-terminal amino acids derived from the MS2 nucle-
otide sequence adjoining the HCV ¢cDNA sequence in clone
32. (see Section IV.A.7.) The putative amino acid sequence
of the carboxy-terminus of this polypeptide, beginning at the
penultimate Ala residue of SOD, is shown in FIG. 36; also
shown is the nucleotide sequence encoding this portion of
the polypeptide.

[0695] IV.B.4.b. Contents of Selective Media For Yeast
Auxotrophs

Leu- Medium

Yeast Minimal Media 850 ml
Leu- Supplements (10x) 100 ml
50% Glucose (in MILLI Q) 40 ml

[0696] (If the Leu- medium is to be used for growth of
yeast in flasks, Ura- supplements are also included in the
medium.
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Yeast Minimal Medium

Yeast Nitrogen Base w/o amino acids 6.7¢g

MILLI Q water q.s. to 850 ml
Leu- Supplements

Adenine 08¢g

Uridine 0.6g
L-Tryptophan 04¢g
L-Histidine 04¢g
L-Arginine 04¢g
L-Methionine 04¢g
L-Tyrosine 0.6g
L-Lysine 0.6g
L-Phenylalanine 096 g

[0697] Add all components to a coffee grinder and grind
until the powder is homogenous. The powder may be added
to a solution or the mix can be autoclaved as a 10x
concentrated solution by adding 2L of MILLI Q water.

Ura-/Sorbitol Plates

Ura-/Sorbitol Medium for Plates 500 ml
50% Glucose 20 ml
20% Casamino acids 12.5 ml
[0698]
1% Adenine 2.5 ml
1% Tryptophan 2.5 ml
[0699] Stir gently and pour into plates. Flame plates.

[0700] Ura- Sorbitol Medium

Ura- Sorbitol Medium

D-Sorbitol 91 g

Agar 10 g

Yeast Nitrogen Base 335 g

without amino acids

Water q.s. to
450 ml

[0701] Yeast Nitrogen Base without amino acids 3.35 g
Water g.s. to 450 ml

[0702] Autoclave for 30 minutes

YEP
Peptone 20 g
Yeast Extract 10 g

MILLI Q Water q.s. to 1000 ml

[0703] Autoclave at 121° C. for 30 minutes. The solution
is good for six months when stored at 15 to 30° C.
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Leu- Plates
Leu- Plate Medium 950 ml
50% Glucose 40 ml
5% Threonine 4 ml
1% Adenine 1 ml
[0704] Teu- Medium for Plates
Leu- Medium for Plates
Agar 20 g
Leu- Supplements 025 g
10x Basal Salts w/o 100 ml
amino acids
MILLI Q q.s. to 950 ml

[0705] 10xBasal Salts

10x Basal Salts

Yeast Nitrogen Base w/o Amino Acids 66.8 g
Succinic Acid 100 g
NaOH 60 g

MILLI Q Water q.s. to 1000 ml

[0706] Filter Sterilize

Leu-, Ura- plates

840 ml
160 ml
8 ml

Leu-, Ura- Plate media
50% Glucose
5% Threonine

[0707] Leu-, Ura- Plate Medium

Leu-, Ura- Plate Medium

Yeast Nitrogen Base without amino acids
Bacto Agar
Leu-, Ura- supplements

6.7g
20 g
05¢g

(Note:
the Leu-, Ura- supplement recipe is the same as the Leu- supplement
recipe, except that uridine is not added.)

[0708] (Note: the Leu-, Ura- supplement recipe is the same
as the Leu- supplement recipe, except that uridine is not
added.)

[0709] IV.B.5. Identification of the Polypeptide Encoded
within C100 as an NANBH Associated Antigen

[0710] The C100-3 fusion polypeptide expressed from
plasmid pAB24C100-3 in yeast strain JSC 308 was charac-
terized with respect to size, and the polypeptide encoded
within C100 was identified as an NANBH-associated anti-
gen by its immunological reactivity with serum from a
human with chronic NANBH.

40

Aug. 28, 2003

[0711] The C100-3 polypeptide, which was expressed as
described in Section IV.B.4., was analyzed as follows. Yeast
JSC 308 cells were transformed with pAB24, or with
pAB24C100-3, and were induced to express the heterolo-
gous plasmid encoded polypeptide. The induced yeast cells
in 1 ml of culture (ODg5, nm ~20) were pelleted by cen-
trifugation at 10,000 rpm for 1 minute, and were lysed by
vortexing them vigorously (10x1 min) with 2 volumes of
solution and 1 volume of glass beads (0.2 millimicron
diameter). The solution contained 50 mM Tris-HCI, pH 8.0,
1 mM EDTA, 1 mM phenylmethylsulphonyl fluoride
(PMSF), and 1 microgram/ml pepstatin. Insoluble material
in the lysate, which includes the C100-3 polypeptide, was
collected by centrifugation (10,000 rpm for 5 minutes), and
was dissolved by boiling for 5 minutes in Laemmli SDS
sample buffer. [See Laemmli (1970)]. An amount of
polypeptides equivalent to that in 0.3 ml of the induced yeast
culture was subjected to electrophoresis through 10% poly-
acrylamide gels in the presence of SDS according to Laem-
mli (1970). Protein standards were co-electrophoresed on
the gels. Gels containing the expressed polypeptides were
either stained with Coomassie brilliant blue, or were sub-
jected to “Western” blotting as described in Section IV.B.2.,
using serum from a patient with chronic NANBH to deter-
mine the immunological reactivity of the polypeptides
expressed from pAB24 and from pAB24C100-3.

[0712] The results are shown in FIG. 37. In FIG. 37A the
polypeptides were stained with Coomassie brilliant blue.
The insoluble polypeptide(s) from JSC 308 transformed
with pAB24 and from two different colonies of JSC trans-
formed with pAB24C100-3 are shown in lane 1 (pAB24),
and lanes 2 and 3, respectively. A comparison of lanes 2 and
3 with lane 1 shows the induced expression of a polypeptide
corresponding to a molecular weight of 754,000 daltons
from JSC 308 transformed with pAB24C100-3, which is not
induced in JSC 308 transformed with pAB24. This polypep-
tide is indicated by the arrow.

[0713] FIG. 37B shows the results of the Western blots of
the insoluble polypeptides expressed in JSC 308 trans-
formed with pAB24 (lane 1), or with pAB24C100-3 (lane
2). The polypeptides expressed from pAB24 were not immu-
nologically reactive with serum from a human with
NANBH. However, as indicated by the arrow, JSC 308
transformed with pAB24C100-3 expressed a polypeptide of
754,000 dalton molecular weight which did react immuno-
logically with the human NANBH serum. The other immu-
nologically reactive polypeptides in lane 2 may be degra-
dation and/or aggregation products of this 754,000 dalton
polypeptide.

[0714] TV.B.6. Purification of Fusion Polypeptide C100-3

[0715] The fusion polypeptide, C100-3, comprised of
SOD at the N-terminus and in-frame C100 HCV-polypep-
tide at the C-terminus was purified by differential extraction
of the insoluble fraction of the extracted host yeast cells in
which the polypeptide was expressed.

[0716] The fusion polypeptide, C100-3, was expressed in
yeast strain JSC 308 transformed with pAB24C100-3, as
described in Section IV.B.4. The yeast cells were then lysed
by homogenization, the insoluble material in the lysate was
extracted at pH 12.0, and C100-3 in the remaining insoluble
fraction was solubilized in buffer containing SDS.

[0717] The yeast lysate was prepared essentially accord-
ing to Nagahuma et al. (1984). A yeast cell suspension was
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prepared which was 33% cells (v/v) suspended in a solution
(Buffer A) containing 20 mM Tris HClL, pH 8.0, 1 mM
dithiothreitol, and 1 mM phenylmethylsulfonylfluoride
(PMSF). An aliquot of the suspension (15 ml) was mixed
with an equal volume of glass beads (0.45-0.50 mm diam-
eter), and the mixture was vortexed at top speed on a Super
Mixer (Lab Line Instruments, Inc.) for 8 min. The homo-
genate and glass beads were separated, and the glass beads
were washed 3 times with the same volume of Buffer A as
the original packed cells. After combining the washes and
homogenate, the insoluble material in the lysate was
obtained by centrifuging the homogenate at 7,000xg for 15
minutes at 4° C., resuspending the pellets in Buffer A equal
to twice the volume of original packed cells, and re-pelleting
the material by centrifugation at 7,000xg for 15 min. This
washing procedure was repeated 3 times.

[0718] The insoluble material from the lysate was
extracted at pH 12.0 as follows. The pellet was suspended in
buffer containing 0.5 M NaCl, 1 mM EDTA, where the
suspending volume was equal to 1.8 times the of the original
packed cells. The pH of the suspension was adjusted by
adding 0.2 volumes of 0.4 M Na phosphate buffer, pH 12.0.
After mixing, the suspension was centrifuged at 7,000xg for
15 min at 4° C., and the supernatant removed. The extraction
was repeated 2 times. The extracted pellets were washed by
suspending them in 0.5 M NaCl, 1 mM EDTA, using a
suspension volume equal to two volumes of the original
packed cells, followed by centrifugation at 7,000xg for 15
min at 4° C.

[0719] The C100-3 polypeptide in the extracted pellet was
solubilized by treatment with SDS. The pellets were sus-
pended in Buffer A equal to 0.9 volumes of the original
packed cell volume, and 0.1 volumes of 2% SDS was added.
After the suspension was mixed, it was centrifuged at 0
7,000xg for 15 min at 4° C. The resulting pellet was
extracted 3 more times with SDS. The resulting superna-
tants, which contained C100-3 were pooled.

[0720] This procedure purifies C100-3 more than 10-fold
from the insoluble fraction of the yeast homogenate, and the
recovery of the polypeptide is greater than 50%.,

[0721] The purified preparation of fusion polypeptide was
analyzed by polyacrylamide gel electrophoresis according to
Laemmli (1970). Based upon this analysis, the polypeptide
was greater than 80% pure, and had an apparent molecular
weight of 754,000 daltons.

[0722] 1V.B.7.a. Purification of Fusion Polypeptide
C100-3 (Alternate method 1)

[0723] The fusion polypeptide, C100-3 (HCV ¢100-3),
expressed in yeast strain JSC 308 transformed with
PAb24C100-3, may be purified by an alternative method. In
this method the antigen is precipitated from the crude cell
lysate with acetone; the acetone precipitated antigen is then
subjected to ion-exchange chromatography, and further puri-
fied by gel filtration.

[0724] The transformed yeast are grown under conditions
which allow expression (see Section IV.B.4). A cell lysate is
prepared by suspending the cells in Buffer A (20 mM Tris
HCL pH 8.0, 1 mM EDTA, 1 mM PMSEF. The cells are
broken by grinding with glass beads in a Dynomill type
homogenizer or its equivalent. The extent of cell breakage is
monitored by counting cells under a microscope with phase

Aug. 28, 2003

optics. Broken cells appear dark, while viable cells are
light-colored. The percentage of broken cells is determined.

[0725] When the percentage of broken cells is approxi-
mately 90% or greater, the broken cell debris is separated
from the glass beads by centrifugation, and the glass beads
are washed with Buffer A. After combining the washes and
homogenate, the insoluble material in the lysate is obtained
by centrifugation. The material in the pellet is washed to
remove soluble proteins by suspension in Buffer B (50 mM
glycine, pH 12.0, 1 mM DTT, 500 mM NaCl), followed by
Buffer C (50 mM glycine, pH 10.0, 1 mM DTT). The
insoluble material is recovered by centrifagation, and solu-
bilized by suspension in Buffer C containing SDS. The
extract solution may be heated in the presence of beta-
mercaptoethanol and concentrated by ultrafiltration. The
HCV ¢100-3 in the extract is precipitated with cold acetone.
If desired, the precipitate may be stored at temperatures at
about or below -15° C.

[0726] Prior to ion exchange chromatography, the acetone
precipitated material is recovered by centrifugation, and
may be dried under nitrogen. The precipitate is suspended in
Buffer D (50 mM glycine, pH 10.0, 1 mM DTT, 7 M urea),
and centrifuged to pellet insoluble material. The supernatant
material is applied to an anion exchange column previously
equilibrated with Buffer D. Fractions are collected and
analyzed by ultraviolet absorbance or gel electrophoresis on
SDS polyacrylamide gels. Those fractions containing the
HCYV ¢100-3 polypeptide are pooled.

[0727] In order to purify the HCV ¢100-3 polypeptide by
gel filtration, the pooled fractions from the ion-exchange
column are heated in the presence of beta-mercaptoethanol
and SDS, and the eluate is concentrated by ultrafiltration.
The concentrate is applied to a gel filtration column previ-
ously equilibrated with Buffer E (20 mM Tris HCL, pH 7.0,
1 mM DTT, 0.1% SDS). The presence of HCV ¢100-3 in the
eluted fractions, as well as the presence of impurities, are
determined by gel electrophoresis on polyacrylamide gels in
the presence of SDS and visualization of the polypeptides.
Those fractions containing purified HCV ¢100-3 are pooled.
Fractions high in HCV ¢100-3 may be further purified by
repeating the gel filtration process. If the removal of par-
ticulate material is desired, the HCV ¢100-3 containing
material may be filtered through a 0.22 micron filter.

[0728] IV.B.7.b. Expression and Purification of Fusion
Polypeptide C100-3 (Alternate Method 2)

[0729] The fusion polypeptide C100-3 (also called HCV
¢100-3), is expressed in yeast strain JSC308 transformed
with pAB24C100-3. The expression of the C100-3 coding
region is under control of the ADH2 upstream activator
sequences (UAS) and GAP promoter sequences. This sys-
tem is repressed when glucose is present in the medium. In
the fermentation process, the inocula cultures (Inoculum 1
and 2) are prepared in selective medium containing a high
amount of glucose to repress synthesis of the C100-3
polypeptide. Inoculum 2 is then diluted into complete
medium containing an initial concentration of glucose suf-
ficient to allow substantial mass increase before being
metabolically exhausted by fermentation growth of the
culture. After the glucose has been exhausted from this
expression medium, the cells derepress the ADH-2 regulated
system as they begin to grow by respiration. In this method,
the majority of the mass increase of the cell culture is
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functionally uncoupled from the production of the HCV
C100-3 polypeptide. The expressed C100-3 polypeptide
thus expressed is purified by isolation of an insoluble cell
fraction, extraction of this fraction with SDS followed by
acetone precipitation, solubilization of the acetone precipi-
tate, followed by chromatography on Q-Sepharose and on
gel filtration columns.

[0730] Preparation and isolation of transformants is as
follows. Yeast strain JSC308 (MATa, ura3-delta 1, leu2-04
[cir°],;;DM15 (G, eY) is  transformed with plasmid
pAB24c100-3, using the lithium transformation procedure
described by Ito et al. (1984). The transformation mix is
plated onto selective ura™ agar plates, and the plates are
incubated at 30° C. for 2 to 4 days. Next, transformants
having high plasmid copy numbers are selected by streaking
ura* colonies to leucine selective plates. Transformants are
selected on their ability to express the C100-3 polypeptide,
as described below.

[0731] In order to test expression of C100-3, single trans-
formant colonies are transferred into leu™, 2% glucose
medium and grown at 30° C. until saturation. Under these
conditions, expression of C100-3 is repressed due to the high
glucose concentration in the medium. Expression is induced
by a Y2s dilution of the saturated culture into YEP/1%
glucose; the diluted cells are grown to saturation. The cells
are harvested, lysed by grinding with glass beads in TE
buffer containing NaCl. The insoluble fractions are collected
by centrifugation, and solubilized by resuspension in SDS
sample buffer and boiling. The solubilized fraction is exam-
ined by fractionation on standard 10% denaturing acryla-
mide gels (Laemmli (1970)). The polypeptides on the gel are
visualized by staining with Coomassie blue. Evidence of
expression is initially determined by appearance of a new
polypeptide in extracts of transformants harboring
pAB24¢100-3 as compared with control extracts (cells trans-
formed with pAB24 vector lacking the C100-3 coding
region). A protein band of about 53 Kd was clearly seen in
extracts of cells harboring the C100-3 expression plasmid;
this band was absent from the control extract.

[0732] A stock is prepared from a single transformant
colony by streaking onto a leu selective agar plate, and
incubating at 30° C. for 1~4 days. Single colonies are
picked, and individually inoculated into about 5 ml of leu,
2% glucose medium, and grown to saturation at 30° C. One
ml. is aseptically removed from each tube, and is transferred
to a flask containing 500 ml of leu”™ medium, 2% glucose.
The flask is incubated at 30° C. with agitation, for approxi-
mately 29 hours, after which time the flask is removed from
incubation, an O.D. 650 value is determined, and the viabil-
ity of the sample is determined. If the sample is viable,
glycerol is added to a final concentration of 15%, and the
sample is stored in 1 ml aliquots at Z60° C.

[0733] A working seed stock is prepared. An aliquot of the
frozen stock is plated onto leu~ selective plates. An isolated
small colony is picked, inoculated into 1-5 ml of selective
culture (described above), and incubated at 30° C. for one
day. One ml from this culture is used to inoculate a larger
leu™ selective media culture (500-1000 ml). After 30-60
hours of incubation, the O.D.q5, value and viability is
determined. Glycerol is added to a final concentration of
15% to the viable culture. The culture is stored at =60° C.
in 1 ml aliquots
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[0734] The stocks of transformed cells are analyzed.
Viability of the stocks is equal to or greater than 5x10°
viable cells per ml of culture. Phenotypic analysis is for the
chromosomal markers MATa and ::DM15(G418%). MATa is
tested by a plate assay that detects secretion of mating factor
when the test cells are patched onto a lawn of cells carrying
the opposite mating type. Opposite mating types of the lawn
and patched cells produce a clear halo around the patch.
DM15 (G418%) is tested by patching cells onto YEPD plates
with and without geneticin. The presence of the latter marker
allows for growth of the cells in geneticin plates.

[0735] The plasmids from the cells are also analyzed by
restriction map and nucleotide sequence confirmation for the
expression cassette.

[0736] In order to prepare inoculum 1, the transformed
yeast cells from the working stock are incubated in sterile
selective medium (leu~, 2% glucose); incubation is at 30+2°
C. at 250-350 rpm for 30 to 36 hours.

[0737] In order to prepare inoculum 2, sterile selective
medium at pH 5.920.1 containing approximately 10 grams
of yeast nitrogen base without amino acids (DIFCO) per
liter, 0.5 grams of Leu™ supplements per liter, antifoam
(approximately 0.1 ml/L), and 200 grams of dextrose per
liter, is prepared in a fermentor. Inoculum 1 is transferred
aseptically to the fermentor, and is incubated at 30+2° C. at
an agitation speed of 400+£50 rpm with an air flow of 10+2
liters per minute. Incubation is for 24+6 hours.

[0738] Expression of C100-3 is accomplished by transfer-
ring inoculum 2 to a fresh batch of sterile YEP medium with
2% dextrose, and incubating the cells in a fermentor for
53+7 hours at 30+2° C., with an agitation speed of 200£20
rpm and an air flow 200420 liters per minute. After the
incubation, the fermentor culture is cooled to <20° C., and
harvested by continuous flow centrifugation. The superna-
tant is discarded, and the yeast slurry is collected.

[0739] The C100-3 polypeptide is partially purified by
removal of the soluble yeast fraction. The yeast slurry is
adjusted to 50 mM Tris HCI (using 1.0 M Tris HCl, pH 8.0),
0.15 M NaCl, 2 mM EDTA, and 1 mM PMSEF. The yeast is
mechanically disrupted using a continuous flow Dynomill
glass bead mill with 0.5 mm nominal diameter glass beads.
Breakage is continued until >90% of the yeast cells are
broken. The resulting lysate is then diluted to achieve a 10%
(v/v) solids concentration based on pre-lysis volume and
packed cell volume by adding the same lysis buffer con-
taining PMSF. Gross cellular debris is removed by continu-
ous flow centrifgation in a Westfalia Model SA-1 centrifuge,
and is discarded. The partially clarified, diluted lysate is
further centrifuged at a higher relative G-force to recover the
C100-3 polypeptide. This step is accomplished by continu-
ous centrifugation of the lysate in a CEPA LE centrifuge at
full speed (flow rate, 100 to 200+20 ml/minute). The super-
natant is discarded, and the CEPA pellets are collected and
stored at £60° C.

[0740] Further purification of the C100-3 polypeptide
from the CEPA pelleted material is accomplished by acetone
precipitation of an SDS solubilized fraction, followed by
ion-exchange chromatography of the precipitated material,
and then by gel filtration chromatography of the eluate from
the ion-exchange column.

[0741] The CEPA pelleted material is resuspended in a
Tris/EDTA buffer (20 mM Tris HCL, pH 8.0, 1.0 mM
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EDTA, 1.0 mM PMSF), and insoluble material is collected
by centrifugation at 17,000xG for 60 minutes at approxi-
mately 4° C. The pellet is washed twice with a glycine/
DTT/NaCl buffer (50 mM glycine, 1.0 mM DTT, 50 mM
NaCl, pH 12) and once with glycine/DTT buffer (50 mM
glycine, 1.0 mM DTT, pH 10.0) before it is extracted by
suspension in the same buffer containing 0.5% SDS (w/v).
The pellet is recovered by centrifugation (17,000xG, 30 min,
about 4° C.), and the SDS extraction is repeated. The two
extracts are combined, and heated to 80-85° C. to solubilize
the C100-3 polypeptide. After solubilization, the extract is
cooled and BME is added to a concentration of 1% (w/v),
and the extract solution is precipitated with cold acetone to
remove excess SDS; this material may be stored at <-15° C.
for up to five weeks. The acetone precipitate is recovered by
centrifugation (5,000xG).

[0742] Inorder to further purify the material in the acetone
precipitate by chromatography, the precipitate is suspended
in glycine/urea buffer (50 mM glycine, pH 10, 7 mM urea,
10 mM DTT), is heated to 80-85° C., then cooled. The
extract is then applied to a Q-Sepharose anion exchange
column (2.5 L Q Sepharose, 25 cm diameter column) which
was previously equilibrated against the glycine/urea buffer;
the flow rate is 750 ml per minute, and the temperature is 2
to 8° C. The fractions are collected, and those containing
C100-3 polypeptide, as determined by absorbance at 280
nm, are pooled.

[0743] The material which passes through the ion
exchange column is further purified by gel filtration. The
pool of fractions from the ion-exchange column is adjusted
to 0.5% (w/v) SDS, and is concentrated two-fold with an
ultrafiltation unit using a 30K molecular weight cut-off
membane. The concentrated fraction is then adjusted to 2%
(v/v) BME, heated, the protein concentration is measured,
and the fraction is cooled. The cooled eluate is then applied
to Sephacryl S-300 HR gel filtration columns which were
previously equilibrated with an SDS/Tris buffer (0.1% SDS
(W), 20 mM Tris HCl, pH 7.0, 10 mM DTT). The gel
filtration columns are 55 cm high by 25 cm diameter; the
filtration is over two of these units in series; the operating
flow is 100 ml per minute. Fraction collection is started
immediately after loading. The eluted fractions are analyzed
by electrophoresis on polyacrylamide gels containing SDS,
in order to determine which of the fractions should be
pooled. Prior to electrophoresis, the test samples and a
reference sample are prepared by boiling in a buffer con-
taining BME and SDS. Following electrophoresis, the gels
are stained with Coomassie blue for visualization of the
protein bands. The determination of which fractions to pool
is based on the following analysis. The fraction containing
the highest and purest amount of polypeptide is called “peak
fraction”. This fraction together with fractions which elute
earlier are pooled up to, and including the first fraction
exhibiting a decrease of approximately !5 the amount of
C100-3 polypeptide band relative to the adjacent fraction,
and a decrease of approximately %3 relative to the peak
fraction. The decrease is observed in the relative thickness of
the C100-3 bands. Fractions which elute later than the
C100-3 peak are pooled up to, but not including the first
fraction exhibiting a visible band at the molecular weight of
about 18,000 relative to a molecular weight marker, and
including the the last fraction exhibiting a decrease of
approximately %3 of the polypeptide band relative to the peak
fraction.
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[0744] The pooled fractions are further purified by repeat-
ing the gel filtration process. The fractions from the second
gel filtration column are analyzed as described above, and
are further analyzed by HPLC to determine pooling. Analy-
sis by HPLC uses a TSK-400 gel filtration HPL.C column,
equipped with a computerized integrator. All samples are
prepared in a buffer containing 20 mM DTT to prevent
oxidation of the C100-3 polypeptide. Pooling based on
HPLC analysis is as follows. Using the HPLC chromato-
grams, the ratio of peak height to peak area for the C100-3
peak in each of the fractions is calculated. The ratio values
follow a trend, increasing to a maximum value and then
decreasing. Those fractions with a ratio equal to or greater
than 85% of the maximum value and which meet the criteria
in gel electrophoresis are pooled. The total volume of the
pool of fractions is measured, the protein concentration is
determined by the Lowry method, and the concentration of
the final pool is adjusted to 0.5 to 1.0 mg/ml with the same
buffer used for the gel filtration columns.

[0745] 1V.B.8. Expression and Antigenicity of Polypep-
tides Encoded in HCV cDNA

[0746]

[0747] The polypeptides encoded in a number of HCV
c¢DNAS which span the HCV genomic ORF were expressed
in E. coli, and tested for their antigenicity using serum
obtained from a variety of individuals with NANBH. The
clones from which the HCV ¢cDNAs were isolated, as well
as their relative relationships, and antigenicity, are shown in
FIG. 63. Also indicated in the figure are the putative
polypeptides encoded in the ORF of the HCV genome,
based upon the Flavivirus model and the hydropathic char-
acter of the putative encoded polypeptides. However, the
hydrophobicity profiles (described infra), indicate that HCV
diverges from the Flavivirus model, particularly with respect
to the region upstream of NS2. Moreover, the boundaries
indicated are not intended to show firm demarcations
between the putative polypeptides.

IV.B.8.a. polypeptides Expressed in E. coli

[0748] Possible protein domains of the encoded HCV
polyprotein, as well as the approximate boundaries, are the
following:

[0749] Putative Domain Approximate Boundary (amino
acid nos.)

Approximate Boundary

Putative Domain (amino acid nos.)

C (nucleocapsid protein) 1-120
E (Virion envelope protein(s) 120-400
and possibly matrix (M)

proteins

NS1 (complement fixation 400-660
antigen?)

NS2 (unknown function) 660-1050
NS3 (protease?) 1050-1640
NS4 (unknown function) 1640-2000
NS5 (polymerase) 2000-7 end

[0750] These domains are, however, extremely tentative,
since they are based upon the Flavivirus model, and recent
evidence suggests that the relationship between HCV and
the flaviviridae may be distant.
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[0751] The expression vectors containing the cloned HCV
c¢DNAs were constructed from pSODcf1, which is described
in Section IV.B.1. In order to be certain that a correct reading
frame would be achieved, three separate expression vectors,
pcflAB, pef1CD, and pcf1EF were created by ligating three
new linkers, AB, CD, and EF to a BamHI-EcoRI fragment
derived by digesting to completion the vector pSODcf1 with
EcoRI and BamHI, followed by treatment with alkaline
phosphatase. The linkers were created from six oligomers,
A, B, C, D, E, and F. Each oligomer was phosphorylated by
treatment with kinase in the presence of ATP prior to
annealing to its complementary oligomer. The sequences of
the synthetic linkers were the following.

Name DNA Sequence (5' to 3')
A GATC CTG AAT TCC TGA TAA
B GAC TTA AGG ACT ATT TTA A
C GATC CGA ATT CTG TGA TAA
D GCT TAA GAC ACT ATT TTA A
E GATC CTG GAA TTC TGA TAA

F GAC CTT AAG ACT ATT TTA A

[0752] Each of the three linkers destroys the original
EcoRI site, and creates a new EcoRI site within the linker,
but within a different reading frame. Hence, the HCV cDNA
EcoRI fragments isolated from the clones when inserted into
the expression vector, were in three different reading frames.

[0753] The HCV cDNA fragments in the designated
lambda-gt11 clones (indicated in FIG. 63) were excised by
digestion with EcoRI; each fragment was inserted into
pcflAB, pef1CD, and peflEF. These expression constructs
were then transformed into D1210 E. coli cells, the trans-
formants were cloned, and polypeptides were expressed as
described in Section IV.B.2.

[0754] Expression products of the indicated HCV ¢cDNAs
were tested for antigenicity by direct immunological screen-
ing of the colonies, using a modification of the method
described in Helfman et al. (1983). Briefly, as shown in FIG.
64, the bacteria were plated onto nitrocellulose filters over-
laid on ampicillin plates to give approximately 1,000 colo-
nies per filter. Colonies were replica plated onto nitrocellu-
lose filters, and the replicas were regrown overnight in the
presence of 2 mM IPTG and ampicillin. The bacterial
colonies were lysed by suspending the nitrocellulose filters
for about 15 to 20 min in an atmosphere saturated with
CHCI, vapor. Each filter then was placed in an individual 100
mm Petri dish containing 10 ml of 50 mM Tris HCL, pH 7.5,
150 mM NaCl, 5 MM MgCl,, 3% (w/v) BSA, 40 micro-
grams/ml lysozyme, and 0.1 microgram/ml DNase. The
plates were agitated gently for at least 8 hours at room
temperature. The filters were rinsed in TBST (50 mM Tris
HCl, pH 8.0, 150 mM NaCl, 0.005% Tween 20). After
incubation, the cell residues were rinsed and incubated in
TBS (TBST without Tween) containing 10% sheep serum;
incubation was for 1 hour. The filters were then incubated
with pretreated sera in TBS from individuals with NANBH,
which included: 3 chimpanzees; 8 patients with chronic
NANBH whose sera were positive with respect to antibodies
to HCV C100-3 polypeptide (described in Sections IV.B.6.
and IV.B.7)) (also called C100); 8 patients with chronic
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NANBH whose sera were negative for anti-C100 antibodies;
a convalescent patient whose serum was negative for anti-
C100 antibodies; and 6 patients with community acquired
NANBH, including one whose sera was strongly positive
with respect to anti-C100 antibodies, and one whose sera
was marginally positive with respect to anti-C100 antibod-
ies. The sera, diluted in TBS, was pretreated by preabsorp-
tion with hSOD. Incubation of the filters with the sera was
for at least two hours. After incubation, the filters were
washed two times for 30 min with TBST. Labeling of
expressed proteins to which antibodies in the sera bound was
accomplished by incubation for 2 hours with ***I-labeled
sheep anti-human antibody. After washing, the filters were
washed twice for 30 min with TBST, dried, and autoradio-
graphed.

[0755] As seen from the results shown in FIG. 65, a
number of clones expressed polypeptides containing HCV
epitopes which were immunologically reactive with serum
from individuals with NANBH. Five of these polypeptides
were very immunogenic in that antibodies to HCV epitopes
in these polypeptides were detected in many different patient
sera. The clones encoding these polypeptides, and the loca-
tion of the polypeptide in the putative HCV polyprotein
(wherein the amino acid numbers begin with the putative
initiator codon) are the following: clone 5-1-1, amino acids
1694-1735; clone C100, amino acids 1569-1931; clone 33c,
amino acids 1192-1457; clone CA279a, amino acids 1-84;
and clone CA290a amino acids 9-177. The location of the
immunogenic polypeptides within the putative HCV
polyprotein are shown immediately below.

Clones Encoding Polypeptides of Proven Reactivity
with Sera from NANBH Patients

[0756]
Location within the HCV polyprotein
(amino acid no. beginning with puta-
Clone tive initiator methionine)
CA279 1-84
CA74a 437-582
13i 511-690
CA290a 9-177
33¢ 11921457
40b 1266-1428
5-1-1 1694-1735
81 1689-1805
33b 1916-2021
25¢ 1949-2124
l4c 2054-2223
8f 2200-3325
33f 2287-2385
33g 2348-2464
39¢ 2371-2502
15¢ 2796-2886
C100 1569-1931

[0757] The results on the immunogenicity of the polypep-
tides encoded in the various clones examined suggest effi-
cient detection and immunization systems may include
panels of HCV polypeptides/epitopes.

[0758] I1V.B.8.b. Expression of HCV Epitopes in Yeast

[0759] Three different yeast expression vectors which
allow the insertion of HCV c¢DNA into three different
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reading frames are constructed. The construction of one of
the vectors is described in Section IV.B.4., except that HCV
cDNA from the clones listed in Section IV.B.8.a. are sub-
stituted for the C100 HCV cDNA. The construction of the
other vectors replaces the adaptor described in Section
IV.B.4. with one of the-following adaptors:

Adaptor 1
ATT TTG AAT TCC TAA TGA G
AC TTA AGG ATT ACT CAG CT

Adaptor 2
AAT TTG GPA TTC TAA TGA G
AC CTT AAG ATT ACT CAG CT.

[0760] The inserted HCV cDNA is expressed in yeast
transformed with the vectors, using the expression condi-
tions described in Section IV.B.4. The resulting polypeptides
are screened using the sera from individuals with NANBH,
described in Section IV.B.8.a.

[0761] IV.B.9. Expression and Purification of Fusion
Polypeptide SOD-C33c

[0762] A fusion polypeptide comprised of SOD at the
N-terminus and in-frame C33c HCV-polypeptide at the
C-terminus (SOD-C33¢), is encoded in clone pCF1EF/C33c
(see Section IV.B.8.). This polypeptide was expressed in E.
coli, and purified therefrom.

[0763] Expression was accomplished by inoculating 1500
ml of Luria broth containing ampicillin (100 micrograms/
ml) with 15 ml of an overnight culture of E. coli D1210
transformed with clone pCF1EF/C33c. The cells were
grown to an O.D. of 0.3, IPTG was added to yield a final
concentration of 2 mM, and growth continued until the cells
attained a density of 1 O.D., at which time they were
harvested by centrifugation at 3,000xg at 4° C. for 20
minutes. The packed cells can be stored at -80° C. for
several months.

[0764] In order to purify the SOD-C33c polypeptide the
bacterial cells in which the polypeptide was expressed were
subjected to osmotic shock and mechanical disruption, the
insoluble fraction containing SOD—C33¢ was isolated and
subjected to differential extraction with an alkaline-NaCl
solution, and the fusion polypeptide in the extract purified by
chromatography on columns of S-Sepharose and
Q-Sepharose.

[0765] The crude extract resulting from osmotic shock and
mechanical disruption was prepared by the following pro-
cedure. One gram of the packed cells were suspended in 10
ml of a solution containing 0.02 M Tris HCL, pH 7.5, 10 mM
EDTA, 20% sucrose, and incubated for 10 minutes on ice.
The cells were then pelleted by centrifugation at 4,000xg for
15 min at 4° C. After the supernatant was removed, the cell
pellets were resuspended in 10 ml of Buffer Al (0.01M Tris
HCL pH 7.5, 1 mM EDTA, 14 mM beta-mercaptoethanol
[BMEY)), and incubated on ice for 10 minutes. The cells were
again pelleted at 4000xg for 15 minutes at 4° C. After
removal of the clear supernatant (periplasmic fraction I), the
cell pellets were resuspended in Buffer Al, incubated on ice
for 10 minutes, and again centrifuged at 4,000xg for 15
minutes at 4° C. The clear supernatant (periplasmic fraction
IT) was removed, and the cell pellet resuspended in 5 ml of
Buffer A2 (0.02 M Tris HCL, pH 7.5, 14 mM BME, 1 mM
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EDTA, 1 mM PMSF). In order to disrupt the cells, the
suspension (5 ml) and 7.5 ml of Dyno-mill lead-free acid
washed glass beads (0.10-0.15 mm diameter)(obtained from
Glen-Mills, Inc.) were placed in a Falcon tube, and vortexed
at top speed for two minutes, followed by cooling for at least
2 min on ice; the vortexing-cooling procedure was repeated
another four times. After vortexing, the slurry was filtered
through a scintered glass funnel using low suction; the glass
beads were washed two times with Buffer A2, and the filtrate
and washes combined.

[0766] The insoluble fraction of the crude extract was
collected by centrifugation at 20,000xg for 15 min at 4° C.,
washed twice with 10 m1 Buffer A2, and resuspended in 5 ml
of MILLI-Q water.

[0767] A fraction containing SOD-C33c¢ was isolated from
the insoluble material by adding to the suspension NaOH (2
M) and NaCl (2 M) to yield a final concentation of 20 mM
each, vortexing the mixture for 1 minute, centrifuging it
20,000xg for 20 min at 4° C., and retaining the supernatant.

[0768] In order to purify SOD-C33c on S-Sepharose, the
supernatant fraction was adjusted to a final concentration of
6M urea, 0.05M Tris HCL, pH 7.5, 14 mM BME, 1 mM
EDTA. This fraction was then applied to a column of
S-Sepharose Fast Flow (1.5x10 em) which had been equili-
brated with Buffer B (0.05M Tris HCL, pH 7.5, 14 mM BME,
1 mM EDTA). After application, the column was washed
with two column volumes of Buffer B. The flow through and
wash fractions were collected. The flow rate of application
and wash, was 1 ml/min; and collected fractions were 1 ml.
In order to identify fractions containing SOD-C33c, aliquots
of the fractions were analyzed by electrophoresis on 10%
polyacrylamide gels containing SDS followed by staining
with Coomassie blue. The fractions are also analyzable by
western blots using an antibody directed against SOD.
Fractions containing SOD-C33¢ were pooled.

[0769] Further purification of SOD-C33¢ was on a
Q-Sepharose column (1.5x5 cm) which was equilibrated
with Buffer B. The pooled fractions containing SOD-C33c¢
obtained from chromatography on S-Sepharose was applied
to the column. The column was then washed with Buffer B,
and eluted with 60 ml of a gradient of 0.0 to 0.4 M NaCl in
Buffer B. The flow rate for application, wash, and elution
was 1 ml/min; collected fractions were 1 ml. All fractions
from the Q-Sepharose column were analyzed as described
for the S-Sepharose column. The peak of SOD-C33c¢ eluted
from the column at about 0.2 M NaCL

[0770] The SOD-C33c obtained from the Q-Sepharose
column was greater than about 90% pure, as judged by
analysis on the polyacrylamide SDS gels and immunoblot
using a monoclonal antibody directed against human SOD.

[0771] 1IV.B.10. Expression in Yeast of Fusion Polypeptide
SOD-C200-C100

[0772] 1V.B.10.a. Construction of an Expression Vector
Comprised of Expression Cassette C200-C100

[0773] An expression cassette containing the ADH2/GAP
promoter, a sequence encoding SOD, the composite HCV
sequences C200 and C100, and the alpha-factor terminator
terminator was constructed. The C200 sequence overlaps the
C100 sequence. Thus, the C200-C100 construct was
designed to express the segment of the continuous ORF
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contained in clones 33¢/31/35/36/81/32. FIG. 79 shows the
sequence of the HCV ¢DNA in the construct, the polypep-
tides encoded therein, and the putative restriction enzyme
sites encoded therein.

[0774] The C200-C100 construct was formed by ligating
together a "1.29 Kbp fragment obtained by digestion of
plasmid pBR322-C200 with EcoRI and Ncol, and a 7950 bp
fragment. obtained by digestion of plasmid pS3-56c;00m
with Necol and Sall. The construction of plasmids pBR322-
C200 and of pS3-56,,q0., are described in Sections IV.A.37
and IV.A.36., respectively.

[0775] In order to join the ADH2/GAP promoter, and the
sequence encoding SOD to the 5'-terminus of the construct,
and the alpha-factor terminator to the 3'-terminus of the
construct, the C200-C100 construct was inserted into the
vector pS3-34, which had been digested with EcoRI and
Sall.

[0776] The vector pS3-34 was created from the vector
pYSI3 by deletion of the insulin sequences encoded therein,
and by insertion of two linkers, C and D. These linkers allow
the SOD encoding sequence and-the HCV C200-C100
sequences to be in correct reading frame. Deletion of the
insulin sequences was accomplished by digestion with
EcoRI and Sall, followed by purification of the large vector
fragment. The sequences of the inserted linkers are:

Linker C: 5' AAT TTG GAA TTC TAA TTA ATT AAG 3'

Linker D: AC CTT AAG ATT AAT TAA TTCAGCT
[0777] The underlined sequences, CTTAAG and CAGCT,
indicate an EcoRI site and a Sall site, respectively.

[0778] The plasmid pYSI3, described briefly in Table 1 of
the U.S. Pat. No. 4,751,180, was used as a convenient way
to attach the C100 and C200-C100m sequences to the
ADH2/GAP hybrid promoter, the alpha-factor terminator
and the SOD sequences. Previously, pYSI3 was used to
express insulin; therefore, the vector contains a BamHI
cassette (2.4 Kbp) which comprises the ADH2/GAP hybrid
yeast promoter upstream of the hSOD gene (sece U.S. Pat.
No. 4,751,180) which in turn is fused to a hinge region and
an insulin gene. Downstream of the insulin sequence is the
yeast alpha-factor transcription terminator which is a 270
bp, Sall to EcoRI fragment, from the Saccharomyces cer-
evisiae alpha-factor gene described in Singh et al., Nucleic
Acids Research (1983) 11(12):4049-4063. The insulin and
hinge sequences were removed from the vector by digestion
with EcoRI and Sall and the appropriate synthetic adapters
were inserted between these two restriction sites to yield
plasmid pS3-56 and pS3-34.

[0779] An expression vector containing the C200-C100
expression cassette was constructed by insertion of the
cassette into the yeast expression vector pAB24; the vector
pAB24 is described in Section IV.B.4.. The insertion was
accomplished by excising a 4349 bp BamHI/BamHI cassette
from the pS3-34/C200-C100 cloning vector and inserting
the fragment into the BamHI site of the expression vector
pAB24. The resulting vector, which is called pAB24/C200-
C100, was transformed into yeast strain JSC308. Yeast strain
JSC308 is described in commonly owned U.S. Ser. No.
190,868, and is on deposit with the American Type Culture
Collection under Accession No. 20879.
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[0780] IV.B.10.b. Expression of Fusion Polypeptide SOD/
C200-C100

[0781] Expression of fusion polypeptide SOD/C200-C100
encoded in pAB24/C200-C100 was in yeast. strain JSC308,
which had been transformed with the isolated expression
vector. The yeast transformants were grown in an inoculum
culture for 24 to 30 hours in Leu™ medium containing 2%
glucose; growth was at 30° C. at an agitation rate of 300
rpm. Expression of the fusion polypeptide was obtained by
inoculating 500 ml of YEP containing 2% glucose with 25
ml of the inoculum culture, followed by incubation at 30° C.
for 48 hours at an agitation rate of about 300 rpm. Growth
was in a 2.8 L Fernbach flask.

[0782] Alternatively, 500 ml of inoculum was added to 10
L of YEP containing 4% glucose, and growth was in a Braun
Biotech Model Biostat E fermentor at an agitation rate of
about 400+20 rpm at a temperature of about 30°+2° C. and
an air flow rate of 10zslpm; the cells were harvested 50
hours after inoculation.

[0783]
Yeast

IV.B.11. Expression of HCV Polypeptide C100 in

[0784] The composite HCV ¢cDNA C100 (see Section
IV.A.16) was fused directly to the ADH2/GAP promoter,
and expressed in yeast.

[0785] IV.B.11.a. Construction of Yeast Expression Vector
pC100- d#3

[0786] The construction of a yeast expression vector in
which the HCV ¢DNA C100 sequence (described in Sec-
tions IV.A.16.) was fused directly to the ADH2/GAP pro-
moter was accomplished by a protocol which included
amplification of the C100 sequence using a PCR method,
followed by ligation of the amplified sequence into a cloning
vector. After cloning, the C100 sequence was excised, and
with a sequence which contained the ADH2/GAP promoter,
was ligated to a large fragment of a yeast vector to yield a
yeast expression vector. A flow chart of the construction of
the yeast expression vector is shown in FIG. 76.

[0787] The PCR amplification of C100 was performed
using as template the vector pS3-56..q, (see Section
IV.A.36.), which had been linearized by digestion with Sall.

[0788] The oligonucleotide primers used for the amplifi-
cation were designed to facilitate cloning into the expression
vector, and to introduce a translation termination codon.
Specifically, novel 5'-HindIII and 3'-Sall sites were gener-
ated with the PCR oligonucleotides. The oligonucleotide
containing the Sall site also encodes the double termination
codons, TAA and TGA. The oliogonucleotide containing the
HindIII site also contains an untranslated leader sequence
derived from the pgap63 gene, situated immediately
upstream of the AUG codon. The pEco63GAPDH gene is
described by Holland and Holland (1980) and by Kniskern
et al. (1986). The PCR primer sequences used for the direct
expression of C100m were:

5' GAG TGC TCA AGC TTC AAA ACA AAA TGG CTC
ACT TTC TAT CCC AGA CAA AGC AGA GT 3'
and
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-continued

5' GAG TGC TCG TCG ACT CAT TAG GGG GAA

ACA TGG TTC CCC CGG GAG GCG AA 3'.

[0789] Amplification by PCR, utilizing the primers, and
template, was with a Cetus-Perkin-Elmer PCR kit, and was
performed according to the manufacturer’s directions. The
PCR conditions were 29 cycles of 94° C. for a minute, 37°
C. for 2 minutes, 72° C. for 3 minutes; and the final
incubation was at 72° C. for 10 minutes. The DNA can be
stored at 4° C. or —20° C. overnight.

[0790] After amplification, the PCR products were
digested with HindIII and Sall. The major product of 1.1 kb
was purified by electrophoresis on a gel, and the eluted
purified product was ligated with a large Sall-HindIII frag-
ment of pBR322. In order to isolate correct recombinants,
competent HB101 cells were transformed with the recom-
binant vectors, and after cloning, the desired recombinants
were identified on the basis of the predicted size of HindIII-
Sall fragments excised from the clones. One of the clones
which contained the a HindIII-Sall fragment of the correct
size was named pBR322/C100 d. Confirmation that this
clone contained amplified C100 was by direct sequence
analysis of the HindIII-Sall fragment.

[0791] The expression vector containing C100 was con-
structed by ligating the HindIII-Sall fragment from pBR322/
C1007d to a 13.1 kb BamHI-Sall fragment of pBS24.1, and
a 1369 bm BamHI-HindIII fragment containing the ADH2/
GAP promoter. (The latter fragment is described in EPO
164,556). The pBS24.1 vector is described in commonly
owned U.S. Ser. No. 382,805 filed Jul. 19, 1989. The
ADH2/GAP promoter fragment was obtained by digestion
of the vector pPGAP/AG/HindIII with HindIII and BamHI,
followed by purification of the 1369 bp fragment on a gel.

[0792] Competent HB101 cells were transformed with the
recombinant vectors; and correct recombinants were iden-
tified by the generation of a 2464 bp fragment and a 13.1 kb
fragment generated by BamHI and Sall digestion of the
cloned vectors. One of the cloned correct recombinant
vectors was named pC100~d#3.

[0793] IV.B.11.b. Expression of C100 from pC100~d#3

[0794] In order to express C100, competent cells of Sac-
charomyces cerevisiae strain AB122 (MATa leu2 ura3-53
prb 1-1122 pep4-3 prel-407[cir-0]) were transformed with
the expression vector pC100 d3. The transformed cells were
plated on URA-sorbitol, and individual transformants were
then streaked on Leu™ plates.

[0795] Individual clones were cultured in Leu~, ura”
medium with 2% glucose at 30° C. for 24-36 hours. One liter
of Yeast Extract Peptone Medium (YEP) containing 2%
glucose was inoculated with 10 ml of the overnight culture,
and the resulting culture was grown at 30° C. at an agitation
rate of 400 rpm and an aeration late of 1 L of air per 1 L of
medium per minute (i.e., 1 vvm) for 48 hours. The pH of the
medium was not controlled. The culture was grown in a
BioFlo II fermentor manufactured by New Brunswick Sci-
ence Corp. Following fermentation, the cells were isolated
and analyzed for C100 expression.

[0796] Analysis for expressed C100 polypeptide by the
transformed cells was performed on total cell lysates and

47

Aug. 28, 2003

crude extracts prepared from single yeast colonies obtained
from the Leu™ plates. The cell lysates and crude extracts
were analyzed by electrophoresis on SDS polyacrylamide
gels, and by western blots. The Western blots were probed
with rabbit polyclonal antibodies directed against the SOD-
C100 polypeptide expressed in yeast. The expected size of
the C100 polypeptide is 364 amino acids. By gel analysis the
expressed polypeptide has a MW, of 39.9K.

[0797] Both analytical methods demonstrated that the
expressed C100 polypeptide was present in total cell lysates,
but was absent from crude extracts. These results suggest
that the expressed C100 polypeptide may be insoluble.

[0798] 1V.B.12 Expression of HCV Polypeptide S2 in
Yeast

[0799] An 52 polypeptide encoded in the HCV cDNA
shown in FIG. 72 contains amino acids 199 to 328 encoded
in the ORF. The clone, pil4a, described supra., contains an
HCV ¢cDNA which encodes these amino acids.

[0800] The protocol for the construction of the expression
vector encoding the S2 polypeptide and for its expression in
yeast was analagous to that used for the expression of the
C100 polypeptide, described in Sections IV.B.11, IV.B.11a
and IV.B.11b, except for the following. (A flow chart of the
construction of the yeast expression vector encoding S2 is
shown in FIG. 77.)

[0801] The template for the PCR reaction was the vector
pBR322/Pil4a, which had been linearized by digestion with
HindIII.

[0802] The oligonucleotides used as primers for the ampli-
fication by PCR of the S2 encoding sequence were the
following.

[0803] For the 5'-region of the S2 sequence:

5' GAG TGC TCA AGC TTC AAA ACA AAA TGG GGC TCT

ACC ACG TCA CCA ATG ATT GCC CTA AC 3';

[0804]
[0805] for the 3'-region of the S2 sequence:

and

5' GAG TGC TCG TCG ACT CAT TAA GGG GAC CAG TTC
ATC ATC ATA TCC CAT GCC AT 3'.

[0806] The primer for the 5'-region introducies a HindIII
site and an ATG start codon into the amplified product. The
primer for the 3' region introduces translation stop codons
and a Sall site into the amplified product.

[0807] The PCR conditions were 29 cycles of 94° C. for
a minute, 37° C. for 2 minutes, 72° C. for 3 minutes, and the
final incubation was at 72° C. for 10 minutes.

[0808] The main product of the PCR reaction was a 413 bp
fragment, which was gel purified. The purified fragment was
ligated to the large fragment obtained from pBR322 digested
with HindIIl and Sall fragment, yielding the plasmid
pBR322/S2d.

[0809] Ligation of the 413 bp HindIII-Sall S2 fragment
with the 1.36 kb BamHI-HindIII fragment containing the
ADH2/GAP promoter, and with the large BamHI-Sall frag-
ment of the yeast vector pBS24.1 yielded recombinant
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vectors, which were cloned. Correct recombinant vectors
were identified by the presence of a 1.77 kb fragment after
digestion with BamHI and Sall. An expression vector con-
structed from the amplified sequence, and containing the
sequence encoding S2 fused directly to the ADH2/GAP
promoter is identified as pS2d#9.

[0810] Analysis for expressed 52 polypeptide by the trans-
formed cells was performed on total cell lysates and crude
extracts prepared from single yeast colonies obtained from
the Leu™ plates. The cell lysates and crude extracts were
analyzed by electrophoresis on SDS polyacrylamide gels.
The expected size of the S2 polypeptide is 130 amino acids.
By gel analysis, the expressed polypeptide has a MW* of 16
Kd. The expressed S2 was detected in the total lysates, and
not in the crude extracts, suggesting that the expressed S2
may be insoluble.

[0811] TIV.B.13. Expression of HCV C Polypeptide in
Yeast

[0812] A polypeptide encoded in the HCV ¢cDNA shown
in FIG. 72, and which contains amino acids numbers 1 to
122 encoded in the OREF, is named herein the C polypeptide.

[0813] The protocol for the construction of the expression
vector encoding the C polypeptide and for its expression in
yeast was analogous to that used for the expression of the
C100 polypeptide, described in Sections [V.B.11, IV.B.11.a
and IV.B.11.b, except for the following. (A flow chart of the
construction of the yeast expression vector encoding the C
polypeptide is shown in FIG. 92.)

[0814] The template for the PCR reaction was pBR322/
Ag30a which had been linearized with HindIIl. The HCV
c¢DNA in clone Ag30a is described in Section IV.A.30. The
oligonucleotides used as primers for the amplification by
PCR of the C encoding sequence were the following.

[0815] For the 5'-region of the C sequence:

5' GAG TGC TCG TCG ACT CAT TAA CCC AAA TTG CGC
GAC CTA CGC CGG GGG TCT GT 3'.

[0816] and
[0817] for the 3'-region of the C sequence:

5' GAG TGC AGC TTC AAA ACA ARA TGA GCA CGA
ATC CTA AAC CTC AAA AAA AAA AC 3',

[0818] The primer for the 5'-region introduces a HindIII
site into the amplified product, and the primer for the
3'-region introduces translation stop codons and a Sall site.
The PCR was run for 29 cycles of 94° C. for a minute, 37°
C. for 2 minutes, 72° C. for 3 minutes, and the final
incubation was at 72° C. for 10 minutes.

[0819] The major product of PCR amplification is a 381
bp polynucleotide. Ligation of this fragment with the Sall-
HindIII large Sall-HindIII fragment of pBR322 yielded the
plasmid pBR322/C2.

[0820] Ligation of the 381 bp HindIII-Sall C coding
fragment excised from pBR322/C2 with the 1.36 kb BamHI-
HindIII fragment containing the ADH2/GAP promoter, and
with the large BamHI-Sall fragment of the yeast vector
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pBS24.1 yielded recombinant vectors, which were cloned.
Correct recombinant vectors were identified by the presence
of a 1.74 kb fragment after digestion with BamHI and Sall.
An expression vector constructed from the amplified
sequence, and containing the sequence encoding C fused
directly to the ADH2/GAP promoter is identified as pC22.

[0821] Analysis for expressed C polypeptide by the trans-
formed cells was performed on total cell lysates and crude
extracts prepared from single yeast colonies obtained from
the Leu™ plates. The cell lysates and crude extracts were
analyzed by electrophoresis on SDS polyacrylamide gels.
The C polypeptide is expected to have 122 amino acids and
by gel analysis the expressed polypeptide has a MW, of
approximately 13.6 Kd.

[0822] IV.B.14. Expression of a Polypeptide Which Con-
tains Amino Acid Numbers 404-661 of the HCV Polyprotein

[0823] A polypeptide encoded in the HCV ¢cDNA shown
in FIG. 72, and which contains amino acids numbers 404 to
661 encoded in a region of the HCV ORF designated as “x”
is named herein the NS1 polypeptide. It should be noted that
this designation is not meant to connote that the character-
istics of this polypeptide are equivalent to that of the NS1
polypeptide of the flaviviruses, for the reasons discussed
supra.

[0824] IV.B.14.a. Expression of NS1 in Yeast

[0825] The protocol for the construction of the expression
vector encoding the NS1 polypeptide and for its expression
in yeast was analogous to that used for the expression of the
C100 polypeptide, described in Sections IV.B.11, IV.B.11.a,
and IV.B.11.b, except for the following. (A flow chart of the
construction of the yeast expression vector encoding NS1 is
shown in FIG. 78)

[0826] The template for the PCR amplification of the NS1
encoding sequence was pBR K-9-1/59a (also called pBR
K/9-1/59a), which had been linearized by digestion with
HindIII. The clone CA59a, described in Example IV.A.27,
was inserted into the EcoRI site of pBR322 and the clone
K-9-1, described in Example IV.A.26, was inserted into the
Bglll site of pPGAP. A Pstl to Nhel fragment from the
pBR322/CA59a vector was ligated to a Pstl to Nhel frag-
ment from the pPGAP3/K-9-1 to create the vector pBR
K-9-1/59a, from which the HCV ¢cDNA can be released by
digestion with BglIl and EcoRI. The vector pPGAP3 is a
PBR322 derivative with the GAP promoter and terminator,
described in U.S. Patent Application No. 468,589, filed on
Feb. 22, 1983.

[0827] The oligonucleotides used as primers for PCR
amplification of the NS1 coding sequence were designed to
not only to generate novel 5' HindIII site, and a 3'-Sall site
and double termination codons; in addition, the 3'-oligo-
nucleotide primer also included an Xhol restriction site. The
sequences of the oligonucleotide primers is the following.

[0828] For the 5'-region of the NS1 sequence:

[0829] 5' GAG TGC TCA AGC TTA CAA AAC
AAA ATG GCA CCA GGC GCC AAG CAG AAC
GTC CAG CTG ATC 3'; and
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[0830] For the 3'-region of the NS1 sequence:

5' GAG TGC TCC TCG AGG TCG ACT CAT TAC TCG GAC
CTG TCC CTA TCT TCC AGA TCG CAA CG 3'.

[0831] For cloning NS1 into a yeast experssion vector, the
PCR conditions were 15 cycles of 94° C. for 1.5 minutes,
60° C. for 2 minutes, and 72° C. for 3 minutes. After 15
cycles, the last incubation was at 72° C. for 10 minutes.

[0832] After amplification by PCR, the products were
digested with HindIIl and Xhol, and an 809 bp product
isolated after gel electrophoresis. This product was ligated
with the large HindIII-Sall fragment of pBR322. (This
construction results in the loss of 3'-Xhol site from the NS1
coding sequence, and the Sall site of pBR322). After cloning
in HB101, plasmids containing the correct insert were
identified by the presence of an 800 bp HindIII-Sall frag-
ment, after digestion of the DNA with HindIII and partial
digestion with Sall. A plasmid containing the correct insert
was named pBR322/NS11d/13.

[0833] An 800 bp fragment which encodes NS1 was
excised from pBR322/NS11d/13 by digestion with HindIII
and partial digestion with Sall, and was isolated by gel
electrophoresis. Ligation of this fragment with the 1.36 kb
BamHI-HindIII fragment containing the ADH2/GAP pro-
moter, and with the large BamHI-Sall fragment of the yeast
vector pBS24.1 yielded recombinant vectors, which were
cloned. Correct recombinant vectors were identified by the
liberation of 2008 bp and 165 bp fragments in addition to a
13.1 kb fragment after digestion with HindIII and Sall. A
recombinant vector containing the desired insert is named
pNS11d/13 (also named pNS11/13-15).

[0834] Analysis for expressed NS1 polypeptide by the
pNS11d/13 transformed cells was performed on total cell
lysates and crude extracts prepared from single yeast colo-
nies obtained from the Leu~™ plates. The cell lysates and
crude extracts were analyzed by electrophoresis on SDS
polyacrylamide gels and by Western blots. A human serum
sample was identified by the experiment described in
Example IV.B.8.a to contain antibodies against the NS1
region. This serum was used as a primary antibody in the
western blotting. The NS1 polypeptide is expected to have
258 amino acids, and by gel analysis the expressed polypep-
tide has a MW, of approximately 29 K. Both methods of
analysis indicated the presence of expressed NS1 polypep-
tide in the total cell lysates, but not in crude extracts. These
results suggest that the expressed NS1 polypeptide is
insoluble.

[0835] IV.B.14.b. Expression of NS1 in Mammalian Cells

[0836] A vector for expression of NS1 in mammalian cells
was constructed using a 795 bp fragment obtained by PCR
amplification of the NS1 ORF which is contained in plasmid
pPGAT/K9-1/59a, described in Section IV.B.14.a. The PCR
reaction was performed using the following oligonucleotide
sequences as primers.

[0837] The primer for the 5'-region of NS1 was:

5' GGA TCC GCT AGC GCC CCC AAG CAG AAC GTC
CAG CTG ATC AAC ACC 3';
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[0838] where the underlined sequence encodes an Nhel
site.

[0839] The primer for the 3'-region of NS1 was:

5' GGA TCC AAG CTT TTA CTC GGA CCT GTC CCT
ATC TTC CAG ATC GCA ACG 3';

[0840] where the first and second underlined sequences
encode a HindIII site and a stop codon, respectively.

[0841] A polyacrylamide gel purified 795 bp fragment was
digested with Nhel and HindIIl. The resulting 777 bp
Nhel-HindIII fragment, which encodes NS1, was ligated to
the 3.98 Kbp fragment obtained by digestion of
pCMV6a120 with Nhel, and partial digestion with HindIII.
A resulting plasmid containing the correct insert was des-
ignated ptpa-NS1.

[0842] The vector pCMV6a120, which is described in
U.S. Ser. No. 138,894 filed Dec. 24, 1987 (which is incor-
porated by reference, along with any foreign filed counter-
parts), is a mammalian cell expression vector which encodes
2p120 of human immunodeficiency virus (HIV). The gp120
encoding sequence was excised by the digestion with Nhel
and the partial digestion with HindIII.

[0843] Transient expression studies were performed in
COS-7 cells (Gluzman (1981)), which had been transfected
with ptpa-NS1. Transfection was accomplished by lipofec-
tion using techniques described by Felgner et al. (1987). In
order to perform immunofluorescence studies, the trans-
fected cells were subcultured into 2-chamber plastic slide
wells (Lab-Tek). The COS-7 cells were fixed with acetone at
72 hours following transfection, and cells producing NS1
were identified using indirect immunofluorescence methods
(Pachl et al. (1987)). In the immunofluorescence studies, the
source of primary antibodies was an HCV positive human
antiserum which was immunoreactive with bacterially
expressed NS1. The secondary antibody was FITC-conju-
gated goat anti-human IgG (Tago, Inc., Burlingame, Calif.),
which had been diluted 1:200. Immunofluorescence on the
slides was observed using a Leitz Dialux 20 EB fluorescent
microscope. The cells which were transfected with ptpa-
NS1 exhibited a diffuse cytoplasmic immunofluorescent
staining pattern. Mock controls were also run. Positive
controls included cells transfected with plasmids expresing
CMV glycoprotein B, including plasmids pXgBS8, the
pXgB23clvl-4 series, and the pXgB24clv1-3 series.

[0844] 1V.B.14.c. Expression of NS1 in Mammalian Cells
Using a Vector with a Selectable Marker

[0845] In order to physically link the NS1 encoding
sequence to a sequence encoding a selectable marker, i.c.,
the DHFR gene, the NS1 ORF DNA sequence was sub-
cloned into two mammalian cell expression vectors, pCM-
VAdhfr and pMCMVAdhfr. The vector pCWVAdhfr con-
tains the human CMV major immediate early (MIE)
promoter, and also contains the mouse dhfr gene linked to
the adenovirus major late promoter (Stuve et al. (1987)). The
vector pPMCMVAdhfr is colinear to pCM VAdhfr, except that
murine CMV (MCMV) MIE promoter is substituted for the
human CMV MIE promoter. The MCMV MIE promoter is
a Hpal-Pstl fragment, which was cloned from pON402
(Manning and Mocarski (1988)).
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[0846] In order to subclone the NS1 ORF DNA, it was
excised from ptpa-NS1 by partial digestion with Sall. The
962 bp fragment was then ligated to Sall digested pCM-
VAdhfr, or to Sall digested pMCMVAdhfr. Each of these
vectors contains a unique Sall site.

[0847] The recombinant dhfr vectors comprised of the
NS1 sequence were used to transfect dhfr~ CHO cells in
order to generate stable cell lines expressing this ORF.
Transfection was by the polybrene transfection procedure of
Chaney et al. (1986).

[0848] IV.C. Identification of RNA in Infected Individuals
Which Hybridizes to HCV cDNA.

[0849] IV.C.1. Identification of RNA in the Liver of a
Chimpanzee With NANBH Which Hybridizes to HCV
cDNA.

[0850] RNA from the liver of a chimpanzee which had
NANBH was shown to contain a species of RNA which
hybridized to the HCV cDNA contained within clone 81 by
Northern blotting, as follows.

[0851] RNA was isolated from a liver biopsy of the
chimpanzee from which the high titer plasma was derived
(see Section IV.A.1.) using techniques described in Maniatis
et al. (1982) for the isolation of total RNA from mammalian
cells, and for its separation into poly A and poly A~ fractions.
These RNA fractions were subjected to electrophoresis on a
formaldehyde/agarose gel (1% w/v), and transferred to
nitrocellulose. (Maniatis et al. (1982)). The nitrocellulose
filters were hybridized with radiolabeled HCV cDNA from
clone 81 (see FIG. 4 for the nucleotide sequence of the
insert.) To prepare the radiolabeled probe, the HCV ¢cDNA
insert isolated from clone 81 was radiolabeled with **P by
nick translation using DNA Polymerase I (Maniatis et al.
(1982)). Hybridization was for 18 hours at 42° C. in a
solution containing 10% (w/v) Dextran sulphate, 50% (w/v)
deionized formamide, 750 mM NaCl, 75 mM Na citrate, 20
mM Na,HPO,, pH 6.5, 0.1% SDS, 0.02% (w/v) bovine
serum albumin (BSA), 0.02% (w/v) Ficoll-400, 0.02% (w/v)
polyvinylpyrrolidone, 100 micrograms/ml salmon sperm
DNA which had been sheared by sonication and denatured,
and 10° CPM/ml of the nick-translated cDNA probe.

[0852] An autoradiograph of the probed filter is shown in
FIG. 38. Lane 1 contains >*P-labeled restriction fragment
markers. Lanes 2-4 contain chimpanzee liver RNA as fol-
lows: lane 2 contains 30 micrograms of total RNA; lane 3
contains 30 micrograms of poly A- RNA; and lane 4
contains 20 micrograms of poly A+ RNA. As shown in FIG.
38, the liver of the chimpanzee with NANBH contains a
heterogeneous population of related poly A+ RNA mol-
ecules which hybridizes to the HCV cDNA probe, and which
appears to be from about 5000 nucleotides to about 11,000
nucleotides in size. This RNA, which hybridizes to the HCV
c¢DNA, could represent viral genomes and/or specific tran-
scripts of the viral genome.

[0853] The experiment described in Section IV.C.2., infra,
is consistent with the suggestion that HCV contains an RNA
genome.

[0854] IV.C.2. Identification of HCV Derived RNA in
Serum from Infected Individuals.

[0855] Nucleic acids were extracted from particles iso-
lated from high titer chimpanzee NANBH plasma as
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described in Section IV.A.1. Aliquots (equivalent to 1 ml of
original plasma) of the isolated nucleic acids were resus-
pended in 20 microliters 50 mM Hepes, pH 7.5, 1 mm EDTA
and 16 micrograms/ml yeast soluble RNA. The samples
were denatured by boiling for 5 minutes followed by imme-
diate freezing, and were treated with RNase A (5 microliters
containing 0.1 mg/ml RNase A in 25 mM EDTA, 40 mM
Hepes, pH 7.5) or with DNase I (5 microliters containing 1
unit DNase I in 10 mM MgCl,, 25 mM Hepes, pH 7.5);
control samples were incubated without enzyme. Following
incubation, 230 microliters of ice-cold 2xSSC containing 2
micrograms/ml yeast soluble RNA was added, and the
samples were filtered on a nitrocellulose filter. The filters
were hybridized with a cDNA probe from clone 81, which
had been P-labeled by nick-translation. FIG. 39 shows an
autoradiograph of the filter. Hybridization signals were
detected in the DNase treated and control samples (lanes 2
and 1, respectively), but were not detected in the RNase
treated sample (lane 3). Thus, since RNase A treatment
destroyed the nucleic acids isolated from the particles, and
DNase I treatment had no effect, the evidence strongly
suggests that the HCV genome is composed of RNA.

[0856] IV.C.3. Detection of Amplified HCV Nucleic Acid
Sequences derived from HCV Nucleic Acid Sequences in
Liver and Plasma Specimens from Chimpanzees with
NANBH

[0857] HCV nucleic acids present in liver and plasma of
chimpanzees with NANBH, and in control chimpanzees,
were amplified using essentially the polymerase chain reac-
tion (PCR) technique described by Saiki et al. (1986). The
primer oligonucleotides were derived from the HCV cDNA
sequences in clone 81, or clones 36 and 37. The amplified
sequences were detected by gel electrophoresis and South-
ern blotting, using as probes the appropriate cDNA oligomer
with a sequence from the region between, but not including,
the two primers.

[0858] Samples of RNA containing HCV sequences to be
examined by the amplification system were isolated from
liver biopsies of three chimpanzees with NANBH, and from
two control chimpanzees. The isolation of the RNA fraction
was by the guanidinium thiocyanate procedure described in
Section IV.C.1.

[0859] Samples of RNA which were to be examined by the
amplification system were also isolated from the plasmas of
two chimpanzees with NANBH, and from one control
chimpanzee, as well as from a pool of plasmas from control
chimpanzees. One infected chimpanzee had a CID/ml equal
to or greater than 10°, and the other infected chimpanzee had
a CID/ml equal to or greater than 10°.

[0860] The nucleic acids were extracted from the plasma
as follows. Either 0.1 ml or 0.01 ml of plasma was diluted
to a final volume of 1.0 ml, with a TENB/proteinase K/SDS
solution (0.05 M Tris-HCL, pH 8.0, 0.001 M EDTA, 0.1 M
NaCl, 1 mg/ml Proteinase K, and 0.5% SDS) containing 10
micrograms/ml polyadenylic acid, and incubated at 37° C.
for 60 minutes. After this proteinase K digestion, the result-
ant plasma fractions were deproteinized by extraction with
TE (10.0 mM Tris-HCl, pH 8.0, 1 mM EDTA) saturated
phenol. The phenol phase was separated by centrifugation,
and was reextracted with TENB containing 0.1% SDS. The
resulting aqueous phases from each extraction were pooled,
and extracted twice with an equal volume of phenol/chlo-
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roform/isoamyl alcohol [1:1(99:2)], and then twice with an
equal volume of a 99:1 mixture of chloroform/isoamyl
alcohol. Following phase separation by centrifugation, the
aqueous phase was brought to a final concentration of 0.2 M
Na Acetate, and the nucleic acids were precipitated by the
addition of two volumes of ethanol. The precipitated nucleic
acids were recovered by ultracentrifugation in a SW 41 rotor
at 38 K, for 60 minutes at 4° C.

[0861] In addition to the above, the high titer chimpanzee
plasma and the pooled control plasma alternatively were
extracted with 50 micrograms of poly A carrier by the
procedure of Chomcyzski and Sacchi (1987). This proce-
dure uses an acid guanidinium thiocyanate extraction. RNA
was recovered by centrifugation at 10,000 RPM for 10
minutes at 4° C. in an Eppendorf microfuge.

[0862] On two occasions, prior to the synthesis of cDNA
in the PCR reaction, the nucleic acids extracted from plasma
by the proteinase K/SDS/phenol method were further puri-
fied by binding to and elution from S and S Elutip-R
Columns. The procedure followed was according to the
manufacturer’s directions.

[0863] The cDNA used as a template for the PCR reaction
was derived from the nucleic acids (either total nucleic acids
or RNA) prepared as described above. Following ethanol
precipitation, the precipitated nucleic acids were dried, and
resuspended in DEPC treated distilled water. Secondary
structures in the nucleic acids were disrupted by heating at
65° C. for 10 minutes, and the samples were immediately
cooled on ice. cDNA was synthesized using 1 to 3 micro-
grams of total chimpanzee RNA from liver, or from nucleic
acids (or RNA) extracted from 10 to 100 microliters of
plasma. The synthesis utilized reverse transcriptase, and was
in a 25 microliter reaction, using the protocol specified by
the manufacturer, BRL. The primers for cDNA synthesis
were those also utilized in the PCR reaction, described
below. All reaction mixtures for cDNA synthesis contained
23 units of the RNAase inhibitor, RNASIN™ (Fisher/
Promega). Following cDNA synthesis, the reaction mixtures
were diluted with water, boiled for 10 minutes, and quickly
chilled on ice.

[0864] The PCR reactions were performed essentially
according to the manufacturer’s directions (Cetus-Perkin-
Elmer), except for the addition of 1 microgram of RNase A.
The reactions were carried out in a final volume of 100
microliters. The PCR was performed for 35 cycles, utilizing
a regimen of 37° C., 72° C., and 94° C.

[0865] The primers for cDNA synthesis and for the PCR
reactions were derived from the HCV ¢cDNA sequences in
either clone 81, clone 36, or clone 37b. (The HCV ¢cDNA
sequences of clones 81, 36, and 37b are shown in FIGS. 4,
5, and 10, respectively.) The sequences of the two 16-mer
primers derived from clone 81 were:

5' CAA TCA TAC CTG ACA G 3'
and
5' GAT AAC CTC TGC CTG A 3'.

[0866] The sequence of the primer from clone 36 was:

[0867] 5' GCA TGT CAT GAT GTAT 3.
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0868] The sequence of the primer from clone 37b was:
q p
[0869] 5' ACA ATA CGT GTG TCA C 3.

[0870] In the PCR reactions, the primer pairs consisted of
either the two 16-mers derived from clone 81, or the 16-mer
from clone 36 and the 16-mer from clone 37b.

[0871] The PCR reaction products were analyzed by sepa-
ration of the products by alkaline gel electrophoresis, fol-
lowed by Southern blotting, and detection of the amplified
HCV-cDNA sequences with a **P-labeled internal oligo-
nucleotide probe derived from a region of the HCV cDNA
which does not overlap the primers. The PCR reaction
mixtures were extracted with phenol/chloroform, and the
nucleic acids precipitated from the aqueous phase with salt
and ethanol. The precipitated nucleic acids were collected by
centrifugation, and dissolved in distilled water. Aliquots of
the samples were subjected to electrophoresis on 1.8%
alkaline agarose gels. Single stranded DNA of 60, 108, and
161 nucleotide lengths were co-electrophoresed on the gels
as molecular weight markers. After electrophoresis, the
DNAs in the gel were transferred onto Biorad Zeta Probe™
paper. Prehybridization and hybridization, and wash condi-
tions were those specified by the manufacturer (Biorad).

[0872] The probes used for the hybridization-detection of
amplified HCV ¢DNA sequences were the following. When
the pair of PCR primers were derived from clone 81, the
probe was an 108-mer with a sequence corresponding to that
which is located in the region between the sequences of the
two primers. When the pair of PCR primers were derived
from clones 36 and 37b, the probe was the nick-translated
HCYV ¢DNA insert derived from clone 35. The primers are
derived from nucleotides 155-170 of the clone 37b insert,
and 206-268 of the clone 36 insert. The 3'-end of the HCV
c¢DNA insert in clone 35 overlaps nucleotides 1-186 of the
insert in clone 36; and the 5'-end of clone 35 insert overlaps
nucleotides 207-269 of the insert in clone 37b. (Compare
FIGS. 5, 8 and 10.) Thus, the cDNA insert in clone 35 spans
part of the region between the sequences of the clone 36 and
37b derived primers, and is useful as a probe for the
amplified sequences which include these primers.

[0873] Analysis of the RNA from the liver specimens was
according to the above procedure utilizing both sets of
primers and probes. The RNA from the liver of the three
chimpanzees with NANBH yielded positive hybridization
results for amplification sequences of the expected size (161
and 586 nucleotides for 81 and 36 and 37b, respectively),
while the control chimpanzees yielded negative hybridiza-
tion results. The same results were achieved when the
experiment was repeated three times.

[0874] Analysis of the nucleic acids and RNA from
plasma was also according to the above procedure utilizing
the primers and probe from clone 81. The plasmas were from
two chimpanzees with NANBH, from a control chimpanzee,
and pooled plasmas from control chimpanzees. Both of the
NANBH plasmas contained nucleic acids/RNA which
yielded positive results in the PCR amplified assay, while
both of the control plasmas yielded negative results. These
results have been repeatably obtained several times.

[0875] Defective viruses have been known to occur in
RNA viruses. By using PCR technology it is possible to
design primers to amplify sequences of the HCV genome.
By analysis of the amplified products, it is expected to be
able to identify both defective versions of the viral genome



US 2003/0162167 Al

as well as wild-type viral species. Accordingly, using two
primers based on known HCV sequence, one can predict
accurately the expected size of the PCR product. Any larger
species observed by gel electrophoresis and hybridization
analysis could represent potential wild-type genomes. Alter-
natively, any smaller species observed in this fashion might
represent defective agents. Analyses of these types would be
useful in confirming the exact origin of the known HCV
sequence, whether it is indeed a wild-type viral sequence or
a defective genome. Techniques and methods for these
analyses are well known in the art and have been previously
described. This methodology will enable one skilled in the
art to obtain related (wild-type or defective) forms of the
viral genome.

[0876] IV.D.Radioimmunoassay for Detecting HCV Anti-
bodies in Serum from Infected Individuals

[0877] Solid phase radioimmunoassays to detect antibod-
ies to HCV antigens were developed based upon Tsu and
Herzenberg (1980). Generally, microtiter plates (Immulon 2,
Removawell strips) are coated with purified polypeptides
containing HCV epitopes. The coated plates are incubated
with either human serum samples suspected of containing
antibodies to the HCV epitopes, or to appropriate controls.
During incubation, antibody, if present, is immunologically
bound to the solid phase antigen. After removal of the
unbound material and washing of the microtiter plates,
complexes of human antibody-NANBYV antigen are detected
by incubation with ***I-labeled sheep anti-human immuno-
globulin. Unbound labeled antibody is removed by aspira-
tion, and the plates are washed. The radioactivity in indi-
vidual wells is determined; the amount of bound human
anti-HCV antibody is proportional to the radioactivity in the
well.

[0878] The detection in serum of antibodies to HCV
epitopes present in fusion polypeptides of SOD with
NANBq_,_,, with NANB with NANBg,, and with NANB__
(these polypeptides are also called SOD-5-1-1,SOD-81,
C100-3, and SOD-C33c, respectively), was accomplished
by solid phase radioimmunoassay.

[0879] Microtiter plates were coated with any of the
aforementioned antigens, which had been purified as
described herein in Section IV.D.1. (SOD-NANB. , ,), Sec-
tion IV.D.2. (SOD-NANB4,), Section IV.B.7. (C100-3), and
Section IV.B.9. (SOD-33c¢). The assays were conducted as
follows.

[0880] One hundred microliter aliquots containing 0.1 to
0.5 micrograms of the designated SOD-NANB fusion
polypeptide in 0.125 M Na borate buffer, pH 8.3, 0.075 M
NaCl (BBS) was added to each well of a microtiter plate
(Dynatech Immulon 2 Removawell Strips). The plate was
incubated at 4° C. overnight in a humid chamber, after
which, the protein solution was removed and the wells
washed 3 times with BBS containing 0.02% Triton X-100
(BBST). To prevent nonspecific binding, the wells were
coated with bovine serum albumin (BSA) by addition of 100
microliters of a 5 mg/ml solution of BSA in BBS followed
by incubation at room temperature for 1 hour; after this
incubation the BSA solution was removed. The polypeptides
in the coated wells were reacted with serum by adding 100
microliters of serum samples diluted 1:100 in 0.01M Na
phosphate buffer, pH 7.2, 0.15 M NaCl (PBS) containing 10
mg/ml BSA, and incubating the serum containing wells for
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1 hr at 37° C. After incubation, the serum samples were
removed by aspiration, and the wells were washed 5 times
with BBST. Anti-NANB;_;_; and Anti-NANBg, bound to the
fusion polypeptides was determined by the binding of 2°I-
labeled F'(ab), sheep anti-human IgG to the coated wells.
Aliquots of 100 microliters of the labeled probe (specific
activity 5-20 microcuries/microgram) were added to each
well, and the plates were incubated at 37° C. for 1 hour,
followed by removal of excess probe by aspiration, and 5
washes with BBST. The amount of radioactivity bound in
each well was determined by counting in a counter which
detects gamma radiation.

[0881] IV.D.1. Purification of Fusion Polypeptide SOD-
NANB._, ;.

[0882] The fusion polypeptide SOD-NANB., ,,
expressed in-recombinant bacteria as described in Section
IVB.1,, was purified from the recombinant E. coli by
differential extraction of the cell extracts with urea, followed
by chromatography on anion and cation exchange columns
as follows.

[0883] Thawed cells from 1 liter of culture were resus-
pended in 10 m1 of 20% (w/v) sucrose containing 0.01M Tris
HCL, pH 8.0, and 0.4 ml of 0.5M EDTA, pH 8.0 was added.
After 5 minutes at 0° C., the mixture was centrifuged at
4,000xg for 10 minutes. The resulting pellet was suspended
in 10 ml of 25% (w/v) sucrose containing 0.05 M Tris HCI,
pH 8.0, 1 mM phenylmethylsulfonylfluoride (PMSF) and 1
microgram/ml pepstatin A, followed by addition of 0.5 ml
lysozyme (10 mg/ml) and incubation at 0° C. for 10 minutes.
After the addition of 10 ml 1% (v/v) Triton X-100 in 0.05 M
Tris HCI, pH 8.0, 1 ml EDTA, the mixture was incubated an
additional 10 min at 0° C. with occasional shaking. The
resulting viscous solution was homogenized by passage 6
times through a sterile 20-gauge hypodermic needle, and
centrifuged at 13,000xg for 25 minutes. The pelleted mate-
rial was suspended in 5 ml of 0.01 M Tris HCI pH 8.0, and
the suspension centrifuged at 4,000xg for 10 minutes. The
pellet, which contained SOD-NANB,_,_; fusion protein, was
dissolved in 5 ml of 6 M urea in 0.02 M Tris HCI, pH 8.0,
1 mM dithiothreitol (Buffer A), and was applied to a column
of Q-Sepharose Fast Flow equilibrated with Buffer A.
Polypeptides were eluted with a linear gradient of 0.0 to 0.3
M NaCl in Buffer A. After elution, fractions were analyzed
by polyacrylamide gel electrophoresis in the presence of
SDS to determine their content of SOD-NANB; , ,. Frac-
tions containing this polypeptide were pooled, and dialyzed
against 6 M urea in 0.02 M sodium phosphate buffer, pH 6.0,
1 mM dithiothreitol (Buffer B). The dialyzed sample was
applied on a column of S-Sepharose Fast Flow equilibrated
with Buffer B, and polypeptides eluted with a linear gradient
of 0.0 to 0.3 M NaCl in Buffer B. The fractions were
analyzed by polyacrylamide gel electrophoresis for the
presence of SOD-NANB._, ,, and the appropriate fractions
were pooled.

[0884] The final preparation of SOD-NANB. , , polypep-
tide was examined by electrophoresis on polyacrylamide
gels in the presence of SDS. Based upon this analysis, the
preparation was more than 80% pure.

[0885] IV.D.2. Purification of Fusion Polypeptide SOD-
NANB,.

[0886] The fusion polypeptide SOD-NANBy,, expressed
in recombinant bacteria as described in Section IV.B.2., was
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purified from recombinant E. coli by differential extraction
of the cell extracts with urea, followed by chromatography
on anion and cation exchange columns utilizing the proce-
dure described for the isolation of fusion polypeptide SOD-
NANB. , ; (see Section IV.D.1.).

[0887] The final preparation of SOD-NANBy, polypeptide
was examined by electrophoresis on polyacrylamide gels in
the presence of SDS. Based upon this analysis, the prepa-
ration was more than 50% pure.

[0888] IV.D.3. Detection of Antibodies to HCV Epitopes
by Solid Phase Radioimmunoassay.

[0889] Serum samples from 32 patients who were diag-
nosed as having NANBH were analyzed by radioimmunoas-
say (RIA) to determine whether antibodies to HCV epitopes
present in fusion polypeptides SOD-NANB;_; ; and SOD-
NANBg, were detected.

[0890] Microtiter plates were coated with SOD-NANB;_
1-1 or SOD-NANBg,, which had been partially purified
according to Sections IV.D.1. and IV.D.2., respectively. The
assays were conducted as described supra.

[0891] The results of the detection of anti-NANB;_; ; and
anti-NANB,;, in individuals with NANBH is presented in
Table 1.

TABLE 1

Detection of Anti-5-1-1 and Anti-81 in Sera of
NANB, HAV and HBV Hepatitis Patients
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TABLE 1-continued

Detection of Anti-5-1-1 and Anti-81 in Sera of
NANB, HAV and HBV Hepatitis Patients

Patient
Reference S/N
Number Diagnosis Anti-5-1-1 Anti-81
22. 49 AVH, Type A 1.44 0.74
23. 50 Resolved Recent AVH, 0.48 0.56
Type A
24.51 AVH, Type A 0.68 0.64
Resolved AVH, Type A 0.80 0.65
25.52 Resolved Recent AVH, 1.38 1.04
Type A
Resolved Recent AVH, 0.80 0.65
Type A
26. 53 AVH, Type A 1.85 1.16
Resolved Recent AVH 1.02 0.88
Type A
27. 54 AVH, Type A 1.35 0.74
28. 55 Late AVH, HBV 0.58 0.55
29. 56 Chronic HBV 0.84 1.06
30. 57 Late AVH, HBV 3.20 1.60
31.58 Chronic HBV 0.47 0.46
32. 59t AVH, HBV 0.73 0.60
Healed AVH, HBV 0.43 0.44
33. 60* AVH, HBV 1.06 0.92
Healed AVH, HBV 0.75 0.68
34. 61t AVH, HBV 1.66 0.61
Healed AVH, HBV 0.63 0.36
35. 62* AVH, HBV 1.02 0.73
Healed AVH, HBV 0.41 0.42
36. 63t AVH, HBV 1.24 1.31
Healed AVH, HBV 1.55 0.45
37. 64* AVH, HBV 0.82 0.79
Healed AVH, HBV 0.53 0.37
38. 65 AVH, HBV 0.95 0.92
Healed AVH, HBV 0.70 0.50
39. 66* AVH, HBV 1.03 0.68
Healed AVH, HBV 1.71 1.39

Patient
Reference SIN
Number Diagnosis Anti-5-1-1 Anti-81
1. 28! Chronic NANB, IVD? 0.77 4.20
Chronic NANB, IVD 1.14 5.14
Chronic NANB, IVD 2.1 4.05
2. 29t AVH?, NANB, Sporadic 1.09 1.05
Chronic, NANB 33.89 11.39
Chronic, NANB 36.22 13.67
3.30t AVH, NANB, IVD 1.90 1.54
Chronic NANB, IVD 34.17 30.28
Chronic NANB, IVD 32.45 30.84
4. 31 Chronic NANB, PT* 16.09 8.05
5.32t Late AVH NANB, IVD 0.69 0.94
Late AVH NANB, IVD 0.73 0.68
6. 33* AVH, NANB, IVD 1.66 1.96
AVH, NANB, IVD 1.53 0.56
7. 34 Chronic NANB, PT 34.40 7.55
Chronic NANB, PT 45.55 13.11
Chronic NANB, PT 41.58 13.45
Chronic NANB, PT 44.20 15.48
8. 35t AVH NANE, IVD 31.92 31.95
“Healed” recent 6.87 4.45
NANB, AVH
9. 36 Late AVH NANB PT 11.84 5.79
10. 37 AVH NANB, IVD 6.52 1.33
11. 38 Late AVH NANB, PT 39.44 39.18
12. 39 Chronic NANB, PT 42.22 37.54
13. 40 AVH, NANB, PT 1.35 1.17
14. 41 Chronic NANB? PT 0.35 0.28
15. 42 AVH, NANB, IVD 6.25 2.34
16. 43 Chronic NANB, PT 0.74 0.61
17. 44 AVH, NANB, PT 5.40 1.83
18. 45 Chronic, NANB, PT 0.52 0.32
19. 46 AVH, NANB 23.25 4.45
20. 47 AVH, Type A 1.60 1.35
21. 48 AVH, Type A 1.30 0.66

Sequential serum samples availablve from these patients
’IVD = Intravenus Drug User

3AVH = Acute viral hepatitis

PT = Post transfusion

[0892] As seen in Table 1, 19 of 32 sera from patients
diagnosed as having NANBH were positive with respect to
antibodies directed against HCV epitopes present in SOD-
NANB;_;_; and SOD-NANBg;.

[0893] However, the serum samples which were positive
were not equally immunologically reactive with SOD-
NANB_  and SOD-NANB,. Serum samples from patient
No. 1 were positive to SOD-NANBg, but not to SOD-
NANB;_, ; Serum samples from patients number 10, 15, and
17 were positive to SOD-NANBg, ; but not to SOD-
NANBg, Serum samples from patients No. 3, 8, 11, and 12
reacted equally with both fusion polypeptides, whereas
serum samples from patients No. 2, 4, 7, and 9 were 2-3 fold
higher in the reaction to SOD-NANB;_, ; than to SOD-
NANBg;, . These results suggest that NANB;_;_; and NANB_
may contain at least 3 different epitopes; i.e., it is possible
that each polypeptide contains at least 1 unique epitope, and
that the two polypeptides share at least 1 epitope.

[0894] IVD.4. Specificity of the Solid Phase RIA for
NANBH The specificity of the solid phase RIAs for

[0895] NANBH was tested by using the assay on serum
from patients infected with HAV or with HBV and on sera
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from control individuals. The assays utilizing partially puri-
fied SOD-NANB, , ; and SOD-NANB,, were conducted
essentially as described in Section IV.D.3, except that the
sera was from patients previously diagnosed as having HAV
or HBV, or from individuals who were blood bank donors.
The results for sera from HAV and HBV infected patients are
presented in table 1. The RIA was tested using 11 serum
specimens from HAV infected patients, and 20 serum speci-
mens from HBV infected patients. As shown in table 1, none
of these sera yielded a positive immunological reaction with
the fusion polypeptides containing BB-NANBYV epitopes.

[0896] The RIA using the NANB; ; ; antigen was used to
determine immunological reactivity of serum from control
individuals. Out of 230 serum samples obtained from the
normal blood donor population, only 2 yielded positive
reactions in the RIA (data not shown). It is possible that the
two blood donors from whom these serum samples origi-
nated had previously been exposed to HCV.

[0897] IVD.5. Reactivity of NANBs,; During the
Course of NANBH Infection.

[0898] The presence of anti-NANB;_; ; antibodies during
the course of NANBH infection of 2 patients and 4 chim-
panzees was followed using RIA as described in Section
IV.D3. In addition the RIA was used to determine the
presence or absence of anti-NANBg , ; antibodies during the
course of infection of HAV and HBV in infected chimpan-
zees.

[0899] The results, which are presented in Table 2, show
that with chimpanzees and with humans, anti-NANB,_,
antibodies were detected following the onset of the acute
phase of NANBH infection. Anti-NANB, , ; antibodies
were not detected in serum samples from chimpanzees
infected with either HAV or HBV. Thus anti-NANB, , ;
antibodies serve as a marker for an individual’s exposure to
HCV.

TABLE 2

Seroconversion In Sequential Serum Samples from
Hepatitis patients and Chimpanzees Using 5-5-5 Antigen

Patient/ Sample Date (Days) Hepatitis  Anti-5-1-1 ALT
Chimp (o = inoculation day) Viruses (S/N) (mu/ml)

Patient 29 T NANB 1.09 1180
T + 180 33.89 425

T + 208 36.22 —

Patient 30 T NANB 1.90 1830
T + 307 34.17 290

T + 799 32.45 276

Chimp 1 0 NANB 0.87 9
76 0.93 71

118 23.67 19

154 32.41 —

Chimp 2 0 NANB 1.00 5
21 1.08 52

73 4.64 13

138 23.01 —

Chimp 3 0 NANB 1.08 8
43 1.44 205
53 1.82 14

159 11.87 6

Chimp 4 -3 NANB 1.12 11
55 1.25 132

83 6.60 —

140 17.51 —
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TABLE 2-continued

Seroconversion In Sequential Serum Samples from
Hepatitis patients and Chimpanzees Using 5-5-5 Antigen

Patient/ Sample Date (Days) Hepatitis  Anti-5-1-1 ALT
Chimp (o = inoculation day) Viruses (S/N) (mu/ml)
Chimp 5 0 HAV 1.50 4
25 2.39 147
40 1.92 18
268 1.53 5
Chimp 6 -8 HAV 0.85 —
15 — 106
41 0.81 10
129 1.33 —
Chimp 7 0 HAV 1.17 7
22 1.60 83
115 155 5
139 1.60 —
Chimp 8 0 HAV 0.77 15
26 1.98 130
74 1.77 8
205 1.27 5
Chimp 9 —290 HBV 1.74 —
379 3.29 9
435 2.77 6
Chimp 10 0 HBV 2.35 8
111118 (pool) 274 96-155
(pool)
205 2.05 9
240 1.78 13
Chimp 11 0 HBV 1.82 11
28-56 (pool) 1.26 8-100
(pool)
169 — 9
223 0.52 10

T = day of initial sampling

[0900] IVE. Purification of Polyclonal Serum Antibodies
fo NANB._,_,

[0901] On the basis of the specific immunological reac-
tivity of the SOD-NANB,_, ; polypeptide with the antibod-
ies in serum samples from patients with NANBH, a method
was developed to purify serum antibodies which react
immunologically with the epitope(s) in NANB,_,_;. This
method utilizes affinity chromatography. Purified SOD-
NANB_  polypeptide (see Section IV.D.1) was attached to
an insoluble support; the attachment is such that the immo-
bilized polypeptide retains its affinity for antibody to
NANB_ | Antibody in serum samples is absorbed to the
matrix-bound polypeptide. After washing to remove non-
specifically bound materials and unbound materials, the
bound antibody is released from the bound SOD-HCV
polypeptide by change in pH, and/or by chaotropic reagents,
for example, urea.

[0902] Nitrocellulose membranes containing bound SOD-
NANB;,_, ; were prepared as follows. A nitrocellulose mem-
brane, 2.1 cm Sartorius of 0.2 micron pore size, was washed
for 3 minutes three times with BBS. SOD-NANB; _, ; was
bound to the membrane by incubation of the purified prepa-
ration in BBS at room temperature for 2 hours; alternatively
it was incubated at 4° C. overnight. The solution containing
unbound antigen was removed, and the filter was washed
three times with BBS for three minutes per wash. The
remaining active sites on the membrane were blocked with
BSA by incubation with a 5 mg/ml BSA solution for 30
minutes. Excess BSA was removed by washing the mem-
brane with 5 times with BBS and 3 times with distilled
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water. The membrane containing the viral antigen and BSA
was then treated with 0.05 M glycine hydrochloride, pH 2:5,
0.10 M NaCl (GlyHCI) for 15 minutes, followed by 3 three
minute washes with PBS.

[0903] Polyclonal anti-NANB. , ; antibodies were iso-
lated by incubating the membranes containing the fusion
polypeptide with serum from an individual with NANBH for
2 hours. After the incubation, the filters were washed 5 times
with BBS, and twice with distilled water. Bound antibodies
were then eluted from each filter with 5 elutions of GlyHCl,
at 3 minutes per elution. The pH of the eluates was adjusted
to pH 8.0 by collecting each eluate in a test tube containing
2.0 M Tris HCl, pH 8.0. Recovery of the anti-NANB, ; ;
antibody after affinity chromatography is approximately
50%.

[0904] The nitrocellulose membranes containing the
bound viral antigen can be used several times without
appreciable decrease in binding capacity. To reuse the mem-
branes, after the antibodies have been eluted the membranes
are washed with BBS three times for 3 minutes. They are
then stored in BBS at 4° C.

[0905] IVF. The Capture of HCV Particles from Infected
Plasma Using Purified Human Polyclonal Anti-HCV Anti-
bodies; Hybridization of the Nucleic Acid in the Captured
Particles to HCV cDNA

[0906] IVF.1. The Capture of HCV Particles from
Infected Plasma Using Human Polyclonal Anti-HCV Anti-
bodies

[0907] Protein-nucleic acid complexes present in infec-
tious plasma of a chimpanzee with NANBH were isolated
using purified human polyclonal anti-HCV antibodies which
were bound to polystyrene beads.

[0908] Polyclonal anti-NANB,_; ; antibodies were puri-
fied from serum from a human with NANBH using the
SOD-HCYV polypeptide encoded in clone 5-1-1. The method
for purification was that described in Section IV.E.

[0909] The purified anti-NANBs, , antibodies were
bound to polystyrene beads (4" diameter, specular finish,
Precision Plastic Ball Co., Chicago, I11.) by incubating each
at room temperature overnight with 1 ml of antibodies (1
microgram/ml in borate buffered saline, pH 8.5). Following
the overnight incubation, the beads were washed once with
TBST[50 mM Tris HCL, pH 8.0, 150 mM NaCl, 0.05% (v/v)
Tween 20], and then with phosphate buffered saline (PBS)
containing 10 mg/ml BSA.

[0910] Control beads were prepared in an identical fash-
ion, except that the purified anti-NANB;y_;_; antibodies were
replaced with total human immunoglobulin.

[0911] Capture of HCV from NANBH infected chimpan-
zee plasma using the anti-NANB;_, ; antibodies bound to
beads was accomplished as follows. The plasma from a
chimpanzee with NANBH used is described in Section
IV.A.1. An aliquot (1 ml) of the NANBYV infected chimpan-
zee plasma was incubated for 3 hours at 37° C. with each of
5 beads coated with either anti-NANBj_, ; antibodies, or
with control immunoglobulins. The beads were washed 3
times with TBST.
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[0912] IV.F.2. Hybridization of the Nucleic Acid in the
Captured. Particles to NANBV-cDNA

[0913] The nucleic acid component released from the
particles captured with anti-NANB antibodies was analyzed
for hybridization to HCV ¢DNA derived from clone 81.

[0914] HCV particles were captured from NANBH
infected chimpanzee plasma, as described in IV.E.1. To
release the nucleic acids from the particles, the washed
beads were incubated for 60 min. at 37° C. with 0.2 ml per
bead of a solution containing proteinase k (1 mg/ml), 10 mM
Tris HCL, pH 7.5, 10 mM EDTA, 0.25% (w/v) SDS, 10
micrograms/ml soluble yeast RNA, and the supernatant
solution was removed. The supernatant was extracted with
phenol and chloroform, and the nucleic acids precipitated
with ethanol overnight at -20° C. The nucleic acid precipi-
tate was collected by centrifugation, dried, and dissolved in
50 mM Hepes, pH 7.5. Duplicate aliquots of the soluble
nucleic acids from the samples obtained from beads coated
with anti-NANB;_, ; antibodies and with control beads
containing total human immunoglobulin were filtered onto
to nitrocellulose filters. The filters were hybridized with a
32P-labeled, nick-translated probe made from the purified
HCYV cDNA fragment in clone 81. The methods for prepar-
ing the probe and for the hybridization are described in
Section IV.C.1.

[0915] Autoradiographs of a probed filter containing the
nucleic acids from particles captured by beads containing
anti-NANB_  antibodies are shown in FIG. 40. The extract
obtained using the anti-NANB. , , antibody (A;,A,) gave
clear hybridization signals relative to the control antibody
extract (A5,A,) and to control yeast RNA (B,,B,). Standards
consisting of 1 pg, 5 pg, and 10 pg of the purified, clone 81
c¢DNA fragment are shown in C1-3, respectively.

[0916] These results demonstrate that the particles cap-
tured from NANBH plasma by anti-NANB;_; ;-antibodies
contain nucleic acids which hybridize with HCV cDNA in
clone 81, and thus provide further evidence that the cDNAs
in these clones are derived from the etiologic agent for
NANBH.

[0917] IV.G. Immunological Reactivity of C100-3 with
Purified Anti-NANBS_;_; Antibodies

[0918] The immunological reactivity of C100-3 fusion
polypeptide with anti-NANB4_, ; antibodies was determined
by a radioimmunoassay, in which the antigens which were
bound to a solid phase were challenged with purified anti-
NANB;_, ; antibodies, and the antigen-antibody complex
detected with **°I-labeled sheep anti-human antibodies. The
immunological reactivity of C100-3 polypeptide was com-
pared with that of SOD-NANBg , , antigen.

[0919] The fusion polypeptide C100-3 was synthesized
and purified as described in Section IV.B.5. and in Section
IV.B.6., respectively. The fusion polypeptide SOD-NANB,_
1-1 was synthesized and purified as described in Section
IV.B.1. and in Section IV.D.1., respectively. Purified anti-
NANB;_,_; antibodies were obtained as described in Section
IVE.

[0920] One hundred microliter aliquots containing varying
amounts of purified C100-3 antigen in 0.125M Na borate
buffer, pH 8.3, 0.075M NaCl (BBS) was added to each well
of a microtiter plate (Dynatech Immulon 2 Removawell
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Strips). The plate was incubated at 4° C. overnight in a
humid chamber, after which, the protein solution was
removed and the wells washed 3 times with BBS containing
0.02% Triton X-100 (BBST). To prevent non-specific bind-
ing, the wells were coated with BSA by addition of 100
microliters of a 5 mg/ml solution of BSA in BBS followed
by incubation at room temperature for 1 hour, after which
the excess BSA solution was removed. The polypeptides in
the coated wells were reacted with purified anti-NANB,_; ;
antibodies by adding 1 microgram antibody/well, and incu-
bating the samples for 1 hr at 37° C. After incubation, the
excess solution was removed by aspiration, and the wells
were washed 5 times with BBST. Anti-NANB; ;_; bound to
the fusion polypeptides was determined by the binding of
125]-labeled F'(ab), sheep anti-human IgG to the coated
wells. Aliquots of 100 microliters of the labeled probe
(specific activity 5-20 microcuries/microgram) were added
to each well, and the plates were incubated at 37° C. for 1
hour, followed by removal of excess probe by aspiration,
and 5 washes with BBST. The amount of radioactivity
bound in each well was determined by counting in a counter
which detects gamma radiation.

[0921] The results of the immunological reactivity of
C100 with purified anti-NANBs_; ; as compared to that of
NANB_  with the purified antibodies are shown in Table 3.

TABLE 3

Immunological Reactivity of C100-3 compared to NANBs_;_;
by Radioimmunoassay

RIA (cpm/assay)

AG(ng) 400 320 240 160 60 0
NANB ., 7332 6732 4954 4050 3051 57
C100-3 7450 6985 5920 5593 4096 67

[0922] The results in Table 3 show that anti-NANBg ; ;
recognizes an epitope(s) in the C100 moiety of the C100-3
polypeptide. Thus NANBg ; ; and C100 share a common
epitope(s). The results suggest that the cDNA sequence
encoding this NANBYV epitope(s) is one which is present in
both clone 5-1-1 and in clone 81.

[0923] IVH. Characterization of HCV

[0924] IV.H.1. Characterization of the Strandedness of the
HCV Genome.

[0925] The HCV genome was characterized with respect
to its strandedness by isolating the nucleic acid fraction from
particles captured on anti-NANB;_, ; antibody coated poly-
styrene beads, and determining whether the isolated nucleic
acid hybridized with plus and/or minus strands of HCV
cDNA.

[0926] Particles were captured from HCV infected chim-
panzee plasma using polystyrene beads coated with immu-
nopurified anti-NANBy_;_; antibody as described in Section
IVFE.1. The nucleic acid component of the particles was
released using the method described in Section IV.F.2.
Aliquots of the isolated genomic nucleic acid equivalent to
3 mls of high titer plasma were blotted onto nitrocellulose
filters. As controls, aliquots of denatured HCV cDNA from
clone 81 (2 picograms) was also blotted onto the same
filters. The filters were probed with **P-labeled mixture of
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plus or mixture of minus strands of single stranded DNA
cloned from HCV ¢DNAs; the cDNAs were excised from
clones 40b, 81, and 25c.

[0927] The single stranded probes were obtained by excis-
ing the HCV cDNAs from clones 81, 40b, and 25¢ with
EcoRI, and cloning the cDNA fragments in M13 vectors,
mpl8 and mpl9 [Messing (1983)]. The M13 clones were
sequenced to determine whether they contained the plus or
minus strands of DNA derived from the HCV cDNAs.
Sequencing was by the dideoxychain termination method of
Sanger et al. (1977).

[0928] Each of a set of duplicate filters containing aliquots
of the HCV genome isolated from the captured particles was
hybridized with either plus or minus strand probes derived
from the HCV ¢cDNAs. FIG. 41 shows the autoradiographs
obtained from probing the NANBV genome with the mix-
ture of probes derived from clones 81, 40b, and 25c. This
mixture was used to increase the sensitivity of the hybrid-
ization assay. The samples in panel [ were hybridized with
the plus strand probe mixture. The samples in panel II were
probed by hybridization with the minus strand probe mix-
ture. The composition of the samples in the panels of the
immunoblot are presented in Table 4.

TABLE 4
lane A B
1 HCV genome *
2 J— *
3 * cDNA 81
4 — cDNA 81

*is an undescribed sample.

[0929] As seen from the results in FIG. 41, only the minus
strand DNA probe hybridizes with the isolated HCV
genome. This result, in combination with the result showing
that the genome is sensitive to RNase and not DNase (see
Section IV.C.2.), suggests that the genome of NANBV is
positive stranded RNA.

[0930] These data, and data from other laboratories con-
cerning the physicochemical properties of a putative NAN-
BV(s), are consistent with the possibility that HCV is
Flavi-like.

[0931] IV.H.2. Detection of Sequences in Captured Par-
ticles Which When Amplified by PCR Hybridize to HCV
cDNA Derived from Clone 81

[0932] The RNA in captured particles was obtained as
described in Section IV.H.1. The analysis for sequences
which hybridize to the HCV cDNA derived from clone 81
was carried out utilizing the PCR amplification procedure,
as described in Section IV.C.3, except that the hybridization
probe was a kinased oligonucleotide derived from the clone
81 cDNA sequence. The results showed that the amplified
sequences hybridized with the clone 81 derived HCV cDNA
probe.

[0933] IVH.3. Homology Between the Non-Structural
Protein of Dengue Flavivirus (MNWWVD1) and the HCV
Polypeptides

[0934] Encoded by the Combined ORF of Clones 14i
Through 39¢ The combined HCV cDNAs of clones 14i
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through 39¢ contain one continuous ORF, as shown in FIG.
26. The polypeptide encoded therein was analyzed for
sequence homology with the region of the non-structural
polypeptide(s) in Dengue flavivirus (MNWVD1). The
analysis used the Dayhoff protein data base, and was per-
formed on a computer. The results are shown in FIG. 42,
where the symbol (:) indicates an exact homology, and the
symbol () indicates a conservative replacement in the
sequence; the dashes indicate spaces inserted into the
sequence to achieve the greatest homologies. As seen from
the figure, there is significant homology between the
sequence encoded in the HCV cDNA, and the non-structural
polypeptide(s) of Dengue virus. In addition to the homology
shown in FIG. 42, analysis of the polypeptide segment
encoded in a region towards the 3'-end of the cDNA also
contained sequences which are homologous to sequences in
the Dengue polymerase. Of consequence is the finding that
the canonical Gly-Asp-Asp (GDD) sequence thought to be
essential for RNA-dependent RNA polymerases is contained
in the polypeptide encoded in HCV cDNA, in a location
which is consistent with that in Dengue 2 virus. (Data not
shown.)

[0935] IV.H.4. HCV-DNA is Not Detectable in NANBH
Infected Tissue

[0936] Two types of studies provide results suggesting that
HCV-DNA is not detectable in tissue from an individual
with NANBH. These results, in conjunction with those
described in IV.C. and IV.H.1. and IV.H.2. provide evidence
that HCV is not a DNA containing virus, and that its
replication does not involve cDNA.

[0937]

[0938] In order to determine whether NANBH infected
chimpanzee liver contains detectable HCV-DNA (or HCV-
¢DNA), restriction enzyme fragments of DNA isolated from
this source was Southern blotted, and the blots probed with
32P-labeled HCV cDNA. The results showed that the labeled
HCYV cDNA did not hybridize to the blotted DNA from the
infected chimpanzee liver. It also did not hybridize to control
blotted DNA from normal chimpanzee liver. In contrast, in
a positive control, a labeled probe of the beta-interferon gene
hybridized strongly to Southern blots of restriction enzyme
digested human placental DNA. These systems were
designed to detect a single copy of the gene which was to be
detected with the labeled probe.

[0939] DNAs were isolated from the livers of two chim-
panzees with NANBH. Control DNAs were isolated from
uninfected chimpanzee liver, and from human placentas.
The procedure for extracting DNA was essentially according
to Maniatis et al. (1982), and the DNA samples were treated
with RNAse during the isolation procedure.

[0940] Each DNA sample was treated with either EcoRI,
Mbol, or Hincll (12 micrograms), according to the manu-
facturer’s directions. The digested DNAs were electrophore-
sed on 1% neutral agarose gels, Southern blotted onto
nitrocellulose, and the blotted material hybridized with the
appropriate nick-translated probe cDNA (3x10° cpm/ml of
hybridization mix). The DNA from infected chimpanzee
liver and normal liver were hybridized with **P-labeled
HCYV cDNA from clones 36 plus 81; the DNA from human
placenta was hybridized with 3*P-labeled DNA from the
beta-interferon gene. After hybridization, the blots were

IV.H.4.a. Southern Blotting Procedure
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washed under stringent conditions, i.e., with a solution
containing 0.1xSSC, 0.1% SDS, at 65° C.

[0941] The beta-interferon gene DNA was prepared as
described by Houghton et al (1981).

[0942] IV.H.4.b. Amplification by the PCR Technique

[0943] In order to determine whether HCV-DNA could be
detected in liver from chimpanzees with NANBH, DNA was
isolated from the tissue, and subjected to the PCR amplifi-
cation-detection technique using primers and probe poly-
nucleotides derived from HCV c¢cDNA from clone 81. Nega-
tive controls were DNA samples isolated from uninfected
HepG2 tissue culture cells, and from presumably uninfected
human placenta. Positive controls were samples of the
negative control DNAs to which a known relatively small
amount (250 molecules) of the HCV ¢DNA insert from
clone 81 was added.

[0944] In addition, to confirm that RNA fractions isolated
from the same livers of chimpanzees with NANBH con-
tained sequences complementary to the HCV-cDNA probe,
the PCR amplification-detection system was also used on the
isolated RNA samples.

[0945] In the studies, the DNAs were isolated by the
procedure described in Section IV.H.4.a, and RNAs were
extracted essentially as described by Chirgwin et al. (1981).

[0946] Samples of DNA were isolated from 2 infected
chimpanzee livers, from uninfected HepG2 cells, and from
human placenta. One microgram of each DNA was digested
with HindIII according to the manufacturer’s directions. The
digested samples were subjected to PCR amplification and
detection for amplified HCV cDNA essentially as described
in Section IV.C.3., except that the reverse transcriptase step
was omitted. The PCR primers and probe were from HCV
¢DNA clone 81, and are described in Section IV.C.3.. Prior
to the amplification, for positive controls, a one microgram
sample of each DNA was “spiked” by the addition of 250
molecules of HCV cDNA insert isolated from clone 81.

[0947] In order to determine whether HCV sequences
were present in RNA isolated from the livers of chimpanzees
with NANBH, samples containing 0.4 micrograms of total
RNA were subjected to the amplification procedure essen-
tially as described in Section IV.C.3., except that the reverse
transcriptase was omitted from some of the samples as a
negative control. The PCR primers and probe were from
HCV ¢DNA clone 81, as described supra.

[0948] The results showed that amplified sequences
complementary to the HCV cDNA probe were not detect-
able in the DNAs from infected chimpanzee liver, nor were
they detectable in the negative controls. In contrast, when
the samples, including the DNA from infected chimpanzee
liver, was spiked with the HCV ¢cDNA prior to amplification,
the clone 81 sequences were detected in all positive control
samples. In addition, in the RNA studies, amplified HCV
cDNA clone 81 sequences were detected only when reverse
transcriptase was used, suggesting strongly that the results
were not due to a DNA contamination.

[0949] These results show that hepatocytes from chimpan-
zees with NANBH contain no, or undetectable levels, of
HCV DNA. Based upon the spiking study, if HCV DNA is
present, it is at a level far below 0.06 copies per hepatocyte.
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In contrast, the HCV sequences in total RNA from the same
liver samples was readily detected with the PCR technique.

[0950] IV.H.5 Comparison of the Hydrophobic Profiles of
HCV Polyproteins with West Nile Virus Polyprotein and
with Dengue Virus NS1

[0951] The hydrophobicity profile of an HCV polyprotein
segment was compared with that of a typical flavivirus, West
Nile virus. The polypeptide sequence of the West Nile virus
polyprotein was deduced from the known polynucleotide
sequences encoding the non-structural proteins of that virus.
The HCV polyprotein sequence was deduced from the
sequence of overlapping cDNA clones. The profiles were
determined using an antigen program which uses a window
of 7 amino acid width (the amino acid in question, and 3
residues on each side) to report the average hydrophobicity
about a given amino acid residue. The parameters giving the
reactive hydrophobicity for each amino acid residue are
from Kyte and Doolittle (1982). FIG. 55 shows the hydro-
phobic profiles of the two polyproteins; the areas corre-
sponding to the non-structural proteins of West Nile virus,
nsl through ns5, are indicated in the figure. As seen in the
figure, there is a general similarity in the profiles of the HCV
polyprotein and the West Nile virus polyprotein.

[0952] The sequence of the amino acids encoded in the
5'-region of HCV cDNA shown in FIG. 47 has been
compared with the corresponding region of one of the strains
of Dengue virus, described supra., with respect to the profile
of regions of hydrophobicity and hydrophilicity (data not
shown). This comparison indicated that the polypeptides
from HCV and Dengue encoded in this region, which
corresponds to the region encoding NS1 (or a portion
thereof), have a similar hydrophobic/hydrophilic profile.

[0953] The similarity in hydrophobicity profiles, in com-
bination with the previously identified homologies in the
amino acid sequences of HCV and Dengue Flavivirus in
Section IV.H.3., suggests that HCV is related to these
members of the Flavivirus family.

[0954] IV.H.6. Characterization of the Putative Polypep-
tides Encoded Within the HCV ORF

[0955] The sequence of the HCV cDNA sense strand,
shown in FIG. 62, was deduced from the overlapping HCV
cDNAs in the various clones described in Section IV.A. It
may be deduced from the sequence that the HCV genome
contains primarily one long continuous ORF, which encodes
a polyprotein. The amino acid sequence of the putative HCV
polyprotein deduced from the HCV cDNA sense strand
sequence is shown in FIG. 66, where position 1 begins with
the putative initiator methionine, and the amino acids are
indicated by the one-letter code. In the figure, the numbers
of the amino acids are at the right of the sequence. The
letters above the sequence indicate heterogeneities which
have been detected by sequencing a number of clones which
overlap the same region; the letters in parentheses indicates
that the heterogeneity is possibly due to 5' or 3' terminal
cloning artifacts.

[0956] IV.H.6.a. The Hydrophilic and Antigenic Profile of
the Polypeptide

[0957] Profiles of the hydrophilicity/hydrophobicity and
the antigenic index of the putative polyprotein encoded in
the HCV cDNA sequence shown in FIG. 89 were deter-
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mined by computer analysis. The program for hydrophilic-
ity/hydrophobicity was as described in Section IV.H.5. The
antigenic index results from a computer program which
relies on the following criteria: 1)surface probability, 2)
prediction of alpha-helicity by two different methods; 3)
prediction of beta-sheet regions by two different methods; 4)
prediction of U-turns by two different methods; 5) hydro-
philicity/hydrophobicity; and flexibility. The traces of the
profiles generated by the computer analyses are shown in
FIG. 67. In the hydrophilicity profile, deflection above the
abscissa indicates hydrophilicity, and below the abscissa
indicates hydrophobicity. The probability that a polypeptide
region is antigenic is usually considered to increase when
there is a deflection upward from the abscissa in the hydro-
philic and/or antigenic profile. It should be noted, however,
that these profiles are not necessarily indicators of the
strength of the immunogenicity of a polypeptide.

[0958] IV.H.6.c. Identification of Co-linear Peptides in
HCV and Flaviviruses

[0959] The amino acid sequence of the putative polypro-
tein encoded in the HCV cDNA sense strand was compared
with the known amino acid sequences of several members of
Flaviviruses. The comparison shows that homology is slight,
but due to the regions in which it is found, it is probably
significant. The conserved colinear regions are shown in
FIG. 68. The amino acid numbers listed below the
sequences represent the number in the putative HCV
polyprotein (see FIG. 66.)

[0960] The spacing of these conserved motifs is similar
between the Flaviviruses and HCV, and implies that there is
some similarity between HCV and these flaviviral agents.

[0961] IV.H.7. Sequence Variations in HCV Isolates from
Different Individuals

[0962] Isolates of HCV which contain sequences which
deviate from CDC/HCV1 were identified in human indi-
viduals, some of whom were serologically positive for
anti-C100-3 antibodies (EC10 was antibody negative). Iden-
tification of these new isolates was accomplished by cloning
and sequencing segments of the HCV genome which had
been amplified by the PCR technique using CDC/HCl
sequences. Amplification was accomplished essentially
based on an HCV/cPCR method described in U.S. Ser. No.
308,667 filed Aug. 25, 1989, which is commonly owned by
the herein assignee, and which is hereby incorporated herein
by reference. The method utilizes primers and probes based
upon the HCV ¢cDNA sequences described herein. The first
step in the method is the synthesis of a cDNA to either the
HCV genome, or its replicative intermediate, using reverse
transcriptase. After synthesis of the HCV ¢DNA, and prior
to amplification, the RNA in the sample is degraded by
techniques known in the art. A designated segment of the
HCYV cDNA is then amplified by the use of the appropriate
primers. The amplified sequences are cloned, and clones
containing the amplified sequences are detected by a probe
which is complementary to a sequence lying between the
primers, but which does not overlap the primers.

[0963] IV.H.7.a. HCV Isolates Isolated from Humans in
the U.S.

[0964] Blood samples which were used as a source of
HCV virions were obtained from the American Red Cross in
Charlotte, N.C., and from the Community Blood Center of
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Kansas, Kansas City, Mo. The samples were screened for
antibodies to the HCV C100-3 antigen using an ELISA assay
as described in Section IV.I.1, and subjected to supplemental
Western blot analysis using a polyclonal goat anti-human
HRP to measure anti-HCV antibodies. Two samples, #23
and #27, from the American Red Cross and from the
Community Blood Center of Kansas, respectively, were
determined to be HCV positive by these assays.

[0965] Viral particles present in the serum of these
samples were isolated by ultracentrifugation under the con-
ditions described by Bradley et al. (1985). RNA was
extracted from the particles by digestion with proteinase K
and SDS at final concentrations of 10 micrograms/ml pro-
teinase K, and 0.1% SDS; digestion was for 1 hour at 37° C.
Viral RNA was further purified by extraction with chloro-
form-phenol, as described in Section IV.A.1.

[0966] HCV RNA in the preparation of RNA was reverse
transcribed into cDNA essentially as described in Section
IV.A 1., except that the oligonucleotide JHC 7, which cor-
responds to the cDNA sequence 1958-1939, and which has
the following sequence, was used as primer for the reverse
transcriptase reaction. using reverse transcriptase. After syn-
thesis of the HCV ¢DNA, and prior to amplification, the
RNA in the sample is degraded by techniques known in the
art. A designated segment of the HCV cDNA is then
amplified by the use of the appropriate primers. The ampli-
fied sequences are cloned, and clones containing the ampli-
fied sequences are detected by a probe which is comple-
mentary to a sequence lying between the primers, but which
does not overlap the primers.

[0967] IV.H.7.a. HCV Isolates Isolated from Humans in
the U.S.

[0968] Blood samples which were used as a source of
HCV virions were obtained from the American Red Cross in
Charlotte, N.C., and from the Community Blood Center of
Kansas, Kansas City, Mo. The samples were screened for
antibodies to the HCV C100-3 antigen using an ELISA assay
as described in Section IV.I.1, and subjected to supplemental
western blot analysis using a polyclonal goat anti-human
HRP to measure anti-HCV antibodies. Two samples, #23
and #27, from the American Red Cross and from the
Community Blood Center of Kansas, respectively, were
determined to be HCV positive by these assays.

[0969] Viral particles present in the serum of these
samples were isolated by ultracentrifugation under the con-
ditions described by Bradley et al. (1985). RNA was
extracted from the particles by digestion with proteinase K
and SDS at final concentrations of 10 micrograms/ml pro-
teinase K, and 0.1% SDS; digestion was for 1 hour at 37° C.
Viral RNA was further purified by extraction with chloro-
form-phenol, as described in Section IV.A.1.

[0970] HCV RNA in the preparation of RNA was reverse
transcribed into cDNA essentially as described in Section
IV.A 1., except that the oligonucleotide JHC 7, which cor-
responds to the cDNA sequence 1958-1939, and which has
the following sequence, was used as primer for the reverse
transcriptase reaction.

[0971] JHC 7: CCA GCG GTG GCC TGG TAT TG.

[0972] After both strands of the cDNA were synthesized,
the resulting cDNA was then amplified by the PCR method,
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essentially as described in Section IV.A.34, except that the
oligonucleotide primers used, i.e., JHC 6 and ALX 80, were
designed to amplify a 1080 nucleotide segment of the HCV
genome from CDC/HCV1 nucleotides 673 to 1751. The
primers, in addition, are designed to incorporate a NOT I
restriction site at the 3'-end of the PCR product, and a blunt
end at the 5'-terminus. The sequences of the primers is:

[0973] ALX 80: TTT GGG TAA GGT CAT CGA
TAC CCT TAC GTG; and

[0974] JHC 6: ATATGC GGC CGC CTT CCG TTG
GCA TAA.

[0975] ALX 80 corresponds to nucleotides 673-702 of the
CDC/HCV1 sequence; JHC 6 corresponds to nucleotides
1752-1738 of the HCV1 (in addition there are 12 extra
nucleotides which encode a Notl site). The designation of
nucleotides in JHC 6, i.e., a declining number, indicates the
placement in the anti-sense strand.

[0976] After PCR amplification with the above described
primers, the blunt end terminus was converted into a NOT
I site as follows. A homopolymer tail of 15 dGs was attached
to the PCR product using terminal deoxynucleotide trans-
ferase, and the products were again subjected to amplifica-
tion by PCR using as primers JHC 6 and JHC 13. The latter
primer, JHC 13, the sequence of which follows, is designed
to contain a NOT I site in addition to an SP6 phage promoter.
(The SP6 promoter is described in GENETIC ENGINEER-
ING, J. Setlow Ed. (1988).

JHC 13: AAT TCG CGG CCG CCA TAC GAT TTA GGT GAC
ACT ATA GAA CCC CCC CCC CCC CCC.
[0977] In order to clone the amplified HCV cDNA, the

PCR products were cleaved with Notl, precipitated with
spermine to remove free oligonucleotides (Hoopes et al.
(1981)), and cloned into the Notl site of pUCI18S (see
Section IV.A.34.). The HCV ¢DNAs in three clones derived
from each HCV isolate, were subjected to sequence analysis.
Analysis was essentially by the method described in Chen
and Seeburg (1985).

[0978] Consensus sequences of the clones derived from
HCYV in samples 23 and 27 are shown in FIG. 80 and FIG.
81, respectively. The variable sequences are also shown in
these figures, as are the amino acids encoded in the consen-
SuS sequences.

[0979] FIGS. 82 and 83 show comparisons of the aligned
positive strand nucleotide sequences (FIG. 82) and putative
amino acid sequences (FIG. 83) of samples 23, 27, and
HCV1. The amino acid sequence of HCV1 in FIG. 83
represents amino acid numbers 129-467 of the HCV
polyprotein encoded by the large ORF in the HCV genomic
RNA. An examination of FIGS. 82 and 83 show that there
are variations in the sequences of the three isolated clones.
The sequence variations at the nucleotide level and the
amino acid level are summarized in the table immediately
below. In the table, the polypeptides designated S and NS1
represent amino acid numbers 130 to “380, and 380 to 7470,
respectively. The numbering is from the putative initiator
methionine. The terminology S and NS1 is based upon the
positioning of the sequences encoding the polypeptides
using the Flavivirus model. As discussed above, however,
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recent evidence suggests that there is not total correlation
between HCV and the Flaviviruses with regard to viral
polypeptide domains, particularly in the putative E/NS1
domains. Indeed, HCV polypeptides and their coding
domains may exhibit substantial deviation from the Flavivi-
rus model.

TABLE

Sequence Homology

Nucleotide Encoding _Amino Acid Encoded

overall S NS1 overall S NS1

% % % % % %
HCV1/HCV23 93 95 91 92 95 87
HCVI1/HCV27 89 93 84 89 95 82
HCV23/HCV27 89 93 85 90 93 84

[0980] Although there are variations in the newly isolated
HCYV sequences, the cloned sequences from samples 23 and
27 (called HCV23 and HCV27) each contain 1019 nucle-
otides, indicating a lack of deletion and addition mutants in
this region in the selected clones. The sequences in FIGS. 82
and 83 also show that the isolated sequences are not
rearranged in this region.

[0981] A comparison of the consensus sequences for
HCV1 and for the other isolates of HCV is summarized in
the Table, supra. The sequence variations between the chim-
panzee isolate HCV1, and the HCVs isolated from humans
are about the same as that seen between the HCVs of human
origin.

[0982] 1t is of interest that the sequence variations in two
of the putative domains is not uniform. The sequence in a
putative S region appears to be relatively constant, and
randomly scattered throughout the region. In contast, a
putative NS1 region has a higher degree of variability than
the overall sequence, and the variation appears to be in a
hypervariable pocket of about 28 amino acids which is
located about 70 amino acids downstream from the putative
N-terminus of the putative polyprotein.

[0983] Although it may be argued that the detected varia-
tions were introduced during the amplification process, it is
unlikely that all of the variations are from this result. It has
been estimated that Taq polymerase introduces errors into a
sequence at approximately one base per 10 kilobases of
DNA template per cycle (Saiki et al. (1988)). Based upon
this estimate, up to 7 errors may have been introduced
during the PCR amplification of the 1019 bp DNA fragment.
However, the three subclones of HCV-23 and HCV-27
yielded 29 and 14 base variations, respectively. The follow-
ing suggest that these variations are naturally occurring.
About 60% of the base changes are silent mutations which
do not change the amino acid sequence. Variations intro-
duced by the Taq polymerase during PCR amplification
would be expected to occur randomly; however, the results
show that the variant sequences are clustered in at least one
specific region. Moreover, a consensus sequence was
derived by sequencing multiple different clones derived
from the PCR amplified products.
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[0984] IV.H.7.b. HCV Isolates from Humans in Italy and
in the U.S.

[0985] Segments of HCV RNA present in different isolates
were amplified by the HCV/cPCR method. These segments
span a region of 0.6 Kb to 71.6 Kb downstream from the
methionine encoding start codon of the putative HCV
polyprotein. The isolates are from biological specimens
obtained from HCV infected individuals. More specifically,
isolate HCT #18 is from human plasma from an individual
in the U.S.A., EC1 and EC10 are from a liver biopsy of an
Italian patient, and Th is from a peripheral blood mono-
nucleocyte fraction of an American patient. Comparable
segments of HCV RNA have been isolated from a chim-
panzee.

[0986] RNA was extracted from the human plasma speci-
mens using phenol:CHCI3:isoamyl alcohol extraction.
Either 0.1 ml or 0.01 ml of plasma was diluted to a final
volume of 1.0 ml, with a TENB/proteinase K/SDS solution
(0.05 M Tris-HCL, pH 8.0, 0.001 M EDTA, 0.1 M NaCl, 1
mg/ml Proteinase K, and 0.5% SDS) containing 10 to 40
micrograms/ml polyadenylic acid, and incubated at 37° C.
for 60 minutes. After this proteinase K digestion, the result-
ant plasma fractions were deproteinized by extraction with
TE (50 mM Tris-HCL, pH 8.0, 1 mM EDTA) saturated
phenol, pH 6.5. The phenol phase was separated by cen-
trifugation, and was reextracted with TENB containing 0.1%
SDS. The resulting aqueous phases from each extraction
were pooled, and extracted twice with an equal volume of
phenol/chloroform/isoamyl alcohol [1:1(99:1)], and then
twice with an equal volume of a 99:1 mixture of chloroform/
isoamyl alcohol. Following phase separation by. centrifuga-
tion, the aqueous phase was brought to a final concentration
of 0.2 M Na Acetate, and the nucleic acids were precipitated
by the addition of two volumes of ethanol. The precipitated
nucleic acids were recovered by ultracentrifugation in a SW
41 rotor at 38 K, for 60 minutes at 4° C., or in a microfuge
for 10 minutes at 10K, 4° C.

[0987] RNA extracted from the liver biopsy was provided
by Dr. F. Bonino, Ospedale Maggiore di S. Giovanni Bat-
tista, Torino, Italy.

[0988] The mononucleocyte fraction was obtained by
sedimentation of the individual’s aliquot of blood through
Ficoll-Paque® (Pharmacia Corp), using the manufacturer’s
directions. Total RNA was extracted from the fraction using
the guanidinium thiocyanate procedure described in Section
IV.C.1 (see also Section IV.C.1; See also Choo et al (1989)).

[0989] Synthesis of HCV ¢cDNA from the samples was
accomplished using reverse transcriptase, and primers
derived from clone 156e and from clone K91. These prim-
ers, which are anti-sense relative to the genomic RNA, have
the following sequences.

156el6B: 5' CGA CAA GAA AGA CAG A 3',
and
K91/1EB 5' CGT TGG ZAT AAC TGA T 3'.

[0990] Following ethanol precipitation, the precipitated
RNA or nucleic acid fraction was dried, and resuspended in
DEPC treated distilled water. Secondary structures in the
nucleic acids were disrupted by heating at 65° C. for 10
minutes, and the samples were immediately cooled on ice.
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cDNA was synthesized using-1 to 3 micrograms of total
RNA from liver, or from nucleic acids (or RNA) extracted
from 10 to 100 microliters of plasma. The synthesis utilized
reverse transcriptase, and was in a 25 microliter reaction,
using the protocol specified by the manufacturer, BRL. All
reaction mixtures for cDNA synthesis contained 23 units of
the RNAase inhibitor, RNASIN™ (Fisher/Promega). Fol-
lowing cDNA synthesis, the reaction mixtures were diluted
with water, boiled for 10 minutes, and quickly chilled on ice.

[0991] Each set of samples was subjected to two rounds of
PCR amplification. The primers for the reactions were
selected to amplify regions designated “EnvL.” and “EnvR”.
The “EnvL” region encompasses nucleotides 669-1243, and
putative amino acids 117 to 308; the “EnvR” region encom-
passes nucleotides 1215-1629, and encodes putative amino
acids 300-408 (the putative amino acids are numbered
starting from the putative methionine initiation codon). The
relationship of these regions relative to the putative polypro-
tein encoded in the HCV cDNA, and to the polypeptides
encoded in the Flavirus model is shown in FIG. 84.

[0992] The primers for the first round of PCR reactions
were derived from the HCV cDNA sequences in either clone
ag30a, clone 156e, or clone k9-1. The primers used for the
amplification of the EnvL region were 156e16B (shown
supra), and ag30al6A for the sense strand; the amplification
of the EnvR region utilized the primer K91/16B (shown
supra), and 156e16a for the sense strand. The sequences of
the sense strand primers are the following.

[0993] For EnvL, ag30al6A: 5'CTC TAT GGC AAT
GAG G 3, and

[0994] For EnvR, 156e16A: 5'-AGC TTC GAC GTC
ACATZ

[0995] The PCR reactions were performed essentially
according to the manufacturer’s directions (Cetus-Perkin-
Elmer), except for the addition of 1 microgram of RNase A.
The reactions were carried out in a final volume of 100
microliters. The PCR was performed for 30 cycles, utilizing
a regimen of 94° C. (1 min), 37° C. (2 min), and 72° C. (3
min), with a 7 minute extension at 72° C. for the last cycle.
The samples were then extracted with phenol:CHCl;, 3
ethanol precipitated two times, resuspended in 10 mM Tris
HCI, pH 8.0, and concentrated using Centricon-30 (Amicon)
filtration. This procedure efficiently removes oligonucle-
otides less than 30 nucleotides in size; thus, the primers from
the first round of PCR amplification are removed.

[0996] The Centricon-30 concentrated samples were then
subjected to a second round of PCR amplification using
probes designed from clones 202a and 156e for the EnvL
region, and from 156e and 59a for the EnvR region. The
primers for amplification of the EnvL region have the
following sequences. 202aEnv41a:

5' CTT GAA TTC GCA ATT TGG GTA
AGG TCA TCG ATA CCC TTA CG 3'

[0997] and 156e38B"

5' CTT GAA TTC GAT AGA GCA ATT
GCA ACC TTG CGT CGT CC 3'.

[0998] The primers for amplification of the EnvR region in
RNAs derived from humans have the following sequences.
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156e38A":
5' CTT GAA TTC GGA CGA CGC AAG
GTIT GCA ATT GCT CTA TC 3’
[0999] and 59aEnv39C:

5' CTT GAA TTC CAG CCG GTG TTG
AGG CTA TCA TTG CAG TTC 3'.

[1000] Amplification by PCR was for 35 cycles utilizing a
regimen of 94° C. (1 min), 60° C. (1 min), and 72° C. (2
min), with a 7 minute extension at 72° C. for the last cycle.
The samples were then extracted with phenol: CHCL;, pre-
cipitated two times, and digested with EcoRI. The PCR
reaction products were analyzed by separation of the prod-
ucts by electrophoresis on 6% polyacrylamide gels. DNA of
approximately the estimated size of the expected PCR
product was electroeluted from the gels, and subcloned into
either a pGEM-4 plasmid vector or into lambda gt11. The
expected product sizes for the EnvL and EnvR after the first
round of amplification are 615 bp and 683 bp, respectively;
after the second round of amplification the expected product
sizes for EnvL. and EnvR are 414 bp and 575 bp, respec-
tively. The plasmids containing the amplified products were
used to transform host cells; the pGEM-4 plasmid was used
to transform DH5-alpha, and lambda gtll was used to
transform C600 delta-HFL. Clones of the transformed cells
which either hybridized to the appropriate HCV probes
(described below), or those which had inserts of the correct
size were selected. The inserts were then cloned in M13 and
sequenced.

[1001] The probes for all of the HCV/cPCR products
consisted of **P labeled sections of HCV ¢cDNA which had
been prepared by PCR amplification of a region of clone 216
(using CA216a16A and 216a16B as primers), and of clone
84 (using CA84al6A and CA84al6B or CA84al6C as
primers); **P was introduced into the PCR products by nick
translation. The probes for the first and second round of
EnvL amplification were from clone 216. Those for the first
round of EnvR amplification were from 84 (i.e., CA84al6A
and CA84a16B), for the second round of EnvL amplification
were CA84al16A and CA84al6C. These probes did not
overlap the primers used in the HCV/cPCR reactions. The
sequence of the primers for the PCR amplification of the
probes is in the following table.

TABLE
Primer Clone  Sequence
CA216a16A 216 5' TGA ACT ATG CAA CAG G 3'
CA216a16B 216 5' GGA GTG TGC AGG ATG G 3'
CA84al6A 84 5' AAG GTT GCA ATT GCT C 3
CA84a16B 84 5' ACT AAC AGG ACCTICG 3
CAB4al16C 84 5' TAA CGG GTC ACC GCAT 3

[1002] Sequence information on variants in the EnvL
region was obtained from 3 clones from HCT #18, 2 clones
from TH, 3 clones from EC1, and from the HCV1 clones
described in Section IV.A. A comparison of the composite
nucleotide sequence of each isolate derived from these
clones is shown in FIG. 85. In the figure, each sequence is
shown 5' to 3' for the sense strand for the EnvL region, and
the sequences have been aligned. The vertical lines and
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capital letters indicate sequence homology, the absence of a
line and an uncapitalized letter indicates a lack of homology.
The sequences shown in the lines are as follows: line 1,
Thorn; line 2, EC1; line 3, HCT #18; line 4, HCV1.

[1003] Sequence information on variants in the EnvR
region was obtained from two clones of EC10, and from the
HCV1 clones described in Section IV.A. The two EC10
clones differed by only one nucleotide. A comparison of the
nucleotide sequences of EC10(clone 2) and a composite of
the HCV1 sequences is shown in FIG. 86; each sequence is
shown 5' to 3' for the sense strand of the EnvR region, and
the sequences have been aligned. The double dots between
the sequences indicate sequence homology.

[1004] A comparison of the amino acid sequences encoded
in the EnvL (amino acids #117-308) and EnvR region
(amino acids #300-438) for each of the isolates is shown in
FIG. 87 and FIG. 88, respectively. Included in the Figures
are sequences for the isolates JH23 and JH27, described in
Section IV.H.7.a. Also indicated are sequences from a Japa-
nese isolate; these sequences were provided by Dr. T.
Miyamura, Japan. In the figures, the amino acid sequence for
the region is given in its entirety for HCV1, and the
non-homologous amino acids in the various isolates are
indicated.

[1005] As seen in FIG. 87, In the EnvL region there is
overall about a 93% homology between HCV1 and the other
isolates. HCT18, Th, and EC1 have about a 97% homology
with HCV1; JH23 and JH27 have about 96% and about 95%
homology, respectively, with HCV1. FIG. 88 shows that the
homologies in the EnvR region are significantly less than in
the EnvL region; moreover, one subregion appears to be
hypervariable (i.e., from amino acid 383-405). This data is
summarized in the Table immediately below.

TABLE

Homology of EnvR Region

Percent Homology with HCV1

Isolate AA330-AA438 AA383-AA405

JH23(U.S) 83 57

JH27(US.) 80 39

Japanese 73 48

EC10 (Italy) 84 48
[1006] IV.H.8. Composite cDNA Sequence of HCV1

[1007] As described supra., in Section IV.A., overlapping
clones of HCV cDNA from a lambda gt11 library have been
isolated and sequenced. A composite cDNA sequence for
HCV1, deduced from overlapping clones b114a, 18¢g, ag30a,
CA205a, CA290a, CA216a, pll4a, CA167b, CA156e,
CA84a, CA59a, K9-1 (also called k9-1),26j, 131, 12f, 14,
11b, 7£, 7e, 8h, 33c, 40b, 37b, 35, 36, 81, 32, 33b, 25¢, 14c,
81, 331, 33g, 39¢, 351, 19g, 26g, 15¢, b5a, 16jh, 6k, and 131jh
is shown in FIG. 89. Shown above the sequence are the
position of the putative initiator methionine codon, and
nucleotides which vary from the sequence, which produce
changes in encoded amino acids. These variant nucleotides
were detected by the sequencing of overlapping clones,
isolated from the same lambda gt11 library, described in
Section IV.A.1. Clonal heterogeneities which cause many
“silent” mutations were detected also, but are not shown in
the Figure.

[1008] The putative sequence of the major HCV polypro-
tein encoded in the composite of HCV1 ¢DNA is shown in
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FIG. 90. The first amino acid in the sequence is the putative
initiator methionine. The variant amino acids, due to the
clonal heterogeneities, are indicated above the sequence.
Since the lambda gtll library was created from serum
obtained from one individual (see Section IV.A.1.), the
results suggest that variant viral sequences (both nucleotide
and amino acid) are present in that individual.

[1009] An examination of the composite HCV cDNA
sequence in FIG. 89 shows that besides the large ORE, there
are a number or ORFs upstream of that encoding the
polyprotein, and within the sequence encoding the polypro-
tein there are a large number of smaller ORFs in the other
two translational frames. The ORFs upstream of the HCV
polyprotein are shown in the Table immediately below.

TABLE

ORFs Upstream of that Encoding the Large
HCV Polyprotein

Nucl. # Translation Frame Amino Acid Sequence
10 1 MNHSPVRNYCLHAESV
63 3 MALV
74 2 MSVVQPPGPPLPGEP
193 1 MPGDLGVPPQDC

[1010] The reading frame, position, and size of the ORFs
downstream of the sequence encoding the putative initiator
MET of the polyprotein are shown in the Table below. The
major polyprotein is that translated from reading frame 2.

TABLE

ORF’s Downstream of the Putative Initiator MET
Encoding Sequence

Reading Frame Size(aa) Position(bp)
1 168 1015
1 105 2662
1 119 5935
2 3025 278
3 160 324
3 111 1986
3 148 7212

[1011] In addition to the above, an examination of the
sequence which is complementary to the genomic strand of
HCV RNA also contains several small ORFs. One of these
ORFs encodes a polypeptide of 385 amino acids.

[1012] TIVI. ELISA Assays Using HCV Polypeptides

[1013] IVI.1. ELISA Determinations for HCV Infection
Using HCV ¢100-3 as Test Antigen

[1014] All samples were assayed using the HCV ¢100-3
ELISA. This assay utilizes the HCV ¢100-3 antigen (which
was synthesized and purified as described in Section IV.B.5),
and a horseradish peroxidase (HRP) conjugate of mouse
monoclonal anti-human IgG.

[1015] Plates coated with the HCV ¢100-3 antigen were
prepared as follows. A solution containing Coating buffer
(50 mM Na Borate, pH 9.0), 21 mil/plate, BSA (25 micro-
grams/ml), c100-3 (2.50 micrograms/ml) was prepared just
prior to addition to the Removeawell Immulon I plates
(Dynatech Corp.). After mixing for 5 minutes, 0.2 ml/well of
the solution was added to the plates, they were covered and
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incubated for 2 hours at 37° C., after which the solution was
removed by aspiration. The wells were washed once with
400 microliters Wash Buffer (100 mM sodium phosphate,
pH 7.4, 140 mM sodium chloride, 0.1% (W/V) casein, 1%
(W/V) Triton x-100, 0.01% (W/V) Thimerosal). After
removal of the wash solution, 200 microliters/well of Post-
coat solution (10 mM sodium phosphate, pH 7.2, 150 mM
sodium chloride, 0.1% (w/v) casein, 3% sucrose and 2 mM
phenylmethylsulfonylfluoride (PMSF)) was added, the
plates were loosely covered to prevent evaporation, and
were allowed to stand at room temperature for 30 minutes.
The wells were then aspirated to remove the solution, and
lyophilized dry overnight, without shelf heating. The pre-
pared plates may be stored at 2-8° C. in sealed aluminum
pouches with dessicant (3 g Sorb-it packs).

[1016] In order to perform the ELISA determination, 20
microliters of serum sample or control sample was added to
a well containing 200 microliters of sample diluent (100 mM
sodium phosphate, pH 7.4, 500 mM sodium chloride, 1 mM
EDTA, 0.1% (W/V) Casein, 0.01% (W/V) Thimerosal, 1%
(W/V) Triton X-100, 100 micrograms/ml yeast extract). The
plates were sealed, and incubated at 37° C. for two hours,
after which the solution was removed by aspiration, and the
wells were washed three times with 400 microliters of wash
buffer (phosphate buffered saline (PBS) containing 0.05%
Tween 20). The washed wells were treated with 200 micro-
liters of mouse anti-human IgG-HRP conjugate contained in
a solution of Ortho conjugate diluent (10 mM sodium
phosphate, pH 7.2, 150 mM sodium chloride, 50% (V/V)
fetal bovine serum, 1% (V/V) heat treated horse serum, 1
mM K, Fe(CN),, 0.05% (W/V) Tween 20, 0.02% (W/V)
Thimerosal). Treatment was for 1 hour at 37° C., the solution
was removed by aspiration, and the wells were washed three
times with 400 ml wash buffer, which was also removed by
aspiration. To determine the amount of bound enzyme
conjugate, 200 microliters of substrate solution (10 mg
O-phenylenediamine dihydrochloride per 5 ml of Developer
solution) was added. Developer solution contains 50 mM
sodium citrate adjusted to pH 5.1 with phosphoric acid, and
0.6 microliters/ml of 30% H,O,. The plates containing the
substrate solution were incubated in the dark for 30 minutes
at room temperature, the reactions were stopped by the
addition of 50 microliters/ml 4N sulfuric acid, and the ODs
determined.

[1017] The examples provided below show that the micro-
titer plate screening ELISA which utilizes HCV ¢100-3
antigen has a high degree of specificity, as evidenced by an
initial rate of reactivity of about 1%, with a repeat reactive
rate of about 0.5% on random donors. The assay is capable
of detecting an immunoresponse in both the post acute phase
of the infection, and during the chronic phase of the disease.
In addition, the assay is capable of detecting some samples
which score negative in the surrogate tests for NANBH;
these samples come from individuals with a history of
NANBH, or from donors implicated in NANBH transmis-
sion.

[1018] In the examples described below, the following
abbreviations are used:

ALT Alanine amino transferase
Ani-HBc Antibody against HBc
Anti-HBsAg Antibody against HBsAg
HBc Hepatitis B core antigen
ABsAg Hepatitis B surface antigen
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IgG Immunoglobulin G

IgM Immunoglobulin M

Tu/L International units/Liter

NA Not available

NT Not tested

N Sample size

Neg Negative

OD Optical density

Pos Positive

S/CO Signal/cutoff

SD Standard deviation

x Average or mean

WNL Within normal limits

[1019] IVI.1.a. HCV Infection in a Population of Random
Blood Donors

[1020] A group of 1,056 samples (fresh sera) from random
blood donors were obtained from Irwin Memorial Blood
Bank, San Francisco, Calif. The test results obtained with
these samples are summarized in a histogram showing the
distribution of the OD values (FIG. 43). As seen in FIG. 43,
4 samples read >3, 1 sample reads between 1 and 3, 5
samples read between 0.4 and 1, and the remaining 1,046
samples read <0.4, with over 90% of these samples reading
<0.1.

[1021] The results on the reactive random samples are
presented in Table 5. Using a cut-off value equal to the mean
plus 5 standard deviations, ten samples out of the 1,056
(0.95%) were initially reactive. of these, five samples
(0.47%) repeated as reactive when they were assayed a
second time using the ELISA. Table 5 also shows the ALT
and Anti-HBd status for each of the repeatedly reactive
samples. Of particular interest is the fact that all five repeat
reactive samples were negative in both surrogate tests for
NANBH, while scoring positive in the HCV ELISA.

TABLE 5

Result on Reactive Random Samples
N = 1051
x = 0.049*
SD = +0.074
Cut-off: x + 5SD = 0.419 (0.400 + Negative Control)

Initial

Reactives Repeat Reactives Anti
Samples OD OD ALT** HBc***
4227 0.462 0.084 NA (OD)
6292 0.569 0.294 NA
6188 0.699 0.326 NA NA
6157 0.735 0.187 NA NA
6277 0.883 0.152 NA NA
6397 1.567 1.392 30.14 1.433
6019 >3.000 >3.000 46.48 1.057
6651 >3.000 >3.000 48.53 1.343
6669 >3.000 >3.000 60.53 1.165
4003 >3.000 >3.000 WNL*#** Negative

10/1056 = 0.95%

5/1065 = 0.47%

*Samples reading >1.5 were not included in calculating the Mean and SD
*#*AIT > 68 IU/L is above normal limits.

#*#*Anti-HBc = 0.535 (competition assay) is considered positive.
*#*+*WNL: Within normal limits
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[1022] IVI.1.b. Chimpanzee Serum Samples [1024] The results, which are summarized in Table 6,
show documented antibody seroconversion in all chimpan-
[1023] Serum samples from eleven chimpanzees were zees infected with the Hutchinson strain of NANBH. Fol-
tested with the HCV ¢100-3 ELISA. Four of these chim- 19W1Pg the acute phase of infection (as evidenced by the
panzees were infected with NANBH from a contaminated Tlgniﬁ)cantt.glsz.anii Sfllltc)s\iqule(;l(; 3rett)urn to él(;rmtalblof' AtIﬂT
. . evels), antibodies to ¢100-3 became detectable in the
batc.h of Factor .VIII (presumabl?/ Hutchinson .stram.), fol sera of the 4/4 NANBH infected chimpanzees. These
10W1.ng an established procedure in a col.laboratlon with Dr. samples had previously been shown, as discussed in Section
Daniel Bradley at the Centers for Disease Control. As  [V.B.3., to be positive by a Western analysis, and an RIA. In
controls, four other chimpanzees were infected with HAV contrast, none of the control chimpanzees which had been
and three with HBV. Serum samples were obtained at infected with HAV or HBV showed evidence of reactivity in
different times after infection. the ELISA.
TABLE 6
Chimpanzee Serum Samples
Inoculatlon Bleed ALT
oD S/CO Date Date (IU/L) Transfused
Negative Control 0.001
Positive Control 1.504
Cutoff 0.401
Chimp 1 -0.007 000 May 24,1984  May 24, 1984 9 NANB
0003 001 Aug. 07, 1984 71
>3.000 >7.48 Sep. 18, 1984 19
>3.000 >7.48 Oct. 24, 1984 —
Chimp 2 — —  Jun. 07 1984 — — NANB
-0.003  0.00 May 31, 1984 5
-0.005  0.00 Jun, 28, 1984 52
0945 236 Aug. 20, 1984 13
>3.000 >7.48 Oct. 24, 1984 —
Chimp 3 0.005 001 Mar 14,1985  Mar. 14, 1985 8 NANB
0017  0.04 Apr. 26, 1985 205
0006  0.01 May 06, 1985 14
1010 252 Aug. 20, 1985 6
Chimp 4 -0.006  0.00 Mar. 11,1985  Mar. 11, 1985 11  HANB
0003 001 May 09, 1985 132
0523 131 Jun, 06, 1985 —
1574 3.93 Aug. 01. 1985 —
Chimp 5 -0.006  0.00 Nov.21,1980  Nov. 21, 1980 4  HAV
0001  0.00 Dec. 16, 1980 147
0003 001 Dec. 30, 1980 18
0006  0.01 Jul. 29-Aug. 21, 1981 5
Chimp 6 — —  May 25, 1982 — — HAV
-0.005  0.00 May 17, 1982 —
0001  0.00 Jun, 10, 1982 106
-0.004  0.00 Jul. 06, 1982 10
0290 072 Oct. 01, 1982 —
Chimp 7 -0.008  0.00 May 25,1982  May 25, 1982 7 HAV
-0.004  0.00 Jun, 17, 1982 83
-0.006  0.00 Sep. 16, 1982 5
0005 001 Oct. 09, 1982 —
Chimp 8 -0.007  0.00 Nov.21,1980  Nov. 21, 1980 15 HAV
0.000  0.00 Dec. 16, 1980 130
0004 001 Feb. 03, 1981 8
0.000  0.00 Jun, 03-TJun. 10, 1981 4.5
Chimp 9 — —  Jul. 24, 1980 — — HBV
0019  0.050 Aug. 22-Oct. 10, 1979 —
— — Mar. 11, 1981 57
0015  0.04 Jul. 01-Aug. 05, 1981 9
0008 0.2 Oct. 01, 1981 6
Chimp 10 — — Apr. 21-May 12, 1982 9 HBV
0011 003 Apr. 21-May 12, 1982 9
0015  0.04 Sep. 01-Sep. 08, 1982 126
0008 0.2 Dec. 02, 1982 9
0010  0.02 Jan. 06, 1983 13
Chimp 11 — —  May12,1982  — — HBV
0.000  0.00 Jan. 06-May 12, 1982 11
— — Jun, 23, 1982 100
-0.003  0.00 Jun, 09-Tul. 07, 1982 —
-0.003  0.00 Oct. 28, 1982 9
-0.003  0.00 Dec. 20, 1982 10
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[1025] IVI.l.c. Panel 1: Proven Infectious Sera from
Chronic Human NANBH Carriers

[1026] A coded panel consisted of 22 unique samples,
each one in duplicate, for a total of 44 samples. The samples
were from proven infectious sera from chronic NANBH
carriers, infectious sera from implicated donors, and infec-
tious sera from acute phase NANBH patients. In addition,
the samples were from highly pedigreed negative controls,
and other disease controls. This panel was provided by Dr.
H. Alter of the Department of Health and Human Services,
National Institutes of Health, Bethesda, Md. The panel was
constructed by Dr. Alter several years ago, and has been used
by Dr. Alter as a qualifying panel for putative NANBH
assays.

[1027] The entire panel was assayed twice with the ELISA
assay, and the results were sent to Dr. Alter to be scored. The
results of the scoring are shown in Table 7. Although the
Table reports the results of only one set of duplicates, the
same values were obtained for each of the duplicate samples.

[1028] As shown in Table 7, 6 sera which were proven
infectious in a chimpanzee model were strongly positive.
The seventh infectious serum corresponded to a sample for
an acute NANBH case, and was not reactive in this ELISA.
A sample from an implicated donor with both normal ALT
levels and equivocal results in the chimpanzee studies was
non-reactive in the assay. Three other serial samples from
one individual with acute NANBH were also non-reactive.
All samples coming from the highly pedigreed negative
controls, obtained from donors who had at least 10 blood
donations without hepatitis implication, were non-reactive
in the ELISA. Finally, four of the samples tested had
previously scored as positive in putative NANBH assays
developed by others, but these assays were not confirmable.
These four samples scored negatively with the HCV ELISA.

TABLE 7

H. Alter’s Panel 1:

1st 2nd
Panel Result Result

1) Proven Infectious by Chimpanzee Transmission

A. Chronic NANB: Post-Tx

JF + +
EB + +
PG + +

BC + +
JJ + +
BB + +

C. Acute NANB; Post-Tx

WH - -
2) Equivocally Infectious by Chimpanzee Transmission

A. Implicated Donor with Normal ALT

CC - -
3) Acute NANB; Post-Tx

JL Week 1 - -
JL Week 2 - -
JL Week 3 - -
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TABLE 7-continued

H. Alter’s Panel 1:

1st 2nd
Panel Result Result

4) Disease Controls

A. Primary Biliary Cirrhosis

EK - -
B. Alcoholic Hepatitis in Recovery

HB - -
5) Pedigreed Negative Controls

DH - -
DC - -
Lv - -
ML - -

6) Potential NANB “Antigens”

JS-80-01T-0 (Ishida) - _
Asterix (Trepo) - -
Zurtz (Arnold) - -
Becassdine (Trepo) - -

[1029] IVI.1.d. Panel 2: Donor/Recipient NANBH

[1030] The coded panel consisted of 10 unequivocal
donor-recipient cases of transfusion associated NANBH,
with a total of 188 samples. Each case consisted of samples
of some or all the donors to the recipient, and of serial
samples (drawn 3, 6, and 12 months after transfusion) from
the recipient. Also included was a prebleed, drawn from the
recipient before transfusion. The coded panel was provided
by Dr. H. Alter, from the NIH, and the results were sent to
him for scoring.

[1031] The results, which are summarized in Table 8§,
show that the ELISA detected antibody seroconversion in 9
of 10 cases of transfusion associated NANBH. Samples
from case 4 (where no seroconversion was detected), con-
sistently reacted poorly in the ELISA. Two of the 10
recipient samples were reactive at 3 months post transfusion.
At six months, 8 recipient samples were reactive; and at
twelve months, with the exception of case 4, all samples
were reactive. In addition, at least one antibody positive
donor was found in 7 out of the 10 cases, with case 10
having two positive donors. Also, in case 10, the recipient’s
pre-bleed was positive for HCV antibodies. The one month
bleed from this recipient dropped to border-line reactive
levels, while it was elevated to positive at 4 a 10 month
bleeds. Generally, a S/CO of 0.4 is considered positive.
Thus, this case may represent a prior infection of the
individual with HCV.

[1032] The ALT and HBc status for all the reactive, i.e.,
positive, samples are summarized in Table 9. As seen in the
table, %5 donor samples was negative for the surrogate
markers and reactive in the HCV antibody ELISA. On the
other hard, the recipient samples (followed up to 12 months
after transfusion) had either elevated ALT, positive Anti-
HBc, or both.
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TABLE 8

H. Alter Donor/Recipient NANB Panel

Recipient Post-TX
Donor Prebleed 3 Months 6 Months 12 Months
Case oD S/CO oD S/CO oD S/CO oD S/CO oD S/CO
1. — — .032 0.07 112 0.26 >3.000 >6.96 >3.000 >6.96
2. — — .059 0.14 .050 0.12 1.681 3.90 >3.000 >6.96
3. .403 0.94 .049 0.11 .057 0.13 >3.000 >6.96 >3.000 >6.96
4. — — .065 0.15 .073 0.17 .067 0.16 217 0.50
5. >3.000 >6.96 .034 0.08 .096 022  »3.000 >6.96 >3.000 >6.96
6. >3.000 >6.96 .056 013 1475 344  »3.000 >6.96 >3.000 >6.96
7. >3.000 >6.96 .034 0.08 .056 0.13 >3.000 >6.96 >3.000 >6.96
8. >3.000 >6.96 .061 0.14 .078 0.18 2.262 5.28 >3.000 >6.96
9. >3.000 >6.96 .080 0.19 127 0.30 .055 0.13  >3.000 >6.96
10. >3.000 >6.96 >3.000 >6.96 317+ 0.74  >3.000** >6.96 >3.000%** >6.96
>3.000 >6.96
*1 Month,

**4 Months,
*#+10 Months

[1033] antigen. These samples were obtained from Dr. Gary Tegt-
meier, Community Blood Bank, Kansas City. The results are
TABLE 9 summarized in Table 10.
ALT AND HBc STATUS FOR REACTIVE SAMPLES IN [1036] As shown in the table, the samples with the highest
H. ALTER PANEL 1 L . . .
reactivity are obtained from hemophiliacs (76%). In addi-
Samples Anti-ALT* HBc** tion, samples from individuals with elevated ALT and posi-
Donors tive for Anti-HBc, scored 51% reactive, a value which is
consistent with the value expected from clinical data and
gase z glorm?ld Ilfeg_?_“"e NANBH prevalence in this group. The incidence of antibody
ase evale os1live . . .
Case 6 Elevated Positive to HCV was also higher in blood donors with elevated ALT
Case 7 Not Available Negative alone, blood donors positive for antibodies to Hepatitis B
gaseg glf’fmald PNOSiiVe_l o core alone, and in blood donors rejected for reasons other
t t . . .
CZZZ 10 N;:ri; Pcc))siti“//:l avle than high ALT or anti-core antibody when compared to
Case 10 Normal Positive random volunteer donors.
Recipients
TABLE 10
Case 1 6 mo Elevated Positive
12 mo Elevated Not tested NANBH HIGH RISK GROUP SAMPLES
Case 2 6 mo Elevated Negative
12 mo Elevated Not tested Distribution
Case 3 6 mo Normal Not tested***
12 mo Elevated Not tested*** Group N N oD % Reactive
Case 5 6 mo Elevated Not tested
12 mo Elevated Not tested Elevated ALT 35 3 >3.000 11.4%
. 1 0728
Case 6 3 Elevated Negat
ase p moe Elevate N Nega;ve Anti-HBc 24 5 »3000  20.8%
umo i le"a ¢ g Nega e J Elevated ALT, 33 12 »3000  51.5%
mo evate ot teste Anti-HBc 1 2768
Case 7 6 mo Elevated Negat%ve 1 2324
12 mo Elevated Negative 1 0.939
Case 8 6 mo Normal Positive 1 0.951
12 mo Elevated Not tested 1 0.906
Case 9 12 mo Elevated Not tested Rejected Donors 25 s >3.000 20.0%
Case 10 4 mo Elevated Not tested Donors with History 150 19 >3.000 14.7%
10 mo Elevated Not tested of Hepatitis 1 0.837
1 0714
*ALT 245 [U/L is above normal limits - 1 0.469
**Anti-HBc =50% (competition assay) is considered positive. Haemophiliacs 50 31 >3.000 76.0%

***Prebleed and 3 mo samples were negative for HBc.

[1034] 1VI.l.e. Determination of HCV Infection in High
Risk Group Samples

ol e
[
O
)
O

[1035] Samples from high risk groups were monitored
using the ELISA to determine reactivity to HCV ¢100-3




US 2003/0162167 Al

[1037] 1VI.1.f.(1) Comparative Studies Using Anti-IgG or
Anti-IgM Monoclonal Antibodies, or Polyclonal Antibodies
as a Second Antibody in the HCV ¢100-3 ELISA

[1038] The sensitivity of the ELISA determination which
uses the anti-IgG monoclonal conjugate was compared to
that obtained by using either an anti-IgM monoclonal con-
jugate, or by replacing both with a polyclonal antiserum
reported to be both heavy and light chain specific. The
following studies were performed.

[1039] IVI.6.a. Serial Samples from Seroconverters

[1040] Serial samples from three cases of NANB serocon-
verters were studied in the HCV ¢100-3 ELISA assay using
in the enzyme conjugate either the anti-IgG monoclonal
alone, or in combination with an anti-IgM monoclonal, or
using a polyclonal antiserum. The samples were provided by
Dr. Cladd Stevens, N.Y. Blood Center, N.Y.C., N.Y. The
sample histories are shown in Table 11.
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The data shows that, in agreement with the studies with
anti-IgG alone, initial strong reactivity is detected in
samples 1-4,2-8, and 3-5.

[1043] The results obtained with the ELISA using anti-IgG
monoclonal conjugate (1:10,000 dilution), or Tago poly-
clonal conjugate (1:80,000 dilution), or Jackson polyclonal
conjugate (1:80,000 dilution) are shown in Table 14. The
data indicates that initial strong reactivity is detected in
samples 1-4,2-8, and 3-5 using all three configurations; the
Tago polyclonal antibodies yielded the lowest signals.

[1044] The results presented above show that all three
configurations detect reactive samples at the same time after
the acute phase of the disease (as evidenced by the ALT
elevation). Moreover, the results indicate that the sensitivity
of the HCV ¢100-3 ELISA using anti-IgG monoclonal-
enzyme conjugate is equal to or better than that obtained
using the other tested configurations for the enzyme conju-

gate.

TABLE 11

DESCRIPTION OF SAMPLES FROM CLADD STEVENS PANEL

Date HBsAg  Anti-HBs Anti-HBc ALT Bilirubin

Case 1
1-1 Aug. 05, 1981 1.0 91.7 12.9 40.0 -1.0
12 Sep. 02, 1981 1.0 121.0 15.1 274.0 14
1-3 Oct. 07, 1981 1.0 64.0 23.8 261.0 0.9
1-4 Nov. 19, 1981 1.0 67.3 338 75.0 0.9
1-5 Dec. 15, 1981 1.0 50.5 27.6 71.0 1.0
Case 2
2-1 Oct. 19, 1981 1.0 1.0 116.2 17.0 -1.0
22 Nov. 17, 1981 1.0 0.8 89.5 46.0 1.1
2-3 Dec. 02, 1981 1.0 12 783 63.0 14
2-4 Dec. 14, 1981 1.0 0.9 90.6 152.0 14
2-5 Dec. 23, 1981 1.0 0.8 93.6 624.0 1.7
2-6 Jan. 20, 1982 1.0 0.8 92.9 66.0 15
27 Feb. 15, 1982 1.0 0.8 86.7 70.0 13
2-8 Mar. 17, 1982 1.0 0.9 69.8 24.0 -1.0
29 Apr. 21, 1982 1.0 0.9 67.1 53.0 15
2-10 May 19, 1982 1.0 0.5 74.8 95.0 1.6
2-11 Jun, 14, 1982 1.0 0.8 82.9 370 -1.0
Case 3
31 Apr. 07, 1981 1.0 12 88.4 13.0 -1.0
32 May 12, 1981 1.0 1.1 1262 236.0 0.4
33 May 30, 1981 1.0 0.7 99.9 471.0 0.2
34 Jun. 09, 1981 1.0 12 110.8 3150 0.4
35 Jul. 06, 1981 1.0 1.1 89.9 273.0 0.4
36 Aug. 10, 1981 1.0 1.0 1182 158.0 0.4
37 Sep. 08, 1981 1.0 1.0 112.3 84.0 0.3
3-8 Oct. 14, 1981 1.0 0.9 102.5 180.0 0.5
39 Nov. 01, 1981 1.0 1.0 84.6 154.0 0.3

[1041] The results obtained using an anti-IgG monoclonal [1045]

antibody-enzyme conjugate are shown in Table 12. The data

shows that strong reactivity is initially detected in samples TABLE 12

1-4,2-8, and 3-5, of cases 1, 2, and 3, respectively.

e ’ > » TeSP ¥ ELISA RESULTS OBTAINED USING AN ANTI-IgG
. . L MONOCLONAL CONJUGATE

[1042] The results obtained using a combination of an

anti-IgG monoclonal conjugate and an anti-IgM conjugate SAMPLE DATE ALT oD S/CO

are shown in Table 13. Three different ratios of anti-IgG to

anti-IgM were tested; the 1:10,000 dilution of anti-IgG was Neg Control 076

& > the 110, anti-1g Cutoft 476
constant throughout. Dilutions tested for the anti-IgM mono- PC (1:128) 1.390

clonal conjugate were 1:30,000, 1:60,000, and 1:120,000.
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TABLE 12-continued TABLE 12-continued
ELISA RESULTS OBTAINED USING AN ANTI-IgG ELISA RESULTS OBTAINED USING AN ANTI-IgG
MONOCLONAL CONJUGATE MONOCLONAL CONJUGATE
SAMPLE DATE ALT oD S/CO SAMPLE DATE ALT oD S/CO
_Cose#1 29 Apr. 21, 53.0 >3.000 >6.30
1982
1-1 Aug. 5 40.0 178 37
;9%31 ’ 2-10 May 19, 95.0 >3.000 >6.30
12 Sep. 2, 274.0 154 32 1982
1081 2-11 Jun. 14, 370 >3.000 >6.30
1-3 Oct. 7, 261.0 129 27 1982
1981 Case #3
1-4 Nov. 19, 75.0 937 1.97
1981 31 Apr. 7, 13.0 090 19
1-5 Dec. 15, 71.0 >3.000 >6.30 1981
1981 32 May 12, 236.0 064 13
Case #2 1981
I 33 May 30, 4710 079 17
2-1 Oct. 19, 17.0 058 0.12 1981
1981 34 Jun. 9, 315.0 211 A4
22 Nov. 17, 46.0 .050 0.11 1981
1981 35 Tul. 6, 273.0 1.707 3.59
2-3 Dec. 2, 63.0 047 0.10 1981
1981 36 Aug. 10, 158.0 >3.000 >6.30
24 Dec. 14, 152.0 059 0.12 1981
1981 3-7 Sep. 8, 84.0 >3.000 >6.30
2-5 Dec. 23, 624.0 070 0.15 1981
1981 3-8 Oct. 14, 180.0 >3.000 >6.30
2-6 Jan. 20, 66.0 051 0.11 1981
1982 39 Nov. 11, 154.0 >3.000 >6.30
27 Feb. 15, 70.0 139 0.29 1981
1982
2-8 Mar. 17, 24.0 1.867 3.92
1982
[1046]
TABLE 13

ELISA RESULTS OBTAINED USING ANTI-IgG and ANTI-IgM
MONOCILONAL CONJUGATE

NANB ELISAs

Monoclonals Monoclonals Monoclonals
IgG 1:10 K IgG 1:10 K IgG 1:10 K
IgM 1:30 K IgM 1:60 K IgM 1:120 K

SAMPLE DATE ALT OD S/CO OD S/CO OD S/CO

Neg Control .100 .080 .079

Cutoff

PC (1:128) 1.083 1.328 1.197

Case #1

1-1 Aug. 05, 1981 40 173 162 .070

1-2 Sep. 02, 1981 274 194 141 .079

1-3 Oct. 07, 1981 261 162 129 .063

1-4 Nov. 19, 1981 75 812 .85 709

1-5 Dec. 15, 1981 71 >3.00 >3.00 >3.00

Case #2

2-1 Oct. 19, 1981 17 442 .045 .085

2-2 Nov. 17, 1981 46 102 029 .030

2-3 Dec. 02, 1981 63 .059 .036 027

2-4 Dec. 14, 1981 152 .065 .041 025

2-5 Dec. 23, 1981 624 082 .033 032

2-6 Jan. 20, 1982 66 102 .042 027

2-7 Feb. 15, 1982 70 188 .068 .096

2-8 Mar. 17, 1982 24 1.728 1.668 1.541

2-9 Apr. 21, 1982 53 >3.00 2.443 >3.00

2-10 May 19, 1982 95 >3.00 >3.00 >3.00

2-11 Jun. 14, 1982 37 >3.00 >3.00 >3.00
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TABLE 13-continued

69

ELISA RESULTS OBTAINED USING ANTI-IgG and ANTI-IgM
MONOCLONAL CONJUGATE

NANB ELISAs

Monoclonals Monoclonals Monoclonals
IgG 1:10 K IgG 1:10 K IgG 1:10 K
IgM 1:30 K IgM 1:60 K IgM 1:120 K
SAMPLE DATE ALT OD S/CO OD S/CO OD S/CO
Case #3
3-1 Apr. 07, 1981 13 193 076 .049
32 May 12, 1981 236 201 051 .038
33 May 30, 1981 471 132 067 .052
34 Jun. 09, 1981 315 175 155 .140
3-5 Jul. 06, 1981 273 1.335 1.238 1.260
3-6 Aug. 10, 1981 158 >3.00 >3.00 >3.00
3-7 Sep. 08, 1981 84 >3.00 >3.00 >3.00
3-8 Oct. 14, 1981 180 >3.00 >3.00 >3.00
39 Nov. 11, 1981 154 >3.00 >3.00 >3.00
[1047]
TABLE 14
ELISA RESULTS OBTAINED USING POLYCLONAL CONJUGATES
NANB ELISAs
Monoclonal Tago Jackson
1:10 K 1:80 K 1:80 K
SAMPLE DATE ALT OD S/CO OD S/CO OD S/CO
Neg Control .076 .045 154
Cutoff 476 .545 654
PC (1:128) 1.390 727 2.154
Case #1
1-1 Aug. 05, 1981 40 178 .37 067 a2 153 23
1-2 Sep. 02, 1981 274 154 32 .097 18 225 .34
1-3 Oct. 07, 1981 261 129 27 026 .05 167 26
1-4 Nov. 19, 1981 75 937 1.97 324 .60 793 1.21
1-5 Dec. 15, 1981 71 >3.00 >6.30 1.778 327  »3.00 >4.29
Case #2
2-1 Oct. 19, 1981 17 .058 a2 023 .04 052 .08
2-2 Nov. 17, 1981 46 .050 A1 .018 .03 .058 .09
2-3 Dec. 02, 1981 63 .047 10 .020 .04 .060 .09
2-4 Dec. 14, 1981 152 .059 a2 025 .05 .054 .08
2-5 Dec. 23, 1981 624 .070 a5 026 .05 074 A1
2-6 Jan. 20, 1982 66 .051 A1 .018 .03 .058 .09
2-7 Feb. 15, 1982 70 139 29 .037 .07 146 22
2-8 Mar. 17, 1982 24 1.867 392 .355 .65 1.429 2.19
2-9 Apr. 21, 1982 53 >3.00 >6.30 748 1.37  >3.00 >4.59
2-10 Mau 19, 1982 95 >3.00 >6.30 1.025 1.88  >3.00 >4.59
2-11 Jun. 14, 1982 37 >3.00 >6.30 917 1.68  >3.00 >4.59
Case #3
3-1 Apr. 07, 1981 13 .090 19 .049 .09 138 21
32 May 12, 1981 236 .064 13 .040 .07 .094 14
33 May 30, 1981 471 .079 17 .045 .08 144 22
34 Jun. 09, 1981 315 211 44 .085 16 275 42
3-5 Jul. 06, 1981 273 1.707 3.59 272 .50 1.773 271
3-6 Aug. 10, 1981 158 >3.00 >6.30 1.347 247  >3.00 >4.59
3-7 Sep. 08, 1981 84 >3.00 >6.30 2.294 421  >3.00 >4.59
3-8 Oct. 14, 1981 180 >3.00 >6.30 >3.00 >5.50  >3.00 >4.59
39 Nov. 11, 1981 154 >3.00 >6.30 >3.00 >5.50  >3.00 >4.59

Aug. 28, 2003
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[1048] IVI.1.f.(2). Samples from Random Blood Donors

[1049] Samples from random blood donors (see Section
IVI.1.) were screened for HCV infection using the HCV
¢100-3 ELISA, in which the antibody-enzyme conjugate
was either an anti-IgG monoclonal conjugate, or a poly-
clonal conjugate. The total number of samples screened
were 1077 and 1056, for the polyclonal conjugate and the
monoclonal conjugate, respectively. A summary of the
results of the screening is shown in Table 15, and the sample
distributions are shown in the histogram in FIG. 44.

[1050] The calculation of the average and standard devia-
tion was performed excluding samples that gave a signal
over 1.5,1.e., 1073 OD values were-used for the calculations
utilizing the polyclonal conjugate, and 1051 for the anti-IgG
monoclonal conjugate. As seen in Table 15, when the
polyclonal conjugate was used, the average was shifted from
0.0493 to 0.0931, and the standard deviation was increased
from 0.074 to 0.0933. Moreover, the results also show that
if the criteria of x+5SD is employed to define the assay
cutoff, the polyclonal-enzyme conjugate configuration in the
ELISA requires a higher cutoff value. This indicates a
reduced assay specificity as compared to the monoclonal
system. In addition, as depicted in the histogram in FIG. 44,
a greater separation of results between negative and positive
distributions occurs when random blood donors are screened
in an ELISA using the anti-IgG monoclonal conjugate as
compared to the assay using a commercial polyclonal label.

TABLE 15

COMPARISON OF TWO ELISA CONFIGURATIONS IN
TESTING SAMPLES FROM RANDOM BLOOD DONORS

POLYCLONAL
CONJUGATE (Jackson) ANTI-IgG MONOCLONAL
Number of samples 1073 1051
Average (x) 0.0931 0.04926
Standard deviation 0.0933 0.07427
(SD)
5SD 0.4666 0.3714
CUT-OFF (5 SD + x) 0.5596 0.4206

[1051] IVI2. ELISA Assay Using Recombinant SOD-
NANB,

[1052] This assay utilizes the SOD-NANB,_, ; antigen,
and is similar to the assay utilizing the c100-3 antigen (see
Section IV.I.1.) except for the following.

[1053] The HCV polypeptide used in the assay is SOD-
NANB, , ; which is purified as described in Section
IV.N.1.b., infra.

[1054] In the preparation of the plates, Immulon 2 plates
replace Immulon 1 plates. In addition, BSA is omitted from
the coating solution, and the coating solution contains 3.75
micrograms/ml of SOD-NANB, , , instead of ¢100-3.

[1055] The assay is also changed in that the sample diluent
contains 1 mg/ml yeast extract, and also contains 500
micrograms/ml of the second F. coli extract (which is
comprised of proteins in the soluble fraction of the lysozyme
treated bacteria), and 100 micrograms/ml SOD. The extracts
are prepared as described in Section IV N.1.a., infra.
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[1056] IVI.3. ELISA Assay Using Recombinant C33c

[1057] This assay utilizes the SOD-C33c antigen, and is
similar to the assay utilizing the SOD-NANB,_, ; antigen
(see Section IVI.2.)) except for the following.

[1058] The HCV polypeptide used in the assay is SOD-
C33c, which is prepared as described in Section IV.B.9.,
supra. The plates coated are Immulon 1 plates instead of
Immulon 2 plates, and the coating solution 1.25 micrograms/
ml of SOD-C33c instead of c100-3. The assay is also
changed in that the sample diluent contains 1 mg/ml yeast
extract instead of 100 micrograms/ml of the second E. coli
extract and 100 micrograms/ml of SOD.

[1059] IVI.4.ELISA Assay Using a Synthetic Polypeptide
Containing NANB,_, ; Sequences

[1060] This assay utilizes a synthetic peptide containing
42 amino acids encoded in HCV which are in the NANB, ;
polypeptide, and which are also in the c100-3 polypeptide.
The polypeptide, which was prepared by Peninsula Labo-
ratory using chemical synthesis, has the following sequence.

[1061] NH 2-lle-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-
Glu-Phe-Asp-lu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro

Tyr-Ile-Glu-Gln-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Glo-
Lys-Ala-Leu-Gly-Leu-OOH.

[1062] The assay is essentially as described in Section
IV.I.1.,, except that the synthetic 5-1-1 polypeptide replaces
the ¢100-3 polypeptide in the coating solution at a concen-
tration of 2.5 ug/mL (micrograms). Also, Immulon 2 plates
replace Immulon 1 plates, and the BSA is omitted from the
coating solution.

[1063] IVJ. Detection of HCV Seroconversion in
NANBH Patients from a Variety of Geographical Locations

[1064] Sera from patients who were suspected to have
NANBH based upon elevated ALT levels, and who were
negative in HAV and HBV tests were screened using the RIA
essentially as described in Section IV.D., except that the
HCV C100-3 antigen was used as the screening antigen in
the microtiter plates. As seen from the results presented in
Table 16, the RIA detected positive samples in a high
percentage of the cases.

TABLE 16

Seroconversion Frequencies for Anti-c100-3
Among NANBH Patients in Different Countries

Country The Netherlands Italy Japan
No. 5 36 26
Exam-
ined
No. 3 29 19
Positive
% 60 80 73
Positive
[1065] IVK. Detection of HCV Seroconversion in Patients

with “Community Acquired” NANBH

[1066] Sera which was obtained from 100 patients with
NANBH, for whom there was no obvious transmission route
(ie., no transfusions, i.v. drug use, promiscuity, etc. were
identified as risk factors), was provided by Dr. M. Alter of
the Center for Disease Control, and Dr. J. Dienstag of
Harvard University. These samples were screened using an
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RIA essentially as described in Section IV.D., except that the
HCV ¢100-3 antigen was used as the screening antigen
attached to the microtiter plates. The results showed that of
the 100 serum samples, 55 contained antibodies that reacted
immunologically with the HCV ¢100-3 antigen.

[1067] The results described above suggest that “Commu-
nity Acquired” NANBH is also caused by HCV. Moreover,
since it has been demonstrated herein that HCV is related to
Flaviviruses, most of which are transmitted by arthropods, it
is suggestive that HCV transmission in the “Community
Acquired” cases also results from arthropod transmission.

[1068] IV.L.Comparison of Incidence of HCV Antibodies
and Surrogate Markers in Donors Implicated in NANBH
Transmission

[1069] A prospective study was carried out to determine
whether recipients of blood from suspected NANBH posi-
tive donors, who developed NANBH, seroconverted to
anti-HCV-antibody positive. The blood donors were tested
for the surrogate marker abnormalities which are currently
used as markers for NANBH infection, i.c., elevated ALT
levels, and the presence of anti-core antibody. In addition,
the donors were also tested for the presence of anti-HCV
antibodies. The determination of the presence of anti-HCV
antibodies was determined using a radioimmunoassay as
described in Section IVK. The results of the study are
presented in Table 17, which shows: the patient number
(column 1); the presence of anti-HCV antibodies in patient
serum (column 2); the number of donations received by the
patient, with each donation being from a different donor
(column 3); the presence of anti-HCV antibodies in donor
serum (column 4); and the surrogate abnormality of the
donor (column 5) (NT or -- means not tested) (ALT is
elevated transaminase, and ANTI-HBc is anti-core anti-
body).

[1070] The results in Table 17 demonstrate that the HCV
antibody test is more accurate in detecting infected blood
donors than are the surrogate marker tests. Nine out of ten
patients who developed NANBH symptoms tested positive
for anti-HCV antibody seroconversion. Of the 11 suspected
donors, (patient 6 received donations from two different
individuals suspected of being NANBH carriers), 9 were
positive for anti-HCV antibodies, and 1 was borderline
positive, and therefore equivocal (donor for patient 1). In
contrast, using the elevated ALT test 6 of the ten donors
tested negative, and using the anticore-antibody test 5 of the
ten donors tested negative. Of greater consequence, though,
in three cases (donors to patients 8, 9, and 10) the ALT test
and the ANTI-HBc test yielded inconsistent results.

TABLE 17

DEVELOPMENT OF ANTI-HCV ANTIBODIES IN PATIENTS
RECEIVING BLOOD FROM DONORS SUSPECTED OF BEING
NANBH CARRIERS

Anti-HCV No. of  Anti-HCV Surrogate
Seroconversion Donations/ Positive Abnormality*
Patient in Patient Donors Donor Alt Anti-HBc
1 yes 18 equiv no no
2 yes 18 yes NT yes
3 yes 13 yes no no
4 no 18 no — —
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TABLE 17-continued

DEVELOPMENT OF ANTI-HCV ANTIBODIES IN PATIENTS
RECEIVING BLOOD FROM DONORS SUSPECTED OF BEING
NANBH CARRIERS

Anti-HCV No. of  Anti-HCV Surrogate
Seroconversion Donations/ Positive Abnormality*
Patient in Patient Donors Donor Alt Anti-HBc
5 yes 16 yes yes yes
6 yes 11 yes (2) no no
yes yes
7 yes 15 yes NT no
8 yes 20 yes no yes
9 yes 5 yes yes no
10 yes 15 yes no yes

*Same donor as anti-NANBYV Positive

[1071] TIVM. Amplification for Cloning of HCV ¢cDNA
Sequences Utilizing the PCR and Primers Derived from
Conserved Regions of Flavivirus Genomic Sequences

[1072] The results presented supra., which suggest that
HCYV is a flavivirus or flavi-like virus, allows a strategy for
cloning uncharacterized HCV cDNA sequences utilizing the
PCR technique, and primers derived from the regions encod-
ing conserved amino acid sequences in flaviviruses. Gener-
ally, one of the primers is derived from a defined HCV
genomic sequence, and the other primer which flanks a
region of unsequenced HCV polynucleotide is derived from
a conserved region of the flavivirus genome. The flavivirus
genomes are known to contain conserved sequences within
the NS1, and E polypeptides, which are encoded in the
5'-region of the flavivirus genome. Corresponding
sequences encoding these regions lie upstream of the HCV
c¢DNA sequence shown in FIG. 26. Thus, to isolate cDNA
sequences derived from this region of the HCV genome,
upstream primers are designed which are derived from the
conserved sequences within these flavivirus polypeptides.
The downstream primers are derived from an upstream end
of the known portion of the HCV ¢cDNA.

[1073] Because of the degeneracy of the code, it is prob-
able that there will be mismatches between the flavivirus
probes and the corresponding HCV genomic sequence.
Therefore a strategy which is similar to the one described by
Lee (1988) is used. The Lee procedure utilizes mixed
oligonucleotide primers complementary to the reverse trans-
lation products of an amino acid sequence; the sequences in
the mixed primers takes into account every codon degen-
eracy for the conserved amino acid sequence.

[1074] Three sets of primer mixes are generated, based on
the amino acid homologies found in several flaviviruses,
including Dengue-2,4 (D-2,4), Japanese Encephalitis Virus
(JEV), Yellow Fever (YF), and West Nile Virus (WN). The
primer mixture derived from the most upstream conserved
sequence (5'-1), is based upon the amino acid sequence
gly-trp-gly, which is part of the conserved sequence asp-
arg-gly-trp-gly-aspN found in the E protein of D-2, JEV, YF,
and WN. The next primer mixture (5'-2) is based upon a
downstream conserved sequence in E protein, phe-asp-gly-
asp-ser-tyr-ileu-phe-gly-asp-ser-tyr-ileu, and is derived from
phe-gly-asp; the conserved sequence is present in D-2, JEV,
YF, and WN. The third primer mixture (5'-3), is based on the
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amino acid sequence arg-ser-cys, which is part of the con-
served sequence cys-cys-arg-ser-cys in the NS1 protein of
D-2, D-4, JEV, YE, and WN. The individual primers which
form the mixture in 5'-3 are shown in FIG. 45. In addition
to the varied sequences derived from conserved region, each
primer in each mixture also contains a constant region at the
5'-end which contains a sequence encoding sites for restric-
tion enzymes, HindIII, Mbol, and EcoRI.

[1075] The downstream primer, ssc5h20A, is derived from
a nucleotide sequence in clone 5h, which contains HCV
c¢DNA with sequences with overlap those in clones 141 and
11b. The sequence of ssc5 h20A is

[1076] 5' GTA ATA TGG TGA CAG AGT CA 3"

[1077] An alternative primer, ssc5 h34A, may also be
used. This primer is derived from a sequence in clone 5h,
and in addition contains nucleotides at the 5'-end which
create a restriction enzyme site, thus facilitating cloning.
The sequence of ssc5h34A is

[1078] 5' GAT CTC TAG AGA AAT CAA TAT GGT
GAC AGA GTC A 3.

[1079] The PCR reaction, which was initially described by
Saiki et al. (1986), is carried out essentially as described in
Lee et al. (1988), except that the template for the cDNA is
RNA isolated from HCV infected chimpanzee liver, as
described in Section IV.C.2., or from viral particles isolated
from HCV infected chimpanzee serum, as described in
Section IV.A.1. In addition, the annealing conditions are less
stringent in the first round of amplification (0.6M NaCl, and
25° C.), since the part of the primer which will anneal to the
HCV sequence is only 9 nucleotides, and there could be
mismatches. Moreover, if ssc5 h34A is used, the additional
sequences not derived from the HCV genome tend to
destabilize the primer-template hybrid. After the first round
of amplification, the annealing conditions can be more
stringent (0.066M NaCl, and 32° C.-37° C.), since the
amplified sequences now contain regions which are comple-
mentary to, or duplicates of the primers. In addition, the first
10 cycles of amplification are run with Klenow enzyme I,
under appropriate PCR conditions for that enzyme. After the
completion of these cycles, the samples are extracted, and
run with Taq polymerase, according to kit directions, as
furnished by Cetus/Perkin-Elmer.

[1080] After the amplification, the amplified HCV ¢cDNA
sequences are detected by hybridization using a probe
derived from clone 5h. This probe is derived from sequences
upstream of those used to derive the primer, and does not
overlap the sequences of the clone 5h derived primers. The
sequence of the probe is

5' CCC AGC GGC GTA CGC GCT GGA CAC GGA CGT GGC CGC
GTC GTG TGG CGG TGT TGT TCT CGT CGG GTT GAT GGC
GC 3'.

[1081] IV.N.1. Immunoblot Assay for HCV Antibodies
Using HCV Antigens

[1082] The immunoblot assay for HCV employs an immu-
noblot ELISA technique for the qualitative detection of
antibodies to HCV in biological specimens The assay uses
three purified recombinant antigens: the fusion polypeptide,
SOD-NANBs;_,_, (also called 5-1-1); the fusion polypeptide
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SOD-C33c; the fusion polypeptide HCV C100-3; and
human superoxide dismutase (hSOD). The latter antigen is
included as a control to detect the presence of antibodies
against SOD. The purification procedure for SOD-NANB,_
1-1 is described below in Section IV.IN.1.b.; that for the
fusion C100-3 polypeptide is described in Section IV.B.7.b;
and that for the C33c polypeptide is described in Section
IV.B.9.

[1083]

[1084] In the immunoblot assay system for HCV, the
above described individual recombinant derived HCV anti-
gens are immobilized in discreet bands-on nitro-cellulose
strips (0.45 microns) by vacuum blotting solutions of indi-
vidual antigens. During the incubation of the strips with the
biological specimens, antibodies to HCV, if present, react
with the corresponding antigens coated in bands on the
nitrocellulose strips. After the removal of nonspecific anti-
bodies by aspiration and washing, the strip is then reacted
with goat anti-human IgG (heavy and light chain specific)
labeled with horseradish peroxidase (HRP). Following incu-
bation, decantation, and washing to remove excess conju-
gate, 4-chloro-1-naphthol solution containing hydrogen per-
oxide is added. The corresponding intensities of the blue-
black colored bands which develop are proportional to the
amount of specific antibody bound to each of the recombi-
nant proteins on the strips. After the precipitation reaction is
stopped by decantation and washing, the reactivity of speci-
mens towards each antigen is determined by visually com-
paring the intensity of the individual antigen band with that
of the low and high IgG internal controls included on each
Strip.

IV.N.1.a. The Immunoblot Assay System for HCV

[1085] The reagents utilized in the test are the following.
The conjugate is goat anti-human IgG (heavy and light chain
specific) labeled with HRP in sodium phosphate buffer
containing sodium chloridae and protein stabilizers. The
stock substrate is 4-chloro-1-naphthol (3 g/L) in methanol.
The developer buffer is sodium monobasic phosphate (1.3 g)
containing sodium chloride (1.17 g/L) and hydrogen perox-
ide (1 ml/L). The developer buffer contains sodium monoba-
sic phosphate (13.8 uL), NaCl (29.2 g/L), casein (1 uL),
EDTA disodium salt (0.34 g/L), Triton X-100 (10 uL), 10%
thimerosal (1 ml/L), yeast extract (1 g/L), BSA (10 g/L), the
first E. coli extract (20 mg/L) and the second E. coli extract
(0.5 g/L). The HCV antibody positive control is inactivated
human serum containing antibodies to HCV; the serum is
inactivated by heat and psoralen treatment. The HCV-anti-
body negative control is human serum which does not
demonstrate antibodies to HCV. A working sample diluent
for the assay is prepared by weighing out 0.5 gm nonfat dry
milk powder into each 10 ml sample diluent, and mixing
well before use. The working substrate for the assay is
prepared by combining 1 part of the stock substrate with 5
parts of developer buffer.

[1086] The yeast extract used in the sample diluent is
prepared as follows. Red Star baker’s yeast (Universal
Foods) is slurried with an approximately equal amount
(weight to volume) of 64 mM Tris HC], and the pH is
adjusted to 7.0. The yeast is mechanically disrupted using a
glass bead mill (Dynomill) using 0.5 mm nominal diameter
beads, until 95% of the cells are broken. Concentrated
sodium dodecylsulfate (SDS) is added to the lysate to yield
a final concentration of SDS of 72.14%. The lysate is then
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agitated and heated to 70° C.£5° C. for 10 minutes. The
heated lysate is diluted with 3 volumes of buffer containing
67M Tris HCL, pH 7.0, 2.25% SDS, and is cooled to 20-25°
C. Gross debris is removed from the diluted lysate by
centrifugation using a Westphalia SA1 continuous flow
desludging centrifuge at a feed rate of about 1.5 liters per
minute and back pressure of 20-23 psig. The desludge
interval is about 3.5 minutes.

[1087] One of the F. coli extracts used in the diluent is
comprised of bacterial proteins which are solubilized during
urea treatment of an insoluble protein fraction. This extract
is prepared from a lysate of strain D1210 cells transformed
with the expression vector pSODcf1 (see Section IV.B.1.).
The cells are cultured and pelleted as described in Section
IVN.7.b., except that the pSODcf1 transformants replace
the transformants which harbor pSODcfl containing the
HCV sequence from clone 5-1-1. In order to prepare the
extract, 40 g of pelleted cells are placed into a 500 ml
Beckman bottle, and resuspended in 14.4 ml of TE buffer
(10 mM Tris, pH 8.0, 1 mM EDTA). Next, 18 ml of distilled
water, 6.8 ml of lysozyme solution, 0.8 ml of 0.1M PMSF
(in ethanol) are added to the suspension, and it is incubated
on ice for 1 hour. After the incubation, a solution containing
120 ml sterile water, 240 microliters 0.5 M MgCl,, 180
microliters DNAse I (20,000 u/ml in distilled water) and 1.2
ml of 0.1M PMSF is added for each 40 g of cells. The
suspension is then sonicated in a Branson Sonifier 450 at
setting 1 for 30 seconds and placed on ice for 1 minute; this
cycle is repeated five more times, after which the sonicate is
incubated at room temperature for 15 minutes. The solution
is then sonicated at setting 5 for 30 seconds and placed on
ice for 1 minute; this cycle is repeated 3 more times, after
which the sonicate is incubated at room temperature for 15
minutes. This last cycle of sonication is repeated. After
sonication, the sonicate is centrifuged at 10,000 rpm for 25
minutes. The supernatant is decanted, and the remaining
pellet is extracted with urea as follows. Using an Omni
mixer, the pellet is resuspended in 120 ml of 6 M urea, 50
mM Tris HCI, pH 8.0, 0.1% beta-mercaptoethanol (BME).
The bottle is attached to a tilt shaker and rocked at 4° C. for
four hours. The suspension is then centrifuged at 10,000 rpm
for 25 minutes at 4° C. The supernatant containing urea is
dialyzed against a 400-fold volume of buffer containing 50
mM sodium borate, 0.5 M NaCl, pH 8.4. Dialysis is for 1.5
hours at room temperature, using Spectrapor® dialysis tub-
ing with a molecular weight cut-off of 12,000-14,000. Pre-
cipitate in the dialysate is removed by centrifugation at
10,000 rpm for 15 minutes, and the supernatant is subjected
to a repeated round of dialysis and centrifugation, yielding
a supernatant which is used as the bacterial extract.

[1088] The second E. coli extract used in the diluent is
prepared from non-transformed E. coli cells, and is com-
prised of proteins in the soluble fraction of the lysozyme
treated bacteria. The extract is prepared by adding to 15 ml
of packed cells the following: 3 ml of lysozyme (5 mg/ml)
in 0.25 M Tris HCI, pH 8.0, 150 microliters 0.1M PMSF in
ethanol, 3.3 ml 0.25 M EDTA, pH 8.0, and 12.5 ml of a
solution containing 1% triton and 0.4% deoxycholate. The
cells are suspended using an Omnimixer, and are broken by
mixing for 15-25 minutes at 2°-8° C.; if breakage is incom-
plete (i.e., the material is not viscous), an additional 150
microliters 0.1M PMSF is added, and the mixing is contin-
ued for an additional 15 to 25 minutes. After cell breakage,
20,000 units of DNAse I in 1 ml water and 15 ml 0.5 M
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MgCl, are added, and the mixing is continued for 15 to 25
minutes at room temperature, until the DNA is digested (i.e.,
the mixture approaches the viscosity of water. The mixture
is then centrifuged at 17,000xG for 20 minutes at 20 to 8°
C., and the supernatant is decanted. The supernatant is then
dialyzed against 1 liter of phosphate buffered saline (PBS)
from 8 to 72 hours, using Spectropor tubing with a molecu-
lar weight cutoff of 6,000 to 8,000. The protein concentra-
tion of the dialysate is adjusted to 5 to 15 mg/ml.

[1089] The immunoblot assay is performed by setting up
one tube per sample, each containing a nitrocellulose assay
strip. Each strip is banded with the three aforementioned
HCV antigens, with hSOD, and with two levels of human
IgG (internal controls), one of which yields a weak positive
reaction, and one of which yields a moderate positive
reaction. Sufficient working sample diluent is added to each
tube to cover the strip with liquid. An aliquot of the
appropriate specimen or control sample is added to each
tube. The tubes are covered, and inverted to mix, the tubes
are placed in a rocker, and agitated for 4 hours at room
temperature. (The motion of the sample solution over the
strips, generated by the rocker, is important in achieving
even band staining and maximum sensitivity). After the 4
hour incubation, the tubes are uncapped, the liquid aspirated,
and the strips are washed with distilled water, and trans-
ferred to a wash vessel. Following another three washes with
excess distilled water, and removal of the wash by decan-
tation, the strips are reacted with conjugate (the aliquot
added is in excess of that which is sufficient to cover all of
the strips). During the reaction with conjugate, the vessel
containing the strip and conjugate is agitated on a rotary
shaker at approximately 110 rpm for 30 minutes at room
temperature. Excess conjugate is removed by washing the
strips three times with an excess of distilled water, and the
final wash is decanted. An aliquot of working substrate is
added to the wash vessel, and the vessel is agitated on a
rotary shaker at approximately 110 rpm for 15 minutes at
room temperature. After the reaction, the working substrate
is decanted off, and the strips are washed twice with excess
distilled water. The strips are transferred to absorbent paper
to blot off the excess water, air dried for at least twenty
minutes at room temperature (protected from the light), and
read within three hours after completion of the assay.

[1090]

[1091] The HCV fusion polypeptide, SOD-NANB; , ;
(also called the 5-1-1 polypeptide), used in the immunoblot
assay system for HCV is purified according to the following
procedure.

IV-N.1.b. Purification of SOD-NANB, , ,

[1092] The 5-1-1 polypeptide is expressed in recombinant
bacteria D1210 transformed with the vector described in
Section IV.B.1.. In order to prepare an overnight culture of
the transformed bacteria, the cells (about 150 microliters of
glycerol stock) were grown in 35 ml of L broth-containing
160+15 microliters of 2% ampicillin); growth is overnight at
37° C. with shaking at 300 rpm. For expression, each 1.5
liters of culture (L broth containing 6.5+0.25 ml 2% ampi-
cillin) is inoculated with 15 ml of the overnight culture, and
grown at 37° C. in a Fernbach flask with shaking for 2% to
3 hours, until an O.D. 45, of 0.80+0.5 is attained; at this time
expression is induced by the addition of 15 ml 200 mM
IPTG. After induction, the cells are grown for 3 hours at 37°



US 2003/0162167 Al

C. with shaking. The cells are then harvested by pelleting in
a J6-B centrifuge in a JS5.2 rotor at 3.5K rpm for 15
minutes.

[1093] A 6 M urea extract of the cell pellet is prepared.
Five grams of cell pellet is resuspended in 1.8 ml of TE, and
then 2.25 ml sterile water, 0.85 ml lysozyme solution (5
mg/ml in 0.25 N Tris HCI, pH 8.0), and 100 microliters of
0.1M PMSF in ethanol are added. The resuspended pellet is
incubated on ice for one hour. After the incubation, 15 ml of
distilled water, 30 microliters of 0.5 M MgCl,, 22.5 micro-
liters DNAse I (20,000 units/ml in water), and 150 micro-
liters of PMSF are added. The mixture is sonicated and the
insoluble material pelleted using the procedure for the
preparation of the E. coli extract described supra, except that
sonication at setting 1 is repeated for a total of four times,
and sonication at setting 5 is repeated for a total of two
times. The pellet, which has a volume of 1.5 ml is sus-
pended in 15 ml of solution containing 6M urea, 50 mM Tris
HCl, pH 8.0, and 0.1% BME, using a pipetter and with
vortexing. The suspension is then rocked in a tilt shaker at
4° C. for 4 hours, and centrifuged at 12,000 rpm for 15
minutes at 4° C.

[1094] The 5-1-1 polypeptide contained in the supernatant
from the above described centrifugation is purified from the
urea extract by passage through a Q Sepharose Fast Flow ion
exchange column (Pharmacia Corp.). A 30 ml column is
equilibrated by pumping through approximately 80 ml of
running buffer (6 M urea in 20 mM Tris HCI, pH 8.0, 1 mM
Dithiothreitol (DTT)), or RB, at a speed of about 2 ml per
minute. After the column is equilibrated, the entire 6 M urea
extract is loaded onto the column, and is washed in with
approximately 80 ml of running buffer; fractions of 2 ml are
collected during the loading and the washing steps. After the
load is washed into the column, the 5-1-1 polypeptide is
eluted using a 0.0 to 0.5 M NaCl gradient in RB. The
gradient solution is pumped over the column at 2 ml per
minute; 1 ml fractions are collected; and the O.D.,g, is
monitored throughout the load, wash, and elution. The 5-1-1
polypeptide is expected to elute from the column approxi-
mately two-thirds of the way through the gradient. The
column fractions are analyzed by electrophoresis on 12.5%
polyacrylamide gels containing SDS, and by Western blot
using positive polyclonal antibodies to SOD and/or the 5-1-1
polypeptide and/or serum samples. The purity of the 5-1-1
polypeptide is estimated based upon the O.D.,q,, the West-
ern blot, and the polyacrylamide gel analysis. Based upon
this, appropriate fractions are pooled, yielding a total vol-
ume of 730 ml. Each 10 ml of the pooled material is dialyzed
at room temperature against 2 liters of buffer containing 50
mM sodium borate, pH 8.4, 0.5 M NaCl, 10 mM BME, and
2 mM EDTA for 1.5 hours, with 1 change of buffer after 1.5
hours; total dialysis time is approximately 3 hours. Protein
concentration in the dialysate is determined by the Lowry
method. The purified, dialyzed material is stored at —70° C.

[1095] The following listed materials are on deposit under
the terms of the Budapest Treaty with the American Type
Culture Collection (ATCC), 12301 Parklawn Dr., Rockville,
Md. 20852, and have been assigned the following Accession
Numbers.
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lambda-gt11 ATCC No. Deposit Date
HCV cDNA library 40394 1 Dec. 1987
clone 81 40388 17 Nov. 1987
clone 91 40389 17 Nov. 1987
clone 1-2 40390 17 Nov. 1987
clone 5-1-1 40391 18 Nov. 1987
clone 12f 40514 10 Nov. 1988
clone 35f 40511 10 Nov. 1987
clone 15¢ 40513 10 Nov. 1988
clone K9-1 40512 10 Nov. 1988
JSC 308 20879 5 May 1988
pS356 67683 29 Apr. 1988

[1096] In addition, the following deposits were made on
May 11, 1989.

Strain Linkers ATCC No.
D1210 (Cf1/5-1-1) EF 67967
D1210 (Cf1/81) EF 67968
D1210 (Cf1/CA74a) EF 67969
D1210 (Cf1/35f) AB 67970
D1210 (Cf1/279a) EF 67971
D1210 (Cf1/C36) CD 67972
D1210 (Cf1/130) AB 67973
D1210 (Cf1/C33b) EF 67974
D1210 (Cf1/CA290a) AB 67975
HB101 (AB24/C100 #3R) 67976

[1097] The following derivatives of strain D1210 were
deposited on May 3, 1989.

Strain Derivative ATCC No.
pCF1CS/C8f 67956
pCF1AB/C12f 67952
pCF1EF/14c 67949
pCF1EF/15¢ 67954
pCF1AB/C25¢ 67958
pCF1EF/C33¢c 67953
pCF1EF/C33f 67050
pCF1CD/33g 67951
pCF1CD/C39¢ 67955
pCF1EF/C40b 67957
pCF1EF/CA167b 67959

[1098] The following biological materials were deposited
on May 12, 1989.

Material ATCC No.
Lambda gt11(C35) 40603
Lambda gt10(beta-5a) 40602
D1210 (C40b) 67980
D1210 (M16) 67981

[1099] The following biological materials were deposited
on Oct. 13, 1989.
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Material ATCC No.
AB122 20961
Lambda gt11 40678
pAB24/C200-C100 40679
pNS11d- 13-15 40680
pC100-d #3 68113
pC22 68114
pS2d #9 68115

[1100] The following biological materials were deposited
on Oct. 17, 1989.

Material ATCC No.
pCMV-NS1 68125
PMCMV-NS1 68126

[1101] Upon allowance and issuance of this application as
a United States Patent, all restriction on availability of these
deposits will be irrevocably removed; and access to the
designated deposits will be available during pendency of the
above-named application to one determined by the Com-
missioner to be entitled thereto under 37 CFR 1.14 and 35
USC 1.22. Moreover, the designated deposits will be main-
tained for a period of thirty (30) years from the date of
deposit, or for five (5) years after the last request for the
deposit; or for the enforceable life of the U.S. patent,
whichever is longer. The deposited materials mentioned
herein are intended for convenience only, and are not
required to practice the present invention in view of the
descriptions herein, and in addition these materials are
incorporated herein by reference.

INDUSTRIAL APPLICABILITY

[1102] The invention, in the various manifestations dis-
closed herein, has many industrial uses, some of which are
the following. The HCV ¢cDNAs may be used for the design
of probes for the detection of HCV nucleic acids in samples.
The probes derived from the cDNAs may be used to detect
HCV nucleic acids in, for example, chemical synthetic
reactions. They may also be used in screening programs for
anti-viral agents, to determine the effect of the agents in
inhibiting viral replication in cell culture systems, and
animal model systems. The HCV polynucleotide probes are
also useful in detecting viral nucleic acids in humans, and
thus, may serve as a basis for diagnosis of HCV infections
in humans.

[1103] In addition to the above, the cDNAs provided
herein provide information and a means for synthesizing
polypeptides containing epitopes of HCV. These polypep-
tides are useful in detecting antibodies to HCV antigens. A
series of immunoassays for HCV infection, based on recom-
binant polypeptides containing HCV epitopes are described
herein, and will find commercial use in diagnosing HCV
induced NANBH, in screening blood bank donors for HCV-
caused infectious hepatitis, and also for detecting contami-
nated blood from infectious blood donors. The viral antigens
will also have utility in monitoring the efficacy of anti-viral
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agents in animal model systems. In addition, the polypep-
tides derived from the HCV ¢cDNAs disclosed herein will
have utility as vaccines for treatment of HCV infections.

[1104] The polypeptides derived from the HCV c¢DNAs,
besides the above stated uses, are also useful for raising
anti-HCV antibodies. Thus, they may be used in anti-HCV
vaccines. However, the antibodies produced as a result of
immunization with the HCV polypeptides are also useful in
detecting the presence of viral antigens in samples. Thus,
they may be used to assay the production of HCV polypep-
tides in chemical systems. The anti-HCV antibodies may
also be used to monitor the efficacy of anti-viral agents in
screening programs where these agents are tested in tissue
culture systems. They may also be used for passive immu-
notherapy, and to diagnose HCV caused NANBH by allow-
ing the detection of viral antigen(s) in both blood donors and
recipients. Another important use for anti-HCV antibodies is
in affinity chromatography for the purification of virus and
viral polypeptides. The purified virus and viral polypeptide
preparations may be used in vaccines. However, the purified
virus may also be useful for the development of cell culture
systems in which HCV replicates.

[1105] Cell culture systems containing HCV infected cells
will have many uses. They can be used for the relatively
large scale production of HCV, which is normally a low titer
virus. These systems will also be useful for an elucidation of
the molecular biology of the virus, and lead to the devel-
opment of anti-viral agents. The cell culture systems will
also be useful in screening for the efficacy of antiviral
agents. In addition, HCV permissive cell culture systems are
useful for the production of attenuated strains of HCV.

[1106] For convenience, the anti-HCV antibodies and
HCYV polypeptides, whether natural or recombinant, may be
packaged into Kkits.

[1107] The method used for isolating HCV ¢cDNA, which
is comprised of preapring a cDNA library derived from
infected tissue of an individual, in an expression vector, and
selecting clones which produce the expression products
which react immunologically with antibodies in antibody-
containing body components from other infected individuals
and not from non-infected individuals, may also be appli-
cable to the isolation of cDNAs derived from other hereto-
fore uncharacterized disease-associated agents which are
comprised of a genomic component. This, in turn, could lead
to isolation and characterization of these agents, and to
diagnostic reagents and vaccines for these other disease-
associated agents.

1. A purified HCV polynucleotide.

2. A recombinant HCV polynucleotide.

3. A recombinant polynucleotide comprising a sequence
derived from an HCV genome or from HCV cDNA.

4. A recombinant polynucleotide encoding an epitope of
HCV.

5. A recombinant vector containing the polynucleotide of
claim 2, or claim 3, or claim 4.

6. A host cell transformed with the vector of claim 5.

7. A recombinant expression system comprising an open
reading frame (ORF) of DNA derived from an HCV genome
or from HCV ¢DNA, wherein the ORF is operably linked to
a control sequence compatible with a desired host.

8. A cell transformed with the recombinant expression
system of claim 7.
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9. A polypeptide produced by the cell of claim 8.

10. Purified HCV.

11. A preparation of polypeptides from the HCV of claim
10.

12. A purified HCV polypeptide.

13. A purified polypeptide comprising an epitope which is
immunologically identifiable with an epitope contained in
HCV.

14. A recombinant HCV polypeptide.

15. A recombinant polypeptide comprised of a sequence
derived from an HCV genome or from HCV cDNA.

16. A recombinant polypeptide comprised of an HCV
epitope.

17. A fusion polypeptide comprised of an HCV polypep-
tide.

18. A monoclonal antibody directed against an HCV
epitope.

19. A purified preparation of polyclonal antibodies
directed against HCV.

20. A particle which is immunogenic against HCV infec-
tion comprising a non-HCV polypeptide having an amino
acid sequence capable of forming a particle when said
sequence is produced in a eukaryotic host, and an HCV
epitope.

21. A polynucleotide probe for HCV.

22. A kit for analyzing samples for the presence of
polynucleotides derived from HCV comprising a polynucle-
otide probe containing a nucleotide sequence from HCV of
about 8 or more nucleotides, in a suitable container.

23. A kit for analyzing samples for the presence of an
HCV antigen comprising an antibody directed against the
HCYV antigen to be detected, in a suitable container.

24. A kit for analyzing samples for the presence of an
antibodies directed against an HCV antigen comprising a
polypeptide containing an HCV epitope present in the HCV
antigen, in a suitable container.

25. A polypeptide comprised of an HCV epitope, attached
to a solid substrate.

26. An antibody to an HCV epitope, attached to a solid
substrate.

27. A method for producing a polypeptide containing an
HCYV epitope comprising incubating host cells transformed
with an expression vector containing a sequence encoding a
polypeptide containing an HCV epitope under conditions
which allow expression of said polypeptide.

28. A polypeptide containing an HCV epitope produced
by the method of claim 27.

29. Amethod for detecting HCV nucleic acids in a sample
comprising:

(a) reacting nucleic acids of the sample with a probe for
an HCV polynucleotide under conditions which allow
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the formation of a polynucleotide duplex between the
probe and the HCV nucleic acid from the sample; and

(b) detecting a polynucleotide duplex which contains the
probe.

30. An immunoassay for detecting an HCV antigen com-

prising:

(a) incubating a sample suspected of containing an HCV
antigen with a probe antibody directed against the HCV
antigen to be detected under conditions which allow the
formation of an antigen-antibody complex; and

(b) detecting an antigen-antibody complex containing the
probe antibody.
31. An immunoassay for detecting antibodies directed
against an HCV antigen comprising:

(a) incubating a sample suspected of containing anti-HCV
antibodies with a probe polypeptide which contains an
epitope of the HCV, under conditions which allow the
formation of an antibody-antigen complex; and

(b) detecting the antibody-antigen complex containing the

probe antigen.

32. A vaccine for treatment of HCV infection comprising
an immunogenic polypeptide containing an HCV epitope
wherein the immunogenic polypeptide is present in a phar-
macologically effective dose in a pharmaceutically accept-
able excipient.

33. A vaccine for treatment of HCV infection comprising
inactivated HCV in a pharmacologically effective dose in a
pharmaceutically acceptable excipient.

34. A vaccine for treatment of HCV infection comprising
attenuated HCV in a pharmacologically effective dose in a
pharmaceutically acceptable excipient.

35. A tissue culture grown cell infected with HCV.

36. The HCV infected cell of claim 35, wherein the cell
is of a human macrophage cell line, or is of a hepatocyte cell
line, or is of a mosquito cell line, or is of a tick cell line, or
is of a mouse macrophage cell line, or is an embryonic cell.

37. The HCV infected cell of claim 35, wherein the cell
is of a cell line derived from liver of an HCV infected
individual.

38. A method for producing antibodies to HCV compris-
ing administering to an individual an isolated immunogenic
polypeptide containing an HCV epitope in an amount suf-
ficient to produce-an immune response.

39. A method for producing antibodies to HCV compris-
ing administering to an individual the polypeptide prepara-
tion of claim 11, wherein the preparation contains at least 1
immunogenic polypeptide, and the administering is of an
amount sufficient to produce an immune response.
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