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3 2919514

FIG I Translation of DNA 5-1-1

AlaSerCysLeuAsnCysSerAlaSerIlelleProAspArgGluvalleuTyrArgGlu
1 GGCCTCCTGCTTGAACTGCTCGGCGAGCATCATACCTGACAGGGAAGTCCTCTACCGAGA
CCGGAGGACGAACTTGACGAGCCGCTCGTAGTATGGACTGTCCCTTCAGGAGATGGCTCT

PheAspGluMetGluGluCysSerGlnHisLauProTyrileGluGlnGlyMetMetleu
61 GTTCGATGAGATGGAAGAGTGCTCTCAGCACTTACCGTACATCGAGCAAGGGATGATGCT
CAAGCTACTCTACCTTCTCACGAGAGTCGTGAATGGCATGTAGCTCGTTCCCTACTACGA

AlaGluGlnPhelLysGlnLysAlaleuGlyLeu
121 CGCCGAGCAGTTCAAGCAGAAGGCCCTCGGCCTCC
GCGGCTCGTCAAGTTCGTCTTCCGGGAGCCGGAGG

FIG. 3 rTranslation of DNA 5-1-1,81,9151-2

GlyCysValValIleValClyArgvalValLeuSerGlyLysProAlaIleIleProAsp
CTGGCTGCGTGGTCATAGTGGGCAGGGTCGTCTTGTCCGGGAAGCCGGCAATCATACCTG
GACCGACGCACCAGTATCACCCGTCCCAGCAGAACAGGCCCTTCGGCCGTTAGTATGGAC

T
ArgGluvalLeuTyrArgGluPheAspGluMetGluGluCysSerGlnHisLeuProTyr
61 ACAGGGAAGTCCTCTACCGAGAGTTCGATGAGATGGAAGAGTGCTCTCAGCACTTACCGT
TGTCCCTTCAGGAGATGGCTCTCAAGCTACTCTACCTTCTCACGAGAGTCGTGAATGGCA
A

IleGluGlnGlyMetMetLeuAlaGluGlnPheLysGlnLysAlaLeuGlyLeuleuGln
121 ACATCGAGCAAGGGATGATGCTCGCCGAGCAGTTCAAGCAGAAGGCCCTCGGCCTCCTEE
TGTAGCTCGTTCCCTACTACGAGCGGLCTCGTCAAGTTCGTCTTCCGGGAGCCGGAGGACG

ThrAlaserArgGlnAlaGluvVallleAlaProAlavalGlnThrAsnTrpGlnLysLeu
181 AGACCGCGTCCCGTCAGGCAGAGGTTATCGCCCCTGCTGTCCAGACCAACTGGCAAAALC
TCTGGCGCAGGGCAGTCCGTCTCCAATAGCGGGGACGACAGGTCTGGTTGACCGTTTTTG

GluThrPheTrpAlaLysHisMetTrpAsnPhelleSerGlyIleGlnTyrLeualaGly
24l TCGAGACCTTCTGGGCGAAGCATATGIGGAACTTCATCAGTGGGATACAATACTTGGCGG
AGCTCTGGAAGACCCGCTTCGTATACACCTTGAAGTAGTCACCCTATGTTATGAACCGCC

LeuSerThrLeuProGlyAsnProAlalleAlaSerLeuMetAlaPheThrAlaAlaval
301 GCTTGTCAACGCTGCCTGGTAACCCCGCCATTGCTTCATTGATGGCTTTTACAGCTGCTG
CGAACAGTTGCGACGGACCATTGGGGCGGTAACGAAGTAACTACCGAAAATGTCGACGAL

ThrSerProLeuThrThrSerGln
361 TCACCAGCCCACTAACCACTAGCCAAA
AGTGGTCGGGTGATTGGTGATCGGTTT




-22125‘\’1

SIS

uuuuu bujowvoowwlowooobedoed)b30 BEf 18

914

IVVONL 98T 16

99IIALISONVILILLIDOOIILLNL
LLLLELLLELELLELL LI LRI EEL ]

6yobeo 30b663263320330633900600002RINDLIOALIONVILOLLIOONIOLIOVINYING ST 10

VOOALOV ALVIALLOVVOSLOLVIN OONVO JOOALILION SVOIALIVVVVV DO LINVIOVOVIILALOOL) #1T 16

__________________________:_:____________________________________:___

VOOV AINILLOVVOOLAIN LY OONY D D999 LILLIINV OVOILOVVVV OOV VOONOVIOIDLOOLY 081 18

D099JLIJVONVNINVILIOVOINDODOAL TET  B-T

DII9ALVLION IV ION ALOOIALI0DIN N IDLIALI IDOALIIION VN IONVILLOVOINDODOOL TFT 16

ELLLELEERLLELLERLLLLELLLLELELECRLLERELLERLLLLLLL LT ELELELLLL LR LLL L

JII9NLLOSNOVION ILOIDNLIIII NN IDLIALD IOOALI VYN YN IONVILLOVOON X 801 18

DALIIIIALIIYN VNIV, orT T-1-5

IOINOINOONV IOV OALVOVLID N LLOV OOV OLILODLOVONVO LN OVALVOQLLOYN OOIWIILIOL 09 T-1

11 _:_:______________________:___:____________:__:_______ L

LVOLVYOOOVVIOVOILNOVLOD IV LIOVION ALILIALOV NV ODLYON OIN OOLLOVOVOOONLOLOOL 0L

_
NOLYOOONVIOVOOLN SV LOD N LLOV IOV DLALIOLOVIN VODLY OV ALYOOL égﬂcgg 9¢ 10

PR i
I o, o

%&éggggéhg T -1

ULy

ONVOOOVOVILION LV ALV 299009V IDOIILD 1 18

INVIONNILINLVILIN [obebobbojyobiovehy10630030066) T T1-1-%




3/ 1.2 2212511

&

154

FIG. 4 rranslation of DNA 81

SerGlyLysProAlaIleIleProAspArgGluValLeuTyrArgGluPheAspGluMet
1 GTCCGGGAAGCCGGCAATCATACCTGACAGGGAAGTCCTCTACCGAGAGTTCGATGAGAT
CAGGCCCTTCGGCCGTTAGTATGGACTGTCCCTTCAGGAGAIGGCTCTCAAGCTACTCTA

GluGluCysSerGlnHisLeuProTyrIleGluGlnGlyMetMetLeuAlaGluGlnPhe
61 GGAAGAGTGCTCTCAGCACTTACCGTACA'I‘CGAGCAAGGGATGATGCTCGCCGAGCAG'I'T
CCTTCTCACGAGAGTCGTGAATGGCATGTAGCTCGTTCCCTACTACGAGCGGCTCGTCAA

LysGlnLysAlaLeuGlyLeuLeuGlnThrAlaSerArgGlnAlaGluValIleAlaPro
121 CAAGCAGAAGGCCCTCGGCCTCCTGCAGACCGCGTCCCGTCAGGCAGAGGTTATCGCCCC
GTTCGTCTTCCGGGAGCCGGAGGACGTCTGGCGCAGGGCAGTCCGTCTCCAATAGCGGGG

AlavalGlnThrAsnTrpGlnLysLeuGluThrPheTrpAlaLysHisMetTrpAsnPhe
181 TGCTGTCCAGACCAACTGGCAAAAACTCGAGACCTTCTGGGCGAAGCATATGTGGAACTT
ACGACAGGTCTGGTTGACCGTTTTTGAGCTCTGGAAGACCCGCTTCGTATACACCTTGAA

IleSerGlyI1eGlnTereuAlaGlyLeuSerThrLeuProGlyAsnProAlaIleAla
241 CATCAGTGGGATACAATACTTGGCGGGCTTGTCAACGCTGCCTGGTAACCCCGCCATTGC
GTAGTCACCCTATGTTATGAACCGCCCGAACAGTTGCGACGGACCATTGGGGCGGTAACG

SerLeuMetAlaPheThrAlaAlaValThrSerProLeuThrThrSerGln
301 TTCATTGATGGCTTTTACAGCTGCTGTCACCAGCCCACTAACCACTAGCCAAA ,
AAGTAACTACCGAAAATGTCGACGACAGTGGTCGGGTGATTGGTGATCGGTTT

L
‘

FIG 5 Translation of DNA 36

AspAlaHisPheLeuSerGlnThrLysGlnSerGlyGluAsnLeuProTereuValAla
1 GATGCCCACTTTCTATCCCAGACAAAGCAGAGTGGGGAGAACCTTCCTTACCTGGTAGCG
CTACGGGTGAAAGATAGGGTCTGTTTCGTCTCACCCCTCTTGGAAGGAATCGACCATCGC

TyrGlnAlaThrValesAlaArgAlaGlnAlaProProProSerTrpAspGlnMetTrp
61 TACCAAGCCACCGTGTGCGCTAGGGCTCAAGCCCCTCCCCCATCGTGGGACCAGATGTGG
ATGGTTCGGTGGCACACGCGATCCCGAGTTCGGGGAGGGGGTAGCACCCTGGTCTACACC

LysCysLeuIleArgLeuLysProThrLeuHisGlyProThrProLeuLeuTyrArgLeu
121 AAGTGTTTGAITCGCCTCAAGCCCACCCTCCATGGGCCAACACCCCTGCTATACAGACTG
TTCACAAACTAAGCGGAGTTCGGGTGGGAGGTACCCGGTTGTGGGGACGATATGTCTGAC

GlyAlthlGlnAsnGluIleThrLeuThrHisProValThrLysTyrIleMetThrCys
181 GGCGCTGTTCAGAATGAAATCACCCTGACGCACCCAGTCACCAAATACATCATGACATGC
CCGCGACAAGTCTTACTTTAGTGGGACTGCGTGGGTCAGTGGTTTATGTAGTACTGTACG

MetSerAlaAspLeuGlthlValThrSerThrTrpValLethlGlyGlyValLeuAla
241 ATGTCGGCCGACCTGGAGGTCGTCACGAGCACCTGGGTGCTCGTTGGCGGCGTCCTGGCT
TACAGCCGGCTGGACCTCCAGCAGTGCTCGTGGACCCACGAGCAACCGCCGCAGGACCGA

AlaLeuAlaAlaTerysLeuSerThrGlyCythlVa1IlthlGlyArgvalvalLeu
301 GCTTTGGCCGCGTATTGCCTGTCAACAGGCTGCGTGGTCATAGTGGGCAGGGTCGTCTTG
CGAAACCGGCGCATAACGGACAGTTGTCCGACGCACCAGTATCACCCGTCCCAGCAGAAC

Overlap with 81
SerclyLysProAlalleIleProAspArgGlthlLeuTyrArg

el TCCGGGAAGCCGGCAATCATACCTGACAGGGAAGTCCTCTACCGAG
AGGCCCTTCGGCCGTTAGTATGGACTGTCCCTTCAGGAGATGGCTC
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FIG. 6 combined ORF of DNAs 36 & 81

AspAlaHisPheLeuSerGlnThrLysGlnSerGlyGluAsnLeuProTyrLeuvalala
GATGCCCACTTTCTATCCCAGACAAAGCAGAGTGGGGAGAACCTTCCTTACCTGGTAGCG
CTACGGGTGAAAGATAGGGTCTGTTTCGTCTCACCCCTCTTGGAAGGAATGGACCATCGS

TyrGlnAlaThrValCysAlaArgAlaGlnAlaProProProSerTrpAspGlnMetTrp
TACCAAGCCACCGTGTGCGCTAGGGCTCAAGCCCCTCCCCCATCGTGGGACCAGATGTGG
ATGGTTCGGTGGCACACGCGATCCCGAGTTCGGGGAGGGGGTAGCACCCTGGTCTACACC

LysCysLeulleArgLeulysProThrLeuHisGlyProThrProLeuleuTyrArgleu
AAGTGTTTGATTCGCCTCAAGCCCACCCTCCATGGGCCAACACCCCTGCTATACAGACTG
TTCACAAACTAAGCGGAGTTCGGGTGGGAGGTACCCGGTTGTGGGGACGATATGTCTGAC

GlyAlavalGlnAsnGlulleThrleuThrHisProvalThrLysTyrIleMetThrCys
GGCGCTGTTCAGAATGAAATCACCCTGACGCACCCAGTCACCAAATACATCATGACATGC
CCGCGACAAGTCTTACTTTAGTGGGACTGCGTGGGTCAGTGGTTTATGTAGTACTGTACG

MetSerAlaAspleuGluValValThrSerThrTrpValleuValGlyGlyvalLeuAla
ATGTCGGCCGACCTGGAGGTCGTCACGAGCACCTGGGTGCTCGTTGGCGGCGTCCTGGCT
TACAGCCGGCTGGACCTCCAGCAGTGCTCGTGGACCCACGAGCAACCGCCGCAGGACCGA

AlaleuAlaAlaTyrCysLeuSerThrGlyCysValvallleValGlyArgvalvalleu
GCTTTGGCCGCGTATTGCCTG TCAACAGGC TGCGTGGTCATAGTGGGCAGGGTCGTCTTG
CGAAACCGGCGCATAACGGACAGTTGTCCGACGCACCAGTATCACCCGTCCCAGCAGAAC

SerGlyLysProAlallelleProAspArgGluvallLeuTyrArgGluPheAspGluMet
TCCGGGAAGCCGGCAATCATACCTGACAGGGAAGTCCTCTACCGAGAGTTCGATGAGATG
AGGCCCTTCGGCCGTTAGTATGGACTGTCCCTTCAGGAGATGGCTCTCAAGCTACTCTAC

GluGluCysSerGlnHisLeuProTyrIleGluGlnGlyMetMetLeuAlaGluGlnPhe
GAAGAGTGCTCTCAGCACTTACCGTACATCGAGCAAGGGATGATGCTCGCCGAGCAGTTC
CTTCTCACGAGAGTCGTGAATGGCATGTAGCTCGTTCCCTACTACGAGCGGCTCGTCAAG

LysGlnLysAlaleuGlyLeuLeuGlnThrAlaSerArgGlnAlaGluvalIleAlaPro
AAGCAGAAGGCCCTCGGCCTCCTGCAGACCGCGTCCCGTCAGGCAGAGGTTATCGCCCCT
TTCGTCTTCCGGGAGCCGGAGGACGTCTGGCGCAGGGCAGTCCGTCTCCAATAGCGGGGA

AlavValGlnThrAsnTrpGlnLysleuGluThrPheTrpAlaLysHisMetTrpAsnPhe
GCTGTCCAGACCAACTGGCAAAAACTCGAGACCTTCTGGGCGAAGCATATGTGGAACTTC
CGACAGGTCTGGTTGACCGTTTTTGAGCTCTGGAAGACCCGCTTCGTATACACCTTGAAG

IleSerGlyIleGlnTyrLeuAlaGlyLeuSerThrLeuProGlyAsaProAlalleAla
ATCAGTGGGATACAATACTTGGCGGGCTTGTCAACGCTGCCTGGTAACCCCGCCATTGCT
TAGTCACCCTATGTTATGAACCGCCCGAACAGTTGCGACGGACCATTGGGGCGGTAACGA

SerleuMetAlaPheThralaAlavalThrSerProleuThrThrSerGln

TCATTGATGGCTTTTACAGCTGCTGTCACCAGCCCACTAACCACTAGCCAAA
AGTAACTACCGAAAATGTCGACGACAGTGG TCGGGTGATTGGTGATCGGTTT

 T— ey g
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F|G 7 Translation of DNA 32

—————— Overlap with 81-
PheThrAlaAlavalThrSerProleuThrThrSerGlnThrleuleuPheAsnlleleu
1 CTTTTACAGCTGCTGTCACCAGCCCACTAACCACTAGCCAAACCCTCCTC TTCAACATAT
GAAAATGTCGACGACAGTGGTCGGGTGATTGGTGATCGGTITGGGAGGAGAAGTTGTATA

GlyGlyTrpValAlaAlaGlnLeuAlaAlaProGlyAlaAlaThrAlabhevalGlyAlal
61 TGGGGGEGTEEGTGGCTGCCCAGCTCACCGCCCCCGaTGCCGOTACTGCCTTTIGTGGEG
ACCCCCCCACCCACCGACGEGTCEAGCEECEGEGECCACGGCGATGACGGAAACACCCGD

GlyLeuAlaGlyAlaAlaIleGlyServalGlyleuGlyLysvValleulleAspIleLeu
121 CTGGCTTAGCTGGCGCCGCCATCGGCAGTGTTGGACTGGGGAAGGTCCTCATAGACATCC
GACCGAATCGACCGCGGCGGTAGCCGTCACAACCTGACCCCTTCCAGGAGTATCTGTAGG

AlaGlyTyrGlyAlaGlyValAlaGlyAlaleuValAlaPhelysIleMetSerGlyGlu
~ 181 TTGCAGGGTATGGCGCGGGCGTGGCGGGAGCTCTTGTGGCATTCAAGATCATGAGCGGTG
AACGTCCCATACCGCGCCCGCACCGCCCTCGAGAACACCGTAAGTTCTAGTACTCGCCAC

ValProSerThrGluAspLeuValAsnLeuleuProAlaIleleuSerProGlyAlalLeu
241 AGGTCCCCTCCACGGAGGACCTGGTCAATCTACTGCCCGCCATCCTCTCGCCCGGAGCCC
TCCAGGGGAGGTGCCTCCTGGACCAGTTAGATGACGGGCGGTAGGAGAGCGGGCCTCGGG

ValValGlyValValCYsAlaAlaIleLeuArgArgHisValGlyProGlyGluGlyAla
301 TCGTAGTCGGCGIGGTCTGTGCAGCAATACTGCGCCGGCACGTTGGCCCGGGCGAGGGGG
AGCATCAGCCGCACCAGACACGTCGTTATGACGCGGCCGTGCAACCGGGCCCGCTCCCCC

ValGlnTrpMetAsnArglLeulleAlaPheAlaSerArgGlyAsnHisValSer
361 CAGTGCAGTGGATGAACCGGCTGATAGCCTTCGCCTCCCGGGGGAACCATGTTTCCCC
GTCACGTCACCTACTTGGCCGACTATCGGAAGCGGAGGGCCCCCTTGGTACAAAGGGG




FlG 8 Translation of DNA 35

SerIleGluThrIleThrLeuProGlnAspAlaValSerArgThrGlnArgArgGlyArg
1 TCCATTGAGACAATCACGCTCCCCCAGGATGCTGTCTCCCGCACTCAACGTCGGGGLAGS
AGGTAACTCTGTTAGTGCGAGGGGGTCCTACGACAGAGGGCGTGAGTTGCAGCCCCOTOR

ThrGlyArgGlyLysProGlyIleTyrArgPheValAlaProGlyGluArgProSerGly
61 ACTGGCAGGGGGAAGCCAGGCATCTACAGATTTGTGGCACCGGGGGAGCGCCCCTCCGGC
TGACCGTCCCCCTTCGGTCCGTAGATGTCTAAACACCGTGGCCCCCTCGCGGGGAGGCCG

MetPheAspSerSerValLeuCysGluCysTyrAspAlaGlyCysAlaTrpTyrGluLeu
121 ATGTTCGACTCGTCCGTCCTCTGTGAGTGCTATGACGCAGGCTGTGCTTGGTATGAGCTc
TACAAGCTGAGCAGGCAGGAGQCACTCACGATACTGCGTCCGACACGAACCATACTCGAG

ThrProAlaGluThrThrValArgLeuArgAlaTeretAsnThrProGlyLeuProVal
181 ACGCCCGCCGAGACTACAGTTAGGCTACGAGCGTACATGAACACCCCGGGGCTTCCCGTG
TGCGGGCGGCTCTGATGTCAATCCGATGCTCGCATGTACTTGTGGGGCCCCGAAGGGCAC

CysGlnAspHisLeuGluPheTrpGluGlyvalPheThrGlyLeuThrHisIleAspAla
241 TGCCAGGACCATCTTGAATTTTGGGAGGGCGTCTTTACAGGCCTCACTCATATAGATGCC ‘
ACGGTCCTGGTAGAACTTAAAACCCTCCCGCAGAAATGTCCGGAGTGAGTATATCTACGG

HisPheLeuSerGlnThrLysGlnSerGlyGluAsnLeuProTereuValAlaTyrGln
301 CACTTTCTATCCCAGACAAAGCAGAGTGGGGAGAACCTTCCTTACCTGGTAGCGTACCAA
GTGAAAGATAGGGTCTGTTTCGTCTCACCCCTCTTGGAAGGAATGGACCATCGCATGGTT

=-=~Qverlap with 36 - - -—
AlaThthlesAlaArgAlaG1nAlaProProProSerTrpAspG1nMetTrpLysCys
361 GCCACCGTGTGCGCTAGGGCTCAAGCCCCTCCCCCATCGTGGGACCAGATGTGGAAGTGT

CGGTGGCACACGCGATCCCGAGTTCGGGGAGGCGGTAGCACCCTGETCTACACCTTCACA

LeuIleArgLeuLysProThrLeuHisGlyProThrProLeuLeuTyrArgLeuGlyAla
421 TTGATTCGCCTCAAGCCCACCCTCCATGGGCCAACACCCCTGCTATACAGACTGGGEGET
AACTAAGCGGAGTTCGGGTGGGAGGTACCCGGTTG TGGGGACGATATG TCTGACCCGCGA
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FIG. 9= combined orRF of DNag 35,36,81 & 32

SerIleGluThrIleThrLeuProGlnAspAlaValSerArgThrGlnArgArgGlyArq
TCCATTGAGACAATCACGCTCCCCCAGGATGCTGTCTCCCGCACTCAACGTCGGGGCAGG
AGGTAACTCTGTTAGTGCGAGGGGGTCCTACGACAGAGGGCGTGAGTTGCAGCCCCGTCC

ThrGlyArgGlyLysProGlyIleTyrArtheValAlaProGlyGluArgProSerGly
ACTGGCAGGGGGAAGCCAGGCATCTACAGATTTGTGGCACCGGGGGAGCGCCCCTCCGGC
TGACCGTCCCCCTTCGGTCCGTAGATGTCTAAACACCGTGGCCCCCTCGCGGGGAGGCCG

MetPheAspSerSerValLeuCysGluCysTyrAspAlaGlyCysAlaTrpTyrGluLeu
ATGTTCGACTCGTCCGTCCTCTGTGAGTGCTATGACGCAGGCTGTGCTTGGTATGAGCTC
TACAAGCTGAGCAGGCAGGAGACACTCACGATACTGCGTCCGACACGAACCATACTCGAG

ThrProAlaGluThrThrValArgLeuArgAlaTyrH.tAsnThrProGlyLeuProVal
ACGCCCGCCGAGACTACAGTTAGGCTACGAGCGTACATGAACACCCCGGGGCTTCCCGTG
TGCGGGCGGCTCTGATGTCAATCCGATGCTCGCATGTACTTGTGGGGCCCCGAAGGGCAC

CysGlnAsPHisLeuGluPheTrpGluGlyVhlpheThrslyL.uThrHisIleAspAla
TGCCAGGACCATCTTGAATTTTGGGAGGGCGTCTTTACAGGCCTCACTCATATAGATGCC
ACGGTCCTGGTAGAACTTAAAACCCTCCCGCAGAAATGTCCGGAGTGAGTATATCTACGG

HisPheLeuSerGlnThrLysG1nSerGlyGluAsnLnuProTerouValAlaTyrGln
CACTTTCTATCCCAGACAAAGCAGAGTGGGGAGAACCTTCCTTACCTGGTAGCGTACCAA
GTGAAAGATAGGGTCTGTTTCGTCTCACCCCTCTTGGAAGGAATGGACCATCGCATGGTT

AlaThrValesAlaArquaGlnAlaProProProSerTrpAspGlnuatrrpLysCys
GCCACCGTGTGCGCTAGGGCTCAAGCCCCTCCCCCATCGTGGGACCAGATGTGGAAGTGT
CGGTGGCACACGCGATCCCGAGTTCGGGGAGGGGGTAGCACCCTGGTCTACACCTTCACA

LeuIleArchuLysProTtheuHisGlyProThrProLcuLcuTyrArgLeuGlyAla
TTGATTCGCCTCAAGCCCACCCTCCATGGGCCAACACCCCTGCTATACAGACTGGGCGCT
AACTAAGCGGAGTTCGGGTGGGAGGTACCCGGTTGTGGGGACGATATGTCTGACCCGCGA

ValGlnAsnGluIlerhrLcuTthisProvalrhrnysryrr1eMntThrCysMetSer
GTTCAGAATGAAATCACCCTGACGCACCCAGTCACCAAAIACATCATGACATGCATGTCG
CAAGTCTTACTI:AGTGGGACTGCGTGGGTCAGTGGTTTITGTAGTACTGTACGTACAGC

AlaAspLeuGlthlValTtherThrTrpVhlLlthlGlyGlYVhlLouAlaAlaLeu
GCCGACCTGGAGGTCGTCACGAGCACCTGGGTGCTCGTTGGCGGCGTCCTGGCTGCTTTG
CGGCTGGACCTCCAGCAGTGCTCGTGGACCCACGAGCAACCGCCGCAGGACCGACGAAAC

AlaAlaTerysLeuSerThrGlyCyththlI1.VhlG1yAqua1VhlLeuSng1y
GCCGCGTATTGCCTGTCAAcAGGCTGCG!GGTCA&&GTGGGCAGGGTCGTCTTGTCCGGG
CGGCGCAIAACGGACAGTTGTCCGACGCACCAGTATCACCCGTCCCAGCAGAACAGGCCC

LysProAlaIleIleProAspArgGlthlLauTyrArgGluPhaAspGluMatG1uGlu
AAGCCGGCAATCATACCTGACAGGGAAG TCCTCTACCGAGAGTTCGATCAGATGGAAGAG
TTCGGCCGTTAGTATGGACTGTCCCTTCAGGAGAIGGCTCTCAAGCTACTCTACCTTCTC

chSerGlnHLsLeuProTyrI1eclu61nclynhtﬁntL0uA1aGluGInPheLysGln
TGCTCTCAGCACTTACCGTACATCGAGCAAGGGATGATGCTCGCCGAGCAGTTCAAGCAG
ACGAGAGTCGTGAATGGCATGTAGCTCGTTCCCTACTACGAGCGGCTCGTCAAGTTCGTC

LysAlaLeuGlyLeuLeuGlnThrAlaSerArgGlnAlaGluValIleAlaProAlaval
AAGGCCCTCGGCCTCCTGCAGACCGCGTCCCBTCAGGCAGAGGTTA?CGCCCCTGCTGTC
TTCCGGGAGCCGGAGGACGTCTGGCGCAGGGCAGTCCG TCTCCAATAGCGGGGACCACAG




GlnThrAsnTrpGlnLysLeuGluThrPheTrpAlaLysHisMetTrpAsnPheIleSer
B4l CAGACCAACTGGCAAAAACTCGAGACCTTCTGGGCGAAGCATATGT T3AACTTCATCAGT
GTCTGGTTGACCGTTTTTGAGCTCTGGAAGACCCGCTTCGTATACA ~CTTGAAGTAGTCA

GlyIleGlnTyrLeuAlaGlyLeuSerThrlLeuProGlyAsnProAlalleAlaSerLeu
901 GGGATACAATACTTGGCGGGCTTGTCAACGCTGCCTGGTAACCCCGCCATTGCTTCATTG
CCCTATGTTATGAACCGCCCGAACAGTTGCGACGGACCATTGGGGCGGTAACGAAGTAAC

MetAlaPheThrAlaAlavalThrSerProLeuThrThrSerGlnThrleul.auPheAsn
961 ATGGCTTTTACAGCTGCTGTCACCAGCCCACTAACCACTAGCCAAACCCTCCTCTTCAAC
TACCGAAAATGTCGACGACAGTGGTCGGGTGATTGG TGATCGGTTTGGCAGGACAAGTTG

IleleuGlyGlyTrpvValAlaAlaGlnLeuAlaAlaProGlyAlaAlaThralaPheval
1021 ATATTGGGGGGGTGGGTGGCTGCCCAGCTCGCCGCCCCCGGTGCCGCTACTGCCTTTCTG
TATAACCCCCCCACCCACCGACGGGTCGAGCGGCGGGGGCCACGGCGATGACGGAAACAC

GlyAlaGlyLeuAlaGlyAlaAlaIleGlyServalGlyLeuGlyLysvValleulleAsp
1081 GGCGCTGGCTTAGCTGGCGCCGCCATCGGCAGTGTTGGACTGGGGAAGGTCCTCATAGAL
CCGCGACCGAATCGACCGCGGCGGTAGCCGTCACAACCTGACCCCTTCCAGGAGTATCTG

IleLeuAlaGlyTyrGlyAlaGlyValAlaGlyAlaleuValAlaPheLysIleMetSer
1141 ATCCTTGCAGGGTATGGCGCGGGCGTGGCGGGAGCTCTTGTGGCATTCAAGATCATGAGC
TAGGAACGTCCCATACCGCGCCCGCACCGCCCTCGAGAACACCGTAAGTTCTAGTACTCG

GlyGluvalProSerThrGluAspleuValAsnLeuleuProAlalleLeuSerProGly
1201 GGTGAGGTCCCCTCCACGGAGGACCTGGTCAATCTACTGCCCGCCATCCTCTCGCCCGGA
CCACTCCAGGGGAGGTGCCTCCTGGACCAGTTAGATGACGGGCGGTAGGAGAGCGGGCCT

AlaleuvalvalGlyvalvalCysAlaAlallelLeuArgArgHisvalGlyProGlyGlu
1261 GCCCTCGTAGTCGGCGTGGTCTGTGCAGCAATACTGCGCCGGCACGTTGGCCCGGGCGAG
CGGGAGCATCAGCCGCACCAGACACGTCGTTATGACGCGGCCGTGCAACCGGGCCCGETC

GlyAlavalGlnTrpMetAsnArgleulleAlaPheAlaSerArgGlyAsnHisValSer

1321 GGGGCAGTGCAGTGGATGAACCGGCTGATAGCCTTCGCCTCCCGGGGGAACCATGTTTCCCS
CCCCGTCACGTCACCTACTTGGCCGACTATCGGAAGCGGAGGGCCCCCTTGGTACAAAGGGG

FIG. 9-2
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' FlG |O Translation of DNA 37b

LeuAlaAlaLysLeuValAlaLeuGlyIleAsnAlaValAlaTeryrArgGlyLeuAsp
1 CTCGCCGCAAAGCTGGTCGCATTGGGCATCAATGCCGTGGCCTACTACCGCGGTCTTGAC
GAGCGGCGTTTCGACCAGCGTAACCCGTAGTTACGGCACCGGATGATGGCGCCAGAACTG

ValSerValIleProThrSerGlyAspValValValvalAlaThrAspAlaLeuMetThr
61 GTGTCCGTCATCCCGACCAGCGGCGATGTTGTCGTCGTGGCAACCGATGCCCTCATGACC
CACAGGCAGTAGGGCTGGTCGCCGCTACAACAGCAGCACCGTTGGCTACGGGAGTACTGG

GlyTerhrGlyAspPheAspSerValIleAspTyrAsnThrCysValThrGlnThrVal
121 GGCTATACCGGCGACTTCGACTCGGTGATAGACTACAATACGTGTGTCACCCAGACAGTC
CCGATATGGCCGCTGAAGCTGAGCCACTATCTGATGTTATGCACACAGTGGGTCTGTCAG

----- dverlap with
AspPheSerLeuAspProThrPheThrIleGluThrIleThrLeuProGlnAspAlaVal

181 GATTTCAGCCTTGACCCTACCTTCACCATTGAGACAATCACGCTCCCCCAGGATGCTGTC
CTAAAGTCGGAACTGGGATGGAAGTGGTAACTCTGTTAGTGCGAGGGGGTCCTACGACAG ’

clone 35
SerArgThrGlnArgArgGlyArgThr
TCCCGCACTCAACGTCGGGGCAGGACTG
AGGGCGTGAGTTGCAGCCCCGTCCTGAC

t3

F’l(3. ll Translation of DNA 33b

——————— Overlap with 32 -
MetAsnAqueuIleAlaPheAlaSerArgGlyAanisValSerProThrHisTeral
GATGAACCGGCTGATAGCCTTCGCCTCCCGGGGGAACCATGTTTCCCCCACGCACTACGT
CTACTTGGCCGACTATCGGAAGCGGAGGGCCCCCTTGGTACAAAGGGGGTGCGTGATGCA

ProGluSerAspAlaAlaAlaArgValThrAlaIleLeuSerSerLeuThrValThrGln
61 GCCGGAGAGCGATGCAGCTGCCCGCGTCACTGCCATACTCAGCAGCCTCACTGTAACCCA
CGGCCTCTCGCTACGTCGACGGGCGCAGTGACGGTATGAGTCGTCGGAGTGACATTGGGT

LeuLeuArgArgLeuHisGlnTrpIleSerSerGluCysThrThrProCysSerGlySer
121 GCTCCTGAGGCGACTGCACCAGTGGATAAGCTCGGAGTGTACCACTCCATGCTCCGGTTC
CGAGGACTCCGCTGACGTGGTCACCTATTCGAGCCTCACATGGTGAGGTACGAGGCCAAG

TrpLeuArgAsleeTrpAspTrpIleCysGluValLeuSerAspPheLysThrTrpLeu
181 CTGGCTAAGGGACATCTGGGACTGGATATGCGAGGTGTTGAGCGACTTTAAGACCTGGCT
GACCGATTCCCTGTAGACCCTGACCTATACGCTCCACAACTCGCTGAAATTCTGGACCGA

LysAlaLysLeuMetProGlnLeuPrOGlyIleProPheValSerCysGlnArgGlyTyr
241 AAAAGCTAAGCTCATGCCACAGCTGCCTGGGATCCCCTTTGTGTCCTGCCAGCGCGGGTA
TTTTCGATTCGAGTACGGTGTCGACGGACCCTAGGGGAAACACAGGACGGTCGCGCCCAT

LysGlyValTrpArgval
301 TAAGGGGGTCTGGCGAGTG
ATTCCCCCAGACCGCTCAC

-~
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FIG. |12 Translation of DNA 40b

AlaTyrMetSerLysAlaHisGlyIlleAspProAsnIleArgThrGlyValArgThrile
1 GGCTTACATGTCCAAGGCTCATGGGATCGATCCTAACATCAGGACCGGGGTGAGAACAAT
CCGAATGTACAGGTTCCGAGTACCCTAGCTAGGATTGTAGTCCTGGCCCCACTCTTGTTA

ThrThrGlySerProIleThrTyrSerThrTyrGlyLysPheLeuAlaAspGlyGlyCys
61 TACCACTGGCAGCCCCATCACGTACTCCACCTACGGCAAGTTCCTTGCCGACGECGGATS
ATGGTGACCGTCGGGGTAGTGCATGAGGTGGATGCCGTTCAAGGAACGGCTGCCGCCCAC

SerGlyGlyAlaTyrAspIleIleIleCysAspGluCysHisSerThrAspAlaThrSer
121 CTCGGGGGGCGCTTATGACATAATAATTTGTGACGAGTGCCACTCCACGGATGCCACATC
GAGCCCCCCGCGAATACTGTATTATTAAACACTGCTCACGGTGAGGTGCCTACGGTGTAG ’

IleLeuGlyIleGlyThrValLeuAspGlnAlaGluThralaGlyAlaArgLeuvalval
181 CATCTTGGGCATCGGCACTGTCCTTGACCAAGCAGAGACTGCGGGGGCCAGACTGGTTGT
GTAGAACCCGTAGCCGTGACAGGAACTGGTTCGTCTCTGACGCCCCCGCTCTGACCAACA

LeuAlaThrAlaThrProProGlySerValThrvalProHisProAsnIleGluGluval
241 GCTCGCCACCGCCACCCCTCCGGGCTCCGTCACTGTGCCCCATCCCAACATCGAGGAGGT
CGAGCGGTGGCGGTGGGGAGGCCCGAGGCAGTGACACGGGGTAGGGTTGTAGCTCCTCCA )

AlaLeuSerThrThrGlyGlulleProPheTyrGlyLysAlalleProLeuGluvVallle
301 TGCTCTGTCCACCACCGGAGAGATCCCTTTTTACGGCAAGGCTATCCCCCTCGAAGTAAT
ACGAGACAGGTGGTGGCCTCTCTAGGGAAAAATGCCGTTCCGATAGGGGGAGCTTCATTA

LysGlyGlyArgHisLeullePheCysHisSerLysLysLysCysAspGluLeuAlaAla
361 CAAGGGGGGGAGACATCTCATCTTCTGTCATTCAAAGAAGAAGTGCGACGAACTCGCCEE
GTTCCCCCCCTCTGTAGAGTAGAAGACAGTAAGTTTCTTCTTCACGCTGCTTCGAGCGGCG

- - --Overlap with 37b e
LysLeuvalAlaLeuGlyIleAsnAlaValAlaTyrTyrArgGlyLeuAspValServVal
421 AAAGCTGGTCGCATTGGGCATCAATGCCGTGGCCTACTACCGCGGTCTTGACGTGTCCGT
TTTCGACCAGCGTAACCCGTAGTTACGGCACCGGATGATGGCGCCAGAACTGCACAGGCA

—— — — e e

IleProThr
481 CATCCCGACCAG
GTAGGGCTGGTC
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FlG |3 Translation of DNA 25¢c

CysSerLeuThrValThrGlnLeuLeuArgArgLeuHisGlnTrpI1eSerSerGluCys
1 ACTGCAGCCTCACTGTAACCCAGCTCCTGAGGCGACTGCACCAGTGGATAAGCTCGGAGT
TGACGTCGGAGTGACATTGGGTCGAGGACTCCGCTGACGTGGTCACCTATTCGAGCCTCA

ThrThrProCysSerGlySerTrpLeuArgAspIleTrpAspTrpIleCysGluValLeu
61 GTACCACTCCATGCTCCGGTTCCTGGCTAAGGGACATCTGGGACTGGATATGCGAGGTGT
CATGGTGAGGTACGAGGCCAAGGACCGATTCCCTGTAGACCCTGACCTATACGCTCCACA

-Overlap with 33b - J
SerAspPheLysThrTrpLeuLysAlaLysLeuMetProGlnLeuProGlyIleProPh
121 TGAGCGACTTTAAGACCTGGCTAAAAGCTAAGCTCATGCCACAGCTGCCTGGGATCCCCT
ACTCGCTGAAATTCTGGACCGA?TTTCGATTCGAGTACGGTGTCGACGGACCCTAGGGGA

ValSerCysGlnArgGlyTerysGlyValTrpArgGlyAspGlyI1eMetHisThrArg
181 TTGTGTCCTGCCAGCGCGGGTATAAGGGGGTCTGGCGAGGGGACGGCATCATGCACACTC
AACACAGGACGGTCGCGCCCATATTCCCCCAGACCGCTCCCCTGCCGTAGTACGTGTGAG

CysHisCysGlyAlaGluIleThrGlyHisValLysAsnGlyThrMetArgIleValGly
241 GCTGCCACTGTGGAGCTGAGATCACTGGACATGTCAAAAACGGGACGATGAGGATCGTCG
CGACGGTGACACCTCGACTCTAGTGACCTG TACAGTTTTTGCCCTGCTACTCCTAGCAGE

ProArgThrCysArgAsnMetTrpSerGlyThrPheProIleAsnAlaTerhrThrGly
301 GTCCTAGGACCTGCAGGAACATGTGGAGTGGGACCTTCCCCATTAATGCCTACACCACGG
CAGGATCCTGGACGTCCTTGTACACCTCACCCTGGAAGGGGTAATTACGGATGTGGTGCC

ProCysThrProLeuProAlaProAsnTerhrPheAlaLeuTrpArgValSerAlaGlu
361 GCCCCTGTACCCCCCTTCCTGCGCCGAACTACACGTTCGCGCTATGGAGGGTGTCTGCAG
CGGGGACATGGGGGGAAGGACGCGGCTTGATGTGCAAGCGCGATACCTCCCACAGACGTC

GluTyrvalGluIleArgGanalGlyAspPheHisTeralThrG1yMetThrThrAsp
421 AGGAATATGTGGAGATAAGGCAGGTGGGGGACTTCCACTACGTGACGGGTATGACTACTG
TCCTTATACACCTCTATTCCGTCCACCCCCTGAAGGTGATGCACTGCCCATACTGATGAC

AsnLeuLysCysProCysGlnValProSerProGluPhePheThrGlu
481 ACAATCTCAAATGCCCGTGCCAGGTCCCATCGCCCGAATTTTTCACAGAAT
TGTTAGAGTTTACGGGCACGGTCCAGGGTAGCGGGCTTAAAAAGTGTCTTA
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FIG. 14~ combined oRF of Dyas 40b/37b/35/36/81/32/33b/25¢

AlaTeretSerLysAlaHisGlyIleAspPrcAsnIleAquhrGlyValArgThrIle
1 TGCTTACATGTCCAAGGCTCATGGGATCGATCCTAACATCAGGACCGGGGTGAGAACAAT
ACGAATGTACAGGTTCCGAGTACCCTAGCTAGGATTGTAGTCCTGGCCCCACTCTTGTTA

ThrThrGlySerProIleThrTyrSerThrTyrGlyLysPheLeuAlaAspGlyGlyCys
61 TACCACTGGCAGCCCCATCACGTACTCCACCTACGGCAAGTTCCTTGCCGACGGCGGETG
ATGGTGACCGTCGGGGTAGTGCATGAGGTGGATGCCGT TCAAGGAACGGCTGCCGCCCAC

SerGlyGlyAlaTyrAsplleIlelleCysAspGluCysHisSerThrAspAlaThrSer
121 CTCGGGGGGCGCTTATGACATAATAATTTGTGACGAGTGCCACTCCACGGATGCCACATC
GAGCCCCCCGCGAATACTGTATTATTAAACACTGC TCACGGTGAGGTGCCTACGGTETAG

IleLeuGlyIleGlyThrValLeuAspGlnAlaGluThrAalaGlyAlaArgLeuvValval
181 CATCTTGGGCATCGGCACTGTCCTTGACCAAGCAGAGACTGCGGGGGCGAGACTGGTTGT
GTAGAACCCGTAGCCGTGACAGGAACTGGTTCGTCTCTGACGCCCCCGCTCTGACCAACA

LeuAlaThralaThrProProGlyServValThrValProHisProAsnIleGluGluval
241 GCTCGCCACCGCCACCCCTCCGGGCTCCGTCACTGIGCCCCATCCCAACATCGAGGAGGT
CGAGCGGTGGCGGTGGGGAGGCCCGAGGCAGTGACACGGGGTAGGGTTGTAGCTCCTCCA

AlaLeuSerThrThrGlyGlulleProPheTyrGlyLysAlaIleProLeuGluvallle
301 TGCTCTGTCCACCACCGGAGAGATCCCTTTTTACGGCAAGGCTATCCCCCTCGAAGTAAT
ACGAGACAGGTGGTGGCCTCTCTAGGGAAAAATGCCGTTCCGATAGGGGGAGCTTCATTA ,

LysGlyGlyArgHisLeullePheCysHisSerLysLysLysCysAspGluleuAlaAla
361 CAAGGGGGGGAGACATCTCATCTTCTGTCATTCAAAGAAGAAGTGCGACGAACTCGCCGE
GTTCCCCCCCTCTGTAGAGTAGAAGACAGTAAGT T TCTTCTTCACGCTGCTTGAGCEGCG

LysLeuValAlaleuGlyIleAsnAlavalAlaTyrTyrArgGlyLeuAspValServal
421 AAAGCTGGTCGCATTGGGCATCAATGCCGTGGCCTACTACCGCGGTCTTGACGTGTCCGT
TTTCGACCAGCGTAACCCGTAGTTACGGCACCGGATGATGGCGCCAGAACTGCACAGGCA

—
IleProThrSerGlyAspvalvalvalvalAlaThrAspAlaLeuMetThrGlyTyrThr
481 CATCCCGACCAGCGGCGATGTTGTCGTCGTGGCAACCGATGCCCTCATGACCGGCTATAL
GTAGGGCTGGTCGCCGCTACAACAGCAGCACCGTTGGCTACGGGAGTACTGGCCGATATG

GlyAspPheAspSerVallleAspTyrAsnThrCysValThrGlnThrValAspPheSer
541 CGGCGACTTCGACTCGGTGATAGACTACAATACGTGTGTCACCCAGACAGTCGATTTCAG
GCCGCTGAAGCTGAGCCACTATCTGATGTTATGCACACAGTGCGGTCTGTCAGCTAAAGTC

LeuAspProThrPheThrileGluThrileThrLeuProGlnAspAlavalSerargThr
60F CCTTGACCCTACCTTCACCATTGAGACAATCACGCTCCCCCAGGATGCTGTCTCCCGCAC
GGAACTGGGATGGAAGTGGTAACTCTGTTAGTGCGAGGGGGTCCTACGACAGAGGGCGTG

GlnArgArgGlyArgThrGlyArgGlyLysProGlylleTyrArgPheValAlaProGly
661 TCAACGTCGGGGCAGGACTGGCAGGGGGAAGCCAGGCATCTACAGATTTGTGGCACCGGG
AGTTGCAGCCCCGTCCTGACCGTCCCCCTTCGGTCCGTAGATGTCTAAACACCGTGGCCE

GluArgProSerGlyMetPheAspSerServalLeuCysGluCysTyrAspAlaGlyCys
721 GGAGCGCCCCTCCGGCATGTTCGACTCGTCCGTCCTCTGIGAGTGCTATGACGCAGGCTG
CCTCGCGGGGAGGCCGTACAAGCTGAGCAGGCAGGAGACACTCACGATACTGCGTCCGAC

AlaTrpTyrGluLeuThrProAlaGluThrThrvValArgLeuArgAlaTyrMetAsnThr
781 TGCTTGGTATGAGCTCACGCCCGCCGAGACTACAGTTAGGCTACGAGCGTACATGAACAC
ACGAACCATACTCGAGTGCGGGCGGCTCTGATGTCAATCCGATGCTCGCATGTACTTGTG

ProGlyLeuProvalCysGlnAspHisLeuGluPheTrpGluGlyValPheThrGlyLeu
841 CCCGGGGCTTCCCGTGTGCCAGGACCATCTTGAATTTTGGGAGGGCGTCTTTACAGGCCT
GGGCCCCGAAGGGCACACGGTCCTGGTAGAACTTAAAACCCTCCCGCAGARATGTCCGGA

ThrHisIleAspAlaHisPheleuSerGlnThrlysGlnSerGlyGluAsnlLeuProTyr
901 CACTCATATAGATGCCCACTTTCTATCCCAGACAAAGCAGAGTGGGGAGAACCTTCCTTA
GTGAGTATATCTACGGGTGAAAGATAGGGTCTGTTTCGTCTCACCCCTCTTGGAAGGAAT
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LeuvalAlaTyrGlnAlaThrValCysAlaArgAlaGlnAlaProProProSerTrpAsp
CCTGGTAGCGTACCAAGCCACCGTGTGCGCTAGGGCTCAAGCCCCTCCCCCATCGTGGGA
GGACCATCGCATGGTTCGGTGGCACACGCGATCCCGAGTTCGGGGAGGGGGTAGCACCCT

GlnMetTrpLysCysLeuIleArgLeuLysProThrLeulisGlyProThrProlLeuleu
CCAGATGTGGAAGTGTTTGATTCGCCTCAAGCCCACCCTCCATGGGCCAACACCCCTGCT
GGTCTACACCTTCACAAACTAAGCGGAGTTCGGGTGGGAGGTACCCGGTTGTGGGGACGA

TyrAréieuGlyAlaValGlnAsnGluIleThrLeuThrHisProValThrLysTyrrle
ATACAGACTGGGCGCTGTTCAGAATGAAATCACCCTGACGCACCCAGTCACCAAATACAT
TATGTCTGACCCGCGACAAGTCTTACTTTAGTGGGACTGCGTGGGTCAGTGGTTTATGTA

MetThrCysMetSerAlaAspLeuGluValValThrSerThrTrpvalleuvalGlyGly
CATGACATGCATGTCGGCCGACCTGGAGGTCGTCACGAGCACCTGGGTGCTCGTTGGCGS
GTACTGTACGTACAGCCGGCTGGACCTCCAGCAGTGCTCGTGGACCCACGAGCAACCGLC

ValLeuRhlaAlaLeuAlaAlaTyrCysLeuSerThrGlyCysValvalllevalGlyaArg
CGTCCTGGCTGCTTIGGCCGCGTATTGCCTGTCAACAGGCTGCGTGGTCATAGTGGGCAG
GCAGGACCGACGAAACCGGCGCATAACGGACAGTTGTCCGACGCACCAGTATCACCCGTC

ValvValLeuSerGlyLysProAlalleIleProAspArgGluvalleuTyrArgGluPhe
GGTCGTCTTGTCCGGGAAGCCGGCAATCATACCTGACAGGGAAGTCCTCTACCGAGAGTT
CCAGCAGAACAGGCCCTTCGGCCGTTAGTATGGACTGTCCCTTCAGGAGATGGCTCTCAA

AspGluMetGluGluCysSerGlnHisLeuProTyrIleGIuGlnGlyMetMetLeghla
CGATGAGATGGAAGAGTGCTCTCAGCACTTACCGTACATCGAGCAAGGGATGATGCTCGC
GCTACTCTACCTTCTCACGAGAGTCGTGAATGGCATGTAGCTCGTTCCCTACTACGAGLG

GluGlnPheLysGlnLysAlaLeuGlyleuLeuGlnThrAlaSerArgGlnAlaGluval
CGAGCAGTTCAAGCAGAAGGCCCTCGGCCTCCTGCAGACCGCGTCCCGTCAGGCAGAGGT
GCTCGTCAAGTTCGTCTTCCGGGAGCCGGAGGACGTCTGGCGCAGGGCAGTCCGTCTCCA

IleAlaProAlavValGlnThrAsnTrpGlnLysLeuGluThrPheTrpAlaLysHisMet
TATCGCCCCTGCTGTCCAGACCAACTGGCAAAAACTCGAGACCTTCTGGGCGAAGCATAT
ATAGCGGGGACGACAGGTCTGGTTGACCGTTTTTIGAGC TCTGGAAGACCCGCTTCGTATA

TrpAsnPhelleSerGlyIleGlnTyrLeuAlaGlyLeuSerThrieuProGlyAsnPro
GTGGAACTTCATCAGTGGGATACAATACTTGGCGGGCTTGTCAACGCTGCCTGGTAACCC
CACCTTGAAGTAGTCACCCTATGTTATGAACCGCCCGAACAGTTGCGACGGACCATTGGG

AlalleAlaSerLeuMetalaPheThralaAlavalThrSerProLeuThrThrSerGln
CGCCATTGCTTCATTGATGGCTTTTACAGCTGCTGTCACCAGCCCACTAACCACTAGCCA
GCGGTAACGAAGTAACTACCGAAAATGTCGACGACAGTGGTCGGGTGATTGGTGATCGGT

ThrleuLeuPheAsnIlelLeuGlyGlyTrpValAlaAlaGlnlLeuAlaAlaProGlyAla
AACCCTCCTCTTCAACATATTGGGEGGCTGGGTGGCTGCCCAGCTCGCCGCCCCCGGTGE
TTGGGAGGAGAAGTTGTATAACCCCCCCACCCACCGACGGGTCGAGCGGCGGGGGCCACG

AlaThrAlaPheValGlyAlaGlylLeuAlaGlyAlaAlalleGlyServValGlyLeuGly
CGCTACTGCCTTTGTGGGCGCTGGCTTAGCTGGCGCCGCCATCGGCAGTGTTGGACTGGG
GCGATGACGGAAACACCCGCGACCGAATCGACCGCGGCGGTAGCCGTCACAACCTGACCC

LysValleulleAsplleLeuAlaGlyTyrGlyAlaGlyValAlaGlyAlaleuvValAla
GAAGGTCCTCATAGACATCCTTGCAGGGTATGGCGCGGGCGTGGCGGGAGCTCTTGTGGC
CTTCCAGGAGTATCTGTAGGAACGTCCCATACCGCGCCCGCACCGCCCTCGAGAACACCG

PheLysIleMetSerGlyGluValProSerThrGluAspLeuvalAsnLeuLsuPrcAla
ATTCAAGATCATGAGCGGTGAGGTCCCCTCCACGGAGGACCTGGTCAATCTACTGCCCGS
TAAGTTCTAGTACTCGCCACTCCAGGGGAGGTGCCTCCTGGACCAGTTAGATGACGGGCG

IleLeuSerProGlyAlaleuValvalGlyvalvalCysAlaAlalleLeuArgArgHis
CATCCTCTCGCCCGGAGCCCTCGTAGTCGGCGTGG TCTGTGCAGCAATACTGCGCCGGCA
GTAGGAGAGCGGGCCTCGGGAGCATCAGCCGCACCAGACACGTCGTTATGACGCGGCCGT

F' G i14 '2ValGlyProGlyGluGlyAlaValGlnTrpMstAsnArgqulealaPheAlaSerArg
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1921 CGTTGGCCCGGGCGAGGGGGCAGTGCAGTGGATGAACCGGCTGATAGCCTTCGCCTCCCG
GCAACCGGGCCCGCTCCCCCGTCACGTCACCTACTTGGCCGACTATCGGAAGCGGAGGGC

GlyAsnHisValSerProThrHisTyrValProGluSerAspAlaAlaAlaArgValThr
1981 GGGGAACCATGTTTCCCCCACGCACTACGTGCCGGAGAGCGATGCAGCTGCCCGCGTCAC
CCCCTTGGTACAAAGGGGGTGCGTGATGCACGGCCTCTCGCTACGTCGACGGGCGCAGTG

AlalleLeuSerSerLeuThrValThrGlnLeulLeuArgArgleuHisGlnTrpIleSer
2041 TGCCATACTCAGCAGCCTCACTGTAACCCAGCTCCTGAGGCGACTGCACCAGTGGATAAG
ACGGTATGAGTCGTCGGAGTGACATTGGGTCGAGGACTCCGCTGACGTGGTCACCTATTE

SerGluCysThrThrProCYsSerGlySerTrpLeuArgAspIleTprspTrleeCys
2101 CTCGGAGTGTACCACTCCATGCTCCGGTTCCTGGCTAAGGGACATCTGGGACTGGATATG
GAGCCTCACATGGTGAGGTACGAGGCCAAGGACCGATTCCCTGTAGACCCTGACCTATAC

GluValLeuSerAspPheLysThrTrpLeuLysAlaLysLeuMetProGlnLeuProGl!
2161 CGAGGTGTTGAGCGACTTTAAGACCTGGCTAAAAGCTAAGCTCATGCCACAGCTGCCTGG
GCTCCACAACTCGCTGAAATTC TGGACCGATTTTCGATTCCAGTACGGTGTCGACGGACT

IleProPheValSerCysGlnArgGlyTerysGlyValTrpArgValAspGlyIleMet
2221 GATCCCCTTTGTGTCCTGCCAGCGCGGGTATAAGGGGGTCTGGCGAGTGGACGGCATCAT
CTAGGGGAAACACAGGACGGTCGCGCCCATATTCCCCCAGACCGCTCACCTGCCGTAGTA

HisThrArgCysHisCysGlyAlaGluIleThrGlyHisValLysAsnGlyThrMetAra
2281 GCACACTCGCTGCCACTGTGGAGCTGAGATCACTGGACATGTCAAAAACGGGACGATGAL
CGTGTGAGCGACGGTGACACCTCGACTCTAGTGACCTGTACAGTTTTTGCCCTGCTACTS

IleValGlyProArgThrCysArgAsnMetTrpSerGlyThrPheProIleAsnAlaTyr
2341 GATCGTCGGTCCTAGGACCTGCAGGAACATGTGGAGTGGGACCTTCCCCATTAATGCCTA
CTAGCAGCCAGGATCCTGGACGTCCTTGTACACCTCACCCTGGAAGGGGTAATTACGGAT

ThrThrGlyProCysThrProLeuProAlaProAsnTyrThrPheAlaleuTrpArgval
2401 CACCACGGGCCCCTGTACCCCCCTTCCTGCGCCGAACTACACGTTCGCGCTATGGAGGGT
GTGGTGCCCGGGGACATGGGGGGAAGGACGCGGCTTGATGTGCAAGCGCGATACCTCCCA

SerAlaGluGluTeralGluIleArgGInvalGlyAspPheHisTeralThrGlyMet
2461 GTCTGCAGAGGAATATGTGGAGATAAGGCAGGTGGGGGACTTCCACTACGTCACGGGTAT
CAGACGTCTCCTTATACACCTCTATTCCGTCCACCCCCTGAAGGTGATGCACTGCCCATA

ThrThrAspAsnLeuLysCysProCysGlnvValProSerProGluPhePheThrGlu

2521 GACTACTGACAATCTCAAATGCCCGTGCCAGGTCCCATCGCCCGAATTTTTCACAGAAT
CTGATGACTGTTAGAGTTTACGGGCACGGTCCAGGGTAGCGGGCTTAAAAAGTGTCTTA

FIG. 14-3
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FIG |5 Translation of DNA 3le

AlavValispPhelleProValGluAsnleuGluThrThrMetArgSerProvalPheThr
mmmmmcmmmmmcummcecmmmc
CCGCCACCTIGAAATAGGGACACCTC I TGGATC TC TG TTGG TACTCCAGGGGCCACAAGTG

AspAsnSerSerProProvalvValProGlnSerPheGlnvValAlaHisLeuHisAlaPro
GGATAACTCCTCTCCACCAGTAGTGCCCCAGAGCTTCCAGG TCGCTCACCTCCATECTCC
CCTATTGAGGAGAGGTGG TCATCACGGGGTCTCGAAGG TCCACCGAGTGGAGG TACGAGG

ThrGlySerGlyLysSerThrLysValProAlaAlaTyrAlaAlaGlnGlyTyrLysval
CACAGGCAGCGECAAMAGCACCAAGG TCCCGGCTGCATATGCAGC TCAGGGCTATAAGGT
G TG TCCGTCGC LG TTTTCG GG T TCCAGGGCCGACGTATACGTCGAGTCCCGATATTCCA

LeuValleuAsnProSarValAlaAlaThrleuGlyPheGlyAlaTyrMetSerLysAla
GCTAGTACTCAMCCCCTCIG TTGCTGCAACACTGGGC T TIGG TGCTTACATG TCCAAGGEE
CGATCATGAGTIGGGGAGACAACGACG TTG TGACCCGAAACCACGAATGTACAGGTTCCS

————————Overlap with 40b
HisGlyIleAspProAsnlleArgThrGlyValArgThrileThrThrGlySerProlle

TCATGGGATCGATCCTAACATCAGGACCGGGG TGAGAACAATTACCACTGGCAGCCOCAT

AGTACCCTAGCTAGGAT TG TAG TCCIGGCCCCACTCTTG TTAATGG TGACCGTCGGGGTA

ThrTyrSerThrTyrGlyLysPhaleull aAspGlyGlyCysSexGlyGlyAlaTyTAsp
CACGTACTCCACCTACGGCAMN T T CTTGCCGACGGCGEG TGCTCGGGEGGCGOTTATCGA

GIGCATGAGGTGGRATGCCGTTCAAGGAACGGCTGCCGCCCACGAGCCCCCCGCGAATACT

IlelleIleCysAsSpGluCysHisSerThrAspAlaThrSerllelauGlyIleGlyThr
CATAATAATTIG IGACGAGTGCCACTCCACGGATGCCACATCCATCTTGGGCATTGGCAC
GTATTATTAAACACTGC TCACGG TGAGG TGCCTACGG TGTAGG TAGAACCCGTAACCETG

ValleuAspGlnAlaGluThrAlaGlyAlaArgleuvValValleuAlaThrAlaThrPro
TGTCCTTGACCAMGCAGAGACTGCGGGGGCGAGACTGG TTGTGCTCGCCACCGCCACCES
ACAGGAACTGG TTCG TCTCTGACGCCCCCGCTCTGACCAACACGAGCGGTGECGGTGEGE

ProGlySerValThrValProHisProAsnlleGluGluValAlaleuSerThrThrGly
mmmmmmmmmm
AGGCCC TAGCTCCTCCAACGAGACAGGTGGTGGCC

GlulleProPheTyrGlyLysAlalleProLeuGluvalllel.ysGlyGlyArgHisleu
mccmmc%mmmccmmmimcgccmmm
T CTAGGGAMAA TGCCG T TCCGATAGGGGGAGCTTCATTAGTTCCCCCCCTC TG TAGA

IlePheCysiisSerLyslysLysCysAspGlulLeuAlaAlalysLeuvValilaleuGly
CATCTTCIGTCATTCAAAGAAGAAGTGCGACGAACTCGCCGCAANGCIGGTCGCATTGGG
GTAGAAGACAG TAAGTTTCTTC I TCACGCTGCTIGAGCGGCGTTTCGACCAGCGTAACCC

IleAsnAlaValAlaTyrTyrArgGlyLeuAspValServallleProThrSexGlyAsp
ummmmm&urm&mcmmcmcmm
GTAGTTACGGCACCGRATGATGGCGCCAGAACTGCACAGGCAGTAGGGCTGGTCGCCGCT

ValvValvalvalAlaThrAspAlaleuMetThrGlyTyrThrGlyAspPheAspSerVal
TGTTGICGTCGTGGCAACCGATGCCCTCATGACCSGCTATACCGGCGACTTCGACTCGGT
ACAACAGCAGCACCGTTGGCTACGGGAGTACTGGCCGATATGGCCGCTGAAGCTGAGCCA

IleAspCysAsnThrCys
GATAGACTGCAATACGTGTG
CTATCTGACGTIATGCACAC
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FIG. |6 rranslation of DNA 8h

ProCysThrCysGlySerSerAspleuTyrLeuvValThrArgHisAlaAspvalllebro
1 CTCCCTGCACTTGCGGCTICCTCGGACCTTTACCTGG TCACGAGGCACGCCGATG TCATTC
GAGGGACGTGAACGCCGAGGAGCCTGGAMIGGACCAGTGCTCCGTGCGGCTACAGTAAG

ValArgArgArgGlyAspSerArgGlySerLeuleuSerProArgProlleSerTyrieu
61 CCGTGCGCCGGLGGGGTGATAGCAGGGGCAGCCTGCTGTCGCCCCGGCCCATTTCCTACT
GGCACGCGGELCGCCCCACTATCGTCCCCATCGRACGACAGCGGGGCCGGGTAAAGGATGA

LysGlySarSarGlyGlyProleuleuCysProAlaGlyHisAlavalGlyIlePheArg
121 TGAAAGGCTCCICGGGGGETCCGCTGTTG TGCCCCGCEGGGCACGCCGTGGGCATATTTA
ACTTTCCGAGGAGCCCCCCAGGCGACAACACGGGGCEGCCCCGTGCGGCACCCGTATAAAT

-Overlap with
AlaAlavalCysThrArgGlyvValAlaLysAlavalAspPhelleProvalGluAsnleu
181 GGGCCGCGGTGTGCACCCETGGAGTGGCTAAGGCGGTGGACTTTATCCCTGTGGAGAACC

CCCGGCGCCACACG TGGGCACCTCACCGATTCOGCCACCTGAAATAGGGACACCTCTTGG

33¢c
GluThrThrMetArgSerProValPheThrAspAsnSer I
241 TAGAGACAACCATGAGGTCCCCRGTGTTCACGRATAACTCCTC
ATCTCTGIIGGTACTCCAGGGGCCACAAGTGCCTATTGAGGAG

FlG |7 Translaticn of DNA 7e

GlyTrpArgLeuleullaProlleThrAlaTyrAlaGlnGlnThrArgGlyLleuleuGly
1 GGGGTGGAGGTIGCTGGCOGCCCATCACGGCGTACGCCCAGCAGACAAGGGGCCTCCTAGG
CCCCACCTCCAACGACCGCGGG TAGTGCCGCATGCGGG TCGTCIGTTCCCCGGAGGATCC

CysIlelleThrSerLeuThrGlyArgAspLysAsnGlnValGluGlyGluvalGlnIle
61 GTGCATAATCACCAGCCTAACTGGCCGGGACAMMAACCAAGTGGAGGGTGAGGTCCAGAT
CACGTATTAGTGG TCGGATTGACCGGCCCIGTTTTIGGTTCACCTCCCACTCCAGGTCTA
ValSlﬂhrAlulaGlnmthmlrhrCylllmmlquClerpThrV;l
TGIGTCAMCTGCTGCCCAAACCTTCCTGGCAAMCGTGCATCAATGGGG TG TGCTGGACTG
ACACAGTTGACGACGGGTTTGGAAGGACCG TTGCACGTAGTTACCCCACACGACCTGACA
TyrHisGlyAlaGlyThrArgThrileAl aSarProlysGlyProvallIleGlnMet?yr

181 CTACCACGGGGCCGGAACGAGGACCATCGCGTCACCCAAGGGTCCTGTCATCCAGATGTA
GATGGTGCCCCGGCCTIGCTCCIGGTAGCGCAGTGGGTTCCCAGGACAGTAGGTCTACAT

121

ThrisnValAspGlnAspLeuValGlyTrpProAlaProGlnGlySerArgSerLeuThr
241 TACCAATGTAGACCAAGACCTIGTGGGCTGGCCCGCTCCGCAAGGTAGCCGCTCATTGAC
ATGGTTACATCTGG TTCTGGAACACCCGACCGGGCGAGGCGTTCCATCCGCGAGTAACTG

Overlap with 8h
ProCysThrCysGlySerSerAspLeuTyrleuvalThrArgiis
301 ACCCIGCACTIGCGGCTICCTCGGACCTTTACCIGGTCACGAGGCACG

TGGGACGTGAACGCCGAGGAGCCTGGAAAIGGACCAGTGCTCCGTGC




9
ez 1912517

FiG. |8 rransiation of ovA 14c

AsnMetTIpSerGlyThrPheProlleAsnAlaTyrThrThrGlyProCysThrProLeu
1l G2 ACATGTGGAGTGGGACCTTCCCCATTAATGCCTACACCACGGGCCCCTG TACCCCCRT
CITGTACACCTCACCCTGGAAGGGGTMTTACGGATGTGGTGCCCGGGGACATGGGGGGA

Overlap with 25¢
ProA.‘..aPMnrmmvhmmurrpugvusuuacluclumwlclun.
61 TCCTGCGCCGAACTACACGTTICGCGCTA TCTGCAGAGGAATACGTGGAGAT

AGGACGCGGCTTGATG TGCAAGCGCGATACCTCCCACAGACG TCTCCTTATGCACCTCTA

Argc1nValG17uppm1smvum1mrhﬂhrupmux.ymysPro‘
121 muccmmmmrmmcmnmwmmccc
r'rccs'rcmccccmmmmmmccurmmmmamc

CysGanalProser?roGluPhePhe'rhrGluIauupclyVllArguumu:gPhe
181 GTGCCAGGTCCCATCGCCCGMMCACAGMTTGGACGGGGNCGCCMMH
CACGG TCCAGGG TAGCGGGCTTAAAMAAG TG TC T TAACCTGCCCCACGCEGATGTATCCAA

AlaProProCysLysProleuleuArgGluGluvalSerPheArgValGlyLeuHisGlu
24l TGCGCCCCCCTGCAAGCCCTTGCTGCGGGAGGAGGTATCATTCAGAGTAGGACTCCACGA
ACGLGGGGGGACG T TCGGGAACGACGCCCTCCTCCATAGTAAGTCTCATCCTGAGGTCTT

TyrProvalGlySerGlnLeuProCysGluProGluProAspValAlavalleuThrSer
301 ATACCCGGTAGGGTCGCAATTACCTIGCGAGCCCGAACCEGACGTCCCCETGTTGACCTC
TATGGGCCATCOCAGCG TTAATGGAACGC TCRGGCTIGGCCTGCACCGGCACAACTGCAG

MetleuThrAspProSerHis IleThrAlaGluAlaAlaGlyArgArgleuAlaArgGly
361 CATGCTCACIGATCCCTCCCATATAACAGCAGAGGCGGCCGGGCEAAGG TIGCCGAGGGG
GTACGAGTGACTAGGGAGGG TATATIG TCG TCTCCGCCGGCCEGCTTCCAACCGOTCCCE

Ser?:oPrQSuVamaSc:Se:s.xAlaSc:GlnLcuSerAlaProScruuLyma
421 ATCACCCCCCTCIGTGGCCAGC TCCTCGGCTAGCCAGC TATCCGCTCCATCTCTCAAGGE
TAGTGGGGGGAGACACCGG TCGAGGAGCCGATCGG TCCATAGGCGAGGTAGAGAGTTCCE

ThrCysThrAlaAsnHisAspSerProaAsp
481 AACTTGCACCGCTAACCATGACTCCCCTGAT
TTGAACGTGGCGATTGGTACTGAGGGGACTA




lis/(ag o
2212010

FIG. |19 rtranslation of DNA 8f

SerSerSerAlaSerGlnleuSerAlap sw:tzp“wi.thmlh Thr

erSerSer, ar roSar ) 4 a s AlaAsnHi

1l AGCTCCTCGGCIAGcCAGCIAECCGCTCCATCTCTCAAGGCAACTTGCACCGCTAACCA;
TCGAGGAGCCGATCGGrccamAGGCGAGGTAGAGAGTTCCGTTGAACGTGGCGATTGGtA

AspSerProAspAlaGluleulleGluAlaAsnleuleuTrpArgGloGluMatGlyGly
61 GACTCCCCTGATGCIGAGCTCATAGAGGCCAACCTCCTATCGAGGCAGGAGATGGGCGGT
CIGAGGGGACTACGACTCGAGTATCTCCGG TTGGAGGATACCTCCGTCCTCTACCCGCCE

AsnlleThrArgValGluSerGluAsnlysvValValIleleuAspSerPheAspProLeu
121 AACATCACCAGGGTTGAGTCAGAAAACAAAGTGGTGATTCTGGACTCCTTCGATCCGCTT
TG TAGTGG TCCCAACTCAG TCTTTIG TTTCACCACTAAGACCTGAGGAAGCTAGGCGAA

VamaGJ.uGluAspGluArgGluIlaSuValPraAlaGluncLouA.rgLyssgrArg
181 GTGGCGGAGGAGGACGAGCGGGAGATC TCCA TACCCGCAGAATCCTGCGGAAGTCTCGG
CACCGCCTCCTCCTGCTCGCCC TCTAGAGGCATGGGCS TC T T TAGGACGCCTTCAGAGCE

ArgPheAlaGlnAlaleuProValTrpAlaArgProAspTyzAsaProProleuvalGlu
241 AGATTCGCCCAGGCCCTGCCCG T TIGGGCGCGGCCGGACTATANCCCCCCGCTAGTGGAS ,
TCTAAGCGGG TCCGGGACGGGCAAACCCGCGCCGGCCTGATATIGGGGGGCSATCACCTC

'I'h.r'rrpl:.ysl:.ysProup‘ryrcIhproproValVam:GlyCysProu@roProPro
301 ACGTGGAAAAAGCCCGACTACGAACCACCTGTGG TCCATGGC TG TCOGOTTCCACCTCCA
TGCACCTITTICGGGCIGATGC TTGG TGGACACCAGG TACCGACAGGCGAAGGTGCAGGT

LysSerProProvalpPro

361 AAGTCCCCTCCTGTGCCG
TTCAGGGGAGGACACGGC

FIG. 20 translatica of Dxa 33f

ValTIpPALAArgProAspTyYTAsSnProProleuvalGluThrTrpLysLysProAspTyT
CGTTTGGGCGCGGCCGGACTATAACCCCCCGCTAGTGGAGACGTGGAAMAACCCGACTA
GCAACCCGCGCCGGCCTGATATIGGGGGGCORATCACC TCIGCACCTITTTIGGGCTGAT

-Overlap with 8f
GluProProvValvValiisGlyCysProLeuProProProlysSerProProvalProPro
61 CGAACCACCTGTGGTCCATGGCTGCCCGCTTCCACCTCCAAAGTCCCCTCCTGETGCCTCS

GCTTGG TGGACACCAGG TACCGACGGGLGAAGG TGGAGG TTTCAGGGGAGGACACGGAGS

PraoArglysLysArgThrValVallauThrGluSerThrleuSerThrAlaleuAlaGlu
GCCTCGGAAGAAGCGGACGG TGGTCCTCACTGAATCAACCCTATCTACTGCCTTGGCCGA
CGGAGCCTTCTICG CCTGCCACCAGGAGTGACTEAG TTGGGATAGATGACGGAACCGGCT

LeuAlaThrArgSerPheGlySerSarSerThrSerGlyIleThrGlyAspAsnThrThr
181 GCTCGCCACCAGAAGCTTTGGCAGCTCCTCAACTTCCGGCATTACGGGCGACAATACGAC
CGAGCGETGETCTTCGAAACCG TCGAGGAG TTGAAGGCCGTAATGCCCGCTGTTATGCTG

ThrSerSerGluProAlaProSerGlyCysProProAspSerAspAlaGluSerPhe
241 AACATCCTCTGAGCCCGCCCCTTCTIGGCTGCCCCCCCGACTCCGACGCTGAGTCCTTTIGS
TTIGTAGGAGACTCGGGCGGGGAAGACCGACGGGGGGGCTGAGGCTGCGACTCAGGAALCG

121
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FIG. 21 Translation of DNA 33g

AlaSo:A:gSerPhoGlySc:Se:SchhrsarGlyIlc!h:Gl AsSpAsnThrThrThr
1l GcCTCCAGAAGCTT!GGCAGCTCCTCAACTTCCGGCArmACGGGéGAEAATACGACAACA
CGGAGGTCTTCGAAACCGTCGAGGAGTTGAAGGCCGIAATGCCCGCTGTTATGCTGTTGT

SerSerGluPraoal Pré;gr;};gy33f exrTyr
ar a SProProAspSerAspAlaGlus SersSer
61 TCCTCTGAGCCCGCCCCTTCTGGCTGCCCCCCCGACTCCGACGCTGAGTCCTATTCCTCC
CGACGGGGGGGCTGAGGCTGCGACTCAGGA!

AGGAGACTCGGGCGGGGAAGAC TAAGGAGG
MetProProleuGluGlyGluProGl ProAspleuserAspGlySerTrpSerThr
121 ATGCCCCC Yl’gCCGGAP PS Y%CATGGTCAACG

VhlSchc:GluAlaAsnAlaGluAspVhlval sSerMetSerTyrSerTrp
181 GTCAGTAGIGAGGCCAACBCGGAGGAIGTCGTG%ES%E g

CTCAATGTCTTACTCTTGGACA
CAGTCATCACTCCGGTTGCGCCTCCIACAGCaCACGACGAGTTACAGAATGAGAACCTGT

GlyAlaleuValThrProCysAlaAlaGluGluGlnLysleuProIYeAsnAlaleuSer
241  GGCGCACTCGTCACCCORTGCGCCGCGRAAGAACAGAMCTGCCCATCAATGCACTARGE

G Ca TGAGCAG TG GGGCACECGGCGCCTTCT TG TCT T IGACGGGTAG TTACG TGATTCS [

AsnScanuLnuArgﬂisHis&snLQUVhl!7:5.:1h:!h:$¢:&rgser

301 AACTCGTTGCTACGTCACC&CAA&TTGG!GIATTCCACCACCTCACGCAGTG
TTGAGCAACGAIGCAG!GGTG!IAAACCACAQAAGGTGGIGGAGTGCGTCAC

FIG 22 Translation of DNA 7f

GlyThrTyrvalTyrAanisLeuThrProLeuArgAspTrpAlaHisAsnGlyLeuArg
1 GGCACCTATGTTTATAACCATCTCACTCCTCTTCGGGACTGGGCGCACAACGGCTTGCGA
CCGTGGATACAAATATTGGTAGAGTGAGGAGAAGCCCTGACCCGCGTGTTGCCGAACGCT

AspLeuAlavalAlaValGluPrthlValPheSerGlnMatGluThrLysLeuIleThr
6l GATCTGGCCGTGGCTGTAGAGCCAGTCGTCTTCTCCCAAATGGAGACCAAGCTCATCACG
CTAGACCGGCACCGACATCTCGGTCAGCAGAAGAGGGTTTACCTCTGGTTCGAGTAGTGC

TrpGlyAlaAspThrAlaAlaCysGlyAspIleIleAsnGlyLeuProValSerAlaArg
121 TGGGGGGCAGATACCGCCGCGTGCGGTGACATCATCAACGGCTTGCCTGTTTCCGCCCaE
ACCCCCCGTCTATGGCGGCGCACGCCACTG TAGTAG T TGCCGAACGGACAAAGGCGGGCE

ArgGlyA:gGluIleLeuLeuGlyProAlaAspGlyMechlSerLysGlyTrpArgLeu
181 AGGGGCCGGGAGATACTGCTCGGGCCAGCCGAIGGAATGGTCTCCAAGGGTTGGAGGTTG
TCCCCGGCCCTCTATGACGAGCCCGGTCGGCTACCTTACCAGAGGTTCCCAACCTCCAAC

-

LeuAlaProIleThrAlaTyrAlaGlnGlnThrAnglyLeuLeuGlyCysIleIleThr
241 CTGGCGCCCATCACGGCGTACGCCCAGCAGACAAGGGGCCTCCTAGGGTGCATAATCACS
GACCGCGGGTAGTGCCGCATGCGGGTCGTCTGTTCCCCGGAGGATCCCACGTATTAGTGG

-Qverlap with 7e -
SerLeuThrGlyArgAspLysAsnGlnValGluGlyGluvalGlnIlevValSerThrala
301 AGCCTAACTGGCCGGGACAAAAACCAAGTGGAGGG TGAGGTCCAGATTGTGTCAACTGCT
TCGGATTGACCGGCCCTGTTTTTGGTTCACCTCCCACTCCAGGTCTAACACAGTTGACGA

AlaGlnThrPheLeuAlaThrCysIleAsnGlyvalesTrp
361 GCCCAAACCTTCCTGGCAACGTGCATCAATGGGGTGTGCTGG
CGGGTTTGGAAGGACCGTTGCACGTAGTTACCCCACACGACC



80/%’3 2217519

FlG 23 Translation of DNA 1lb

GlyGlyvalValLeuVa1GlyLeuMetAlaLeuThrLeuSerProTererysArgTyr
1l GGCGGTGTTGTTCTCGTCGGGTTGATGGCGCTGACTCTGTCACCATATTACAAGCGCTAT
CCGCCACAACAAGAGCAGCCCAACTACCGCGACTGAGACAGTGGTATAATGTTCGCGATA

IleSerTrpCysLeuTrpTrpleuGlnTyrPheleuThrArgvalGluAlaGlnLeuHis
61 ATCAGCTGGTGCTTIGTGGTGGCTTCAGTATTITTCTGACCAGAGTCGAAGCGCAACTGCAC
TAGTCGACCACGAACACCACCGAAGTCATAAAAGACTGGTCTCACCTTCGCGTTGACGTG

ValTrpIleProProlLeuAsnValArgGlyGlyArgAspAlavallleLeuLeuMetCys
121 GTIGTGGATTCCCCCCCTCAACGTCCGAGGGGGGCGCGACGCCGTCATCTTACTCATGTGT
CACACCTAAGGGGGGGAGTTGCAGGCTCCCCCCGCGCTGCGGCAGTAGAATGAGTACACA '

AlavalHisProThrLeuValPheAspIleThrLysLeuLeuleuAlaValPheGlyPro
181 GCTGTACACCCGACTCTGGTATTTGACATCACCAAATTGCTGCTGGCCGTCTTCGGACCC
CGACATGTGGGCTGAGACCATAAACTGTAG TGGT TTAACGACGACCGGCAGAAGLCTGGS

LeuTrplleleuGlnAlaSerLeuleulysValProTyrPhevalArgvalGlnGlyLeu
241 CTTTIGGATTICTTCAAGCCAGTTTGCTTAAAGTACCCTACTTTGTGCGCGTCCAAGGCCTT
GAAACCTAAGAAGTTCGGTCAAACGAATTTCATGGGATGAAACACGCGCAGGTTCCGGAA

LeuArgPheCysAlaleuAlaArgLysMetIleGlyGlyHisTyrValGlnMetVallle
301 CTCCGGTTCTGCGCGTTAGCGCGGAAGATGATCGGAGGCCATTACGTGCAAATGGTCATC
GAGGCCAAGACGCGCAATCGCGCCTTCTACTAGCCTCCGGTAATGCACGTTTACCAGTAG

IleLysLeuGlyAlaLeuThrGlyThrTyrValTyrAsnHisLeuThrProLeuArgAsp
361 ATTAAGITTAGGGGCGCTTACTGGCACCTATGTTTATAACCATCTCACTCCTCTTCGGGAC
TAATTCAATCCCCGCGAATGACCGTGGATACAAATATTGGTAGAGTGAGGAGAAGCCCTG

Overlap with 7f
TrpAlaHisAsnGlyLeuArgAspleuAlavalAlavalGluProvalvalPheSerGln
421 TGGGCGCACAACGGCTTGCGAGATCTGGCCGTGGCTGTAGAGCCAGTCGTCTTCTCCCAA
ACCCGCGTGTTGCCGAACGCTCTAGACCGGCACCGACATCTCGGTCAGCAGAAGAGGGTT

MetGluThrLyslLeulleThrTrpGly
481 ATGGAGACCAAGCTCATCACGTGGGGGGC
TACCTCTGGTTCGAGTAGTGCACCCCCCG
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FIG. 24 rranslation of ona 141

GluTyrvalvalleuleuPheLeuLeuleuAlaAspAlaArgValCysSerCysLeuTrp
1  GGGAGTACGTCGTTCTCCTGTTCCTTCTGCTTGCAGACGCGCGCGTCTGCTCCTECTTGT
CCCTCATGCAGCAAGAGGACAAGGAAGACGAACGTCTECGCGCGCAGACGAGGACGAACA

MetMetLeuLeuIleSerGlnAlaGluAlaAlaLeuGluAsnLeuValIleLeuAsnAla
6l GGATGATGCTACTCATATCCCAAGCGGAGGCGGCTTTGGAGAACCTCGTAATACTTAATG
CCTACTACGATGAGTATAGGGTTCGCCTCCGCCGAAACCTCTTGGAGCATTATGAATTAC

AlaSerLeuAlaGlyThrHisGlyLeuValSerPheLeuValPhePheCysPheAlaTrp
121 CAGCATCCCTGGCCGGGACGCACGGTCT TG TATCCT IO CTCG TG T TCTTCTGCTTTGCAT
GTCGTAGGGACCGGCCCTGCGTGCCAGAACATAGGAAGGAGCACAAGAAGACGAAACGTA

TyrLeulysGlyLysTrpValProGlyAlavalTyrThrPheTyrGlyMetTrpProLey
181 GGTATTTGAAGGGTAAGTGGGTGCCCGGAGCGGTCTACACCTTCTACGGGATGTGGCCTC
CCATAAACTTCCCATTCACCCACGGGCCTCGCCAGATG TGGAAGATGCCCTACACCGGAG

LeuLeuLeuleuLeuAlaleuProGlnArgAlaTyrAlaleuAspThrGluvalAlaAla
241 TCCTCCTGCTCCTGTTGGCGTTGCCCCAGCGGGCGTACGCGCTGGACACCGAGGTCGCCE
AGGAGGACGAGGACAACCGCAACGGGGTCGCCCGCATGCGCGACCTGTGCCTCCACCGGC

Qverlap with 1lb
SerCysGlyGlyVh1valLeuValGlyLeuMatAlaLeuThrLeuSerProTererys
301 CGTCGTGTGGCGGIGTIGTTCTCGTCEGGTTGATGGCCCTGACTCTGTCACCATATTACA
GCAGCACACCGCCACAACAAGAGCAGCCCAACTACCGCGACTGAGACAGTGGTATAATGT ‘

ArgTyrlleSerTrpCysLeuTrpTrpLeuGln
361 AGCGCTATATCAGCTGGTGCTTGTGGTGGCTTCAGAA
TCGCGATATAGTCGACCACGAACACCACCGAAGTCTT

F|G 25 Translation of DNA 39¢

ProAlaProSerGlyCysProProAspSerAspAlaGluSerTyrSerSerMetProPro
1 CCAGCCCCTTCTGGCTGCCCCCCCGACTCCGACGCTEAGTCCTATTCCTCCATGCCCCCC
GGTCGGGGAAGACCGACGGGGGGGCTGAGGCTGCGACTCAGGATAAGGAGGTACGGGGES

LeuGluGlyGluProGlyAspProAspleuSerAspGlySerTrpSerThrValSerSer
61 CIGGAGGGGGAGCCTGGGGATCCGGATCTTAGCGACGGGTCATGGTCAACAGTCAGTAGT
GACCTCCCCCTCGGACCCCTAGGCCTAGAATCGCTGCCCAGTACCAGTTGTCAGTCATCA

Cverlap with 33g
GluAlahsnAlaGluAspValValCysCysSerMetSerTyrSerTrpThrGlyAlaleu
121 GAGGCCAACGCGGAGGATGTCGTGTGCTGCTCAATGTCCTACTCTTGGACAGGCGCACTC
CTCCGGTTGCGCCTCCTACAGCACACGACGAGTTACAGGATGAGAACCTGTCCGCGTGAG

ValThrProCysAlaAlaGluGluGinLysLeuProIleAsnAlaLeuSerAsnSerLeu
181 GTCACCCCGTGCGCCGCGGAAGAACAGAAACTGCCCATCAATGCACTGAGCAACTCGTTG
CAGTGGGGCACGCGGCGCCTTC TS TC TTTGACGGGTAGTTACG TGACTCGTTGAGCAAC

LeuArgHisHisAsnleuvValTyrSerThrThrSerArgSerAlaCysGlnArgGlnLys
241 CTACGTCACCACAATTIGGTIGTATTCCACCACCTCACGCAGTGCTTGCCAAAGGCAGAAG
GATGCAGTGGTGTTAAACCACATAAGGTGGTGGAGTGCGTCACGAACGGTTTCCGTCTTC

LysvValThrPheAs LeuGlnvalleuAspSerHisTyrGlnAspValleuLysGlu
301 AXAGTCACATTTGAE:EgCTGCAAGTTCTGGACAGCCATTACCAGGACGTACTCAAGGAG
TTTCAGTGTAAACTGTCTGACGTTCAAGACCTGTCGGTAATGGTCCTGCATGAGTTCCTC

ValLysAlaAlaAlaSerLysValLysAlaAsnPhe
361 GTTAAAGCAGCGGCGTCAAAAGTGAAGGCTAACTTC
CAATTTICGTCGCCGCAGTTTTCACTTCCGATIGAAG
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FI1G. 26~ coBINED ORF OF DNas
141/11b/7£/7e/8h/33c/40b/37b/35/36,/81,/32/33b/25¢,/ 14c/8£/33£/33g,/39¢c

GluTyrvalvalleuLeuPheLeuleuLeuAlaAspAlaArgValCysSerCysLeuTrp
1 GGGAGTACGTCGTTCTCCTGTTCCTTCTGCTTGCAGACGCGCGCGTCTGCTCCTGCTTET
CCCTCATGCAGCAAGAGGACAAGGAAGACGAACGTCTGCGCGCGCAGACGAGGACGAACA

MetMetLeuleulleSerGlnAlaGluAlaAlaLeuGluAsnlLeuValIlelLeuAsnAla
61 GGATGATGCTACTCATATCCCAAGCGGAGGCGGCTTTGGAGAACCTCGTAATACTTAATG
CCTACTACGATGAGTATAGGG T TCGCCTCCGCCGAAACCTCTTGGAGCATTATGAATTAC

AlaSerLeuAlaGlyThrHisGlyLeuvValSerPheLeuValPhePheCysPheAlaTrp
121 CAGCATCCCTGGCCGGGACGCACGGTCTTGTATCCTTICCTCGTGTTCTTCTGCTTTGCAT
GTCGTAGGGACCGGCCCTGCGTGCCAGAACATAGGAAGGAGCACAAGAAGACGAAACGTA

TyrLeulysGlyLysTrpValProGlyAlavalTyrThrPheTyrGlyMetTrpProleu
181 GGTATTTGAAGGGTAAGTGGGTGCCCGGAGCGGTCTACACCTTCTACGGGATGTGGCCTC
CCATAAACTTCCCATTCACCCACGGGCCTCGCCAGATGTGGAAGATGCCCTACACCGGAG

LeuLeuleuleuleuAlaleuProGlnArgAlaTyrAlaleuAspThrGluvalAlaAla
241 TCCTCCTGCTCCTGTTGGCGTTGCCCCAGCGGGCGTACGCGCTGGACACGGAGGTGGCCG
AGGAGGACGAGGACAACCGCAACGGGGTCGCCCGCATGCGCGACCTGTGCCTCCACCGGE

SerCysGlyGlyvalvalleuValGlyLeuMetAlaLeuThrLeuSerProTyrTyrLys |
301 CGTCGTGTGGCGGTGTTGTTCTCGTCGGGTIGATGGCGCTGACTCTGTCACCATATTACA
GCAGCACACCGCCACAACAAGAGCAGCCCAACTACCGCGACTGAGACAGTGGTATAATGT

ArgTyrlleSerTrpCyaleuTrpTrpleuGlnTyrPhelLeuThrArgvValGluAlaGln
361 AGCGCTATATCAGCTGGTGCTTGTGGTGGCTTCAGTATTTTCTGACCAGAGTGGAAGCGE
TCGCGATATAGTCGACCACGAACACCACCGAAGTCATAAAAGACTGGTCTCACCTTCGCG

LeuHisValTrplleProProLeuAsnValArgGlyGlyArgAspAlavalIleleuleu
421 AACTGCACGTGTGGATTCCCCCCCTCAACGTCCGAGGGGGGCGCGACGCCGTCATCTTAC
TTGACGTGCACACCTAAGGGGGGGAGTTGCAGGCTCCCCCCGCGCTGCGGCAGTAGAATG

MetCysAlavValHisProThrleuValPheAspIleThrLysLaeuleuleuAlavValPhe
481 TCATGTGTGCTGTACACCCGACTCTGGTATTTGACATCACCAAATTGCTGCTGGCCGTCT
AGTACACACGACATGTGGGCTGAGACCATAAACTGTAGTGGTTTAACGACGACCGGCAGA

GlyProleuTrplleLauGlnAlaSerleuLeulLysValProTyrPhevValArgvalGln
541 TCGGACCCCTTTGGATTCTTCAAGCCAGTTIGCTTAAAGTACCCTACTTTGTGCGCGTCC
AGCCIGGGGAAACCTAAGAAGTTCGGTCAAACGAATTTCATGGGATGAMACACGCGCAGG

GlyLeuLeuArgPheCysAlaleuAlaArgLysMetIleGlyGlyHisTyrvalGlnMat
601 AAGGCCTTCTCCGGTTCTGCGCGTTAGCGCGGAAGATGATCGGAGGCCATTACGTGCAAA
TTCCGGAAGAGGCCAAGACGCGCAATCGCGCCTTCTACTAGCCTCCGGTAATGCACGTTIT

ValllelleLysLeuGlyAlalLeuThrGlyThrTyrvValTyrAsnHisLeuThrProLsu
661 TGGTCATCATTAAGTTAGGGGCGCTTACTGGCACCTATGTTTATAACCATCTCACTCCTC
ACCAGTAGTAATTCAATCCCCGCGAATGACCGTGGATACAAATATTGGTAGAGTGAGGAG

ArgAspTrpAiaHisAsnGlyLeuArgAschuAlthIAlthlGluPrdValvalPhe
721 TTCGGGACTGGGCGCACAACGGCTTGCGAGATCTGGCCGTGGCTGTAGAGCCAGTCGTCT
AAGCCCTGACCCGCGTGTTGCCGAACGCTCTAGACCGGCACCGACATCTCGGTCAGCAGA

SerGlnMetGluThrLysLeuIleThrTrpGlyAlaAspThrAlaAlaCysGlyAsplle
781 TCTCCCAAATGGAGACCAAGCTCATCACGTGGGGGGCAGATACCGCCGCGTGCGGTGACA
AGAGGGTTTACCTCTGGTTCGAGTAGTGCACCCCCCGTCTATGGCGGCGCACGCCACTGT

IleAsnGlyLeuProvalSerAlaArgArgGlyArgGlullelauleuGlyProAlaAsp
841 TCATCAACGGCTTGCCTGTTTCCGCCCGCAGGGGCCGGGAGATACTGCTCGGGCCAGCCG
AGTAGTTGCCGAACGGACAAAGGCGGGCGTCCCCGGCCCTCTATGACGAGCCCGGTCGGC

GlyMetValSerLysGlyTrpArgleuleuAlaProlleThrAlaTyrAlaGlnGlaThr
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ATGGAATGGTCTCCAAGGGG TGGAGGTTGCTGGCGCCCATCACGGCGTACGCCCAGCAGA
TACCTTACCAGAGGTTCCCCACCTCCAACGACCGCGGGTAGTGCCGCATGCGGGTCGTCT

ArgGlyLeuLeuGlyCYQEiéfiéfﬁrSerLeuThrclyArgAspnysAsnslnvalGlu
CAAGGGGCCTCCTAGGGTGCATAATCACCAGCCTAACTCGCCGGGACAAAAACCAAGTGS
GTTCCCCGGAGGATCCCACGTATTAGTGGTCGGATTCACCGGCCCTGTTITTIGGTTCACC

GlyGluValGlnIlevalSerThrAlaAlaGlnThrPheLeuAlaThrCysIleAsnGly
AGGGTGAGGTCCAGATTGIGTCAACTGCTGCCCAAACCTTCCTGGCAACGTGCATCAATG
TCCCACTCCAGGTCTAACACAGTTGACGACGGG TTTGGAAGGACCG TTGCACGTAGTTAC

ValCysTrpThrValTyrHisGlyAlaGlyThrArgThrIleAlaSerProLysGlyPro
GGGTGTGCIGGACTGTCTACCACGGGGCCGGAACGAGGACCATCGCGTCACCCAAGGGTC
CCCACACGACCTGACAGATGGTGCCCCGGCCTTGCTCCIGGTAGCGCAGTGGGTTCCCAG

ValIleGlnMetTyrThrAsnValAspGlnAspLeuValGlyTrpProAlaProGlnGly
CTGTCATCCAGATGTATACCAATGTAGACCAAGACCT TG TGGGCTGGCCCGCTCCGCAAG
GACAGTAGGTCTACATATGGTTACATCTGG TTCTGGAACACCCGACCGGGCGAGGCGTTC

SerArgSerLeuThrProCysThrCysGlySerSerAspleuTyrLeuvalThrArgHis
GTAGCCGCTCATIGACACCCTGCACTTGCGGCTCCTCGGACCTTTACCTGGTCACGAGGS
CATCGGCGAGTAACTGTGGGACGTGAACGCCGAGGAGCCTGGAAATGGACCAGTCCTCCS

AlaAsSpValIleProValArgArgArgGlyAspSerArgGlySerLeulauSerProAryg
ACGCCGATGTCATTCCCGTGCGCCGGCEGGGTGATAGCAGGGGCAGCCTGCTGTCGCCCT
TGCGGCTACAG TAAGGGCACGCGGCCGCCCCACTATCG TCCCCGTCGGACGACAGCEGGE

ProlleSerTyrLauLysGlySerSerGlyGlyProLeuleuCysProAlaGlyHisAla
GGCCCATTTCCTACTTGAAAGGCTCCTCGGGGEGTCCGCTGTTGTGCCCCGCGGGGCACG
CCGGGTAAAGGATGAACTTTCOGAGGAGCCCCCCAGGCGACAACACGGGGCGCCCCGTGE

ValGlyIlePheArgAlaAlavalCysThrArgGlyValAlalysAlavValAspPheIle
CCGTGGGCATATTTAGGGCCGCGGTCTGCACCCGTGGAGTGGCTAAGGCGGTGGACTTTA
GGCACCCGTATAAATCCCGGCGCCACACGTGGGCACCTCACCGATTCCGCCACCTGAAAT

ProvalGluAsnLeuGluThrThrMetArgSerProvalPheThrAspAsnSerSerPro
TCCCTGTGGAGAACCTAGAGACAACCATGAGGTCCCCGGTGTTCACGGATAACTCCTCTC
AGGGACACCTCTTGGATCTCTG TTGGTACTCCAGGGGCCACAAGTGCCTATTGAGGAGAG

ProvalvValProGlnSexrPheGlnValAlaHisLeuHisAlaProThrGlySerGlyLys
CACCAGTAGTGCCCCAGAGCTTCCAGGTGGCTCACCTCCATGCTCCCACAGGCAGCGGCA
GTGGTCATCACGGGGTCTCGAAGGTCCACCGAGTGGAGGTACGAGGG TG TCCGTCGCCGT

SerThrLysValProAlaAlaTyrAlaAlaGlnGlyTyrLysValleuvalLeuAsnPro
AAAGCACCAAGGTCCCGGCTGCATATGCAGCTCAGGGCTATAAGGTGCTAGTACTCAACC
TTTCGTGGTTCCAGGGCCGACGTATACGTCGAGTCCCGATATTCCACGATCATGAGTTGG

ServalAlaAlaThrleuGlyPheGlyAlaTyrMetSerLysAlaHisGlyIleAspPro
CCTCTGTTGCTGCAACACTGGGCTTTGGTGCTTACATG TCCAAGGC TCATGGGATCGATC
GGAGACAACGACGTTGTGACCCGAAACCACGAATGTACAGGTTCCGAGTACCCTAGCTAG

AsnlleArgThrGlyValArgThriIleThrThrGlySerProlleThrTyrs
CTAACATCAGGACCGGGGTGAGAACAATTACCACTGGCAGCCCCATCACGTACTCCACCT
GATTGTAGTCCTGGCCCCACTCTTGTTAATGGTGACCGTCGGGGTAGTGCATGAGGTGGA

Gl PheleulAlaAspGlyGlyCysSerGlyGlyAlaTyrAspllellelleCysAsp
ACGG%?XETTCCTTGCCGAggGggGzgECTCGGGggGgGCT§{;GACATAATAATTTGTG

TGCCGTTCAAGGAACGGCTGCCGCCCACGAGCCCCCCGCGAATACTGTATTATTAAACAC

GluCysHisSerThrAspAlaThrSerIlelauGlylleGlyThrValleuAspGlnAla
ACGAGTGCCACTCCACGGATGCCACATCCATCTTGGGCATCGGCACTGTCCTTGACCAAG
TGCTCACGGTGAGG TGCCTACGGTGTAGGTAGAACCCGTAGCCGTGACAGGAACTGGTTC

GluThrAlaGlyAlaArgLauValvValLeuAlaThrAlaThrProProGlyServalThr
CAGAGACTGCGGGEGCGAGACTGGTTGTGCTCGCCACCGCCACCCCTCCGGGCTCCGTCA
GTCTCTGACGCCCCCGCTCTGACCAACACGAGCGGIGGCGGTGGGGAGGCCCGAGGCAGT
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ValProHisProAsnIleGluGluValAlaLeuSerThrThrGlyGluIleProPheTyr
CTGTGCCCCATCCCAACATCGAGGAGGTTGCTCTGTCCACCACCGGAGAGATCCCTTTTT
GACACGGGGTAGGGTTGTAGCTCCTCCAACGAGACAGGTGGTGGCCTCTCTAGGGAAAAA

GlyLysAlaIle?roLeuGluvalIleLysGlyGlyArgHisLeuIlePheCysHisSer
ACGGCAAGGCTATCCCCCTCGAAGTAATCAAGGGGGGGAGACATCTCATCTTCTGTCATT
TGCCGTTCCGATAGGGGGAGC T TCATTAGTTCCCCCCCTCTGTAGAGTAGAAGACAGTAA

LysLysLysCysAspGluLeuAlaAlalLysLeuvValAlaLeuGlyIleAsnAlavalAla
CAAAGAAGAAGTGCGACGAACTCGCCGCAAAGCTGGTCGCATTGGGCATCAATGCCGTSG
GTTICTTCTTCACGCTGCTTGAGCGGCGTTTCGACCAGCGTAACCCGTAGTTACGGCACE

TyrTyrArgGlyLeuAspValServalIleProThrSerGlyAspValvalvalvalAla
CCTACTACCGCGGTCTTGACGTGTCCGTCATCCCGACCAGCGGCGATGTTGTCGTCG TGS
GGATGATGGCGCCAGAACTGCACAGGCAGTAGGGCTGGTCGCCGCTACAACAGCAGCACC

ThrAspAlaleuMetThrGlyTyrThrGlyAspPheAspServallleAspCysAsnThr
CAACCGATGCCCTCATGACCGGCTATACCGGCGACTTCGACTCGGTGATAGACTGCAATA
GTTGGCTACGGGAGTACTGGCCGATATGGCCGCTGAAGCTGAGCCACTATCTGACGTTAT

CysValThrGlnThrvValAspPheSerLeuAspProThrPheThrIleGluThrIleThr
CGTGTGTCACCCAGACAGTCGATTTCAGCCTTGACCCTACCTTCACCATTGAGACAATCA
GCACACAGTGGGTCTGTCAGCTAAAGTCGGAACTGGGATGGAAGTGGTAACTCTGTTAGT

LeuProGlnAspaAlavalSerArgThrGlnArgArgGlyArgThrGlyArgGlyLysPro
CGCTCCCCCAGGATGCTGTCTCCCGCACTCAACGTCGGGGCAGGACTGGCAGGGGGAAGT
GCGAGGGGGTCCTACGACAGAGGGCGTGAGTTGCAGCCCCETCCTGACCGTCCCCCTTCG

GlyIleTyrArgPheValAlaProGlyGluArgProSerGlyMetPheAspSarServal
CAGGCATCTACAGATTTGTGGCACCGGGGGAGCGCCCCTCCGGCATGTTCGACTCGTCCS
GTCCGTAGATGTCTAAACACCGTGGCCCCCTCGCGEGGAGGCCGTACAAGCTGAGCAGGE

LeuCysGluCysTyrAspAlaGlyCysAlaTrpTyrGluLeuThrProAlaGluThrThr
TCCTCTGTGAGTGCTATGACGCAGGCTGTGCTTGG TATGAGC TCACGCCCGCCGAGACTA
AGGAGACACTCACGATACTGCGTCCGACACGAACCATACTCGAGTGCGGGCGGCTCTGAT

ValArgLeuArgAlaTeratAsnThrProGlyLeuPrthlesGlnAspHisLeuGlu'

CAGTTAGGCTACGAGCGTACATGAACACCCCGGGGCTTCCCGTGTGCCAGGACCATCTTG
GTCAATCCGATGCTCGCATGTACT TG TGGGGCCCCGAAGGGCACACGGTCCTGGTAGAAC

PheTrpGluGlyValPheThrGlyLeuThrHisIleAspAlaHi sPheleuSerGlnThr
AATTTTGGGAGGGCGTCTTTACAGGCCTCACTCATATAGATGCCCACTTTCTATCCCAGA
TTAAAACCCTCCCGCAGARATG TCCGGAGTGAGTATATCTACGGGTGAAAGATAGGGTCT

LysGlnSerGlyGluAsnLeuProTyrLeuvalAlaTyrGlnAlaThrValCysaAlaArg
CAAAGCAGAGTGGGGAGAACCTTCCTTACCTGGTAGCGTACCAAGCCACCGTGTGCGCTA
GTTICGTCTCACCCCTCTTGGAAGGAATGGACCATCGCATGGTTCGGTGGCACACGCGAT

AlaGlnAlaProProProSerTrpAspGlnMetTrpLysCysLeulleArgleulysPro
GGGCTCAAGCCCCTCCCCCATCGTGGGACCAGATGTGGAAGTGTTTGATTCGCCTCAAGS
CCCGAGTTCGGGGAGGGGGTAGCACCCTGGTCTACACCTTCACAAACTAAGCGGAGTTCG

ThrLeuHisGlyProThrProLeuleuTyrArgLeuGlyAlavalGlnAsnGlulleThr
CCACCCTCCATGGGCCAACACCCCTGCTATACAGACTGGGCGCTGTTCAGAATGAAATCA
GGTGGGAGGTACCCGGTTGTGGGGACGATATGTCTGACCCGCGACAAGTCTTACTTTAGT

LeuThrHisProvalThrLysTyrlleMetThrCysMetSerAlaAspleuGluvalval
CCCTGACGCACCCAGTCACCAAATACATCATGACATGCATGTCGGCCGACCTGGAGGTCG
GGGACTGCGTGGGTCAGTGGTTTATGTAGTACTGTACGTACAGCCGGCTGGACCTCCAGC

ThrSerThrTrpValleuvalGlyGlyvalleuAlaAlaleuAlaAlaTyrCysLeuSer
TCACGAGCACCTGGGTGCTCGTTGGCGGCGTCCTGGCTGCTTTGGCCGCGTATTGCCTGT
AGTGCTCGTGGACCCACGAGCAACCGCCGCAGGACCGACGAAACCGGCGCATAACGGACA

ThrGlyCysvalvValllevValGlyArgValvalLeuSerGlyLysProAlallellePro
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CAACAGGCTGCGTGGTCATAGTGGGCAGGGTCGTCTTGTCCGGGAAGCCGGCAATCATAC
GTTGTCCGACGCACCAGTATCACCCGTCCCAGCAGAACAGGCCCTTCGGCCGTTAGTATG

AspArgGluValLeuTyrArgGluPheAspGluMetGluGluCysSerGlnHisLeuPro
CTGACAGGGAAGTCCTCTACCGAGAGTTCGATGAGATGGAAGAGTGCTCTCAGCACTTAC
GACTGTCCCTTCAGGAGAEGGCTCTCAAGCTACTCTACCTTCTCACGAGAGTCGTGAATG

TyrIleGluGlnGlyMetMetLeuAlaGluGlnPheLysGlnLysAlaLeuGlyLeuLeu
CGTACATCGAGCAAGGGATGATGCTCGCCGAGCAGTTCAAGCAGAAGGCCCTCGGCCTCC
GCATGTAGCTCGTTCCCTACTACGAGCGGCTCGTCAAGTTCGTCTTCCGGGAGCCGGAGG

GlnTh:AlaSe:ArgGlnAlaGluValIleAlaProAlaValGlnThrAsnTrpGlnLys
TGCAGACCGCGTCCCGTCAGGCAGAGGTTATCGCCCCTGC TG TCCAGACCAACTGGCAAA
ACGTCTGGCGCAGGGCAGTCCG TCTCCAATAGCGGGGACCACAGGTCTGGTTGACCGTTT

LeuGluThrPheTrpAlalLysHisMetTrpAsnPheIleSerGlyIleGlnTyrLeuAla
AACTCGAGACCTTCTGGGCGAAGCATATGTGGAACTTCATCAGTGGGATACAATACTTICS
TTGAGCTCTGGAAGACCCGCTTCGTATACACCTTGAAGTAGTCACCCTATGTTATGAACC

GlyLeuSerThrLeuProGlyAsnProAlalleAlaSerleyMetAlaPheThrAlaala
CGGGCTTGTCAACGCTGCCTGG TAACCCCGCCATTGCTTCATTGATGGCTTTTACAGCTG
GCCCGAACAGTIGCGACGGACCATTGGGGCGGTAACGAAGTAACTACCGAAAATGTCGAC

VththerProLouThrThrSorGlnThrLouLeuPhaAlnIleLauélyGlyTrpVal
CTGTCACCAGCCCACTAACCACTAGCCAAACCCTCCTCTTCAACATATTGGGGGGGTCES
GACAGTGGTCGGGTGATTGG TGATCGG T TTGGGAGGAGAAGTTGTATAACCCCCCCACCE

AlaAlaGlnLauAlaAlaProGlyAlaAlarhrAlaPhthlGlyAlaGlyLeuAlaGly
TGGCTGCCCAGCTCGCCGCCCCCGGTGCCGCTACTGCC TTTCTGGGCGCTGGCTTAGCTG
ACCGACGGGTCGAGCGGCGEGEGCCACGGCGATGACGGAAACACCCGCGACCGAATCGAC

AlaAlalleGlySerValGlyLeuGlyLysValleuIlleAspIleLeuAlaGlyTyrGly
GCGCCGCCATCGGCAGTGTTGGACTGGGGAAGGTCCTCATAGACATCCTTGCAGGGTATG
CGCGGCGGTAGCCGTCACAACCTGACCCCTTCCAGGAG TATCTGTAGGAACGTCCCATAC

AlaGlyvValAlaGlyAlaLeuValAlaPhelLysIleMetSerGlyGluvalProSerThr
GCGCGGGCGTGGCGGGAGCTCTTGTGGCATTCAAGATCATGAGCGGTGAGGTCCCCTCCA
CGCGCCCGCACCGCCCTCGAGAACACCGTAAGTTCTAGTACTCGCCACTCCAGGGGAGGT

GluAspLeuValAsnLeulLeuProAlaIleleuSerProGlyAlaleuValValGlyval
CGGAGGACCTGGTCAATCTACTGCCCGCCATCCTCTCGCCCGGAGCCCTCGTAGTCGGCE
GCCTCCTGGACCAGTTAGATGACGGGCGGTAGGAGAGCGGGCCTCGGGAGCATCAGCCGE

ValCysAldAlalleLeuArgArgHisvalGlyProGlyGluGlyAlavalGlnTrpMet
TGGTCTGTGCAGCAATACTGCGCCGGCACG TTGGCCCGGGCGAGGGGGCAGTGCAGTGGA
ACCAGACACGTCGTTATGACGCGGCCGTGCAACCGGGCCCGCTCCCCCGTCACGTCACCT

AsnArgleulleAlaPheAlaSerArgGlyAsnHisValSerProThrHisTyrvValPro
TGAACCGGCTGATAGCCTTCGCCTCCCGGGGGAACCATG TTTCCCCCACGCACTACGTGE
ACTTGGCCGACTATCGGAAGCGGAGGGCCCCCTTGGTACAAAGGGGGTGCGTGATGCACG

GluSerAspAlaAlaAlaArgValThrAlalleLeuSerSerLeuThrValThrGlnLeu
CGGAGAGCGATGCAGCTGCCCGCGTCACTGCCATACTCAGCAGCCTCACTGTAACCCAGC
GCCTCTCGCTACGTCGACGGGCGCAGTGACGGTATGAGTCGTCGGAGTGACATIGGGTCG

LeuArgArgLeuHisGlnTrpIleSersSarGluCysThrThrProCysSerGlySerTrp
TCCTGAGGCGACTGCACCAGTGGATAAGCTCGGAGTGTACCACTCCATGCTCCGGTTCCT
AGGACTCCGCTGACGTGGTCACCTATTCRAGCCTCACATGGTGAGGTACGAGGCCAAGGA

LeuArgAspIleTrpAspTrplleCysGluvalleuSerAspPhelysThrTrpleulys
GGCTAAGGGAEATCTGGGACTGGATAIGCGAGGTGTTGAGCGACTTTAAGACCTGGCTAA
CCGATTCCCTGTAGACCCTGACCTATACGCTCCACAACTCGCTGAAATTCTGGACCGATT

AlaLysLeuMatProGlnleuProGlylleProPheValSerCysGlnArgGlyTyrLys
AAGCTAAGCTCATGCCACAGCTGCCTGGGATCCCCTTTGTGTCCTGCCAGCGCGGGTATA
TTCGATTCGAGTACGGTGTCGACGGACCCTAGGGGAAACACAGGACGGTCGCGCCCATAT
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GlyValTrpArgValAspGlyIleMetHisThrArgCysHisCysGlyAlaGluIleThr
3901 AGGGGGTCTGGCGAGTGGACGGCATCATGCACACTCGCTGCCACTG TGGAGCTGAGATCA
TCCCCCAGACCGCTCACCTGCCGTAGTACG TG TGAGCGACGGTGACACCTCGACTCTAGT

GlyHisValLysAsnGlyThrMetArgIleValGlyProArgThrCysArgAsnMetTrp
3961 CTGGACATGTCAAAAACGGGACGATGAGGATCGTCGGTCCTAGGACCTGCAGGAACATGT
GACCTGTACAGTTTTTGCCCTGCTACTCCTAGCAGCCAGGATCCTGGACGTCCTTGTACA

SerGlyThrPheProIleAsnAlaTerhrThrGlyProCysThrProLeuProAlaPro
4021 GGAGTGGGACCTTCCCCATTAATGCCTACACCACGGGCCCCTGTACCCCCCTTCCTGCGC
CCTCACCCTGGAAGGGGTAATTACGGATGTGGTGCCCGGGGACATGGGGGGAAGGACGCG

AsnTyrThrPheAlaleuTrpArgvalSerAlaGluGluTyrvValGlulleArgGlaval
4081 CGAACTACACGTTCGCGCTATGGAGGGTGTCTGCAGAGGAATATGTGGAGATAAGGCAGS
GCTIGATGTGCAAGCGCGATACCTCCCACAGACGTCTCCTTATACACCTCTATTCCGTCC

GlyAspPheHisTyrValThrGlyMetThrThrAspAsnlLeuLysCysProCysGlnval
4141 TGGGGGACTTCCACTACGTGACGGGTATGACTACTGACAATCTCAAATGCCCGTGCCAGS
ACCCCCTGAAGGTGATGCACTGCCCATACTGATGACTGTTAGAGTTTACGGGCACGGTCC

ProSerProGluPhePheThrGluleuAspGlyValArgleuHlsArgPheAlaProPro
4201 TCCCATCGCCCGAATTTTTCACAGAATTGGACGGGGTGCGCCTACATAGGTTTGCGCCCC
AGGGTAGCGGGCTTAAAAAGTG TCTTAACCTGCCCCACGCGGATGTATCCAAACGCGGES

CysLysProLeuleuArgGluGluvalSerPheArgvalGlyLleuHisGluTyrProval
4261 CCTGCAAGCCCTTGCTGCGGGAGGAGGTATCATTCAGAGTAGGACTCCACGAATACCCGE
GGACGTTCGGGAACGACGCCCTCCTCCATAGTAAGTCTCATCCTGAGGTGCTTATGGGCE

GlySerGlnLeuProCysGluProGluProAspvValAlavalLeuThrSerMetleuThr
4321 TAGGGTCGCAATTACCTTGCGAGCCCGAACCGGACGTGGCCGTGTTGACGTCCATGCTCA
ATCCCAGCGTTAATGGAACGCTCGGGCTIGGCCTGCACCGGCACAACTGCAGGTACGAGT

AspProSerHisIleThrAlaGluAlaAlaGlyArgArgleuAlaArgGlySerProPro
4381 CTGATCCCTCCCATATAACAGCAGAGGCGGCCGGGCGAAGGTTGGCGAGGGGATCACCCC
GACTAGGGAGGGTATATTGTCGTCTCCGCCGGCCCGCTTCCAACCGCTCCCCTAGTGGES

SerValAlaSerSerSerA1aSerGlnLcuSQrAlaProSerLeuLysAlaThrCysThr
4441 CCTCTIGTGGCCAGCTCCTCGGCTAGCCAGCTATCCGCTCCATCTCTCAAGGCAACTTGCA
GGAGACACCGGTCGAGGAGCCGATCGGTCGATAGGCGAGGTAGAGAGTTCCGTTGAACGT

AlaAsnHisAspSerProAspAlaGluLeulleGluAlaAsnLeuleuTrpArgGlnGlu
4501 CCGCTAACCATGACTCCCCTIGATGCTGAGCTCATAGAGGCCAACCTCCTATGGAGGCAGS
GGCGATTGGTACTGAGGGGACTACGACTCGAGTATCTCCGG TIGGAGGATACCTCCGTCC

MetGlyGlyAsnIleThrArgvValGluSerGluAsnLysValvValllelLeuAspSerPhe
4561 AGATGGGCGGCAACATCACCAGGGTTGAGTCAGAAAACAAAGTGGTGATTCTGGACTCCT
TCTACCCGCCGTTGTAGTGGTCCCAACTCAGTCTTTIGTTTCACCACTAAGACCTGAGGA

AspProLeuValAlaGluGluAspGluArgGluIleServValProAlaGlulleLeuArg
4621 TCGATCCGCTTGTGGLGGAGGAGGACGAGCGGGAGATCTCCGTACCCGCAGAAATCCTGE
AGCTAGGCGAACACCGCCTCCTCCTGCTCGCCCTCTAGAGGCATGGGCGTCTTTAGGACS

LysSerArgArgPheAlaGlnAlaleuProValTrpAlaArgProAspTyrAsnPr o
4681 GGAAGTCTICGGAGATTCGCCCAGGCCCTGCCCGTTTGGGCGCGGCCGGACTATAALCC:
CCTTCAGAGCCTCTAAGCGGGTCCGGGACGGGCAAACCCGCGCCGGCCTGATATTGG:

LeuValGluThrTrpLysLysProAspTyrGluProProvalvaliisGlyCysProieu
4741 CGCTAGTGGAGACGTGGAAAAAGCCCGACTACGAACCACCIGTGGTCCATGGCTGTCCSC
GCGATCACCTCTGCACCTTTITTCGGGCTGATGCTTGGTGGACACCAGGTACCGACAGGLG

ProProProLysSerProProval ProProProArgLysLysArgThrvValvalleuThr
4801 TTCCACCTCCAAAGTCCCCTCCTGTGCCTCCGCCTCGGAAGAAGCGGACGGTGGTCCTCA
AAGGTGGAGGTTTCAGGGGAGGACACGGAGGCGEAGCCTTCTTCGCCTGCCACCAGGAGT

GluSerThrleuSerThraAlaleuAlaGluLauAlaThrArgSerPheGlySerSersSer
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4861 CTGAATCAACCCTATCTACTGCCTTGGCCGAGCTCGCCACCAGAAGCTTTGGCAGCTCCT
GACTTAGTTGGGATAGATGACGGAACCGGCTCGAGCGGTGGTCTTCGAAACCGTCGAGGA

ThrSerGlyIleThrGlyAspAsnThrThrThrSerSerGluProAlaProSerGlyCys
4921 CAACTTCCGGCATTACGGGCGACAATACGACAACATCCTCTGAGCCCGCCCCTTCTGGCT
GTTGAAGGCCGTAATGCCCGCTGTTATGCTGTTGTAGGAGACTCGGGCGGGGAAGACCGA

ProProAspSerAspAlaGluSerTyrSerSerMatProProLeuGluGlyGluProGly
4981 GCCCCCCCGACTCCGACGCTGAGTCCtATTCCTCCATGCCCCCCCTGGAGGGGGAGCCTG
CGGGGGGGCTGAGGCTGCGACTCAGGAIAAGGAGGTACGGGGGGGACCTCCCCCTCGGAC

AspProAspLeuSerAspGlySerTrpSerThthlSerSerGluAlaAsnAlaGluAsp ’
5041 GGGAICCGGATCTTAGCGACGGGTCATGGTCAACGGTCAGT!GTGAGGCCAACGCGGAGG
CCCTAGGCCTAGAATCGCTGCCCAGTACCAGTTGCCAGTCATCACTCCGGTTGCGCCTCC

VathlesCysSerMatSé&TyrSerTrpThrGlyAlaLeuVa1ThrProCysAlaAla
5101 ATGTCGTGTGCTGCTCAAIGTCTTACTCTTGGACAGGCGCACTCGTCACCCCGTGCGCCG
TACAGCACACGACGAGTTACAGAAIGAGAACCTGTCCGCGTGAGCAGTGGGGCACGCGGC

GluGluGlnLysLeuProIleAsnAlaLeuSerAsnSerLeuLeuArgHisHisAsnLeu
5161 CGGAAGAACAGAAACTGCCCATCAATGCACTAAGCAACTCGTTGCTACGTCACCACAATT
GCCTTCTTGTC I TTGACGGG TAGTTACG TGATTCG TTGAGCAACGATGCAGTGGTGTTAA

VhlTyrSchhrThrScrArgSarAlaCylGInAqulnLysLysValThrPheAspArg
5221 TGGTGTATTCCACCACCTCACGCAGTGCTTGCCAAAGGCAGAAGAAAGTCACATTTGACA
ACCACATAAGGTGGTGGAGTGCGTCACGAACGGTTTCCGTCTTCTTTCAGTGTAAACTGT

LeuGanhchuAspSerHisTyrGlnAspvalLouLyaGluvalLysAlaAlaAlaSer
528l GACTGCAAGTTCTGGACAGCCATTACCAGGACGTACTCAAGCAGGTTAAAGCAGCGCCET
CTGACGTTCAAGACCTGTCGGTAAIGGTCCTGCAIGAGTTCCTCCAAITTCGTCGCCGCA

LysvValLysAlaAsnLeu

5341 CAMMAGTGAAGGCTAACTTG
GTTTTCACTTCCGATTGAAC
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IlePheLysIleArgMetTyrvValGlyGlyValGluHisArgLeuGluAlaAlaCysAsn
CCATATTTAAAATCAGGATGTACGTGGGAGGGGTCGAACACAGGCTGGAAGCTGCCTGCA
GGTATAAATTTTAGTCCTACATGCACCCTCCCCAGCTTGTGTCCGACCTTCGACGGACGT

TrpThrArgGlyGluArgCysAspleuGluAspArgAspArgSerGluLeuSerProleu
ACTGGACGCGGGGCGAACGTTGCGATCTGGAAGACAGGGACAGGTCCGAGCTCAGCCCGT
TGACCTGCGCCCCGCTTGCAACGCTAGACCTTCTGTCCCTGTCCAGGCTCGAGTCGGGCA

LeuLeuThrThrThrGlnTrpGlnValLeuProCysSerPheThrThrieuProAlaLeu
TACTGCTGACCACTACACAGTGGCAGGTCCTCCCGTGTTCCTTCACAACCCTACCAGCCT
ATGACGACTGGTGATGTGTCACCGTCCAGGAGGGCACAAGGAAGTGTTGGGATGGTCGGA

SerThrGlyLeuIleHisLeuHisGlnAsnIleValAspValGlnTereuTyrGlyVal
TGTCCACCGGCCTCATCCACCTCCACCAGAACATTGTGGACGTGCAGTACTTGTACGGGG
ACAGGTGGCCGGAGTAGGTGGAGGTGGTCTTGTAACACCTGCACGTCATGAACATGCCCC

GlySerSerIleAlaSerTrpAlaIleLysTrpGluTeralva1LeuLeuPheLeuLe'
TGGGGTCAAGCATCGCGTCCTGGGCCATTAAGTGGGAGTACGTCGTTCTCCTGTTCCTTC
ACCCCAGTTCGTAGCGCAGGACCCGGTAATTCACCCTCATGCAGCAAGAGGACAAGGAAG

LeuAlaAspAlaArgValCYsSerCysLeuTrpMetMetLeuLeuIleSerGlnAlaGlu
TGCTTGCAGACGCGCGCGTCTGCTCCTGCTTGTGGATGATGCTACTCATATCCCAAGCGG
ACGAACGTCTGCGCGCGCAGACGAGGACGAACACCTACTACGATGAGTATAGGGTTCGCC

---------------- Overlap with 141 -———=
AlaAlaLeuGluAsnLeuValI1eLeuAsnAlaAlaSerLeuAlaGlyThrHisGlyLeu

AGGCGGCTTTGGAGAACCTCGTAATACTTAATGCAGCATCCCTGGCCGGGACGCACGGTC

TCCGCCGAAACCTCTTGGAGCATTATGAATTACGTCGTAGGGACCGGCCCTGCGTGCCAG

——

val
TTGTATC
BACATAG
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481

—————————— Overlap with 39¢ -
LeuLysGluvValLysAlaAlaAlaSerLysValLysAlaAsnlLeulLeuServalGluGlu

TGCTCAAGGAGGTTAAAGCAGCGGCGTCAAAAGTGAAGGCTAACTTGCTATCCGTAGAGG

ACGAGTTCCTCCAATTTCGTCGCCGCAGTTTTCACTTCCGATTGAACGATAGGCATCTCE

AlaCysSerLeuThrProProHisSerAlaLysSerLysPheGlyTyrGlyAlaLysAsp
AAGCTTGCAGCCTGACGCCCCCACACTCAGCCAAATCCAAGTTTGGTTATGGGGCAAAAG
TTCGAACGTCGGACTGCGGGGGTGTGAGTCGGTTTAGGTTCAAACCAATACCCCGTTTTC

ValArgCysHisAlaArgLysAlaValThrHisIleAsnSerValTrpLysAspLeuLeu’
ACGTCCGTTGCCATGCCAGAAAGGCCGTAACCCACATCAACTCCGTGTGGAAAGACCTTC
TGCAGGCAACGGTACGGTCTTTCCGGCATTGGGTGTAGTTGAGGCACACCTTTCTGGAAG

GluAspAsnValThrProIleAspThrThrIleMetAlaLysAsnGluvalPheCysval
TGGAAGACAATGTAACACCAATAGACACTACCATCATGGCTAAGAACGAGGTTTTOTGCG
ACCTTCTGTTACATTGTGGTTATCTGTGATGGTAGTACCGATTCTTGCTCCAAAACACGE

GlnProGluLysGlyGlyArgLysProAlaArgLeuIleValPheProAspLeuGlyVal
TTCAGCCTGAGAAGGGGGGTCGTAAGCCAGCTCGTCTCATCGTGTTCCCCGATCTGGGCG
AAGTCGGACTCTTCCCCCCAGCATTCGGTCGAGCAGAGTAGCACAAGGGCCTAGACCCGE

ArgvValCysGluLysMetAlaLeuTyrAspValValThrLysLeuProLeuAlaValMet
TGCGCGTGTGCGAAAAGATGGCTTTGTACGACGTGGTTACAAAGCTCCCCTTGGCCGTGA
ACGCGCACACGCTTTTCTACCGAAACATGCTGCACCAATGTTTCGAGGGGAACCGGCACT

GlySerSerTyrGlyPheGlnTyrSerProGlyGlnArgValGluPheLeuValGlnAla
TGGGAAGCTCCTACGGATTCCAATACTCACCAGGACAGCGGGTTGAATTCCTCGTGCAAG
ACCCTTCGAGGATGCCTAAGGTTATGAGTGGTCCTGTCGCCCAACTTAAGGAGCACGTTC

TrpLysSerLysLysThrProMetGlyPheSerTyrAspThrArgCysPheAspSerThr
CGTGGAAGTCCAAGAAAACCCCAATGGGGTTCTCGTATGATACCCGCTGCTTTGACTCCA
GCACCTTCAGGTTCTTTTGGGG TTACCCCAAGAGCATACTATGGGCGACGAAACTGAGGT

ValThrGluSerAspIleArgThrGluGluAla
CAGTCACTGAGAGCGACATCCGTACGGAGGAGGCA
GTCAGTGACTCTCGCTGTAGGCATGCCTCCTCCGT
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GluPheLeuValGlnAlaTrpLysSerLysLysThrProMetGlyPheSerTyrAspThr
GAATTCCTCGTGCAAGCGTGGAAGTCCAAGAAAACCCCAATGGGGTTCTCGTATGATACS
CTTAAGGAGCACGTTCGCACCTTCAGGTTC T T T TGGGGTTACCCCAAGAGCATACTATGG

- Qverlap with 35f -
ArgCysPheAspSerThrValThrGIuSerAspIleAquhrGluGluAlaIleTyrGln
CGCTGCTTTGACTCCACAGTCACTGAGAGCGACATCCGTACGGAGGAGGCAATCTACCAA
GCGACGAAACTGAGGTGTCAGTGACTCTCGCTGTAGGCATGCCTCCTCCGTTAGATGGTT

CysCysAspLeuAspProGlnAlaArgvalAlaIleLysSerLeuThrGluArgLeuTyr
TGTTGTGACCTCGACCCCCAAGCCCGCGTGGCCATCAAGTCCCTCACCGAGAGGCTTTAT
ACAACACTGGAGCTGGGGGTTCGGGCGCACCGGTAGTTCAGGGAGTGGCTCTCCCAAATA

ValGlyGlyProLeuThrAsnSerArgG1yGluAsnCysGlyTyrArgArgCysArgAla
GTTGGGGGCCCTCTTACCAATTCAAGGGGGGAGAACTGCGGCTATCGCAGGTGCCGCGEG
CAACCCCCGGGAGAATGGTTAAGTTCCCCCCTCTTGACGCCGATAGCGTCCACGGCGCGT

SerGlYvalLeuThrThrSerCysGlyAsnThrLeuThrCysTyrIleLysAlaArgAla
AGCGGCGTACTGACAACTAGCTGTGGTAACACCCTCACTTGCTACATCAAGGCCCGGGCA
TCGCCGCATGACTGTTGATCGACACCATTG TGGGAGTGAACGATGTAGTTCCGGGCCCT

AlaCysArgAlaAlaGlyLeuG1nAsprsThrMetLeuValesGlyAspAspLeuVal
GCCTGTCGAGCCGCAGGGCTCCAGGACTGCACCATGCTCGTGTGTGGCGACGACTTAGTC
CGGACAGCTCGGCGTCCCGAGGTCCTGACG TGGTACGAGCACACACCGCTGCTGAATCAG

vValIleCysGluSerAlaGlyvalGlnGluAspAlaAla
GTTATCTGTGAAAGCGCGGGGGTCCAGGAGGACGCGGCGAG
CAATAGACACTTTCGCGCCCCCAGGTCCTCCTGCGCCGCTC
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F'G 30 Translation of DNA 26g
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GlyGlyGluAsnCysGlyTyrArgArgCysArgAlaSerGlyValLeuThrThrSerCys
1 GGGGGGGAGAACTGCGGCTATCGCAGG?GCCGCGCAAGCGGCGTACTGACAACTAGCTGT
CCCCCCCTCTTGACGCCGATAGCGTCCACGGCGCGTTCGCCGCATGACTGTTGATCGACA

GlyAsnThrLeuThrCysTyrIleLysAlaArgAlaAlaCysArgAlaAlaGlyLeuGln
61 GGTAACACCCTCACTTGTTACATCAAGGCCCGAGCAGCCTGTCGAGCCGCAGGGCTCCAG
CCATTGTGGGAGTGAACAATGTAGTTCCGGGCTCGTCGGACAGCTCGGCGTCCCGAGGTC

------------ Overlap with 19g -= R
AsprsThrMetLeuvalesGlyAspAspLeuValValIleCysGluSerAlaGlyVal
121 GACTGCACCATGCTCGTGTGTGGCGACGACTTAGTCGTTATCTGTGAAAGCGCGGGGGTC
CTGACGTGGTACGAGCACACACCGCTGCTGAATCAGCAATAGACACTTTCGCGCCCCCAG

AL Laler v T v —————— i

GlnGluAspAlaAlaSerLeuArgAlaPheThrGluAlaMetThrArgTyrSerAlaPro
181 CAGGAGGACGCGGCGAGCCTGAGAGCCTTCACGGAGGCTATGACCAGGTACTCCGCCCCC
GTCCTCCTGCGCCGCTCGGACTCTCGGAAGTGCCTCCGATACTGGTCCATGAGGCGGGGG

ProGlyAspProProGlnProGluTyrAspLeuGluLeuIleThrSerCysSerSerAsn
241 CCTGGGGACCCCCCACAACCAGAATACGACTTGGAGCTCATAACATCATGCTCCTCCAAC ‘
. GGACCCCTGGGGGGTGTTGGTCTTATGCTGAACCTCGAGTATTGTAGTACGAGGAGGTTG

ValServalAlaHisAspGlyAIhGlyLysArgValTerereuThrArgAspProThr
301 GTGTCAGTCGCCCACGACGGCGCTGGAAAGAGGGTCTACTACCTCACCCGTGACCCTACA
CACAGTCAGCGGGTGCTGCCGCGACCTTTCTCCCAGATGATGGAGTGGGCACTGGGATGT

ThrProLeuAlaArgAlaAlaTrpGluThrAlaArgHisThrProValAsnSerTrpLeu
361 ACCCCCCTCGCGAGAGCTGCGTGGGAGACAGCAAGACACACTCCAGTCAATTCCTGGCTA
TGGGGGGAGCGCTCTCGACGCACCCTCTGTCGTTCTGTGTGAGGTCAGTTAAGGACCGAT

GlyAsnIleIleMetPheAlaProThrLeuTrpAla

421 GGCAACATAATCATGTTTGCCCCCACACTGTGGGCG
CCGTTGTATTAGTACAAACGGGGGTGTGACACCCGC

FIG. 3' Translation of DNA 15e

GlyAlaG1yLysArthlTyrTereuThrArgAspProThrThrProLeuAlaArgAla
1 CGGCGCTGGAAAGAGGGTCTACTACCTCACCCGTGACCCTACAACCCCCCTCGCGAGAGT
GCCGCGACCTTTCTCCCAGATGATGGAGTGGGCACTGGGATGTTGGGGGGAGCGCTCTCG

Overlap with 26g
AlaTrpGluThrAlaArgHisThrProvalAsnSerTrpLeuGlyAsnIleIleMetPhe

61 TGCGTGGGAGACAGCAAGACACACTCCAGTCAATTCCTGGCTAGGCAACATAATCATGTT
ACGCACCCTICTGTCGTTCTGTGTGAGGTCAG TTAAGGACCGATCCGTTGTATTAGTACAA

AlaProThrLeuTrpAlaArgMetIlelLeuMetThrHisPhePheServalleulleAla
121 TGCCCCCACACTGTGGGCCAGGATGATACTGATGACCCATTTCTTTAGCGTCCTTATAGE
ACGGGGGTGTGACACCCGCTCCTACTATGACTACTGGGTAAAGAAATCGCAGGAATATCG

ArgAspGlnLeuGluGlnAlaLeuAsprsGluIleTyrGlyAlaCysTyrSerIleGlu
181 CAGGGACCAGCTTGAACAGGCCCTCGATTGCGAGAICTACGGGGCCTGCTACTCCATAGA
GTCCCTGGTCGAACTTGTCCGGGAGCTAACGCTCTAGATGCCCCGGACGATGAGGTATCT

ProLeuAspLeuProProlleIleGlnArgLeu
241 ACCACTTGATCTACCTCCAATCATTCAAAGACTC
TGGTGAACTAGATGGAGGTTAGTAAGTTTCTGAG
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IlePheLysIleArgMetTyrValGlyG1yValG1uHisArgLeuGluAlaAlaCysAsn
CCATATTTAAAATCAGGATGTACGTGGGAGGGGTCGAACACAGGCTGGAAGCTGCCTGCA
GGTATAAATTTTAGTCCTACATGCACCCTCCCCAGCTTGTGTCCGACCTTCGACGCACGT

TrpThrArgGlyGluArgCysAspLeuGluAspArgAspArgSerGluleuSerProleu
ACTGGACGCGGGGCGAACGTTGCGATC TGGAAGACAGGGACAGGTCCGAGCTCAGCCCGT
TGACCTGCGCCCCGCTTGCAACGCTAGACCTTC TG TCCCTGTCCAGGCTCGAGTCCCGCA

LeuLeuThrThrThrGlnTrpGlnValLeuProCysSerPheThrThrleuProadlaleu
TACTGCTGACCACTACACAGTGGCAGGTCCTCCCGTGTTCCTTCACAACCCTACCAGCCT
ATGACGACTGGTGATGTGTCACCGTCCAGGAGGGCACAAGGAAGTG TTGGGATGGTCGGA

SerThrGlyLeulleHisLeuHisGlnAsnIleValAspValGlnTyrLeuTyrGlyval
TGTCCACCGGCCTCATCCACCTCCACCAGAACATTGTGGACGTGCAGTACTTGTACGGGS
ACAGGTGGCCGGAGTAGGTGGAGGTGGTCTTGTAACACCTGCACGTCATGAACATGCCCC

GlySerSerlleAlaSerTrpAlalleLysTrpGluTyrvalvalleuleuPheLeuleu
TGGGGTCAAGCATCGCGTCCTGGGCCATTAAG TGGGAGTACGTCGTTCTCCTGTTCCTTC
ACCCCAGTTCGTAGCGCAGGACCCGGTAATTCACCCTCATGCAGCAAGAGGACAAGGAAG

LeuAlaAspAlaArgValCysSerCysLeuTrpMetMetleuleulleSerGlnalaGluy
TGCTTGCAGACGCGCGCGTCTGCTCCTGCTTGTGGATCATGCTACTCATATCCCAAGCGG
ACGAACGTCTGCGCGCGCAGACGAGGACGAACACCTACTACGATGAGTATAGGGTTCGCC

AlaAlaLeuGluAsnLeuVal;leLeuAsnAlaAlaSerLeuAlaGlyThrHisGlyLeu
AGGCGGCTTTGGAGAACCTCGTAATACTTAATGCAGCATCCCTGGCCGGGACGCACGGTS
TCCGCCGAAACCTCTTGGAGCATTATGAATTACGTCGTAGGGACCGGCCCTGCGTGCCAG

ValSerPheLeuValPhePheCysPheAlaTrpTereuLysG1yLysTrpValProGly
TTGTATCCTTCCTCGTGTTCTTCTGCTTTGCATGG TATTTGAAGGG TAAGTGGGTGCCCE
AACATAGGAAGGAGCACAAGAAGACGAAACGTACCATAAACTTCCCATTCACCCACGGGE

AlaValTyrThrPheTyrGlyMetTrpProLeuleuleuleuleuleuAlaleuProGln
GAGCGGTCTACACCTTCTACGGGATGTGGCCTCTCCTCCTGCTCCTGTTGGCGTTGCCCC
CTCGCCAGATGTGGAAGATGCCCTACACCGGAGAGGAGGACGAGGACAACCGCAACGGGE

ArgAlaTyrAlaLeuAspThrGluvalAlaAlaSerCysGlyGlyvalValLeuvValGly
AGCGGGCGTACGCGCTGGACACGGAGGTGGCCGCGTCG TG TGGCGGTGTTGTTCTCGTCG
TCGCCCGCATGCGCGACCTGTGCCTCCACCGGCGCAGCACACCGCCACAACAAGAGCAGT

LeuMetAlaLeuThrLeuSerProTyrTyrLysArgTyrIleSerTrpCysLeuTrpTrp
GGTTGATGGCGCTGACTCTGTCACCATATTACAAGCGCTATATCAGCTGGTGCTTGTGGT
CCAACTACCGCGACTGAGACAGTGGTATAATGTTCGCGATATAGTCGACCACGAACACCA

LeuGlnTyrPheLeuThrArgValGluAlaGlnLeuHisValTrpIlleProProLeuAsn
GGCTTCAGTATTTTCTGACCAGAGTGGAAGCGCAACTGCACGTGTGGATTCCCCCCCTCA
CCGAAGTCATAAAAGACTGGTCTCACCTTCGCGTTGACGTGCACACCTAAGGGGGGGAGT

ValArgGlyGlyArgAspAlavallleLeuLeuMetCysAlavValHisProThrlieuval
ACGTCCGAGGGGGGCGCGACGCCGTCATCTTACTCATG TG TGCTGTACACCCGACTCTGG
TGCAGGCTCCCCCCGCGCTGCGGCAGTAGAATGAGTACACACGACATGTGGGCTGAGACC

PheAsplleThrLysleuleuleuAlavalPheGlyProLeuTrplleleuGlnAlaSer
TATTTGACATCACCAAATTGCTGCTGGCCGTCTTCGGACCCCTTTGGATTCTTCAAGCCA
ATAAACTGTAGTGGTTTAACGACGACCGGCAGAAGCCTGGGGAAACCTAAGAAGTTCGGT

LeuLeuLysValProTyrPhevValArgvalGlnGlyLeuLeuArgPheCysAlaLeuAla
GTTTGCTTAAAGTACCCTACTTTGTGCGCGTCCAAGGCCTTCTCCGGTTCTGCGCGTTAG
CAAACGAATTTCATGGGATGAAACACGCGCAGGTTCCGGAAGAGGCCAAGACGCGCAATC

ArgLysMetIleGlyGlyHisTyrValGlnMetVallleIleLyslLeuGlyAlaleuThr
CGCGGAAGATGATCGGAGGCCATTACGTGCAAATGGTCATCATTAAGTTAGGGGCGCTTA
GCGCCTTCTACTAGCCTCCGGTAATGCACGTTTACCAGTAGTAATTCAATCCCCGCGAAT
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GlyThrTeralTYrAanisLeuThrProLeuArgAspTrpAlaHisAsnGlyLeuArg
961 CTGGCACCTATGTTTATAACCATCTCACTCCTCTTCGGGACTGGGCGCACAACGGCTTGC
GACCGTGGATACAAATATTGGTAGAGTGAGGAGAAGCCCTGACCCGCGTGTTGCCGAACG

: . AspLeuAlavalAlaValGluProValValPheSerGlnMetGluThrLysLeuIleThr
1021 GAGATCTGGCCGTGGCTGTAGAGCCAGTCGTCTTCTCCCAAATGGAGACCAAGCTCATCA
CTCTAGACCGGCACCGACATCTCGGTCAGCAGAAGAGGGTTTACCTCTGGTTCGAGTAGT

TrpGlyAlaAspThrAlaAlaCYsGlyAspIleIleAsnGlyLeuProValSerAlaArg
1081 CGTGGGGGGCAGATACCGCCGCGTGCGGTGACATCATCAACGGCTTGCCTGTTTCCGCCC
GCACCCCCCGTCTATGGCGGCGCACGCCACTGTAGTAGTTGCCGAACGGACAAAGGCGGG

ArgGlyArgGluIleLeuLeuGlyProAlaAspGlyMetva1SerLysGlyTrpArgLeu
1141 GCAGGGGCCGGGAGATACTGCTCGGGCCAGCCGATGGAATGGTCTCCAAGGGGTGGAGGT
CGTCCCCGGCCCTCTATGACGAGCCCGGTCGGCTACCTTACCAGAGGTTCCCCACCTCCA

LeuAlaProIleThrAlaTyrAlaG1nGlnThrArgGlyLeuLeuGlyCysIleIleThr
1201 TGCTGGCGCCCATCACGGCGTACGCCCAGCAGACAAGGGGCCTCCTAGGGTGCATAATCA
ACGACCGCGGGTAGTGCCGCATGCGGGTCG TCTGTTCCCCGGAGGATCCCACGTATTAGT

SerLeuThrGlyArgAspLysAsnGlnValGluGlyGluvValGlnIlevValSerThrAla
1261 CCAGCCTAACTGGCCGGGACAAAAACCAAGTGGAGGGTGAGGTCCAGATTGTGTCAACTG
GGTCGGATTGACCGGCCCTGTTTTTGGTTCACCTCCCACTCCAGGTCTAACACAGTTGAC

AlaGlnThrPheLauAlaThrCysIleAsnGlyV&lesTrpThrvalTyrHisGlyAla
1321 CTGCCCAAACCTTCCTGGCAACGTGCATCAATGGGG TG TGCTGCACTGTCTACCACGGRS ‘
GACGGGTTTGGAAGGACCGTTGCACGTAGTTACCCCACACGACCTGACAGATGGTGCCCC

GlyThrArgThrIleAlaSe:ProLysGlyProvalIleGlnMetTerhrAanalAsp
1381 CCGGAACGAGGACCATCGCGTCACCCAAGGGTCCTGTCATCCAGATGTATACCAATGTAG
GGCCTTGCTCCTGG TAGCGCAGTGGGTTCCCAGGACAGTAGE TCTACATATGGTTACATC

GlnAspLeuvalGlyTerroAlaProGlnGlySerArgSerLeuThrProCysThrCys
1441 ACCAAGACCTTGTGGGCTGGCCCGCTCCGCAAGGTAGCCGCTCATTGACACCCTGCACTT
TGGTTCTGGAACACCCGACCGGGCGAGGCG TTCCATCGGCGAGTAACTGTGGGACGTGAA

GlyserSerAspLeuTereuVa1ThrArgHisAlaAspVa1IleProvalArgArgArg
1501 GCGGCTCCTCGGACCTTTACCTGGTCACGAGGCACGCCGATGTCATTCCCGTGCGCCGGC
CGCCGAGGAGCCIGGAAATGGACCAGTGCTCCGTGCGGCTACAGTAAGGGCACGCGGCCE

GlyAspSerArgGlySerLeuLeuSerProArgProIleSerTereuLysG1ySerSer
1561 GGGGTGATAGCAGGGGCAGCCTGCTGTCGCCCCGGCCCATTTCCTACTTGAAAGGCTCET .
CCCCACTATCGTCCCCGTCGGACGACAGCGGGGCCGGGTAAAGGAIGAACTTTCCGAGGA

GlyGlyProLeuLeuCysProAlaGlyHisAlavalelyIlePheA:ghlaAlaVales
1621 CGGGGGGTCCGCTGTTGTGCCCCGCGGGGCACGCCGTGGGCATATTTAGGGCCGCGGTGT
GCCCCCCAGGCGACAACACGGGGCGCCCCGTGCGGCACCCGTATAAATCCCGGCGCCACA

ThrArgGlyvalAlaLysAlaValAspPHeIleProValGluAsnLeuGluThrThrMet
1681 GCACCCGTGGAGTGGCTAAGGCGGTCGACTTTATCCCTCTGGAGAACCTAGAGACAACCA
CGIGGGCACCTCACCGATTCCGCCACCTGAAATAGGGACACCTCTTGGATCTCTGTTGGT

ArgSerProValPheThrAspAsnSerSerProProvalvValProGlnSerPheGlnval
1741 TGAGGTCCCCGGTGTTCACGGATAACTCCTCTCCACCAGTAGTGCCCCAGAGCTTCCAGG
ACTCCAGGGGCCACAAGTGCCTATTGAGGAGAGGTGGTCATCACGGGGTCTCGAAGGTCC

AlaHisLeuHisAlaProThrGlySerGlyLysSerThrLysvalProAlaAlaTyrAla
1801 TGGCTCACCTCCATGCTCCCACAGGCAGCGGCAAAAGCACCAAGGTCCCGGCTGCATATG
ACCGAGTGGAGGTACGAGGG TG TCCGTCGCCGTTTTCGTGGTTCCAGGGCCGACGTATAC

AlaGlnGlyTerysvalLeuValLeuAsnProSethlAlaAlaThrLeuGlyPheGly
1861 CAGCTCAGGGCTATAAGGTGCTAGTACTCAACCCCTCTGTTGCTGCAACACTGGGCTTTG
GTCGAGTCCCGATATTCCACGATCATGAGTTGGGGAGACAACGACGTTGTGACCCGAAAC

AlaTyrMetSerLysAlaHisGlylleAspProAsnlleArgThrGlyvalArgThrile

FIG. 32-2
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GTGCTTACATGTCCAAGGCTCATGGGATCGATCCTAACATCAGGACCGGGGTGAGAACAA
CACGAATGTACAGGTTCCGAGTACCCTAGCTAGGATTGTAGTCCTGGCCCCACTCTTGTT

ThrThrGlySerProIleThrTyrSerThrTyrGlyLysPheLeuAlaAspGlyGlyCys
TTACCACTGGCAGCCCCATCACGTACTCCACCTACGGCAAGTTCCTTGCCGACGGCGGGT
AATGGTGACCGTCGGGGTAGTGCATGAGGTGGAIGCCGTTCAAGGAACGGCTGCCGCCCA

SerGlyGlyAlaTyrAsplleIleIleCysAspGluCysHisSerThrAspAlaThrSer
GCTCGGGGGGCGCTTATGACATAATAATTTGTGACGAGTGCCACTCCACGGATGCCACAT
CGAGCCCCCCGCGAATACTGTATTATTAAACACTGCTCACGGTGAGGTGCCTACGGTGTA

IleLeuGlyIleGlyThthlLeuAspGlnAlaGluThrAlaGlyAlaArgLeuValVal
CCATCTTGGGCATCGGCACTGTCCTTGACCAAGCAGAGACTGCGGGGGCGAGACTGGTTG
GGTAGAACCCGTAGCCGTGACAGGAACTGGTTCGTCTCTGACGCCCCCGCTCTGACCAAC

LeuAlaThrAlaThrProProGlySerValThrVa1ProHisProAsnIleGluGluval
TGCTCGCCACCGCCACCCCTCCGGGCTCCGTCACTG TGCCCCATCCCAACATCGAGGAGG
ACGAGCGGTGGCGGTGGGGAGGCCCGAGGCAGTGACACGGGGTAGGGTTGTAGCTCCTCC

AlaLeuSerThrThrGlyGluIleProPheTyrGlyLysAlaIleProLeuGluValIle
TTGCTCTGTCCACCACCGGAGAGATCCCTTTTTACGGCAAGGCTATCCCCCTCGAAGTAA
AACGAGACAGGTGGTGGCCTCTCTAGGGAAAAATGCCGTTCCGATAGGGGGAGCTTCATT

LysGlyGlyArgHisLeuIlePheCysHisSerLysLysLysCysAspGluLeuAlaAla
TCAAGGGGGGGAGACATCTCATCTTCTGTCATTCAAAGAAGAAGTGCGACGAACTCGCCG
AGTTCCCCCCCTCTGTAGAGTAGAAGACAGTAAGTTTCTTCTTCACGCTGCTTGAGCGGC

LysLeuValAlaLeuGlyIleAsnAlaValAlaTeryrArgGlyLeuAspValSerVal
CAAAGCTGGTCGCATTGGGCATCAATGCCGTCGCCTACTACCGCGGTCTTGACGTGTCCG
GTTTCGACCAGCGTAACCCGTAGTTACGGCACCGGATGATGGCGCCAGAACTGCACAGGC

IleProThrSerGlyAspValValValValAlaThrAspAlaLeuMetThrGlyTerhr
TCATCCCGACCAGCGGCGATGTTGTCGTCG TGGCAACCGATGCCCTCATGACCGGOTATA
AGTAGGGCTGGTCGCCGCTACAACAGCAGCACCGTTGGCTACGGGAGTACTGGCCGATAT

GlyAspPheAspSerValIleAsprsAsnThrCythlThrGlnThrvalAspPheSer
CCGGCGACTTCGACTCGGTGATAGACTGCAATACGTGTGTCACCCAGACAGTCGATTTCA
GGCCGCTGAAGCTGAGCCACTATCTGACGTTATGCACACAGTGGGTCTGTCAGCTAAAGT

LeuAspProThrPheThrIleGIuThrI1eThrLeuProGlnAspAlaValSerArgThr
GCCTTGACCCTACCTTCACCAITGAGACAATCACGCTCCCCCAGGATGCTGTCTCCCGCA
CGGAACTGGGATGGAAGTGGTAACTCTG TTAGTGCGAGGGGG TCCTACGACAGAGGGCGT

GlnArgArgelyArgTthlyArgGlyLysProGlyI1eTyrArgPhevalA1aProGly
CTCAACGTCGGGGCAGGACTGGCAGGGGGAAGCCAGGCATCTACAGAITTGTGGCACCGG
GAGTTGCAGCCCCGTCCTGACCGTCCCCCT TCGGTCOG TAGATG TCTARACACCGTGGCC

G1uArgProserGlyMetPheAspSerServalLeuCysGluCysTyrAspAlaGlyCys
GGGAGCGCCCCTCCGGCATGTTCGACTCGTCCGTCCTCTGTGAGTGCTATGACGCAGGCT
CCCTCGCGGGGAGGCCGTACAAGCTGAGCAGGCAGGAGACACTCACGATACTGCGTCCGA

AlaTrpTyrGluLeuThrProAlaGluThrThrVQIArgLeuArgAlaTeretAsnThr
GTGCTTGGTATGAGCTCACGCCCGCCGAGACTACAGTTAGGCTACGAGCGTACATGAACA
CACGAACCATACTCGAGTGCGGGCGGCTCTGATGTCAATCCGATGC TCGCATGTACTTGT

ProGlyLeuProvalCysGlnAspHisLeuGluPheTrpGluGlyValPheThrGlyLeu
CCCCGGGGCTTCCCGTGTGCCAGGACCATCTTGAAT T TIGGGAGGGCGTCTTTACAGGCC
GGGGCCCCGAAGGGCACACGGTCCTGGTAGAACTTAAAACCCTCCCGCAGARMATGTCCGS

ThrﬂisIleAspAlaHisPheLauSe:GlnThrLysGlnSerGlyGluAsnLeuProTyr
TCACTCATATAGATGCCCACTTTCTATCCCAGACAAAGCAGAGTGGGGAGAACCTTCCTT
AGTGAGTATATCTACGGGTGAAAGATAGGGTCTGTTTICGTCTCACCCCTCTTGGAAGGAA

LeuvValAlaTyrGlnAlaThrValCysAlaArgAlaGlnAlaProProProSerTrpAsp
ACCTGGTAGCGTACCAAGCCACCGTGTGCGCTAGGGCTCAAGCCCCTCCCCCATCGTGGE
TGGACCATCGCATGGTTCGGTGGCACACGCGATCCCGAGTTCGGGGAGGGGGTAGCACCE

FIG. 32-3
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GlnMetTrpLysCysLeuIleArgLeuLysProThrLeuHisGlyProThrProLeuLeu
2941 ACCAGATGTGGAAGTGTTESATTCGCCTCAAGCCCACCCTCCATGGGCCAACACCCOTGE
TGGTCTACACCTTCACAAACTAAGCGGAGTTCGGGTGGGAGGTACCCGGTTGTGGGGACG

: TyrArgLeuGlyAlavanlnAsnGluIleThrLeuThrHisProValThrLysTyrIle
3001 TATACAGACTGGGCGCTGTTCAGAATGAAATCACCCTGACGCACCCAGTCACCAAATACA
ATATGTCTGACCCGCGACAAGTCTTACTTTAGTGGGACTGCGTGGGTCAGTGGTTTATGT

MetThrCysMetSerAlaAspLeuGluValValThrSerThrTrpValLeuValGlyGly
3061 TCATGACATGCATGTCGGCCGACCTGGAGGTCGTCACGAGCACCTGGGTCCTCGTTGGES
AGTACTGTACGTACAGCCGGCTGGACCTCCAGCAGTGCTCGTGGACCCACGAGCAACCEE

ValLeuAlaAlaLeuAlaAlaTerysLeuSerThrGlyCysva1Va1IleValGlyArg
3121 GCGTCCTGGCTGCTTTGGCCGCGTATIGCCTG TCAACAGGCTGCGTGGTCATAGTCCGCA
CGCAGGACCGACGAAACCGGCGCATAACGGACAGTTGTCCGACGCACCAGTATCACCCGT

ValvalleuSerGlyLysProAlallelleProAspArgGluvalleuTyrArgGluPhe
3181 GGGTICGTCTTGTCCGGGAAGCCGGCAATCATACCTGACAGGGAAGTCCTCTACCGAGAGT
CCCAGCAGAACAGGCCCTTCGGCCGTTAGTATGGACTGTCCCTTCAGGAGATGGCTCTCA

AspGluMetGluGluCysSerGlnHisLeuProTyrIleGluGlnGlyMetMetLeuAla
3241 TCGATGAGATGGAAGAGTGCTCTCAGCACTTACCGTACATCGAGCAAGGGATGATGCTCS
AGCTACTCTACCTTCTCACGAGAGTCGTGAATGGCATGTAGCTCGTTCCCTACTACGAGE

GluGlnPheLysGlnLysAlalLeuGlyLeuLeuGlnThrAlaSserArgGlnAlaGluval
3301 CCGAGCAGTITCAAGCAGAAGGCCCTCGGCCTCCTGCAGACCGCGTCCCGTCACGCAGAGG
GGCTCGTCAAGTTCGTCTTCCGGGAGCCGGAGGACGTCTGGCGCAGGGCAGTCCGTCTCE ,

IleAlaProAlthlGlnThrAsnTrpG1nLysLeuGluThrPheTrpAlaLysHisMet
3361 TTATCGCCCCTGCTGTCCAGACCAACTGGCAAAAACTCGAGACCTTCTGGGCCAAGCATA
AATAGCGGGGACGACAGGTCTGGTTGACCGTTTTTGAGCTCTGGAAGACCCGCTTCGTAT

TrpAsnPhelleSerGlyIleGlnTyrLeuAlaGlyLeuSerThrLeuProGlyAsnPro
3421 TGTGGAACTTCATCAGTGGGATACAATACTIGGCGGGCTTG TCAACGCTGCCTGGTAACC
ACACCTTGAAGTAGTCACCCTATGTTATGAACCGCCCGAACAGTTGCGACGGACCATTGG

AlalleAlaSerLeuMetAlaPheThrAlaAlavValThrSerProleuThrThrSerGln
3481 CCGCCATTGCTTCATTGAIGGCTTTTACAGCTGCTGTCACCAGCCCACTAACCACTAGCC
GGCGGTAACGAAGTAACTACCGAAAATGTCGACGACAGTGGTCGGGTGATTCGTGATCGG

ThrLeuLeuPheAsnIleLeuGlyGlyTrpvalAlaAlaGlnleuAlaAlaProGlyAla
3541 AAACCCTCCTCTTCAACATATTGGGGGGGTGGGTGGCTGCCCAGCTCGCCGCCCCCGGTG
TTTGGGAGGAGAAG TTGTATAACCCCCCCACCCACCGACGGGTCGAGCGGCGGGGGCCAC

AlaThrAlaPheva1GlyAlaGlyLeuhlaslyAlaAlaIleGlySerValG1yLeuGly
3601 CCGCTACTGCCTTTGTGGGCGCTGGCTTAGCTGGCECCGCCATCGGCAGTCTTCCACTGS
GGCGATGACGGAAACACCCGCGACCGAATCGACCGCGGCGGTAGCCGTCACAACCTGACC

LysvValLeulleAsplleLeuAlaGlyTyrGlyAlaGlyvalAlaGlyAlaLeuvValAla
3661 GGAAGGTCCTCATAGACATCCTTGCAGGGTATGGCGCGGGCGTGGCGGGAGCTCTTGIGG
CCTTCCAGGAGTATCTGTAGGAACGTCCCATACCGCGCCCGCACCGCCCTCGAGAACACC

PheLyslleMetSerGlyGluValProSerThrGluAspLeuvalAsnLeuLeuProAla
3721 CATTCAAGATCATGAGCGGTGAGGTCCCCTCCACGGAGGACCTGGTCAATCTACTGCCCE
GTAAGTTCTAGTACTCGCCACTCCAGGGGAGGTGCCTCCTGGACCAGTTAGATGACGGGE

IleLeuSerProGlyAlaleuvalvalGlyValvValCysAlaAlaIlelLeuArgArgHis
3781 CCATCCTCTCGCCCGGAGCCCTCGTAGTCGGCGTGGTCTGTGCAGCAATACTGCGCCGGE
GGTAGGAGAGCGGGCCTCGGGAGCATCAGCCGCACCAGACACGTCGTTATGACGCGGCCSE

ValGlyProGlyGluGlyAlaValGlnTrpMetAsnArgleulleAlaPheAlaSeraArg
3841 ACGTTGGCCCGGGTGAGGGGGCAGTGCAGTGGATCAACCGGCTGATAGCCTTCGCCTCCS
TGCAACCGGGCCCGCTCCCCCGTCACGTCACCTACTTGGCCGACTATCGGAAGCGGAGGG

GlyAsnHisvValSerProThrHisTyrvalProGluSerAspAlaAlaAlaArgvValThr

FIG. 32-4
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GGGGGAACCATGTTTCCCCCACGCACTACGTGCCGGAGAGCGATGCAGCTGCCCGCGTCA
CCCCCTTGGTACAAAGGGGGTGCGTGATGCACGGCCTCTCGCTACGTCGACGGGCGCAGT

2212711

AlaIleLeuSerSerLeuThrValThrGlnLeuLeuArgArgLeuHisGlnTrpIleSer
CTGCCATACTCAGCAGCCTCACTGTAACCCAGCTCCTGAGGCGACTGCACCAGTGGATAA
GACGGTATGAGTCGTCGGAGTGACATTGGGTCGAGGACTCCGCTGACGTGGTCACCTATT

SerGluCysThrThrProCysSerGlySerTrpLeuArgAspIleTrpAspTrleeCys
GCTCGGAGTGTACCACTCCATGCTCCGGTTCCTGGCTAAGGGACATCTGGGACTGGATAT
CGAGCCTCACATGGTGAGGTACGAGGCCAAGGACCGATTCCCTGTAGACCCTGACCTATA

GluValLeuSerAspPheLysThrTrpLeuLysAlaLysLeuMetProGlnLeuProGly
GCGAGGTGTTGAGCGACTTTAAGACCTGGCTAAAAGCTAAGCTCATGCCACAGCTGCCTG
CGCTCCACAACTCGCTGAAATTCTGGACCGATTTTCGATTCGAGTACGGTGTCGACGGAC

IleProPheValSerCysGlnArgGlyTerysGlyvalTrpArgValAspGlyIleMet
GGATCCCCTTTGTGTCCTGCCAGCGCGGGTATAAGGGGGTCTGGCGAGTGGACGGCATCA
CCTAGGGGAAACACAGGACGGTCGCGCCCATATTCCCCCAGACCGCTCACCTGCCGTAGT

HisThrArgCysHisCysGlyAlaGluIleThrGlyHisValLysAsnGlyThrMetArg
TGCACACTCGCTGCCACTGTGGAGCTGAGATCACTGGACATGTCAAAAACGGGACGATGA
ACGTGTGAGCGACGGTGACACCTCGACTCTAGTGACCTGTACAGTTTTTGCCCTGCTACT

IleValGlyProArgThrCysArgAsnMetTrpSerGlyThrPhePrcIleAsnAlaTyr
GGATCGTCGGTCCTAGGACCTGCAGGAACATGTGGAGTGGGACCTTCCCCATTAATGCCT
CCTAGCAGCCAGGATCCTGGACGTCCTTGTACACCTCACCC TGGAAGGGGTAAT TACGGA

ThrThrGlyProCysThrProLeuProAlaPraAsnTerhrPheAlaLeuTrpArgVal
ACACCACGGGCCCCTGTACCCCCCTTCCTGCGCCGAACTACACGTTCGCGCTATGGAGGG
TGTGGTGCCCGGGGACAIGGGGGGAAGGACGCGGCTTGATGTGCAAGCGCGATACCTCCC

SerAlaGluGluTeralGluIleArgGanalGlyAspPheHisTeralThrGlyMet
TGTCTGCAGAGGAATATGTGGAGATAAGGCAGGTGGGGGACTTCCACTACGTGACGGGTA
ACAGACGTCTCCTTATACACCTCTATTCCGTCCACCCCCTGAAGGTGATGCACTGCCCAT

ThrThrAspAsnLeuLysCysProCysGanalProSerProGluPhePheThrGluLeu
TGACTACTGACAATCTCAAATGCCCGTGCCAGGTCCCATCGCCCGAATTTTTCACAGAAT
ACTGATGACTGTTAGAGTTTACGGGCACGGTCCAGGGTAGCGGGCTTAAAAAGTGTCTTA

AspGlyValArgLeuHisArgPheAlaProProCysLysProLeuLeuArgGluGluVal
TGGACGGGGTGCGCCTACATAGGTTTGCGCCCCCCTGCAAGCCCTTGCTGCGGGAGGAGG
ACCTGCCCCACGCGGATGTATCCAAACGCGGGGGGACGTTCGGGAACGACGCCCTCCTCC

SerPheArthlGlyLeuHisGluTerroValGlySerGInLeuProCysGluProGlu
TATCATTCAGAGTAGGACTCCACGAATACCCGG TAGGG TCGCAATTACCTTGCGAGCCCG
ATAGTAAGTCTCATCCTGAGGTGCTTATGGGCCATCCCAGCGTTAATGGAACGCTCGGGC

ProAspvValAlavalleuThrSerMetLeuThrAspProSerHisIleThralaGluAla
AACCGGACGTGGCCGTGTTGACGTCCATGCTCACTGATCCCTCCCATATAACAGCAGAGS
TTGGCCTGCACCGGCACAACTGCAGGTACGAGTGACTAGGGAGGGTATATTGTCGTCTCC

AlaGlyArgArgLeuAlaArgGlySerProProServalAlaSerSerSerAlaSerGln
CGGCCGGGCGAAGGTTGGCGAGGGGATCACCCCCCTCTGTGGCCAGCTCCTCGGCTAGCT
GCCGGCCCGCTTCCAACCGCTCCCCTAGTGGGGGGAGACACCGGTCGAGGAGCCGATCGS

LeuserAlaProSerLeuLysAlaThrCysThrAlaAanisAspSerProAspAlaGlu
AGCTATCCGCTCCATCTCTCAAGGCAACTTGCACCGCTAACCATGACTCCCCTGATGCTG
TCGATAGGCGAGGTAGAGAGTTCCGTTGAACGTGGCGATTGG TACTGAGGGGACTACGAC

LeuIleGluAlaAsnLeuLeuTrpArgGlnGluMetclyGlyAsnIleThrArgvalGlu
AGCTCATAGAGGCCAACCTCCTATGGAGGCAGGAGATGGGCGECAACATCACCAGEGTTG
TCGAGTATCTCCGGTTGGAGGATACCTCCGTCCTCTACCCGCCGTTGTAGTGGTCCCAAC

SerGluAsnLythlValIleLeuAspSerPheAspProLeuVaIAlaGluGluAspGlu
AGTCAGAAAACAAAGTGGTGATTCTGGACTCCTTCGATCCGC TTGTGGCGGAGGAGGACS
TCAGTCTTTTGTTTCACCACTAAGACCTGAGGAAGCTAGGCGAACACCGCCTCCTCCTGE

FIG. 32-5
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ArgGluI1eSerVa1ProAlaGluIleLeuArgLysSerArgArgPheAlaGlnAlaLeu
4921 AGCGGGAGATCTCCGTACCCGCAGAAATCCTGCGGAAGTCTCGGAGATTCGCCCAGGCCC
TCGCCCTCTAGAGGCATGGGCGTCTTTAGGACGCCTTCAGAGCCTCTAAGCGGGTCCGGG

: . ProValTrpAlaArgProAspTyrAsnProProLeuValGluThrTrpLysLysProAsp
4981 TGCCCGTTTGGGCGCGGCCGGACTATAACCCCCCGCTAGTGGAGACGTGGAAAAAGCCCG
ACGGGCAAACCCGCGCCGGCCTGATATTGGGGGGCGATCACCTCTGCACCTTTTTCGGGC

TyrGluProProValValHisGlyCysProLeuProProProLysSerProProValPro
5041 ACTACGAACCACCTGTGGTCCATGGCTGTCCGCTTCCACCTCCAAAGTCCCCTCCTGTGC
TGATGCTTGGTGGACACCAGGTACCGACAGGCGAAGGTGGAGGTTTCAGGGGAGGACACG

ProProArgLysLysArgThrValValLeuThrGluSerThrLeuSerThrAlaLeuAla
5101 CTCCGCCTCGGAAGAAGCGGACGGTGGTCCTCACTGAATCAACCCTATCTACTGCCTTGG
GAGGCGGAGCCTTCTTCGCCTGCCACCAGGAGTGACTTAGTTGGGATAGATGACGGAACC

GluLeuAlaThrArgSerPheGlySerSerSerThrSerclyIleThrGlyAspAsnThr
516l CCGAGCTCGCCACCAGAAGCTTTGGCAGCTCCTCAACT TCCGGCATTACGGGCGACAATA
GGCTCGAGCGGTGGTCTTCGAAACCGTCGAGGAGTTGAAGGCCGTAATGCCCGCTGTTAT

ThrThrSerSerGluProAlaProSerGlyCysProProAspSerAspAlaGluSerTyr
5221 CGACAACATCCTCTGAGCCCGCCCCTTCTGGCTGCCCCCCCGACTCCGACGCTGAGTCCT
GCTGTTGTAGGAGACTCGGGCGGGGAAGACCGACGGGGGGGCTGAGGCTGCGACTCAGGA

SerSerMetProProLeuGluGlyGluProGlyAspProAspLeuSerAspGlySerTrp
5281 ATTCCTCCATGCCCCCCCTGGAGGGGGAGCCTGGGGATCCGGAICTTAGCGACGGGTCAT f
TAAGGAGGTACGGGGGGGACCTCCCCCTCGGACCCCTAGGCCTAGAATCGCTGCCCAGTA

SerThrValSerSerGluAlaAsnAlaGluAspValValesCysSerMetSerTyrSer
5341 GGTCAACGGTCAGTAGTGAGGéCAACGCGGAGGATGTCGTGTGCTGCTCAATGTCTTACT
CCAGTTGCCAGTCATCACTCCGGTTGCGCCTCCTACAGCACACGACGAGTTACAGAATGA

TrpThrGlyAlaLeuValThrProCysAlaAlaGluGluGlnLysLeuProIleAsnAla
5401 CTTGGACAGGCGCACTCGTCACCCCGTGCGCCGCGGAAGAACAGAAACTGCCCATCAATG
GAACCTGTCCGCGTGAGCAGTGGGGCACGCGGCGCCTTCTTGTCTTTGACGGGTAGTTAC

LeuSerAsnSerLeuLeuArgHisHisAsnLeuVa1TyrSerThrThrSerArgSerAla
5461 CACTAAGCAACTCGTTGCTACGTCACCACAATTTGGTGTATTCCACCACCTCACGCAGTG
GTGATTCGTTGAGCAACGATGCAGTGGTGTTAAACCACATAAGGTGGTGGAGTGCGTCAC

CysGlnArgG1nLysLysvalThrPheAspArgLeuGanalLeuAspSerHisTyrGln
5521 CTTGCCAAAGGCAGAAGAAAGTCACATTTGACAGACTGCAAGTTCTGGACAGCCATTACT
GAACGGTTTCCGTCTTCTTTCAGTGTAAACTGTCTGACGTTCAAGACCTGTCGGTAATGG

AspValleuLysGluVallysAlaAlaAlaSerLysValLysAlaAsnLeuleuServal
5581 AGGACGTACTCAAGGAGGTTAAAGCAGCGGCGTCAAAAGTGAAGGCTAACTTGCTATCCG
TCCTGCATGAGTTCCTCCAATT TCGTCGCCGCAGTT T TCACTTCCGATTCAACGATAGET

GluGluAlaCysSerLeuThrProProHisSerAlaLysSerLysPheGlyTyrGlyAla
3641 TAGAGGAAGCTTGCAGCCTGACGCCCCCACACTCAGCCAAATCCAAGTTTGGTTATGGGS
ATCTCCTTCGAACGTCGGACTGCGGGGG TG TGAGTCGGTTTAGGTTCAAACCAATACCCC

LysAspvalArgCysHisAlaArgLysAlavalThrHisIleAsnSerValTrpLysAsp
5701 CAAAAGACGTCCGTTGCCATGCCAGAAAGGCCGTAACCCACATCAACTCCCTGTGGAAAG
GTTTTCTGCAGGCAACGGTACGGTCTTTCCGGCATICGGTGTAGTTGAGGCACACCTTTC

LeuLeuGluAspAsnValThrProIleAspThrThrIleMetAlaLysAsnGluValPhe
5761 ACCITCTGGAAGACAATGTAACACCAATAGACACTACCATCATGGCTAAGAACGAGGTTT
TGGAAGACCTTCTGTTACATTGTGGTTATC TG TGATGG TAGTACCGATTCTTGCTCCAAA

CysValGlnProGluLysGlyGlyArgLysProAlaArgleullevalPheProAspleu
5821 TCIGCGTTCAGCCTGAGAAGGGGGGTCGTAAGCCAGCTCGTCTCATCGTGTTCCCCGATC
AGACGCAAGTCGGACTCTTCCCCCCAGCATTCGGTCGAGCAGAGTAGCACAAGGGGCTAG

GlyValArgValCysGluLysMetAlaLeuTyrAspValvValThrLysLeuProLeuAla

FIG. 32-6
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TGGGCGTGCGCGTG TGCGAAAAGATGGCTTTGTACGACGTGGTTACAAAGCTCCCCTTGG
ACCCGCACGCGCACACGCTTTTCTACCGAAACATGCTGCACCAATG TTTCGAGGGGAACC

ValMetGlySerSerTyrGlyPheGlnTyrSerProGlyGlnArgvalGluPheLeuVal
CCGTGATGGGAAGCTCCTACGGATTCCAATACTCACCAGGACAGCGGGTTGAATTCCTCG
GGCACTACCCTTCGAGGATGCCTAAGGTTATGAG GG TCCTGTCGCCCAACTTAAGGAGE

GlnAlaTrpLysSerLysLysThrProMetGlyPheSerTyrAspThrArgCysPheAsP
TGCAAGCGTIGGAAGTCCAAGAARACCCCAATGGGG TTCTCGTATGATACCCGCTGCTTTG
ACGTTCGCACCTTCAGGTTCT T T TGGGGTTACCCCAAGAGCATACTATGGGCGACGAAAC

SerThrValThrGluSerAspIlleArgThrGluGluAlaIleTyrGlnCysCysAspLeu
ACTCCACAGTCACTGAGAGCGACATCCGTACGGAGGAGGCAATCTACCAATGTTGTGACC
TGAGGTGTCAGTGACTCTCGCTGTAGGCATGCCTCCTCCGTTAGATGGTTACAACACTGG

AspProGlnAlaArgvValAlallelysSerLeuThrGluArgLeuTyrvValGlyGlyPro
TCGACCCCCAAGCCCGCGTGGCCATCAAGTCCCTCACCGAGAGGCTTTATGTTCGGGGCC
AGCTGGGGGTTCGGGCGCACCGGTAGTTCAGGGAGTGGCTCTCCGAAATACAACCCCCGG

LeuThrAsnSerArgGlyGluAsnCysGlyTyrArgArgCysArgAlaSerGlyvalleu
CTCTTACCAATTCAAGGGGGGAGAACTGCGGCTATCGCAGGTGCCGCGCGAGCGGCGTAC
GAGAATGGTTAAGTTCCCCCCTCTTGACGCCGATAGCGTCCACGGCGCGCTCGCCGLATS

ThrThrSerCysGlyAsnThrLeuThrCysTyrIleLysAlaArgAlaAlaCysArgAla
TGACAACTAGCTGTGGTAACACCCTCACTTGCTACATCAAGGCCCGGGCAGCCTGTCGAG
ACTGTTGATCGACACCATTGTGGGAGTGAACGATGTAGTTCCGGGCCCGTCGGACAGCTC

AlaGlyLeuGlnAspCysThrMetLeuValCysGlyAspAspLeuvalValIleCysGlu
CCGCAGGGCTCCAGGACTGCACCATGCTCGTGTGTGGCGACGACTTAGTCGTTATCTGTG
GGCGTCCCGAGGTCCIGACGTGGTACGAGCACACACCGCTGCTGAATCAGCAATAGACAL

SerAlaGlyValGlnGluAspAlaAlaSerleuArgAlaPheThrGluAlaMetThrArg
AAAGCGCGGGGGTCCAGGAGGACGCGGCGAGCCTGAGAGCCTTCACGGAGGCTATGACCA
TTTCGCGCCCCCAGGTCCTCCTGCGCCGCTCGGACTCTCGGAAGTGCCTCCGATACTGGT

TyrSerAlaProProGlyAspProProGlnProGluTyrAspLeuGluleulleThrSer
GGTACTCCGCCCCCCCTGGGGACCCCCCACAACCAGAATACGACTTGGAGCTCATAACAT
CCATGAGGCGGGGGGGACCCCTGGGGEGETGTTGGTCTTATGCTGAACCTCGAGTATTGTA

CysSerSerAsnValServValAlaHisAspGlyAlaGlyLysArgvValTyrTyrlLeuThr
CATGCTICCTCCAACGTGTCAGTCGCCCACGACGGCGCTGGAAAGAGGGTCTACTACCTCA
GTACGAGGAGGTTGCACAGTCAGCGGGTGCTGCCGCGACCTTTCTCCCAGATGATGGAGT

ArgAspProThrThrProleuAlaArgAlaAlaTrpGluThrAlaArgHisThrProval
CCCGTGACCCTACAACCCCCCTCGCGAGAGCTGCGTGGGAGACAGCAAGACACACTCCAG
GGGCACTGGGATGTTGGGGGGAGCGCTCTCGACGCACCCTCTGTCG TTCTG TG TGAGGTC

AsnSerTrpLeuGlyAsnIlelleMetPheAlaProThrLeuTrpAlaArgMetIleleu
TCAATTCCTGGCTAGGCAACATAATCATGTTTGCCCCCACACTGTGGGCGAGGATGATAC
AGTTAAGGACCGATCCGTTGTATTAGTACAAACGGGGGTGTGACACCCGCTCCTACTATG

MetThrHisPhePheSerValleulleAlaArgAspGlnLeuGluGlnAlaLeuAspCys
TGATGACCCATTTCTTTAGCGTCCTTATAGCCAGGGACCAGCTTGAACAGGCCCTCGATT
ACTACTGGGTAAAGAAATCGCAGGAATATCGGTCCCTGGTCGAACTTGTCCGGGAGCTAA

GlulleTyrGlyAlaCysTyrSerlleGluProlLeuAspleuProProllelIleGlnArg
GCGAGATCTACGGGGCCTGCTACTCCATAGAACCACTTGATCTACCTCCAATCATTCAAA
CGCTCTAGATGCCCCGGACGATGAGGTATC TIGGTGAACTAGATGGAGGTTAGTAAGTTT

Leu

CTon FIG. 32-7
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Sample
Chimp date {days) ALT (alanine)
Lane Reference Infection {O=inoculation aminotransferase
Number  Number Type day) level in sera) ma/ml
1 l NANB 0 9
2 1 NANB 76 71
3 l NANB 118 19
94 t NANB 154 N/A
b 2 NANB 0 5
6 2 NANB 21 52
7 2 NANB 73 13
8 2 NANB 139 N/A
9 3 NANB 0 8
10 } NANB 4] 205
i 3 NAND 53 14
12 3 NANB 159 6 ’
13 4 NANB -3 it
14 4 NANB 53 112
15 4 NANB 81 H/A
16 4 NANB 140 H/A
17 5 HAV 0 4
18 5 HAV 25 147
19 5 HAV 40 18
20 S HAV 268 5
21 ] HAV -8 N/A
K] & HAV 15 106
23 6 HAV 41 10
24 3 HAV 129 N/A
28 7 HAV Q 7
27 7 HAV 22 8l
28 7 HAV 11§ 5
29 7 HAV 139 N/A
30 8 HAV 0 15
31 8 HAV 26 110
32 8 HAV 74 8
33 8 HAV 208 5
34 9 HBV -290 H/A
35 9 HBY 379 9
36 9 HBV 415 6
37 10 HBV 0 8
18 10 HBV 111-118 (pool) 96-156 (pool)
39 10 HBV 205 9
40 10 Hav 240 13
41 11 HBV 0 11
42 11 HBV 28-56 (pool) 8-100 (pool)
43 11 HBV 169 9
44 11 HBv 221) 10



w0 | L3

2212511

2 -
v
b R SRS ] o sz‘
o] : iy
901 el FOREIA -1t
- '-
§  wmewwers:  goz —
Bl rummeow - gy ff') v
LV eeEmess 7 (0] o A ves
‘ . 6 691
[ 4 RS o .-
0 < bs 1% ]
- i 4 or m il - Y
- sangE w gg : €L NAGNIER OvZ
n el Ll w68 6 M-AINEE SOz
; T T 92! . IS Sii
s o . Mt g ?  WNDGMMEL O N
O 7 e o D 9 AmmERSNN Sty )
S0Z M = 6 ‘_.. - oL ok
O s sesmgies: 502 ™
- e gy S  SENMRNN vl
zZs Fa it - - ¥4 St 0
S L ey 0 - - 6cl
- - ysi S ‘ s
»r te ze
i : 0
A

ALT o R~ 2
>
DAY © 2 2



3

2212511
FIG. 34 LecenD

Patient
Lane Reference
Number Number Diagnosis ALT Level {(my/ml)
1 1L NANB 1354
2 1l NANB 31
3 21 NANB 14
4 21 NANB 79
5 21 NANB 26
6 3l NANB 78
7 3l NANB 87
8 3l NANB 25
9 41 NANB 60
10 41 NANB 13
11 5l NANB 298
12 si NANB 101
13 61 NANB 474
14 61 NANB lig
15 71 NANB 20
16 7! NANB 163
17 gl NANB 44 ,
18 gl NANB 50
19 9 NANB N/A
20 10 5 NANB N/A
21 11 NANB N/A
22 12 Normal N/A
23 13 Normal N/A
24 14 Normal N/A
26 30174 Normal N/A
27 30105 Normal N/A
28 30072 Normal N/A
29 30026 Normal N/A
30 301456 Normal N/A
3 30250 Normal N/A
32 30071 Normal N/A
33 15 ACuteHAV N/A
34 16 ACuteHAV ) N/A
35 17 ACuteHAV N/A
36 18 AcuteHAV N/A
37 48088 ACuteHAV N/A
38 47208 ACuteHAV N/A
39 47050 AcuteHAvV N/A
49 46997 AcuteHAv N/A
41 19 Convalescent HBV N/A
42 20 (anti-HBSag+ve; N/A
43 21 anti-HBCag+ve) N/A
44 22 (anti-HBSag+ve; N/A
45 23 anti-HBCag+ve) N/A
46 24 (anti-HBSag+ve; N/A
47 25 anti-HBCag+ve) N/A
48 26 (anti-HBSag+ve; N/A
19 27 anti-HBSag+ve) N/A

1Sequential serum samples were assayed from these patients
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FlG_ 36-' COOH~-terminus of SOD-Cl00 Fusion Polypeptide

-— ~=S0D~ COOH] [--adaptor-—--] [NANBHpolypeptide>
AlaCysGlyValIleGlyIleAlaGlnAsnLeuGlyIleArgAspAlaHisPheLeuSer
1 GCTTGTGGTGTAATTGGGATCGCCCAGAATTTGGGAATTCGGGATGCCCACTTTCTATCC
CGAACACCACATTAACCCTAGCGGGTCTTAAACCCTTAAGCCCTACGGGTGAAAGATAGS

2220390333000

GlnThrLysGlnSerGlyGluAsnLeuProTereuValAlaTyrG1nAlaThrVales
61 CAGACAAAGCAGAGTGGGGAGAACCTTCCTTACCTGGTAGCGTACCAAGCCACCGTGTGC

GTCTGTTTCGTCTCACCCCTCTTGGAAGGAATGCACCATCGCATGGTTCGGTGGCACACS

AlaArgAlaGlnAlaProProProSerTrpAspGlnMgtTrpLysCysLeuI1eArgLeu
121 GCTAGGGCTCAAGCCCCTCCCCCATCGTGGGACCAGATGTGGAAGTGTTTGATTCGCCTC
CGATCCCGAGTTCGGGGAGGGGGTAGCACCCTGGTCTACACCTTCACAAACTAAGCGGAG

LysProThrLeuHisGlyProThrProlLeulLeuTyrArgLeuGlyAlavalGlnAsnGlu
181 AAGCCCACCCTCCATGGGCCAACACCCCTGCTATACAGACTGGGCGCTGTTCAGAATCAA
TTCGGGTGGGAGG TACCCGGTTGTGGGGACGATATGTCTCACCCGCGACAAGTCTTACTT

IleThrLeuThrHisProValThrLysTyrIleMetThrCysMetSerAlaAspLeuGlu
241 ATCACCCTGACGCACCCAGTCACCAAATACATCATGACATGCATGTCGGCCGACCTGGAG
TAGTGGGACTGCGTGGGTCAGTGGTTTATGTAGTACTGTACGTACAGCCGGCTGGACCTC

ValValThrSerThrTrpValLeuValGlyGlyValLeuAlaAlaLeuAlaAlaTerys I
301 GTCGTCACGAGCACCTGGGTGCTCGTTGGCGGCG TCCTGGCTGCTTTGGCCGCGTATTGE
CAGCAGTGCTCGTGGACCCACGAGCAACCGCCGCAGGACCCACGAAACCGGCGCATAACG

LeuSerThrGlyCysValvallleValGlyArgvalValleuSerGlyLysProAlalle
361 CTGTCAACAGGCTGCGTGGTCATAGTGGGCAGGGTCGTCTTGTCCGGGAAGCCGGCAATC
GACAGTTGTCCGACGCACCAGTATCACCCGTCCCAGCAGAACAGGCCCTTCGGCCGTTAG

IleProAspArgGluValLeuTyrArgGluPheAspGluMetGluGluCysSerGlnHis
421 ATACCTGACAGGGAAGTCCTCTACCGAGAGTTCGATGAGATGGAAGAGTGCTCTCAGCAC
TATGGACTGTCCCTTCAGGAGATGGCTCTCAAGCTACTCTACCTTCTCACGAGAGTCGTG

LeuProTyrI1eGluGlnGlyMatMatLeuAlaGluGlnPheLysGlnLysAlaLeuGly
481 TTACCGTACATCGAGCAAGGGATGATGCTCGCCGAGCAGTTCAAGCAGAAGGCCCTCGGT
AATGGCATGTAGCTCGTTCCCTACTACGAGCGGCTCGTCAAGTTCGTCTTCCGGGAGCCG

LeuLeuGlnThrAlaSerArgGlnAlaGluvalIleAlaProAlavalGlnThrAsnTrp
541 CTCCTGCAGACCGCGTCCCGRCAGGCAGAGGTTATCGCCCCTGCTGTCCAGACCAACTGE
GAGGACGTCTGGCGCAGGGCAGTCCGTCTCCAATAGCGGGGACGACAGGTCTGGTTGACC

GlnLysLeuG1uThxPheTrpAlaLysHisuatTrpAsnPhaIleSerGlyIleGlnTyr
601 CAAAAACTCGAGACCTTCTGGGCGAAGCATATGTGGAACTTCATCAGTGGGATACAATAC
GTTTTTGAGCTCTGGAAGACCCGCTTCGTATACACCTTGAAGTAGTCACCCTATGTTATG

LeuAlaGlyLeuSerThrLeuProGlyAsnProAlalledlaSerLeuMetAlaPheThr
661 TTGGCGGGCTTGTCAACGCTGCCTGGTAACCCCGCCATTGCTTCATTGATGGCTTTTACA
AACCGCCCGAACAGTTGCGACGGACCATTGGGGCGGTAACGAAGTAACTACCGAAAATGT

AlaAlavalThrSerProLeuThrThrSerGlaThrleuleuPheAsnIleleuGlyGly
721 GCTGCTGTCACCAGCCCACTAACCACTAGCCAMACCCTCCTCTTCAACATATTGGGGGGG
CGACGACAGTGGTCGGGTGATTGGTGATCGGTTTGGGAGGAGAAGTTGTATAACCCCCCC

TrpValAlaAlaGlnLeuAlaAlaProGlyAlaAlaThrAlaPhevValGlyAlaGlyLeu
781 TGGGTGGCTGCCCAGCTCGCCGCCCCCGGTGCCGCTACTGCCTTTGTGGGCGCTGGCTTA
ACCCACCGACGGGTCGAGCGGCGGGGGCCACGGCGATGACGGAAACACCCGCGACCGAAT

AlaGlyAlaAlalIleGlyServValGlyLeuGlyLysVallLeulleAspIleLeuAlaGly
841 GCTGGgGCCGCCATCGGgAGTGTTGGACTGGGGAAGGTCCTCATAGACATCCTTGCAGGG
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CGACCGCGGCGGTAGCCGTCACAACCTGACCCCTTCCAGGAGTATCTGTAGGAACGTCCC

TyrGlyAlaG1yvalAlaGlyAlaLeuValAlaPheLysIleMetSerGlyGlthlPro
TATGGCGCGGGCGTGGCGGGAGCTCTTGTGGCATTCAAGATCATGAGCGGTCAGGTCCCT
ATACCGCGCCCGCACCGCCCTCGAGAACACCGTAAGTTCTAGTACTCGCCACTCCAGGGS

SerThrGluASpLathLAanLauLeuProAlaIleLeuSerProGlyAlaLeuValval
TCCACGGAGGACCTGGTCAATC TACTGCCCGCCATCCTCTCGCCCGGAGCCCTCETAGTC
AGGTGCCTCCTGGACCAGTTAGATGACGGGCGG TAGCAGAGCGGGCCTCGGCAGCATCAG

G1yVhthlesAlaAlaI1eLeuArgArgHithlGlyPrcGlyGluclyAlavalgkg
GGCGTGGTCTGTGCAGCAATACTGCGCCGGCACGTIGGCCCGGGCCGAGGGGGCAGTG
CCGCACCAGACACGTCGTTATGACGCGGCCGTGCAACCGGGCCCGCTCCCCCGTCACGTC

CCLCCCCCCCCKCCCCCCCKNANBH] [~~~extra
TrpMetAsnArgLeulleAlaPheAlaSerArgGlyAsnHisvValSerProValHisHls
TGGATGAACCGGCTGATAGCCTTCGCCTCCCGGGGGAACCATG T T TCCCCACTCCATCAT
ACCTACTTGGCCGACTATCGGAAGCGGAGGGCCCCCTTGGTACAAAGGGGTCAGGTAGTA

LysArgCpP
AAGCGTTGACGCTCCCTACGGG TGGACTGTGGAGAGACAGGGCACTGCTAAGGCCCAAAT
TTCGCAACTGCGAGGGATGCCCACCTGACACCTCTC TG TCCCGTGACGATTCCGGGTTTA

CTCAGCCATGCATCGAGGGG TACAATCCGTATGGCCAACAACTAGCGCGTACGTAAAGTC
GAGTCGGTACGTAGCTCCCCATGTTAGGCATACCGG T TG TTGATCGCGCATGCATTTCAG

TCCTTTCT&GAIGGTCCATACCTTHGAEGCGTTAGCATTAATCCGAAITC
AGGAAAGAGCTACCAGGTATGGAATCTACGCAATCGTAATTAGGCTTAAG

FIG. 36-2
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virus(MNWVDL).
10 30 40 50
HEV EYVVLLFLLLADARVCSCLWMMLLISQAEAALENLVILNAASLAGTHGLVSFLVFFCFA
MNWVD1 AVSFVTLITGNMSFRDLGRVMVMVGATMTDDIGMGYTYLALLAAFKVRPTFAAGLLLRKL,
130 140 150 160 170 180
60 70 80 90 100 110
HCY WYLKGKWVPGAVY TFYGMWPLLLLLI ALPORAYALDTEVAASCGGVVLVGLMALTLSPYY
MNWVD1 TSKELMMTTIGIVLLSQSTIPETILELTDALALGMMVLKMVRKMEKYQLAVTIMAILCYD
190 200 210 220 230 240
120 130 140 150 160 170
HCV KRYISWCLWWLQYFLTRVEAQLHVWI PPLNVRGGRDAVTLLMCAVHP TLVFDI TKLLLAV
MNWVD1 NavILQNwavscrILavvsvspLéiéésooxADwIpLALTIKGLNPTAIF—LTT RTN
250 260 270 280 290 L?
180 190 200 - 210 220 230
HCV FGPLWILOASLLKVPYP-VRVOGLLRF~CALARKMIGGHYVQMVI IKLGALTGTYVYNHL
MNWVD1 xxnswrnﬁéiiﬁAvsuvsILaSSLLxNDIpumchvisGLLTvcyv-LTGRSADLELERA
300 310 320 330 340 350
240 250 260 270 280 290
HCV TPLRDWAHNGLRDLAVAVEPVVFSQMETKLI TWGADTAACGDI INGLPVSARRGREILLG
MNWVD1 Anvx-ﬁébéizrscsspILsIrrsz~ncsusrxﬁééééQTLT1LIRTGLLVISG—--LFP
360 370 380 390 400 410
300 310 320 330 340 350
HCY PADGMVSKGWRLLAPITAYAQQTRGLLGCIITSLTGRDKNQVEGEVQIVSTAAQTFLATC
MNWVD1 vsIpITAAAWYLWEVKKQRAGVLﬁnvpépppvcxisLnnsarnzxoxGILGYSQIGAGVY
120 430 440 460 470
360 370 380 390 400 410
HCV INGVCWTVYHGAGTRTIASPKGPVIQMYTNVDQDLV*—--GWPAPQGSRSLTPCTCGSSD
MNWVD1 KEGTFHTMWHVTRGANIMHKGKRIE#SWADVKKDLVSCGGGWKLEGEWKEGEEVOVLALE
480 4390 500 510 520 530
420 4130 440 450 460 470
HCY LYLVTRHADVIPVRRRGDSRGSLLSPRPISYLKGSSGGPLLCPAGHAVGIFRAAVCTRGV
- & b 9 z . ’ ......
MNWVD1 PGKNPRAVOTKPGLFKTN--AGTIGAVSLDFSPGTSGSPT IDKKGKVVOLYGNGTVIRSG
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Distribution of O.D. Values for
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FIG. 45
Name Common Sequence Variable Sequence

57-3-1 AAGCTTGATCGAATTC CGATCTTGC
-2 CGATCCTGC
-3 CGATCATGC
-4 CGATCGTGC
-5 CGAAGTTGC
-6 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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FIG. 46 -] Translation of DNA k9-1

GlyCysProGluArgLeuAlaSerCysArgProLeuThrAspPheAspGlnGlyTrpGly
1 CAGGCTGTCCTGAGAGGCTAGCCAGCTGCCGACCCCTTACCGATTTTGACCAGGGCTGGG
GTCCGACAGGACTCTCCGATCGGTCGACGGCTGGGGAATGGCTAAAACTGGTCCCGACCC

ProIleSerTyrAlaAsnGlySerGlyProAspGlnArgProTerysTrpHisTyr?ro
61 GCCCTATCAGTTATGCCAACGGAAGCGGCCcCGACCAGCGCCCCTACTGCTGGCACTACC
CGGGATAGTCAATACGGTTGCCTTCGCCGGGGCTGGTCGCGGGGATGACGACCGTGATGG

ProLysProCysGlyIleValProAlaLysSerValesGlyProValTerysPheThr
121 CCCCAAAACCTTGCGGTATTGTGCCCGCGAAGAGTGTGTGTGGTCCGGTATATTGCTTCA
GGGGTTTTGGAACGCCATAACACGGGCGCTTCTCACACACACCAGGCCATATAACGAAGT

ProSerProValValValGlyThrThrAspArgSerGlyAlaProThrTyrSerTrpGly
181 CTCCCAGCCCCGTGGTGGTGGGAACGACCGACAGGTCGGGCGCGCCCACCTACAGCTGGG
GAGGGTCGGGGCACCACCACCCTTGCTGGCTGTCCAGCCCGCGCGGGTGGATGTCGACCC

GluAsnAspThrAspValPheValLeuAsnAsnThrArgProProLeuGlyAsnTerhe
241 GTGAAAATGATACGGACGTCTTCGTCCTTAACAATACCAGGCCACCGCTGGGCAATTGGT
CACTTTTACTATGCCTGCAGAAGCAGGAATTGTTATGGTCCGGTGGCGACCCGTTAACCA

GlyCysThrTrpMetAsnserThrGlyPheThrLysValesGlyAlaProProCysVal
301 TCGGTTGTACCTGGATGAACTCAACTGGATTCACCAAAGTGTGCGGAGCGCCTCCTTGTG
AGCCAACATGGACCTACTTGAGTTGACCTAAGTGGTTTCACACGCCTCGCGGAGGAACAC ]

IleGlyGlyAlaGlyAsnAsnThrLeuHisCysProThrAsprsPheArgLysHisPro
36l TCATCGGAGGGGCGGGCAACAACACCCTGCACTGCCCCACTGATTGCTTCCGCAAGCATC
AGTAGCCTCCCCGCCCGTTGTTGTGGGACGTGACGGGGTGACTAACGAAGGCGTTCGTAG

AspAlaThrTyrSerA:gCysGlySerGlyProTrpIleThrProArgCysLeuValAsp
421 CGGACGCCACATACTCTCGGTGCGGCTCCGGTCCCTGGATCACACCCAGGTGCCTGGTCG
GCCTGCGGTGTATGAGAGCCACGCCGAGGCCAGGGACCTAGTGTGGGTCCACGGACCAGC

TerrcTyrArgLeuTrpHisTerroCysThrIleAsnTerhrIlePheLysIleArg
431 ACTACCCGTATAGGCTTTGGCATTATCCTTGTACCATCAACTACACTATATTTAAAATCA
TGATGGGCATATCCGAAACCGTAATAGGAACATGGTAGTTGATGTGATATAAATTTTAGT

MetTerhlGlyGlyValGluHisArgLeuGluAlaAlaCysAsnTrpThrArgGlyGlu
541 GGATGTACGTGGGAGGGGTCGAGCACAGGCTGGAAGCTGCCTGCAACTGGACGCGGGGCG
CCTACATGCACCCTCCCCAGCTCGTGTCCGACCTTCGACGGACGTTGACCTGCGCCCCGC

ArgCysAspLeuGluAspArgAspArgserGluLeuSerProLeuLeuLeuThrThrThr
601 AACGTTGCGATCTGGAAGATAGGGACAGGTCCGAGCTCAGCCCGTTACTGCTGACCACTA
TTGCAACGCTAGACCTTCTATCCCTGTCCAGGCTCGAGTCGGGCAATGACGACTGGTGAT

GlnTrpGanalLeuProCysSerPheThrThrLeuProAlaLeuSerThrGlyLeuIle
661 CACAGTGGCAGGTCCTCCCGTGTTCCTTCACAACCCTGCCAGCCTTGTCCACCGGCCTCA
GTGTCACCGTCCAGGAGGGCACAAGGAAG TG TTGGGACGGTCGGAACAGGTGGCCGGAGT

----- Overlap with Combined ORF of DNAs 12f through l5e-=-——-
HisLeuHisGlnAsnIleValAspValGlnTereuTyrclyValGlySerSerIleAla

721 TCCACCTCCACCAGAACATTGTGGACGTGCAGTACTTGTACGGGGTGGGGTCAAGCATCG

AGGTGGAGGTGGTCTTGTAACACCTGCACG TCATGAACATGCCCCACCCCAGTTCGTAGE

SerTrpAlaI1eLysTrpGluTeralValLeuLeuPheLeuLeuLeuAlaAspAlaArg
781 CGTCCTGGGCCATTAAGTGGGAGTACGTCGTCCTCCTG TTCCTTCTGCTTGCAGACGCGE
GCAGGACCCGGTAATTCACCCTCATGCAGCAGGAGGACAAGGAAGACGAACGTCTGCGCS




55 Lz ,
191251

ValCysSerCysLeuTrpMetMetLeulLeulleSerGlnalaGluAlaAlaLeuGluAsn
841 GCGTCTGCTCCTGCTIGIGGATGATGCTACTCATATCCCAAGCGGAAGCGGCTTTGGAGA
CGCAGACGAGGACGAACACCTACTACGATGAGTATAGGGTTCGCCTTCGCCGAAACCTCT

LeuValIleleuAsnAlaAlaSerLeuAlaGlyThrHisGlylLeuValSerPheleuVal
901 ACCTCGTAATACTTAATGCAGCATCCCTGGCCGGGACGCACGGTCTTGTATCCTTCCTCS
TGGAGCATTATGAATTACGTCGTAGGGACCGGCCCTGCGTGCCAGAACATAGGAAGGAGT

PhePheCysPheAlaTrpTereuLysGlyLysTrpValProGlyAlaValTerhrPhe
961 TGITCTTCTGCTTTIGCATGGTATCTGAAGGGTAAGTGGGTGCCCGGAGCGGTCTACACCT
ACAAGAAGACGAAACGTACCATAGACTTCCCATTCACCCACGGGCCTCGCCAGATGTGCA

TyrGlyMetTrpProleuleuleuleuleuleuAdlaleuProGlnArgAlaTyralaleu
1021 TCTACGGGATGTGGCCICTCCTCCTGCTCCTGTTGGCGTTGCCCCAGCGGGCGTACGCGE
AGATGCCCTACACCGGAGAGGAGGACGAGGACAACCGCAACGGGGTCGCCCGCATGCECG

AspThrGluvValAlaAlaSerCysGlyGlyValvalleuValGlyLeuMetAlalLeuThr
1081 TGGACACGGAGGTGGCCGCGTCGTIGTGGCGGTGTTGTICTCSTCGGGTTGATGGCGCTAA
ACCIGTGCCTCCACCGGCGCAGCACACCGCCACAACAAGAGCAGCCCAACTACCGCGATT

LeuSerProTyrTyrLysArgTyrIleSerTrpCysleuTrpTrpleuGlnTyrPheleu
1141 CTCTGTCACCATATTACAAGCGCTATATCAGCTGGTGCTTGTGGTGGCTTICAGTATTTTC
GAGACAGTGGTATAATGTITCGCGATATAGTCGACCACGAACACCACCGAAGTCATAAAAG

ThrArgValGluAlaGlnLeuHisValTrpIleProProLeuAanalArgGlyGlyArg
1201 TGACCAGAGTGGAAGCGCAACTGCACGTGTGGAT TCCCCCCCTCAACGTCCGAGEEGEEE
ACTGGTCTCACCTTCGCGTTGACGTGCACACCTAAGGGGGGGAGTTGCAGGCTCCCCCCG

AspAlaValIleLeuLeuMetCysAlaValHisProThrLeuValPheAspIleThrLys
1261 GCGACGCTGTCATCTTACTCATGTGTGCTGTACACCCGACTCTGGTATTTGACATCACCA
CGCTGCGACAGTAGAATGAGTACACACGACATGTGGGC TGAGACCATAAACTGTAGTGGT

LeuLeuleuAlavValPheGlyProLeuTrpIleLeuGlnAla
1321 AATTGCTGCTGGCCGTCTTCGGACCCCTTTGGATTCTTCAAGCCAG
TTAACGACGACCGGCAGAAGCCTGGGGAAACCTAAGAAGTTCGGTC

FIG. 46 -2
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GlyCysProGluArgLeuAlaSerCysArgProLeuThrAspPheAspGlnGlyTrpGly
CAGGCTGTCCTGAGAGGCTAGCCAGC TGCCGACCCCTTACCGATTTTGACCAGGGETGER
GTCCGACAGGACTCTCCGATCGGTCGACGGCTGGGGAATGGCTAAAACTGGTCCCGACCE

ProIleSerTyrAlaAsnGlySerGlyProAspGlnArgProTerysTrpHisTerro
61 GCCCTATCAGTTATGCCAACGGAAGCGGCCCCGACCAGCGCCCCTACTGCTGGCACTACE
CGGGATAGTCAATACGGTTGCCTTCGCCGGGGCTGGTCGCGGGGATGACGACCGTGATGG

ProLysProCysGlyIleValProAlaLysSerValesGlyProValTerysPheThr'
121 CCCCAAAACCTTGCGGTATTGTGCCCGCGAAGAGTGTGTGTGGTCCGGTATATTGCTTCA
GGGGTTTTGGAACGCCATAACACGGGCGCTTCTCACACACACCAGGCCATATAACGAAGT

ProSerProValvalValGlyThrThrAspArgSerGlyAlaProThrTyrSerTrpGly
181 CTCCCAGCCCCGTGGTGGTGGGAACGACCGACAGGTCGGGCGCGCCCACCTACAGCTGGG
GAGGGTCGGGGCACCACCACCCTTGCTGGCTGTCCAGCCCGCGCGGGTGGATGTCGACCC

GluAsnAspThrAspValPheValLeuAsnAsnThrArgProProLeuGlyAsnTerhe
241 GTGAAAATGATACGGACGTCTTCGTCCTTAACAATACCAGGCCACCGCTGGGCAATTGAT
CACTTTTACTATGCCIGCAGAAGCAGGAAT TG T TATGGTCCGGTGGCGACCCGTTAACCA

GlyCysThrTrpMetAsnSerTh:GlyPheThrLysvalesGlyAlaProProCysVal
3ol TCGGTTGTACCTGGATGAACTCAACTGGATTCACCAAAGTGTGCGGAGCGCCTCCTTETG
AGCCAACATGGACCTACTTGAGTTGACCTAAGTGGTTTCACACGCCTCGCGGAGGAACAC l

IleGlyGlyAlaGlyAsnAsnThrLeuHisCysProThrAsprsPheArgLysHisPro
36l TCATCGGAGGGGCGGGCAACAACACCCTGCACTGCCCCACTGATTGCTTCCGCAAGCATC
AGTAGCCTCCCCGCCCGTTG T IGTGGGACGTGACGGGGTGACTAACGAAGGCETTCGTAG

AspAlaThrTyrSerArgCysGlySerGlyProTrpIleThrProArgCysLeuValAsp
421 CGGACGCCACATACTCTCGGTGCGGCTCCGGTCCCTGGATCACACCCAGGTGCCTGGTCG
GCCTGCGGTGTATGAGAGCCACGCCGAGGCCAGGGACCTAGTGTGGGTCCACGGACCAGE

Tyr?roTyrArgLeuTrpHisTerroCysThrIleAsnTerhrIlePheLysIleArg
481 ACTACCCGTATAGGCTTTGGCATTATCCTTGTACCATCAACTACACCATATTTAAAATCA
TGATGGGCATATCCGAAACCGTAATAGGAACATGGTAGTTGATGTGGTATAAATTTTAGT

MetTyrvalGlyGlyvalGluHisArgLeuGluAlaAlaCysAsnTrpThrArgGlyGlu
541 GGATGTACGTGGGAGGGGTCGAACACAGGCTGGAAGCTGCCTGCAACTGGACGCGGGGCG
CCTACATGCACCCTCCCCAGCTTGTGTCCGACCTTCGACGGACGTTGACCTGCGCCCCGC

ArgCysAspLeuGluAspArgAspArgSerGluleuSerProleuLeuleuThrThrThr
601 AACGTTGCGATCTGGAAGACAGGGACAGGTCCGAGCTCAGCCCGTTACTGCTGACCACTA
TTGCAACGCTAGACCTTCTGTCCCTGTCCAGGC TCGAGTCGGGCAATGACGACTGGTGAT

GlnTrpGanalLeuProCysSerPheThrThrLeuProAlaLeuSerThrGlyLeuIle
661 CACAGTGGCAGGTCCTCCCGTGTTCCTTCACAACCCTACCAGCCTTGTCCACCGGCCTCA
GTGTCACCGTCCAGGAGGGCACAAGGAAGTGTTGGGATGGTCGGAACAGGTGGCCGGAGT

HisLeuHisGlnAsnIleValAspValGlnTereuTyrGlyValGlySerSerIleAla
721 TCCACCTCCACCAGAACATTGTGGACGTGCAGTACT TG TACGGGGTGGGGTCAAGCATCG
AGGIGGAGGTGGTCTTGTAACACCTGCACGTCATGAACATGCCCCACCCCAGTTCGTAGT

SerTrpAlaIleLysTrpGluTyrValValLeuLeuPheLeuLeuleuAlaAspAlaArg
781 CGTCCTGGGCCATTAAGTGGGAGTACGTCETTCTCCTGTTCCTTCTGCTTGCAGACGCGE
GCAGGACCCGGTAATTCACCCTCATGCAGCAAGAGGACAAGGAAGACGAACGTCTGCGCG

ValCysSerCysLeuTrpMetMetLeuleulleSerGlnAlaGluAlaAlalLeuGluAsn
841 GCGTCTGCTCCTGCTTGTGGATGATGCTACTCATATCCCAAGCGGAGGCGGCTTTGGAGA
CGCAGACGAGGACGAACACCTACTACGATGAGTATAGGGTTCGCCTCCGCCGAAACCTCT

LeuvVallleLeuAsnAlaAlaSerLeuAlaGlyThrHisGlyLeuvalSerPheLeuval
901 ACCTCGTAATACTTAATGCAGCATCCCTGGCCGGGACGCACGGTCTTGTATCCTTCCTCG
TGGAGCATTATGAATTACGTCGTAGGGACCGGCCCTGCGTGCCAGARCATAGGAAGGAGC
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1921 TCGCGTCACCCAAGGGTCCTGTCATCCAGATGTATACCAATGTAGACCAAGACCTTIGTGS
AGCGCAGTGGGTTCCCAGGACAGTAGGTC?ACATATGGTTACATCTGGTTCTGGAACACC

TerroAlaProGlnGlySerArgSérLeuThrProCysThrCysGlySerSerAspLeu
1981 GCTGGCCCGCTCCGCAAGGTAGCCGCTCATTGACACCCTGCACTTGCGGCTCCTCGGALT
CGACCGGGCGAGGCGTTCCATCGGCGAGTAACTG TGGGACGTGAACGCCCAGGAGCCTGG

TyrLeuValThrArgHisAlaAspVallleProValArgArgArgGlyAspSerArgGly
2041 TTTACCTGGTCACGAGGCACGCCGATGTCATTCCCGTGCGCCGGCGGGGTGATAGCAGSE
AAATGGACCAGTGCTCCGTGCGGCTACAGTAAGGGCACGCGGCCGCCCCACTATCGTCCC

SerLeuleuSerProArgProlleSerTyrleulysGlySerSerGlyGlyProLeuleu
2101 GCAGCCTGCIGTCGCCCCGGCCCATTTCCTACTTGAAAGGCTCCTCGGGGGGTCCGETGT
CGTCGGACGACAGCGGGGCCGGGTAAAGGATGAACTTTCCGAGGAGCCCCCCAGGCGACA

CysProAlaGlyHisAlaValGlyIlePheArgAlaAlavalCysThrArgGlyvalala
2161 TGIGCCCCGCGGGGCACGCCGTGGGCATATTTAGGGCCGCGGTGTGCACCCGTGGAGTGE
ACACGGGGCGCCCCGTGCGGCACCCGTATAAATCCCGGCGCCACACGTEGGCACCTCACT

LysAlavValAspPheIleProvValGluAsnLeuGluThrThrMetArgSerProvalPhe
2221 CTAAGGCGGTGGACTITATCCCTGTGGAGAACCTAGAGACAACCATGAGGTCCCCGGTGT
GATTCCGCCACCTGAAATAGGGACACCTCTTGGATCTCTGTTGGTACTCCAGGGGCCACA

ThrAspAsnSerSerProProvValValProGlnSerPheGlnValAlaHisLeuHisAla
2281 TCACGGATAACTCCTCTCCACCAGTAGTGCCCCAGAGCTTCCAGGTGGCTCACCTCCATG
AGTGCCTATTGAGGAGAGGTGGTCATCACGGGGTCTCGAAGGTCCACCGAGTGGAGGTAC ’

ProThrGlySerGlyLysSerThrLysValProAlaAlaTyrAlaAlaGlnGlyTyrLys
2341 CTCCCACAGGCAGCGGCAAAAGCACCAAGGTCCCGGCTGCATATGCAGCTCAGGGCTATA
GAGGGTGTCCGTCGCCGTTTTCGTGGTTCCAGGGCCGACGTATACGTCGAGTCCCGATAT

ValLeuValLeuAsnProSerVa1AlaAlaThrLeuGlyPheGlyAlaTeretSerLys
2401 AGGTGCTAGTACTCAACCCCTCTGTTGCTGCAACACTGGGCTTTGGTGCTTACATGTCCA
TCCACGATCATGAGTTGGGGAGACAACGACGTTGTGACCCGAAACCACGAATGTACAGGET

AlaHisGlylleAspProAsnIleArgThrGlyValArgThrIleThrThrGlySerPro
2461 AGGCTCATGGGATCGATCCTAACATCAGGACCGGGGTGAGAACAATTACCACTGGCAGCC
TCCGAGTACCCTAGCTAGGATTGTAGTCCTGGCCCCACTCTTGTTAATGGTGACCGTCGE

IleThrTyrSerThrTyrGlyLysPheLeuAlaAspGlyGlyCysSerGlyGlyAlaTyr
2521 CCATCACGTACTCCACCTACGGCAAGTTCCTTGCCEGACGGCEGGTGCTCGGGGGGCGCTT
GGTAGTGCATGAGGTGGATGCCGTTCAAGGAACGGCTGCCGCCCACGAGCCCCCCGCGAA

AspIlellelleCysAspGluCysHisSerThrAspAlaThrSerIleleuGlyIleGly
2581 ATGACATAATAATTTGTGACGAGTGCCACTCCACGGATGCCACATCCATCTTGGGCATCG
TACTGTATTATTAAACACTGCTCACGGTGAGGTGCCTACGGTGTAGGTAGAACCCGTAGC

ThrValleuAspGlnAlaGluThrAlaGlyAlaArgLeuValValLeuAlaThrAlaThr
2641 GCACTGTCCTTGACCAAGCAGAGACTGCGGGGGCGAGACTGGTTGTGCTCGCCACCGCCA
CGTGACAGGAACTGGTTCGICTCTGACGCCCCCGCTCTGACCAACACGAGCGGTGGCGGT

ProProGlyServalThrValProHisProAsnIleGluGluvalaAlalLeuSerThrThr
2701 CCCCTCCGGGCTCCGTCACTGTGCCCCATCCCAACATCGAGGAGGTTGCTCTGTCCACCA
GGGGAGGCCCGAGGCAGTGACACGGGGTAGGGTTGTAGCTCCTCCAACGAGACAGGTGGT

GlyGlulleProPheTyrGlyLysAlaIleProlLeuGluvValIlelLysGlyGlyArgHis
276l CCGGAGAGATCCCTTTTTACGGCAAGGCTATCCCCCTCGAAGTAATCAAGGGGGGGAGAC
GGCCTCTCTAGGGAMAAATGCCGTTCCGATAGGGGGAGCTTCATTAGTTCCCCCCCTCTG

LeullePheCysHisSerLysLysLysCysAspGluLeuAlaAlalysleuvalAlaleu
2821 ATCTCATCTTCIGTCATTCAAAGAAGAAGTGCGACGAACTCGCCGCAAAGCTGGTCGCAT
TAGAGTAGAAGACAGTAAGTTTCTTCTTCACGCTGCTTGAGCGGCGTTTCGACCAGCGTA

GlyIleAsnAlavValAlaTyrTyrArgGlyLeuAspValSerVallleProThrSerGly
2881 TGGGCATCAATGCCGTGGCCTACTACCGCGGTCTTGACGTGTCCGTCATCCCGACCAGCG
ACCCGTAGTTACGGCACCGGATGATGGCGCCAGAACTGCACAGGCAGTAGGGCTGGTCGC

FIG. 47-3
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PhePheCysPheAlaTrpTereuLysGlyLysTrpValProGlyAlaValTerhrPhe
961 TGTTCTTCTGCTTTGCATGGTATTTGAAGGGTAAGTGGGTGCCCGGAGCGGTCTACACCT
ACAAGAAGACGAAACGTACCATAAACTTCCCATTCACCCACGGGCCTCGCCAGATGTGGA

TyrGlyMetTrpProLeuLeuLeuLeuLeuLeuAlaLeuProGlnArgAlaTyrAlaLeu
1021 TCTACGGGATGTGGCCTCTCCTCCTGCTCCTGTTGGCGTTGCCCCAGCGGGCGTACGCGC
AGATGCCCTACACCGGAGAGGAGGACGAGGACAACCGCAACGGGGTCGCCCGCATGCGCG

AspThrGluValAlaAlaSerCysGlyGlyvalValLeuValGlyLeuMetAlaLeuThr
1081 TGGACACGGAGGTGGCCGCGTCGTGTGGCGGTGTTGTTCTCGTCGGGTTGATGGCGCTGA
ACCTGTGCCTCCACCGGCGCAGCACACCGCCACAACAAGAGCAGCCCAACTACCGCGACT

LeuSerProTererysArgTyrIleSerTrprsLeuTrpTrpLeuGlnTyrPheLeu
1141 CTCTGTCACCATATTACAAGCGCTATATCAGCTGGTGCTTGTGGTGGCTTCAGTATTTTC
GAGACAGTGGTATAATGTTCGCGATATAGTCGACCACGAACACCACCGAAGTCATAAAAG

ThrArgValGluAlaGlnLeuHisValTrpIleProProLeuAanalArgGlyGlyArg
1201 TGACCAGAGTGGAAGCGCAACTGCACGTGTGGATTCCCCCCCTCAACGTCCGAGGGGGGC
ACTGGTCTCACCTTCGCGTTGACGTGCACACCTAAGGGGGGGAGTTGCAGGCTCCCCCCG

AspAlaValIleLeuLeuMetCysAlaValHisProThrLeuValPheAspIlaThrLys
1261 GCGACGCCGTCATCTTACTCATGTGTGCTGTACACCCGACTCTGGTATTTGACATCACCA
CGCTGCGGCAGTAGAATGAGTACACACGACATGTGGGCTGAGACCATAAACTGTAGTGGT

LeuLeuLeuAlavalPheGlyProLeuTrpIleLeuGlnAlaSerLeuLeuLysValPro
1321 AATTGCTGCTGGCCGTCTTCGGACCCCTTTGGATTCTTCAAGCCAGTTTGCTTAAAGTAC ’
TTAACGACGACCGGCAGAAGCCTGGGGAAACCTAAGAAGTTCGGTCAAACGAATTTCATG

TerheValArgValGlnGlyLeuLeuArgPheCysAlaLeuAlaArgLysMetIleGly
1381 CCTACTTTGTGCGCGTCCAAGGCCTTCTCCGGTTCTGCGCGTTAGCGCGGAAGATGATCG
GGATGAAACACGCGCAGGTTCCGGAAGAGGCCAAGACGCGCAATCGCGCCTTCTACTAGC

GlyHisTeralGlnMetValIleIleLysLeuGlyAlaLeuThrGlyThrTeralTyr
1441 GAGGCCATTACGTGCAAATGGTCATCATTAAGTTAGGGGCGCTTACTGGCACCTATGTTT
CTCCGGTAATGCACGTTTACCAGTAGTAATTCAATCCCCGCGAATGACCGTGGATACAAA

AanisLeuThrProLeuArgAspTrpAlaHisAsnGlyLeuArgAspLeuAlaValAla
1501 ATAACCATCTCACTCCTCTTCGGGACTGGGCGCACAACGGCTTGCGAGATCTGGCCGTGG
TATTGGTAGAGTGAGGAGAAGCCCTGACCCGCGTGTTGCCGAACGCTCTAGACCGGCACC

ValGluProValValPheSerGlnMetGluThrLysLeuIleThrTrpGlyAlaAspThr
1561 CTGTAGAGCCAGTCGTCTTCTCCCAAATGGAGACCAAGCTCATCACGTGGGGGGCAGAIA
GACATCTCGGTCAGCAGAAGAGGGTTTACCTCTGGTTCGAGTAGTGCACCCCCCGTCTAT

AlaAlaCysGlyAspIleIleAsnGlyLeuProvalSerAlaArgArgGlyArgGluIle
1621 CCGCCGCGTGCGGTGACATCATCAACGGCTTGCCTGTTTCCGCCCGCAGGGGCCGGGAGA
GGCGGCGCACGCCACTGTAGTAGTTGCCGAACGGACAAAGGCGGGCGTCCCCGGCCCTCT

LeuLeuGlYProAlaAspGlyMetvalSerLysGlyTrpArgLeuLeuAlaProIleThr
1681 TACTGCTCGGGCCAGCCGATGGAATGG TCTCCAAGGGG TGGAGG TTGCTGGCGCCCATCA
ATGACGAGCCCGGTCGGCTACCTTACCAGAGG TTCCCCACCTCCAACGACCGCGGGTAGT

AlaTyrAlaGlnGlnThrArgclyLeuLeuclyCysIleIleThrSerLeuThrGlyArg
1741 CGGCGTACGCCCAGCAGACAAGGGGCCTCCTAGGGTGCATAATCACCAGCCTAACTGGCC
GCCGCATGCGGGTCGTCTGTTCCCCGGAGGAICCCACGTATTAGTGGTCGGATTGACCGG

AspLysAsnGlnValGluGlyGluvValGlnIlevValSerThrAlaAlaGlnThrPheleu
1801 GGGACAAAAACCAAGTGGAGGGTGAGGTCCAGATTGTGTCAACTGCTGCCCAAACCTTCC
CCCTGTTTTTGGTTCACCTCCCACTCCAGG TCTAACACAGTTGACGACGGG TTTGGAAGG

AlaThrCysIleAsnGlyVa1CysTrpThrValTyrH1sGlyAlaGlyTh:ArgThrIle
1861 TGGCAACGTGCATCAATGGGGTGTGCTGGACTGTCTACCACGGGGCCGGAACGAGGACCA
ACCGTTGCACGTAGTTACCCCACACGACCTGACAGATGGTGCCCCEGCCTTGCTCCTGGT

AlaSerProLysGlyProvalIleGlnMetTerhrAsnvalAspGlnAspLeuValcly

FIG. 47-2
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AspValValValValAlaThrAspAlaLeuMetThrGlYTYrThrGlYASpPheAspSer
2941 GCGATGTTGTCGTCGTGGCAACQG@@GQQGTCATGACCGGCTATACCGGCGACTTCGACT
CGCTACAACAGCAGCACCGTTGGCTACGGGAGTACTGGCCGATATGGCCGCTGAAGCTGA

- ValIleAsprsAsnThrCYsValThrGlnThrValAspPheSerLeuAspProThrPhe
3001 CGGTGATAGACTGCAATACGTGTGTCACCCAGACAGTCGATTTCAGCCTTGACCCTACCT
GCCACTATCTGACG I TATGCACACAGTGGG TCTGTCAGCTAAAGTCGGAACTGGGATGGA

ThrIleGluThrIleThrLeuProGlnAspAlaValSerArgThrGlnArgArgGlyArg
3061 TCACCATTGAGACAATCACGCTCCCCCAGGATGCTGTCTCCCGCACTCAACGTCGGGGCA
AGTGGTAACTCTGTTAGTGCGAGGGGGTCCTACGACAGAGGGCGTGAGTTGCAGCCCCGT

ThrGlyArgGlyLysProGlyIleTyrArgPheValAlaProGlyGluArgProSerGly
3121 GGACTGGCAGGGGGAAGCCAGGCATCTACAGATTTGTGGCACCGGGGGAGCGCCCOTCCR
CCTGACCGTCCCCCTTCGETCCGTAGATGTC TAAACACCGTGGCCCCCTCGCGGGGAGGE

MetPheAspSerSerValLeuCysGluCysTyrAspAlaGlyCysAlaTrpTyrGluLeu
3181 GCATGTTCGACTCGTCCGTCCTCTGTGAGTGCTATGACGCAGGCTGTGCTTCGTATGAGT
CGTACAAGCTGAGCAGGCAGGAGACACTCACGATACTGCGTCCGACACGAACCATACTCG

ThrProAlaGluThrThrValArgLeuArgAlaTeretAsnThrProGlyLeuProVal
3241 TCACGCCCGCCGAGACTACAGTTAGGCTACGAGCGTACATGAACACCCCGGGGCTTCCCG
AGTGCGGGCGGCTCTGATGTCAATCCGATGCTCGCATGTACTTGTGGGGCCCCGAAGGGC

CysGlnAspHisLeuGluPheTrpGluGlyValPheThrGlyLeuThrHisIleAspAla
3301 TGTGCCAGGACCATCTTGAATTTTGGGAGGGCGTCTTTACAGGCCTCACTCATATAGATG
ACACGGTCCTGGTAGAACTTAAAACCCTCCCGCAGAAATGTCCGGAGTGAGTATATCTAC

HisPheLeuSerGlnThrLysGlnSerG1yGluAsnLeuProTereuValAlaTyrGln
3361 CCCACTTTCTATCCCAGACAAAGCAGAGTGGGGAGAACCTTCCTTACCTGGTAGCGTACC
GGGTGAAAGATAGGGTCTGTTTCGTCTCACCCCTCTTGGAAGGAATGGACCATCGCATGG

AlaThrValesAlaArgAlaGlnAlaProProProSerTrpAspGlnMetTrpLysCys
3421 AAGCCACCGTGTGCGCTAGGGCTCAAGCCCCTCCCCCATCGTGGGACCAGATGTGGAAGT
TTCGGTGGCACACGCGATCCCGAGTTCGGGGAGGGGGTAGCACCCTGGTCTACACCTTCA

LeuIleArgLeuLysProThrLeuHisGlyProThrProLeuLeuryrArgLeuGlyAla
3481 GTTTGATTCGCCTCAAGCCCACCCTCCATGGGCCAACACCCCTGCTATACAGACTGGGCG
CAAACTAAGCGGAGTTCGGGTGGGAGGTACCCGGTTGTGGGGACGATATGTCTGACCCGC

ValGlnAsnGluIleThrLeuTh:HisProValThrLysTyrIleMetThrCysMetSer
3541 CTGTTCAGAATGAAATCACCCTGACGCACCCAGTCACCAAATACATCATGACATGCATGT
GACAAGTCTTACTTTAGTGGGACTGCGTGGGTCAGTGGTTTATGTAGTACTGTACGTACA

AlaAsPLeuGlthlValThrSerThrTrpvalLeuValGlyGlyValLeuAlaAlaLeu
3601 CGGCCGACCTGGAGGTCGTCACGAGCACCTGGGTECTCGTTGGCCGCETCCTGGCTGCTT
GCCGGCTGGACCTCCAGCAGTGCTCGTGGACCCACGAGCAACCGCCGCAGGACCGACGAA

AlaAlaTerysLeuSerThrGlyCysValValIleValGlyArgValValLeuSerGly
3661 TGGCCGCGTATTGCCTGTCAACAGGCTGCGTGGTCATAGTGGGCAGGGTCGTCTTGTCCG
ACCGGCGCATAACGGACAGTTGTCCGACGCACCAGTATCACCCGTCCCAGCAGAACAGGT

LysProAlallelleProAspArgGluvalLeuTyrArgGluPheAspGluMetGluGlu
3721 GGAAGCCGGCAATCATACCTGACAGGGAAGTCCTCTACCGAGAGTTCGATGAGATGGAAG
CCTTCGGCCGTTAGTATGGACTGTCCCTTCAGGAGATGGCTCTCAAGCTACTCTACCTTC

CysserGlnHisLeuProTyrI1eGluG1nGlyMatMetLeuAlaGluGlnPheLysGln
3781 AGTGCTCTCAGCACTTACCGTACATCGAGCAAGGGATGATCCTCGCCGAGCAGTTCAAGC
TCACGAGAGTCGTGAATGGCATGTAGCTCGTTCCCTACTACGAGCGGCTCGTCAAGTTCG

LysAlaLeuGlyLeuLeuGlnThrAlaSerArgGlnAlaGluvValIleAlaProAlaval
3841 AGAAGGCCCTCGGCCTCCTGCAGACCGCGTCCCCTCAGGCAGAGGTTATCGCCCCTGCTG
ICTTCCGGGAGCCGGAGGACGTCTGGCGCAGGGCAGTCCGTCTCCAATAGCGGGGACGAC

GlnThrAsnTrpGlnLysLeuGluThrPheTrpAlaLysHisMetTrpAsnPheIleSer
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TCCAGACCAACTGGCAAAAACTCGAGACCTTCTGGGCGAAGCATATGTGGAACTTCATCA
AGGTCTGGTIGACCGTTTTTGAGCTCTGGAAGACCCGC TTCGTATACACCTTGAAGTAGT

GlyIleGlnTereuAlaGlyLeuSerThrLeuProGlyAsnProAlaIleAlaSerLeu
GTGGGATACAATACTTGGCGGGCTTGTCAACGCTGCCTGGTAACCCCGCCATTGCTTCAT
CACCCTATGTTATGAACCGCCCGAACAGTTGCGACGGACCATTGGGGCGGTAACGAAGTA

MetAlaPheThrAlaAlaValThrSerProLeuThrThrSerGlnThrLeuLeuPheAsn
TGATGGCTTTTACAGCTGCTGTCACCAGCCCACTAACCACTAGCCAAACCCTCCTCTTCA
ACTACCGAAAATGTCGACGACAGTGGTCGGGTGATTGGTGATCGGTTTGGGAGGAGAAGT

IleLeuGlyGlyTrpvalAlaAlaGlnLeuAlaAlaProGlyAlaAlaThrAlaPheval
ACATATTGGGGGGG TGGGTGGCTGCCCAGC TCGCCGCCCCCGGTGCCGCTACTGCOTTTG
TGTATAACCCCCCCACCCACCGACGGGTCGAGCGGCGEGEGCCACGGCEATGACGGAAAC

GlyAlaGlyLeuAlaGlyAlaAlaIleGlySerValGlyLeuG1yLysValLeuIleAsp
TGGGCGCTGGCTTAGCTGGCGCCGCCATCGGCAGTGTTGGACTGGGGAAGGTC S TCATAG
ACCCGCGACCGAATCGACCGCGGCGGTAGCCGTCACAACCTGACCCCTTCCAGGAGTATC

IleLeuAlaGlyTyrGlyAlaGlyValAlaGlyAlaLeuValAlaPheLysIleMetSer
ACATCCTTGCAGGGTATGGCGCGGGCGTGGCGGGAGCTCTTGTGGCATTCAAGATCATGA
TGTAGGAACGTCCCATACCGCGCCCGCACCGCCCTCGAGAACACCGTAAGTTCTAGTACT

GlyG1uValProSerThrGluAspLeuValAsnLeuLeuProAlaIleLeuSerProGly
GCGGTGAGGTCCCCTCCACGGAGGACCTGGTCAATCTACTGCCCGCCATCCTCTCGCCCG
CGCCACTCCAGGGGAGGTGCCTCCTGGACCAGTTAGATGACGGGCGGTAGGAGAGCGGGC :

AlaLeuValvalGlyVElValCYsAlaAlaIleLeuArgA:gHisvalGlyProGlyGlu
GAGCCCTCGTAGTCGGCGTGGTCIGTGCAGCAATACTGCGCCGGCACGTTGGLCCGAGLa
CTCGGGAGCATCAGCCGCACCAGACACGTCG T TATGACGCGGCCETGCAACCGGGCCCGT

GlyAlaValGlnTrpMetAsnArgLeuIleAlaPheAlaSerArgGlyAanisValSer
AGGGGGCAGTGCAGTGGATGAACCGGCTGATAGCCTTCGCCTCCCEGGGGAACCATGTTT
TCCCCCGTCACGTCACCTACTTGGCCGACTATCGGAAGCGGAGGGCCOCCTTGGTACAAA

ProThrHisTyrValProGluSerAspAlaAlaAlaArgValThrAlaIleLeuSerSer
CCCCCACGCACTACGTGCCGGAGAGCGATGCAGCTGCCCGCGTCACTGCCATACTCAGCA
GGGGGTGCGTGATGCACGGCCTCTCGCTACGTCGACGGGCGCAGTGACGGTATGAGTCGT

LeuThrvalThrGlnLeuLeuArgArgLeuHisGlnTrpIleSerSerGluCysThrThr
GCCTCACTGTAACCCAGCTCCTGAGGCGACTGCACCAGTGGATAAGCTCGGAGTGTACCA
CGGAGTGACATTGGGTCGAGGACTCCGCTGACE TGGTCACCTATTCGAGCCTCACATGGT

ProCysSerGlySerTrpLeuArgAspI1eTrpAspTrpIleCysGluValLeuSerAsp
CTCCATGCTCCGGTTCCTGGCTAAGGGACATC TGGGACTGGATATGCGAGGTGTTGAGCG
GAGGTACGAGGCCAAGGACCGATTCCCTGTAGACCCTGACCTATACGCTCCACAACTCGC

PheLysThrTrpLeuLysAlaLysLeuMetProGlnleuProGlylleProPhevalSer
ACTTTAAGACCTGGCTAAAAGCTAAGCTCATGCCACAGCTGCCTGGGATCCCCTTTGTGT
TGAAATTCTGGACCGATTTTCGATTCGAGTACGGIGTCGACGGACCCTAGGGGAAACACA

chGlnArgGlyTerysGlyValTrpArgvalAspGlyIleMetHisThrArgCysHis
CCTGCCAGCGCGGG TATAAGGGGGTCTGGCGAGTGGACGGCATCATGCACACTCGCTGCC
GGACGGTCGCGCCCATATTCCCCCAGACCGCTCACCTGCCGTAGTACGTGTGAGCGACGG

CysGlyAlaGlulleThrGlyHisValLysAsnGlyThrMetArgllevalGlyProArg
ACTGTGGAGCTGAGATCACTGGACATGTCAAAAACGGGACGATGAGGATCGTCGGTCCTA
TGACACCTCGACTCTAGTGACCTGTACAGTTTTTGCCCTGCTACTCCTAGCAGCCAGGAT

ThrCysArgAsnMetTrpSerGlyThrPheProIleAsnAlaTerhrThrGlyProCys
GGACCTGCAGGAACATGTGGAGTGGGACCTTCCCCATTAATGCCTACACCACGGGCCCCT
CCTGGACGTCCTTGTACACCTCACCCTGGAAGGGGTAATTACGGATGTGC TGCCCGGGGA

ThrProLeuProAlaProAsnTyrThrPheAlaleuTrpArgValSerAlaGluGluTyr
GTACCCCCCTTCCTGLGCCGAACTACACGTTCGCGCTATGGAGGG TG TCTGCAGAGGAAT
CATGGGGGGAAGGACGCGGCTTGATGTGCAAGCGCGATACCTCCCACAGACGTCTCCTTA

FIG. 47-5
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ValGluIleArgGanalGlyAspPheHisTeralThrGlyMetThrThrAspAsnLeu
4921  ATGIGGAGATAAGGCAGGTGGGGGACTTCCACTACGTGACGGGTATGACTACTGACAATC
TACACCTCTATTCCGTCCACCCCCTGARGG TGATGCACTGCCCATACTGATGACTGTTAG

: LysCysProCysGanalProSerProGluPhePheThrGluLeuAspGlyValArgLeu
4981 TCAAATGCCCGTGCCAGGTCCCATCGCCCGAATTTTTCACAGAATTGGACGGGGTGCGEE
AGTTTACGGGCACGGTCCAGGGTAGCGGGCTTAAAAAGTGTCTTAACCTGCCCCACGCGG

HisArgPheAlaProProCysLysProLeuLeuArgGluGluValSerPheArgValGly
5041 TACATAGGTTTGCGCCCCCCTGCAAGCCCTTGCTGCGGGAGGAGGTATCATTCAGAGTAG
ATGTATCCAAACGCGGGGGGACGTTCGGGAACGACGCCCTCCTCCATAGTAAGTCTCATC

LeuHisGluTyrProvalGlySerGlnLeuProCysGluProGluProAspvalalaval
5101 GACTCCACGAATACCCGGTAGGGTCGCAATTACCTTGCGAGCCCGAACCEGACGTCGCCE
CTGAGGTGCTTATGGGCCATCCCAGCGTTAATGGAACGCTCGGGCTTGGCCTGCACCEEC

LeﬁThrSerMetLeuThrAspProSerHisIleThrAlaGluAlaAlaGlyArgArgLeu
5161 TGTTGACGTCCATGCTCACTGATCCCTCCCATATAACAGCAGAGGCGGCCGGGCGAAGST
ACAACTGCAGGTACGAGTGACTAGGGAGGGTATATTGTCGTCTCCGCCGGCCCGCTTC A

AlaArgGlySerProProServValAlaSerSerSerAlaSerGlnLeuSerAlaProSer
5221 TGGCGAGGGGATCACCCCCCTCTGTGGCCAGCTCCTCCGCTAGCCAGCTATCCGCTCCAT
ACCGCTCCCCTAGTGGGGGGAGACACCGGTCGAGGAGCCGATCGGTCGATAGGCGAGGTA

LeuLysAlaThrCysThrAlaAsnHisAspSerProAspAlaGluLeuIleGluAlaAsn
5281 CTCTCAAGGCAACTTIGCACCGCTAACCATGACTCCCCTGATGCTGAGCTCATAGAGGCCA
GAGAGTTCCGTTIGAACGTGGCGATTGGTACTGAGGGGACTACGACTCGAGTATCTCCGGT

LeuLeuTrpArgGlnGluMetGlyGlyAsnIleThrA:gValGluSerGluAsnLysVal
5341 ACCTCCTATGGAGGCAGGAGATGGGCGGCAACATCACCAGGGTTGAGTCAGAAAACAAAG
TGGAGGATACCTCCGTCCTCTACCCGCCGTTGTAGTGG TCCCAACTCAGTCTTTTGTTTC

ValIleLeuAspSerPheAspProLeuValAlaGluGluAspGluArgGluIleSerVal
5401 TGGTGATTICTGGACTCCTTCGATCCGCTTGTGGCGGAGGAGGACGAGCGEGAGATCTCCG
ACCACTAAGACCTGAGGAAGCTAGGCGAACACCGCCTCCTCCTGCTCGCCCTCTAGAGGC

ProAlaGluIleLeuArgLysSerArgArgPheAlaGlnAlaLeuProValTrpAlang
5461 TACCCGCAGAAATCCTGCGGAAGTCTCGGAGATTCGCCCAGGCCCTGCCCGTTTGCGCGT
ATGGGCGTCTTTAGGACGCCTTCAGAGCCTCTAAGCGGGTCCGGGACGGGCAAACCCGCG

ProAspTyrAsnProProLeuValGluThrTrpLysLysProAspTyrGluProProVal
5521 GGCCGGACTATAACCCCCCGCTAGTGGAGACGTGGAAAAAGCCCGACTACGAACCACCTG
CCGGCCTGATATTGGGGGGCGATCACCTCTGCACCTTTTTCGGGCTGATGCTTGGTGGAC

ValHisGlyCysProLeuProProProLysSerProPrthlProProProArgLysLys
5581 TGGICCATGGCTIGTCCGCTTCCACCTCCAAAGTCCCCTCCTGTGCCTCCGCCTCGGAAGA
ACCAGGTACCGACAGGCGAAGG TGGAGGTTTCAGGGGAGGACACGGAGGCGGAGCCTTCT

ArgThrvalvValLeuThrGluSerThrLeuSerThrAlaleuAlaGluleuAlaThrArg
5641 AGCGGACGGTGGTCCTCACTGAATCAACCCTATCTACTGCCTTGGCCGAGCTCGCCACCA
TCGCCTGCCACCAGGAGTGACTTAGTTGGGATAGATGACGGAACCGGCTCGAGCGGTGET

SerPheGlySerSerSerThrSerGlyIleThrGlyAspAsnThrThrThrSerSerGlu
5701 GAAGCTTTGGCAGCTCCTCAACTTCCGGCATTACGGGCGACAATACGACAACATCCTCTG
CTTCGAAACCGTCGAGGAGTTGAAGGCCGTAATGCCCGCTGTTATGCTGTTGTAGGAGAC

ProAlaProSerGlyCysProProAspSerAspAlaGluSerTyrSerSerMetProPro
5761 AGCCCGCCCCTTCTGGCTGCCCCCCCGACTCCGACGCTGAGTCCTATTCCTCCATGCCCC
TCGGGCGGGGAAGACCGACGGGGGGGCTGAGGCTGCGACTCAGGATAAGGAGGTACGGGE

LeuGluGlyGluProGlyAspProAspLeuSerAspGlySerTrpSerThrValSerser
5821 CCCTGGAGGGGGAGCCTGGGGATCCGGATCTTAGCGACGGGTCATGGTCAACGGTCAGTA
GGGACCTCCCCCICGGACCCCTAGGCCTAGAATCGCTGCCCAGTACCAGTTGCCAGTCAT

GluAlaAsnAlaGluAspValvValCysCysSerMetSerTyrSerTrpThrGlyAlalLeu
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5881 GTGAGGCCAACGCGGAGGATGTCGTGTGCTGCTCAATGTICTTACTCTTGGACAGGCGCAC
CACTCCGGTTGCGCCTCCTACAGCACACGACGAGTTACAGAATGAGAACCTSTCCGCGTG

ValThrProCysAlaAlaGluGluGlnLysLeuProlleAsnAlaleuSerAsnSerLeu
5941 TCGTCACCCCGTGCGCCGCGGAAGAACAGAAACTGCCCATCAATGCACTAAGCAACTCGT
AGCAGTGGGGCACGCGGCGCCTTCTIGTCTTTGACGGGTAGTTACGTGATTCGTTGAGCA

LeuArgHisHisAsnLeuValTyrSerThrThrSerArgSerAlaCysGlnArgGlnLys
6001 TGCTACGTCACCACAATTTGGTGTATTCCACCACCTCACGCAGTGCTTGCCAAAGGCAGA
ACGATGCAGTGGTGTTAAACCACATAAGG TGGTGGAGTGCGTCACGAACGGTTTCCGTCT

LysValThrPheAspArgleuGlnvalLeuAspSerHisTyrGlnAspValleuLysGlu
6061 AGAAAGTCACATTTGACAGACTGCAAGTTCTGGACAGCCATTACCAGGACGTACTCAAGS
TCTTTCAGTGTAAACTGTCTGACGTTCAAGACCTGTCGGTAATGGTCCTGCATGAGTTCC

VallysAlaAlaAlaSerLysVallysAlaAsnlLeuLeuSerValGluGluAlaCysSer
6121 AGGTTAARGCAGCGGCGTCAAAAGTGAAGGCTAACTTGCTATCCGTAGAGGAAGCTTGCA
TCCAATTTCGTCGCCGCAGTTTTCACTTCCGATTGAACGATAGGCATCTCCTTCGAACGT

LeuThrProProHisSerAlalLysSerLysPheGlyTyrGlyAlaLysAspValArgCys
6181 GCCTGACGCCCCCACACTCAGCCAAATCCAAGTTTGGTTATGGGGCAAAAGACGTCCGTT
CGGACTGCGGGGG TG TGAGTCGGTTTAGG T TCARACCAATACCCCG T T TCTGCAGGCAA

HisAlaArgLysAlavalThrHisIleAsnSerValTrpLysAspLeulLeuGluAspAsn
6241 GCCATGCCAGAAAGGCCGTAACCCACATCAACTCCGTGTGGAAAGACCTTCTGGAAGACA
CGGTACGGTCTTTCCGGCATTGGGTGTAGTTGAGGCACACCTTTCTGGAAGACCTTCTGT ‘
ValThrProlleAspThrThrIleMetAlaLysAsnGluvValPheCysvValGlnProGlu
6301 ATGTAACACCAATAGACACTACCATCATGGCTAAGAACGAGGTTTTCTGCGTTCAGCCTG
TACATTGTGGTTATCTGTGATGGTAGTACCGATTCTTGCTCCAAAAGACGCAAGTCGGAL

LysGlyGlyArgLysProAlaArgleulleValPheProAspleuGlyvValArgvalCys
6361 AGAAGGGGGGTCGTAAGCCAGCTCGTCTCATCGTGTTCCCCGATCTGGGCGTGCGCGTGT
TCTTCCCCCCAGCATTCGGTCGAGCAGAGTAGCACAAGGGGCTAGACCCGCACGCGCACA

GluLysMetAlaleuTyrAspValvalThrLysLeuProLeuAlaValMetGlySerSer
6421 GCGAAAAGATGGCTTTGTACGACGTGGTTACAAAGCTCCCCTTGGCCGTGATGGGAAGCT
CGCTTTTCTACCGARACATGCTGCACCAATGTTTCGAGGGGAACCGGCACTACCCTTCGA

TyrGlyPheGlnTyrSerProGlyGlnArgvalGluPheLeuValGlnAlaTrpLysSer
6481 CCTACGGATTCCAATACTCACCAGGACAGCGGGTTGAATTCCTCGTGCAAGCGTGGAAGT
GGATGCCTAAGGTTATGAGTGGTCCTGTCGCCCAACTTAAGGAGCACGTTCGCACCTTCA

LysLysThrProMetGlyPheSerTyrAspThrArgCysPheAspSerThrvalThrGlu
6541 CCAAGAAAACCCCAATGGGGTTCTCGTATGATACCCGCTGCTTTGACTCCACAGTCACTG
GGTTCTTTTGGGGTTACCCCAAGAGCATACTATGGGCGACGAAACTGAGGTGTCAGTGAC

SerAspIlleArgThrGluGluAlaIleTyrGlnCysCysAspleuAspProGlnAlaArg
6601 AGAGCGACATCCGTACGGAGGAGGCAATCTACCAATGTTGTGACCTCGACCCCCAAGLCE
TCTCGCTGTAGGCATGCCTCCTCCGTTAGATGGTTACAACACTGGAGCTGGGGGTTCGGG

ValAlalleLysSerLeuThrGluArgLeuTyrvValGlyGlyProLeuThrAsnSerarg
6661 GCGTGGCCATCAAGTCCCTCACCGAGAGGCTTTATGTTGGGGGCCCTCTTACCAATTCAA
CGCACCGGTAGTTCAGGGAGTGGCTCTCCGAAATACAACCCCCGGGAGAATGGTTAAGTT

GlyGluAsnCysGlyTyrArgArgCysArgAlaSerGlyValleuThrThrSerCysGly
6721 GGGGGGAGAACTGCGGCTATCGCAGGTGCCGCGCGAGCGGCGTACTGACAACTAGCTGTG
CCCCCCTCTTGACGCCGATAGCGTCCACGGCGCGCTCGCCGCATGACTGTTGATCGACAC

AsnThrLeuThrCysTyrIleLysAlaArgAlaAlaCysArgAlaAlaGlyLeuGlnAsp
6781 GTAACACCCTCACTTGCTACATCAAGGCCCGGGCAGCCTGTCGAGCCGCAGGGCTCCAGG
CATTGTGGGAGTGAACGATGTAGTTCCGGGCCCGTCGGACAGCTCGGCGTCCCGAGGTCC

CysThrMetLeuvalCysGlyAspAspLeuvalVallleCysGluSerAlaGlyvalGln
6841 ACTGCACCATGCTCGTGTGTGGCGACGACTTAGTCGTTATCTGTGAAAGCGCGGGGGTCC
TGACGTGGTACGAGCACACACCGCTGCTGAATCAGCAATAGACACTTTCGCGCCCCCAGG
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GluAspAlaAlaSerLeuArgAlaPheThrGluAlaMetThrArgTyrSerAlaProPro
AGGAGGACGCGGCGAGCCTGAGAGCCTTCACGGAGGCTATGACCAGGTACTCCGCCCCCE
TCCTCCTGCGCCGCTCGGACTCTCGGAAGTGCCTCCGATACTGGTCCATGAGGCGEGEEGG

GlyAspProProGlnProGluTyrAspLeuGluLeulleThrSerCysSerSerAsnval
CTGGGGACCCCCCACAACCAGAATACGACTTGGAGCTCATAACATCATGCTCCTCCAACG
GACCCCTGGGGGGTGTTGGTCTTATGC TGAACCTCGAGTATTG TAGTACGAGGAGGTTGC

SerValAlaHisAspGlyAlaGlyLysArgValTyrTyrLeuThrArgAspProThrThr
TGTCAGTCGCCCACGACGGCGCTGGAAAGAGGGTCTACTACCTCACCCGTGACCCTACAA
ACAGTCAGCGGGTGCTGCCGCGACCTTTC TCCCAGATGATGGAGTGGGCACTGGGATGTT

ProlLeuAlaArgAlaAlaTrpGluThrAlaArgHisThrProValAsnSerTrpLeuGly
CCCCCCTCGCGAGAGCTGCGTGGGAGACAGCAAGACACACTCCAGTCAATTCCTGGCTAG
GGGGGGAGCGCTCTCGACGCACCCTCTGTCGTTCTG TG TGAGGTCAGTTAAGGACCGATC

AsnllelleMet.PheAlaProThrLeuTrpAlaArgMetIleleuMetThrHisPhePhe
GCAACATAATCATGTTTGCCCCCACACTGTGGGCGAGGATGATACTGATGACCCATTTCT
CGTTGTATTAGTACAAACGGGGGTGTGACACCCGCTCCTACTATGACTACTGGGTAAAGA

SerValleulleAlaArgAspGlnLeuGluGlnAlaLeuAspCysGlulleTyrGlyAla
TTAGCGTCCTTATAGCCAGGGACCAGCTTGAACAGGCCCTCGATTGCGAGATCTACGGEE
AATCGCAGGAATATCGGTCCCTGGTCCGAACTTGTCCGGGAGCTAACGCTCTAGATGCCCC

CysTyrSerlleGluProlLeuAspLeuProProllelleGlnArgLleu

CCTGCTACTCCATAGAACCACTTGATCTACCTCCAATCATTCAAAGACTC
GGACGATGAGGTATCTTGGTGAACTAGATGGAGGTTAGTAAGTTTCTGAG
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The invention relates to materials and methedologies for
managing the spread of non-A, non-B hepatitis virus (NANBY)
infection. More specifically, it relates to diagnostic DNA
fragments, diagnostic proteins, diagnostic antibodies and
pProtective antigens and antibodies for an etiologic agent
of NANB hepatitis, i.e., hepatitis ¢ virus.
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Background Art

Non-A, Non-B hepatitis {NANBH) is a
transmissible 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 chimpanzee and se-
rial 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 disease are unknown.

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

Clinical diagnosis and identification of NANBH
has been accomplished primarily by exclusion of other
viral markers. Among the methods used to detect putative
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NANBV antigens and antibodies are agar-gel diffusion,
counterimmunoelectrophoresis, immuncfluorescence
microscopy, immune electron microscopy, radioimmunoassay,
and enzyme-linked immunosorbent a4ssay. However, none of
these assays has proved to be sufficiently sensitive,
specific, and reproducible to be used as a diagnostic test
for NANBH.

Until now there has been neither clarity nor
agreement as to the identity or Bpecificity of the antigen
antibody systems associated with agents of NANBH. This is
due, at least in part, to the prior or co-infection of HBYV
with NANBV in individuals, and to the known complexity of
the soluble and pParticulate antigens associated with HBv,
as well as to the integration of HBV DNA into the genome
of liver cells. 1In addition, there i{s the pPossibility
that NANBH is cauysed 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 postu-
lated that the agar-gel diffusion and counterimmunc-
electrophoresis assays detect autoimmune responses or non-
specific protein interactions that sometimes occur between
Serum specimens, and that they do not represent specific
NANBV antigen-antibody reactions. The immunofluorescence,
and enzyme-linked immunosorbent, and radioimmuncassays
appear to detect low levels of a rheumatoid-factor-like
material that is frequently present in the serum of
patients with NANBH as well as in patients with other
hepatic and nonhepatic diseases. Some of the reactivity
detected may represent antibody to host-determined
cytoplasmic antigens.

There are a number of candidate NANBV. See, for
example the reviews by Prince (1983), Feinstone and
Hoofnagle (1984), and Overby (1985, 1986, 1987) and the
article by Iwarson (1387). However, there is no proof
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that any of these candidates represent the eticlogical
agent of NANBH.

The demand for sensitive, specific methods for
screening and identifying carriers of NANBV and NANBV
contaminated blood or blood products is significant.
Post-transfasion 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%).

Patient care as well as the t-evention of
transmission of NANBH by blood and bloca products or by
close personal contact require reliable diagnostic and
prognostic tools to detect nucleic acids, antigens and
antibodies related to NANBV. 1In addition, there is also a
need for effective vaccines and immunotherapeutic
therapeutic agents for the prevention and/or treatment o'
the disease.

Disclosure of the Invention

The invention pertains to the isolation and
characterization of a newly discovered etiologic agent of
NANBH, hepatitis C virus (HCV). More specifically, the
invention provides a family of cDNA replicas of portions
of HCV genome. These cDNA replicas were isolated by a
technique which included a novel step of screening expres-
sion products from cDNA libraries created 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 unisoclated 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.

Studies of the nature of the genome of the HCV,
utilizing probes derived from the HCV CDNA, as well as
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sequence information contained within the HCV cDNA, are
suggestive that HCV is a Flavivirus or a Flavi-like virus.

Portions of the c¢DNA sequences derived from HCV are
useful as probes to diagnose the presence of virus in
samples, and to isoclate naturally occurring variants of the
virus. These cDNAs alsc make available polypeptide
sequences of HCV antigens encoded within the HCV genome(s)
and permits the production of pPolypeptides which are useful
as standards or reagents in diagnostic tests and/or as
components of vaccines. Antibodies, both polyclonal and
monoclonal, directed against Hcv epitopes contained within
these polypeptide sequences are also useful for diagnostic
tests, as therapeutic agents, for screening of antiviral
agents, and for the isclation of the NANBV agent from whic?
these cDNAs derive. 1In 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 prophylactic and
therapeutic, of NANBH.

Thus, the invention provides a polypeptide in
substantially isolated form comprising a contiguous
sequence of at least 10 amino acids encoded by the genome
of hepatitis C virus (HCV) and comprising an antigenic
determinant, wherein HCV is characterized by:

(i) a positive stranded RNA genome;

(ii) said genome comprising an open reading frame
(ORF) encoding a polyprotein; and

(iii) said polyprotein comprising an amino acid
sequence having at least 40% homology to the 859 amino acid
seguence in Figure 14.

The invention also provides a polynucleotide in
substantially isolated form comprising a contiguous
sequence of nucleotides which is capable of selectively
hybridizing to the genome of hepatitis C virus (HCV) or
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the compliment thereof, wherein HCV is characterized by:

(1) a positive stranded RNA gencme:

(ii) said genome comprising an open reading frame (ORF)
encoding a polyprotein; and

(iii) said polyprotein comprising an amino acid sequence

having at least 40% homology to the 859 amino acid

sequence in Figure 14.

The invention alsc provides a DNA polynucleotide
encoding a polypeptide, which polypeptide comprises a
contiguous sequence of at least 10 amino acids encoded by
the genome of hepatitis ¢ virus (HCV) and comprising an
antigenic determinant, wherein HCV is characterized by:

(i) a positive stranded RNA genome;

(ii) said genome comprising an open reading frame (ORF)i
encoding a polyprotein; anad

(iii) said polyprotéin comprising an amino acid seguence
having at least 40% homology to the 859 amino acid sequence
in Figure 14.

The invention further relates to: a purified HCV
polynucleotide; a recombinant HCV pelynucleotide; a
recombinant polynucleotide comprising a sequence derived
from an HCV genome or from HCV cDNA; a recombinant
polynucleotidg encoding an epitope of HCV:; a recombinant
vector containing any of the above recombinant
polynucleotides, and a host cell transformed with any of
these vectors.

The invention further relates to: 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 seqguence compatible
with a desired host, a cell transformed with the
recombinant expression system, and a polypeptide produced
by the transformed cell.

The invention can be utilized to obtain purified
HCV particles, a preparation of polypeptides from the
purified HCV; a purified HCV polypeptide; a purified

« ™ T "I1L. "
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polypeptide comprising an epitope which is immunologically
identifiable with an epitope contained in Hcv.

The invention also relates to a recombinant HCV
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.

The invention alsoc relates to an anti-HCV antibedy
composition comprising antibodies that bind said antigenic
determinant of a polypeptide according to the invention
which is (a) a purified preparation of polyclonal
antibedies, or (b) a monoclonal antibody composition.

The invention also relates to a particle which is
immunogenic against HCV infection comprising a non-HCV i
polypeptide having an amino acid sequence capable of
forming a particle when said sequence is produced in a
eukaryotic host, and an HCV epitope. The invention also
relates to a polynucleotide probe for HCV, the probe
comprising a polynucleotide of the inventien which further
comprises a detectable label. The invention also relates
to a polymerase chain reaction (PCR) kit comprising a pair
of primers capable of priming the symthesis of cDNA in a
PCR reaction where each of the primers is a polynucleotide
according to the invention. The invention also finds
application in the production of kits such as those for
assaying a sample for the presence or absence of HCV
polynucleotides by (a) contacting the sample with a probe
comprising a polynucleotide of the invention, for example
one containing about 8 or more nucleotides, under
conditions that allow the selective hybridisation of said
probe to an HCV polynucleotide or the compliment thereof in
the sample; and (b) detecting any polynucleotide duplexes
comprising said probe.

Other aspects to which the invention relates are: a
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polypeptide comprised of an HCV epitope, attached to a
solid substrate; and an antibedy to an HCV epitope,
attached to a solid substrate.

Still other aspects to which the invention relates
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
polypeptide containing an HCV epitope produced by this
method.

The invention also relates to 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 polynucleotide duplex between the probe and the HCV
nucleic acid from the sample; and detecting a
polynucleotide duplex which contains the probe,

Immunoassays and kits for use in such immunoassays
are also included in the invention. These include an
immunoassay for detecting an HCV antigen comprising (a)
providing an antibody composition according to the
invention; (b) incubating a sample with the antibody
composition under conditions that allow for the formation
of an antibody-antigen complex: and (c) detecting antibody-
antigen complexes comprising the anti-HCV antibodies. The
invention also provides an immunocassay for detecting
antibodies directed against an HCV antigen comprising (a)
providing a polypeptide comprising an antigenic determinant
bindable by said anti-HCV antibedy, wherein said antigenic
determinant comprises a contiguous amino acid segquence
encoded by said gendme: (b) incubating a bioclogical sample
with said polypeptide under conditions that allow for the
formation of an antibody-antigen complex: and (c) detecting
antibody=-antigen complexes comprising said polypeptide.

The invention also provides vaccine compositions
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for treatment of HCV infection comprising an immunogenic
peptide containing an HCV epitope, or an inactivated
preparation of HCV, or an attenuated Preparation of Hcv,.

An application of the invention is a tissue culture
grown cell infected with HCV and the invention includes a
method of growing HCV by providing cells, e.g. hepatocytes
or macrophages, infected with HCV and propagating such
cells jin vitro.

Yet another application of the invention is its use
in a method for producing antibodies to Hev comprising
administering to an individual an isolated immunogenic
polypeptide containing an Hcv epitope in an amount
sufficient to produce an immune response.

Still another application of the invention is a
method for isclating cDNA derived from the genome of an
unidentified infectiou; agent, comprising: (a) providing
host cells transformed with expression vectors containing a
CDNA library prepared from nucleic acids isolated from
tissue infected with the 2gent and growing said host cells
under conditions which allow expression of polypeptide(s)
encoded in the cDNA:; (b) interacting the expression
products of the cDNA with an antibody containing body
component of an individual infected with said infectious
agent under conditions which allow an immunoreaction, and
detecting antabody-antigen complexes formed as a result of
the interacting: (c) growing host cells which express
polypeptides that form antibody-antigen complexes in step
(b) under conditions which allow their growth as individual
clones and isolating said clones: (d) growing cells from
the clones of (c) under conditions which allow expression
of polypeptide(s) encoded within the CDNA, and interacting
the expression products with antibody containing bedy
components of individuals other than the individual in step
(a) who are infected with the infectious agent and with

followed by page 12a
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control individuals uninfected with the agent, and
detecting antibedy-antigen complexes formed as a result of
the interacting: (e) growing host cells which express
polypeptides that form antibody-antigen complexes with
antibody containing body components of infected individuals

and individuals
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and individuals suspected of being infected, and not with
said components of contrel individuals, under conditions
which allow their growth as individual clones andg isolating
said clones; and (f) isolating the cDNA from the host cell
clones of (e).

Erief Description of the Drawings

Fig. 1 shows the double-stranded nuclectide
Sequence of the HCV cDNA insert in clone 5-1-1, and the
putative amino acid sequence of the polypeptide encoded
therein.

Fig. 2 shows the homologies of the overlapping HCV
cDNA sequences in clones 5-1-1, 81, 1-2, and 91.

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.

Fig. 4 shows thé double-stranded nucleotide
sequence of the HCV cDNA insert in clone 81, and the puta-
tive amino acid Sequence of the polypeptide encoded
therein.

Fig. 5 shows the HCV cDNA sequence in clone 36, the
segment which overlaps the NANBV cDNA of clone 81, and the
polypeptide secquence encoded within clone 136.

Fig. 6 shows the combined ORF of HCV cDNAs in
clones 36 and él, and the polypeptide encoded therein.

Fig. 7 shows the HCV cDNA sequence in clone 32, the
segment which overlaps clone 81, and the polypeptide
encoded therein.

Fig. 8 shows the HCV cDNA sequence in clone 35, the
segment which overlaps clone 36, and the polypeptide
encoded therein.

Fig. 9 shows the combined ORF of HCV cDNAs in
clones 35, 36, 81, and 32, and the polypeptide encoded
therein.

Fig. 10 shows the HCV cDNA' sequence in clone 37b,
the segment which overlaps clone 35, and the polypeptide
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encoded therein.

Fig. 11 shows the HCV CDNA sequence in clone 33b,
the segment which overlaps clone 32, and the polypeptide
encoded therein.

Fig. 12 shows the HCV cDNA sequence in clone 40b,
the segment which overlaps clone 37b, and the polypeptide
encoded therein.

Fig. 13 shows the HCV cDNA sequence in clone 25c,
the segment which overlaps clone 33b, and the polypeptide
encoded therein.

Fig. 14 shows the nucleotide sequence and
pPolypeptide encoded therein of the ORF which extends
through the HCV cDNAs in clones 40b, 37b, 135, 36,'81, 32,
33b, and 25c.

Fig. 15 shows the HCV cDNA Sequence in clone 33c,
the segment which overlaps clones 40b and 33¢, and the
amino acids encoded theréein.

Fig. 16 shows the HCV CDNA sequence in clone 8h,
the segment which overlaps clone 33c¢, and the amino acids
encoded therein.

Fig. 17 shows the HCV cDNA sequence in clone 7e,
the segment which overlaps clone 8h, and the amino acids
encoded therein.

Fig. 18 shows the HCV cDNA sequence in clone 1l4c,
the segment which overlaps clone 25c, and the amino acids
encoded therein.

Fig. 19 shows the HCV cDNA sequence in clcne 8f,
the segment which overlaps clone l4c, and the amino acids
encoded therein. .

Fig. 20 shows the HCV cDNA sequence jn clone 33f,
the segment which overlaps clone 8f, and the amino acids
encoded thereir:, '

Fig. 21 shows the HCV cDNA sequence in clone 33q,
the segment which overlaps clone 33f, and the amino acids
encoded therein. :

Fig. 22 shows the HCV cDNA seguence in clone 7¢f,
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the segment which overlaps the sequence in clone 7e, and
the amino acids encoded therein. ‘

Fig. 23 shows the HCV cDNA sequence in clone 11b,
the segment which overlaps the sequence in clone 7f, and
the amino acids encoded therein.

Fig. 24 shows the HCV cDNA sequence in clone 14i,
the segment which overlaps the sequence in clone 1lb, and
the amino acids encoded therein.

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

Fig. 26 shows a composite HCV cDNA Sequence derived
from the aligned cDNAs in clones 14i, 11b, 72, 7e, 8h, 33c
40b 37b 35 36, 81, 32, 33b, 25¢, 14c, 8f, 33f, 33g and 39¢
also shown is the amino acid Sequence of the polypeptide ,
encoded in the extended ORF in the derived sequence.

Fig. 27 shows tHe Sequence of the HCV cDNA in clone
12f, the segment which cverlaps clone 14i, and the amino
acids encoded therein.

Fig. 28 shows the sequence of the HCV ¢DNA in clone
351, the segment which overlaps clone 39c, and the amino
acids encoded therein.

Fig. 29 shows the Sequence of the HCV ¢DNA in clone
19g, the segment which overlaps clone 35f, and the amino
acids encoded therein.

Fig. 30 shows the sequence of clone 26g, the
segment which overlaps cione 19g, and the amino acids
encoded therein.

Fig. 31 shows the sequence of clene 15e¢, the
segmnent which overlaps clone 26g, and the amino acids
encoded therein.

Fig. 32 shows the sequence in a composite cDNA,
which was derived by aligning clones 12f through 15e in the
5' to 3' direction; it also shows the amino acids encoded
in the continuocus ORF.

Fig. 33 shows a photograph of Western blots of a
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fusion protein, SOD-NANB5 11’ with chimpanzee serum from
chimpanzees infected with BB=-NANB, HAV, and HBV.

Fig. 34 shows a photograph of Western blots of a
fusion protein, SoOD- NANBs 11" with serum from humans
infected with NANBV, HAV, HBV, and from control humans.

Fig. 35 is a map showing the significant features
of the vector paAB24.

Fig. 36 shows the putative amino acid sequence of
the carboxy-terminus of the fusion polypeptide €100-3 and
the nucleotide sequence enceding it.

Fig. 37A is a photograph of a coomassie blue
stained polyacrylamide gel which identifies C100-3
expressed in yeast.

Fig. 37B shows a Western blot of Cl00-3 with serum
from a NANBV infected human.

Fig. 38 shows an autoradiograph of a Northern blot
©f RNA isolated from the liver of a BB-NANBV infected
chimpanzee, probed with BB-NANBV cDNA of clone 81.

Fig. 39 shows an autoradiograph of NANBV nucleic
acid treated with RNase A or DNase I, and probed with
BB~NANBV cDNA of clone 81.

Fig. 40 shows an autoradiograph of nucleic acids
extracted from NANBV particles captured from infected
plasma with anti-NANBs_l_l, and probed with 3ZP-labeled
NANBV cDNA from clone 81.

Fig. 4la and b shows autoradiographs of filters
containing isolated NANBV nucleic acids, probed with
32P-1abeled Plus and minus strand DNA probes derived from
NANBV c¢DNA in clone 81.

Fig. 41-1 shows the homologies between a
polypeptide encoded in HCV cDNA and an NS protein from
Dengue flavivirus.

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

Fig. 44 shows a histogram of the distribution of

Tl ' EBTIF T
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immunoglobulin-enzyme conjugate in an ELISA assay.
Fig. 45 shows the sequences in a primer mix,

derived from a conserved sequence in NS1 of flaviviruses.
Fig. 46 shows the HCV cDNA sequence in clone k9-1,

the segment which overlaps the cDNA in Fig. 27, and the
amino acids encoded therein.

Fig. 47 shows the sequence in a composite cDNA
which was derived by aligning clones ks-1 through 15e in
the 5' to 3' direction; it alsc shows the amino acids
encoded in the continuous ORF.

I. Definitions

The term "hepatitis C virus" has been reserved by

workers in the field for an heretofore unknown etiologic

agent of NANEH.

Accordingly, as used herein, "hepatitis ¢
virus" (HCV) refers to an agent causitive of NANBH, which
agent is a virus characterised by: (i) a positive stranded

RNA genome; (ii) said genome comprising an open reading

frame (ORF) encoding a polyprotein; and (iii) the portion

of said polyprotein corresponding to Figure 14 having at

least 40% homology to the amino acid sequence in Figure 14.

This agent was formerly referred to as NANBV and/or
BB-NANBV. The terms HCV, NANBV, and BB-NANBV are used
interchangeably herein, but all refer to the virus as

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.

The term "HCV", as used herein, denotes a virail
species which causes NANBH, and attenuated straing or
defective interfering 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

defined above.
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(1986} ). Therefore, there are multiple strains within the
HCV species described infra. The compositions and methods
described herein, enable the pPropagation, identification,
detection, and isolation of the various related strains.
Moreover, they also allow the preparation of diagnostics
and vaccines for the various strains, and have utility in
screening procedures for anti-viral agents for
pharmacologic use in that they inhibit replication of HCV,

The information provided herein, although deriveq
from one strain of HCV, hereinafter referred to as
CDC/HCV1, is sufficient to allow a viral taxonomist to
identify other strains which fall within the species. as
described herein, we have discovered that HCV is a
Flavivirus or Flavi-like virus. 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. vVirions 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.

HCV encodes an epitope which is immunologically
identifiable with an epitope in the HCV genome from which
the cDNAs described herein are derived; preferably the
epitope is encoded in a cDNA described herein. The epitope
is unique to HCV when compared to other known Flaviviruses.
The uniqueness of the epitope may be determined by its
immunological reactivity with HCV and lack of immunological
reactivity with other Flavivirus species. 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.

In addition to the above, the following parameters
are applicable, either alcne or in combination, in
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identifying a strain as HCV. Since HCV strains are
evolutionarily related, it is expected that the overall
homology of the genomes at the nucleotide level will be 40%
or greater, preferably 60% or greater, and even more
Preferably 80% or greater; and in addition that there will
be corresponding contiguous sequences of at least about 13
nucleotides. The correspondence between the putative Hcv
strain genomic sequence and the CDC/CH1 HCV 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 pelynucleotide from the
putative HCV, and the HCV cDNA sequence(s) described
herein. For example, also, they can be determined by
hybridization of the polynucleotides under conditions which
form stable duplexes between homologous regions (for ,
example, those which would be used prior to S, digestion),
followed by digestion with single stranded specific
nuclease(s), followed by size determination of the digested
fragments.

Because of the evolutionary relationship of the
strains of HCV, putative HCV strains are identifiable hy
their homology at the polypeptide level. Generally, HCV
strains are more than 40% homologous, preferably more than
60% homologous, and even more preferably more than 80%
homologous at the polypeptide level. The techniques for
determining amino acid sequence homology are known in the
art. For example, the amino acid segquence may be
determined directly and compared to the sequences proviaded
herein. For example also, the nucleoctide 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
regicns compared.

As used herein, a polynucleotide "derived from" a
designated sequence, for example, the HCV cDNA,
particularly those exemplified in the sequences of Figs.
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1-47, or from an HCV genome, refers to a polynuclectide
sequence which is comprised of a sequence of at least 6
nucleotidés, is preferably at least 8 nucleotides, is more
ppeferably at least 10-12 nucleotides, and even more
preferably at _least 15-20 nucleotides corresponding, i.e.,
homologous to or complementary to, a region of the
designated nucleotide Sequence. Preferably, the sequence
of the region from which the polynuclectide is derived is
homolqgous to or complementary to a sequence which is
unique to an HCV gencme. 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.q.,
Genebank, to determine whether it is present in the
uninfected host or other organisms. The sequence can also]
be compared to the knowp Sequences of other viral agents,
including those which are known teo induce hepatitis, e.g.,
HAV, HBV, and HDV, and to other members of the
Flaviviridae. The correspondence or non-corresponden;e 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). 1In addition,
mismatches of duplex polynuclectides formed by
hybridization can be determined by known techniques,
including for example, digestion with a nuclease such as S1
that specifically digests single-stranded areas in duplex
polynuclectides. 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-transcribed and/or non-translated regions.

The derived polynucleotide is not necessarily
physically derived from the nucleotide sequence shown, but
may be generated in any manner, including for example,
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chemical synthesis or DNA replication or reverse
transcription or transcription, which are based on the
information provided by the sequence of bases in the
region(s) from which the pelynucleotide is derived. 1In
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.

Similarly, a polypeptide or amino acid sequence
derived from a designated nucleic acid segquence, for
example, the sequences in Figs. 1-47, or from an HCV
genome, refers to a polypeptide having an amino acid
sequence identical to that of a Polypeptide encocded 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
amine acids, or which is immunologically identifiable with
a polypeptide encoded iri the seguence.

A recombinant or derived polypeptide is not
necessarily translated from a designated nucleic acid
sequence, for example, the sequences in Figs. 1-47, 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 mutated
HCv.

The term "recombinant polynucleotide" as used herein
intends a polynucleotide of genomic, cDNA, semisynthetic,
or synthetic origin which, by virtue of its origin or
manipulation: (1) is not associated with all or a portion
of the polynucleotide with which it is associated in nature
or in the form of a library; and/or (2) is linked to a
polynucleotide other than that to which it is linked in
nature.

The term "polynucleotide" as used herein refers to
a polymeric form of nucleotides of any length, either
ribonucleotides or deoxyribonucleotides. This term refers
only to the primary structure of the molecule. Thus, this
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term includes double- and single~-stranded DNA, as well as
double- and single stranded RNA. It also includes
modified, for exampile, by methylation and/or by capping,
and unmodified forms of the polynuclectide.

As used herein, the term "HCV containing a sequence
corresponding to a cDNA" means that the HCV contains a
polynucleotide sequence which is homologous to or
complementary to a sequence in the designated DNA; the
degree of homology or complementarity to the cDNA will be
approximately 50% or greater, will preferably be at least
about 70%, and even more preferably will be at least about
90%. The sequences which correspond will be at least about
70 nucleotides, pPreferably at least about 80 nucleotides,
and even more preferably at least about 90 nucleotides in
length. The correspondence between the HCV sequence and i
the CDNA can be determined by technigques known in the art,
including, for example, a direct comparison of the
sequenced material with the cDNAs described, or
hybridization and digestion with single strand nucleases,
followed by size determination of the digested fragments.
Techniques for purifying viral polynucleotides from viral
particles are known in the art, and include for example,
disruption of the particle with a chaotropic agent, and
separation of the polynucleotide(s) and polypeptides by
ion~exchange chromatography, affinity chromatography, and
sedimentation according to density.

Recombinant host cells", "host Cells", ‘“cellsg",
"cell lines", "cell cultures:, and other such terms denot-
ing 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 accidental or

e e B s |
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deliberate mutation. Progeny of the parental cell which
are sufficiently similar to the parent to be characterized
by the relevant property, such as the presence of a
nucleotide sequence encoding a desired peptide, are
included in the Progeny intended by this definition, and
are covered by the above terms.

A "replicon" is any genetic element, e.g., a
plasmid, a chromosome, a virus, that behaves as an
autcnomous unit of peolynucleotide replication within a
cell; i.e., capable of replication under its own control.

A "vector" is a replicon in which another
polynucleotide segment is attached, so as to bring about
the replication and/or expression of the attached segment.

"Control segquence" 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 centrol sequences include
promoters, terminators and, in some instances, enhancers.
The term "control sequences" is intended to include, at a
minimum, all components whose presence is necessary for
expression, and may also include additional components
whose presence is advantageous, for example, leader
seguences.

“"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 ceding
sequence is achieved under conditions compatible with the
control sequences.

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
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total coding sequence.

A "coding sequence" is a pPolynucleotide 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, CDNA, and recombinant polynucleotide
seguences.

"Immunologically identifiable with/as" refers to
the presence of epitope(s) and polypeptides(s) which are
also present in and are unique to the designatad
polypeptide(s), usually HCV pProteins. Immunoclogical
identity may be determined by antibody binding and/or
competition in binding; these techniques are known to those
of average skill in the art, and are also illustrated
infra. The unigueness of an epitope can also be determined
by computer searches of known data banks, e.g. Genebank,
for the polynucleotide sequences which encode the epitope,
and by amine acid sequence comparisons with other known
proteins.

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 aiino acids, and more usually, consists of at least
8-10 such amino acids. Methods of determining the spatial
conformation of amino acids are known in the art, and
include, for example, x-ray crystallography and
2-dimensional nuclear magnetic resonance.

A polypeptide is "immunologically reactive" with an
antibedy when it binds to an antibody due to antibody
recognition of a specific epitope contained within the
polypeptide. Immunoclogical reactivity may be determined by
antibody binding, more particularly by the kinetics of
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antibody binding, and/or by competition in binding using as
competitor(s) a known polypeptide(s) containing an epitope
against which the antibody is directed. The techniques for
determining whether a pPolypeptide is immunologically
reactive with an antibody are known in the art.

As used herein, the term "immunogenic polypeptide
containing an HCV epitope" includes naturally occurring Hcv
polypeptides or fragments thereof, as well as polypeptides
prepared by other means, for example, chemical synthesis,
or the expression of the polypeptide in a recombinant
organism.

The term "polypeptide" refers to a molecular chain
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 I
term also does not refer to post-expression modifications
of the polypeptide, for example, glycosylations,
acetylations, phosphorflations and the like.

"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, or f-mating. The
eéxogenous polynucleotide may be maintained as a
non-integrated vector, for example, a plasmid, or
alternatively, may be integrated into the host genone.

"Treatment" as used herein refers to prophylaxis
and/or therapy.

An "individual®, as used herein, refers to
vertebrates, particularly members of the mammalian species,
and includes but is not limited to domestic animals, sports
animals, primates, and humans.

As used herein, the "plus strand" of a nucleic acid
contains the sequence that encocdes the polypeptide. The
"minus strand" contains a sequence which is complementary
to that of the "plus strand".

As used herein, a "positive stranded genonse" of a




10

15

20

25

30

35

- 26 -

virus is one in which the genome, whether RNA or DNA, is
single-stranded and which encodes a viral pPolypeptide(s),
Examples of positive stranded RNA viruses include
Togaviridae, Coronaviridae, Retroviridae, Picornaviridae,
and Caliciviridae. Included also, are the Flaviviridae,
which were formerly classified ag Togaviradae. See Fields
& Rnipe (1986).

As used herein, "antibody containing bedy
component" refers to a component of an individual's 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, intestinal, and genitourinary tracts, tears,
saliva, milk, white blood cells, and myelomas. I

As used herein, "purified HCV" refers to a
preparation of HCV which has been isclated from the
cellular constituents with which the virus is normally
associated, and from other types of viruses which may be
pPresent in the infected tissue. The techniques for
isolating viruses are 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.

I1I. Description of the Inventjon

The practice of the present invention will employ,
unless otherwise indicated, conventional techniques of
molecular biology, microbioclogy, recombinant DNA, and
immunolegy, 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) ; OLIGONUCLEOTIDE SYNTHESIS (M.J. Gait
ed, 1984); NUCLEIC ACID HYBRIDIZATION (B.D. Hames & S.J.
Higgins eds. 1984); TRANSCRIPTION AND TRANSIATION (B.D.
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Hames & S.J. Higgins eds. 1984); ANIMAL CELL CULTURE (R.ZI.
Freshney ed. 1986); IMMOBILIZED CELLS AND ENZYMES (IRL
Press, 1986); B. Perbal, A PRACTICAL GUIDE TO MOLECULAR
CLONING (1984); the serijies, 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
incorporated herein by feference.

The useful materials and processes of the present
invention are made possible by the provision of a family of
closely homologous nucleotide sequences isolated from a
CDNA 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 gencmic
DNA from uninfected individuals, since nucleotides 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. 1In addition, the family of
sequences shows no significant homology to sequences
contained within the HBV genome.

The sequence of one member of the family, contained
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
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polypeptide. Finally, whereas the sera from uninfected
chimpanzees do not contain antibodies to this polypeptide,
the antibodies are induced in chimpanzees following acute
NANBH infection. Moreover, antibodies to this polypeptide
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.

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 segquence

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,
including those present in clones 12f£, 14i, 11ib, 7f, 7e,
8h, 33c, 40b, 37b, 35, 36, 81, 32, 33b, 25¢, 1l4c, 8f, 33f,
339, 39¢, 35f, 19g, 26g and 15e are described in Section
IV.A. A compogite of the cDNAs in these clones is
described in Section IV.A.19, and shown in Fig. 32. 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 _
flavivirus or flavi-like virus. Clone k9-1 overlaps the
sequence of Fig. 32. A composite cDNA is shown in Fig 47.

The availability of this family of cDNAs shown in
Figs. 1-47, inclusive, 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
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DNA oligomers of about 8-10Q nucleotides, or larger, which
are useful as hybridization probes to detect the presence
of the viral genome 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 polypeptides which are useful as diagnostic re-
agents for the presence of antibodies rajised during NANBH.
Antibodies to purified polypeptides derived from the cDNAs
may also be used to detect viral antigens in infected
individuals and in blood.

Knowledge of these cDNA sequences also enable
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.

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 segments 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-gtll serological
screening procedure used to isolate the cDNA clones
described herein, or alternatively by isolating the genome
from purified HCV particles.

The family of cDNA sequences and the
polypeptides derived from these sequences, as well as
antibodies directed against these polypeptides are also
useful in the isolation and identification of the BB-NANBV
agent(s). For example, antibodies directed against HCV
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epitopes contained 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.

The information obtained from further sequencing
of the HCV genome(s), as well as from further
characterization of the HCV antigens and characterization
of the genome enables the design and synthesis of ad-
ditional 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.

The availability of probes for HCV, including
antigens 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 biclogy of HCV.
This in turn, may lead to the development of new treatment
regimens based upon antiviral compounds which
preferentially inhibit the replication of, or infection by
HCV.

The method used to identify and isolate the
etiologic agent for NANBH is novel, and it may be ap-
plicable to the identification and/or isolation of hereto-
fore uncharacterized agents which contain a genome, and
which are associated with a variety of diseases, including
those induced by viruses, viroids, bacteria, fungi and
parasites. 1In this method, a cDNA 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 polypeptides encoded in
the cDNA. Clones of host cells containing the vector,
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which expressed an immunologically reactive fragment of a
polypeptide of the etiolegic agent, were selected by im-
munological 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 cDNA
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 immunologically 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 formation of antigen-antibody ’
complexes with antibodies from the infected individuals;
and the cDNA containing vectors which encode polypeptides
which react immunclogically 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 construc-
tion of the cDNA library, and for the immunological
screening need not be of the same species.

The cDNAs isolated as a result of this method,
and their expression products, and antibodies directed
against the expression products, are useful in character-
izing and/or capturing the etiologic agent. As described
in more detail infra, this method has been used success-
fully to isolate a family of cDNAs derived from the HCV
genome,



10

15

20

25

30

35

-32-

II.A. Preparation of the CDNA Sequence

Pooled serum from a chimpanzee with chronic HCV
infection and containing a high titer of the virus, i.e.,
at least 10° chimp infectious doses/ml (CID/ml) was used
to isolate viral particles; nucleic acids isolated from
these particles was used as the template in the construc-
tion of a cDNA library to the viral genome. The
procedures for isolation of pPutative HCV particles and fo.
constructing the cDNA library in lambda-gtll is discussed
in Section IV.A.1l. Lambda-gtll is a vector that has been
developed specifically to express inserted cDNAs as fusion
polypeptides with beta-galactosidase and to screen large
numbers of recombinant phage with specific antisera raised
against a defined antigen. The lambda-gtl1 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. Huynh, T.G. et al. (1985). Approximately 10
phages were screened, and five positive phages were
identified, purified, and then 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.

The sequence of the cDNA in recombinant phage 5-
1-1 was determined, and is shown in Fig. 1. The
polypeptide 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 nucleotide sequence. This translational ORF,
therefore, encodes an epitope(s) specifically recognized
by sera from patients with NANB hepatitis infections.

6
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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~-gt11l 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 Sec-
tions IV.A.3. and IV.A.4. ‘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 uniguely in clones 5-1-1, 81, and
91 are indicated by small letters. '

The cloned cDNAs present in recombinant phages
in clones 5-1-1, 81, 1-2, and 91 are highly homologous, i
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.

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.

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-gt1!l NANBV c¢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.
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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
overlapped clone 36 cDNA (Section 1IV.A.8.). A purified
clone of recombinant phage-containing ¢DNA which hybrid-
ized to the synthetic pPolynucleotide probe was named clone
35 and the NANBV cDNA Séquence contained within this clone
is shown in Fig. 8.

By utilizing the technique of isolating overlap-
ping 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.

Analysis of the nucleotide sequences of the HCV
CDNAsS encoded within the isolated clones show that the
composite cDNA containg one long continuous ORF. Fig. 2’
shows the sequence of the composite cDNA from these
clones, along with the putative HCV polypeptide encoded
therein.

The description of the method to retrieve the
cDNA sequences is mostly of historical interest. The
resultant 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.

Lambda~gtll strains replicated from the HCV cDNA
library and from clones 5-1-1, 81, 1-2 and 91 have been
deposited under the terms of the Budapest Treaty with the
American Type Culture Collection (ATCC), 12301 Parklawn
Dr., Rockville, Maryland 20852, and have been assigned the
following Accession Numbers.
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lambda-gtil ATCC No. Deposit Date
HCV cDNA library 40394 1 Pec. 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

The designated deposits will be
maintained 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. These deposits and other
deposited materials mentioned herein are intended for
convenience only, and are not required to practice the
present invention in view of the description here. The
HCV cDNA sequences in all of the deposited materials are i
incorporated herein by reference.

The description above, of "walking" the genome
by isolating overlapping cDNA sequences from the HCV
lambda gt-1l1 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.

II.B. Preparation of Viral Polypeptides and Fragments

The availability of cDNA sequences, either those
isolated by utilizing the cDNA sequences in Figs. 1-32, as
discussed infra, as well as the cDNA sequences in these
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figures, permits the construction of expression vectors
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, including, for example, polynucleotide
binding proteins, polynucleotide polymerase(s), and other
viral proteins required for the replication and/or as-
sembly of the virus particle. Fragments encoding the
desired polypeptides are derived from the c¢DNA clones
using conventional restriction digestion or by synthetic
methods, and are ligated into vectors which may, for
example, contain portions of fusion sequences such as
beta-Galactosidase or superoxide dismutase (SOD), prefer-
ably SOD. Methods and vectors which are useful for the
production of polypeptides which contain fusion sequence
of SOD are described in European Patent Office Publicatijn
number 0196056, published October 1, 1986. Vectors en-
coding fusion polypepgides of SOD and HCV polypeptides,
i.e., NANBS-I-I' NANBal, and C100-3, which is encoded in a
composite of HCV cDNAs, are described in Sections IV.B.1,
IvVv.B.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.

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
Ssystems 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 polypeptide is then isolated from
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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, salt
fractionation, chromatography on ion exchange resins, af-
finity 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 neutral-
izing antibodies may be formulated into vaccines. Anti-
bodies raised against these polypeptides can also be used
as diagnostics, or for passive immunotherapy. In addi-
tion, as discussed in Section II.J. herein below, antibod-
ies to these polypeptides are useful for lsolatxng and
identifying HCV particles.

The HCV antigens may also be isclated from HCV
virions. The virions may be grown in HCV infected cellsi
in tissue culture, or in an infected host.

II.C. Preparation of Antigenic Polypeptides and Conjuga-
tion with Carrier

An antigenic region of a polypeptide is gener-
ally relatively small--typically 8 to 10 amino acids or
less in length. Fragments of as few as 5 amino acids may
characterize an antigenic region. These segments may cor-
respond 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. 1In addi-
tion, 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 im-
munogenic, the polypeptide may be linked to a suitable
carrier.
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A number of techniques for obtaining such link-
a@ge are known in the art, including the formation of
disulfide linkages using N-succinimidyl-B-(2-pyridyl-
thio)propionate (SPDP) and succinimidyl 4-(N-maleimido-
methyl)cyclohexane-1-carboxylate (SMCC) obtained from
Pierce Company, Rockford, Illinois, (if the peptide lacks
2 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 thiocether rather
than a disulfide linkage. Many of these thio-ether-
forming agents are commercially available and include re1
active esters of 6-maleimidocaproic acid, 2-bromoacetic
acid, 2-iodoacetic acid, 4-(N-maleimido-
methyl)cyclohexane-l-éarboxylic acid, and the like. The
carboxyl groups can be activated by combining them with
Succinimide or 1-hydroxyl-2-nitro-4-sulfonic acid, sodium
salt. The foregoing list is not meant to be exhaustive,
and modifications of the named compounds can clearly be
used.

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, cel-
lulose beads and the like; Polymeric amino acids, such as
polyglutamic acid, polylysine, and the like; amino acid
copolymers; and inactive virus particles, see, for
example, section II.D. Especially useful protein
sSubstrates are serum albumins, keyhole limpet hemocyanin,

35 immunoglobulin molecules, thyroglobulin, ovalbumin,
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tetanus toxoid, and other proteins well known to those
skilled in the art.

I1.D. Preparation of Hybrid Particle Immunogens Contain-
ing HCV Epitopes '

The immunogenicity of the epitopes of HCV may
also be enhanced by pPreparing 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. Constructs wherein the NANBV
epitope is linked directly to the particle-forming protein
coding sequences produce hybrids which are immunogenic
with respect to the HCV epitope. 1In 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 respéct to HCV and HBV.

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
formation of such particles has been shown to enhance the
immunogenicity of the monomer subunit. The constructs may
also include the immunodominant epitope of HBSAg, compris-
ing 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
174,444, published March 19, 1986; hybrids including
heterologous viral sequences for yeast expression are
disclosed in EPO 175,261, published March 26, 1966. Both
applications are assigned to the herein assignee, and are
incorporated herein by reference. These constructs may
also be expressed in mammalian cells such as Chinese
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hamster ovary (CHO) cells using an SV40-dihydrofolate
reductase vector (Michelle et al. (1984)).

In addition, portions of the particle-forming
protein coding sequence may be replaced with codons encod-
ing 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 competition with the HCV epitope.

II.E. Preparation of Vaccines

Vaccines may be prepared from one or more im-
munogenic polypeptides derived from HCV CDNA as well as
from the cDNA sequences in the Figs, 1-32, or from the HCV
genome to which they correspond. The observed homoclogy
between HCV and Flaviviruses provides information
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, NV4 and
NVS, and a complex set of smaller nonstructural proteins.
It is known that major neutralizing epitopes for
Flaviviruses reside in the E (envelope) protein (Roehrig
(1986)). The corresponding HCV E gene and polypeptide
encoding region can 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 bacteria, yeast, or
mammalian cells, or alternatively may be isolated from
viral preparations. It is also anticipated that the other
structural proteins may also contain epitopes which give
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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.

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 protein 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 proteins may provide
protection against viral pathogenicity, even if they do
not cause the production of neutralizing antibodies.

In view of the above, multivalent vaccines i
against HCV may be comprised of one or more structural
proteins, and/or one or more nonstructural proteins.
These vaccines may be comprised of, for example,
recombinant HCV polypeptides and/or polypeptides isclated
from the virions. 1In addition, it may be possible to use
inactivated HCV in vaccines; inactivation may be by the
preparation of viral lysates, or by other means known in
the art to cause inactivation of Flaviviruses, for
example, treatment with organic solvents or detergents, or
treatment with formalin. Moreover, vaccines may also be
prepared frém attenuated HCV strains. The preparation of
attenuated HCV strains is described infra.

It is known that some of the proteins in
Flaviviruses contain highly conserved regions, thus, some
immunological cross-reactivity is expected between HCV and
other Flaviviruses. It is possible that shared epitopes
between the Flaviviruses and HCV will give rise to
protective antibodies against one or more of the disorders
caused by these pathogenic agents. Thus, it may be
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possible to design multipurpose vaccines based upon this
knowledge.

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 liguid 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 immunogenic
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
combinations thereof. 1In addition, if desired, the
vaccine may contain minor amounts of auxiliary substance1
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-L-alanine-z-(1'-2'-dipa1mitoyl-sn-
glycero-3-hydroxyphosphoryloxy)~-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.
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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
suppositories and, in some cases, oral formulations. For
suppositories, traditional binders and carriers may
include, for example, polyalkylene glycols or
triglycerides; such suppositories 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 mannitol, lactose, starch,
magnesium stearate, sodium saccharine, cellulose,
magnesium carbonate, and the like. These compositions
take the form of solutions, suspensions, tablets, pills,
capsules, sustained release formulations or powders and
contain 10%-95% of active ingredient, preferably 25%-70%.

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 in-
organic bases such as, for example, sodium, potassium,
ammonium, calcium, or ferric hydroxides, and such organic
bases as isopropylamine, trimethylamine, 2-ethylamino
ethancl, histidine, procaine, and the like.

II.F. Dosage and Administration of Vaccines

The vaccines are administered in a manner
compatible with the dosage formulation, and in such amount
as will be prophylactically and/or therapeutically effec-
tive. The quantity to be administered, which is generally
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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

The vaccine may be given in a single dose
schedule, or preferably in a multiple dose schedule. A
multiple dose schedule is one in which a Primary course of
vaccination may be with 1-10 separate doses, followed by
other doses given at subsequent time intervals required to
maintain and or reenforce the immune response, for
example, at 1-4 months for a Second dose, and if needed, a
sSubsequent dose(s) after several months. The dosage
regimen will also, at least in part, be determined by th
need of the individual and be dependent upcon the judgment
of the practitioner. ’

In addition, the vaccine containing the im-
munogenic HCV antigen(s) may be administered in conjunc-
tion with other immunoregulatory agents, for example, im-
mune globulins.

II.G. Preparation of Antibodies Agqainst HCV Epitopes

The immunogenic pPolypeptides prepared as
described above are used to produce antibodies, both
polyclonal and monoclonal. If polyclonal antibodies are
desired, a selected mammal (e.g., mouse, rabbit, goat,
horse, etc.) is immunized with an immunogenic polypeptide
bearing 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 antibodies can be purified by immuncaffinity
chromatography. Techniques for producing and processing
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polyclonal antisera are known in the art, see for example,
Mayer and Walker (1987).

Alternatively, polyclonal antibodies may be
isolated from a mammal which has been previously infected
with HCV. An example of a method for purifying antibodies
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 cDNA
clone 5-1-1, is presented in Section V.E.

Monoclonal antibodies directed against HCV
epitopes can also be readily produced by one skilled in
the art. The general methodology for making monoclonal
antibodies by hybridomas is well known. Immortal
antibody-producing cell lines can be created by cell fu-
sion, and also by other techniques such as direct trans-
formation of B lymphocytes with oncogenic DNA, or l
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. Patent 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
prxoduced against HCV epitopes can be screened for various
properties; i.e., for isotype, epitope affinity, etc.

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 antibod-
ies.

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).
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Techniques for raising anti-idiotype antibodies
are known in the art. See, for example, Grzych (1985),
MacNamara et al. (1984), and Uytdehaag et al. (1985).
These anti-idiotype antibodies may also be useful for
treatment of NANBH, as well as for an elucidation of the
immuncgenic regions of HCV antigens.

II.H. Diagnostic 0Oligonucleotide Probes and Kits

Using the disclosed portions of the isolated Hcv
CcDNAs as a basis, including those in Figs. 1-32, oligomers
of approximately 8 nucleotides Or more can be prepared,
either by excision 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 polynucleotidef
(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 heterogeneity. 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 ad-
ditional clones disclosed herein, as well as the various
oligomers useful in probing c¢DNA libraries, set forth
below. A complement to any unique portion of the HCV
genome will be satisfactory. For use as probes, complete
complementarity is desirable, though it may be unnecessary
as the length of the fragment is increased.

For use of such probes as diagnostics, the bio-
logical sample to be analyzed, such as blood or serum, is
treated, if desired, to extract the nucleiec acids
contained therein. The resulting nucleic acid from the
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sample may be subjected to gel electrophoresis or other
size separation techniques; alternatively, the nucleic
acid sample may be dot blotted without Size separation.
The probes are then labeled. Suitable labels, and methods
for labeling probes are known in the art, and include, for
example, radicactive labels incorporated by nick transla-
tion 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 sujitable stringencies.

The probes can be made completely complementary
to the HCV genome. Therefore, usually high stringency
conditions are desirable in order to prevent false
positives. However, conditions of high stringency should
only be used if the probes are complementary to regions of
the viral genome which lack heterogeneity. The stringenQy
of hybridization is determined by a number of factors dur-
ing hybridization and .during the washing procedure,
including temperature, ionic strength, length of time, and
concentration of formamide. These factors are outlined
in, for example, Manijiatis, T. (1982).

Generally, it is expected that the HCV genome
sequences will be present in serum of infected individuals
at relatively low levels, i.e., at approximately 102-103
Sequences per ml. This level may require that amplifica-
tion techniques be used in hybridization assays. Such
technigues are known in the art. For example, the Enzo
Biochemical Corporation "Bio-Bridge"*system uses terminal
deoxynucleotide transferase to add unmodified 3'-poly-dT-
tails to a DNA probe. The poly dT-tailed probe is hybrid-
ized 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

* Trade Mark
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(2) the resulting tailed duplex is hybridized to an
enzyme-labeled cligonucleotide. EPA 204510 describes a DN3
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 seguence, and which is
capable of binding a plurality of labeled strands. A
particularly desirable technique may first involve
amplification of the target HCV sequences in sera ap-
proximately 10,000 fold, i.e., to approximately 108
sequences/ml. This may be accomplished, for example, by
the technique of Saiki et al. (1986). The amplified
sequence(s) may then be detected using a hybridization
assay. A suitable solution phase sandwich assay which mayi
be used with labeled polynucleotide probes, and the methods
for the preparation of brobes described in our
EP-A-225,807, published June 16, 1987.

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.
The Xit 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.



10

15

20

25

30

35

-49.

II.I. Immunoassay and Diagnostic Kits

Both the polypeptides which react immuno-
logically with serum containing HCV antibodies, for
example, those derived 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 immuncassays to detect
presence of HCV antibodies, or the presence of the virus
and/or viral antigens, in biological sampiles, including
for example, blood or serum samples. Design of the
immunoassays is subject to a great deal of variation, and
a variety of these are known in the art. For example, the
immunoassay may utilize one viral antigen, for example, a
polypeptide derived from any of the clones containing HCY
CDNA described in Section IV.A., or from the composite
CDNAs derived from the cDNAs in these Clones, or from the
HCV genome from which:the cDNA in these clones is derived;
alternatively, the immunoassay may use a combination of
viral antigens derived from these sources. It may use,
for example, a monoclonal antibody directed towards a
viral epitope(s), a combination of monoclonal antibodies
directed towards one viral antigen, monoclonal antibodies
directed towards 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, fluorescent, chemiluminescent, radiocactive,
or dye molecules. Assays which amplify the signals from
the probe are also known: examples of which are assays
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which utilize biotin and avidin, and enzyme-labeled ang
mediated immunoassays, such as ELISA assays.

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. Similarly, domains of the nonstructural
Proteins are expected to contain important diagnostic
epitopes (e.g., NS5 encoding a putative polymerase; and
NS1 encbding a putative complement-binding antigen).
Recombinant pPolypeptides, 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.

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

Kits suitable for immunodiagnosis ang contain-
ing the appropriate labeled reagents are constructed by
packaging the appropriate materials, including the
25polypeptides of the invention containing HCV epitopes or

antibodies directed against HCV epitopes in suitable
containers, along with the remaining reagents and materj.
als required for the conduct of the assay, as well as a
suitable set of assay instructions.
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Virions, and Viral Antigens Using Probes Derived From cDNA
to the Viral Genome
The HCV cDNA Seéquence information in the clones
35described in Section IV.A., as shown in Figs. 1.32,
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inclusive, may 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,
polypeptides derived from the HCV genome, and antibodies
directed against HCV epitopes which would be useful for
the diagnosis and/or treatment of HCV caused NANBH.

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 fam-
ily of HCV cDNA sequences shown in Figs. 1, 3, 6, 9, 14
and 32 may be used 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 overlapping 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 technigue of
isolation of overlapping cDNAs 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
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screening lambda-gtll 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 segments could be from the
viral genome(s) isolated from purified HCV particles.
Methods for purifying HCV particles and for detecting them
during the purification procedure are described herein,
infra. Procedures for isolating polynucleotide genomes
from viral particles are known in the art, and ocne
procedure which may be used is shown in Example IV.A.1l.
The isolated genomic segments could then be cloned and
sequenced. Thus, with the information provided herein, it
is possible to clone and sequence the HCV genome(s) i
irrespective of their nature.

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-gtll 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-gtl0 (Huynh et al.
(1985)). The HCV derived cDNA detected by the probes
derived from the cDNAs in Figs. 1-32, and from the probes
synthesized from polynucleotides derived from these cDNAs,
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.A.3. 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 Bl, and Section IV.A.8 and IV.A.9 for the
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isolation and sequencing of a clone which Overlaps another
clone (clone 36), which overlaps clone 81.

The sequence information derived from these
overlapping 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 HCV 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 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 cDNA sequences contained within clones 5=-1-1, 32,
35, 36, 1-2, 81, and 91, discussed supra and infra.

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
serclogical data presented in Section IV.B.}. Moreover, a
comparison of the sequence information of these cDNAs with
the sequences of HAV, HBV, HDV, and with the genomic
sequences in Genebank indicates that minimal homology ex-
ists between these cDNAs and the polynucleotide sequences
of those sources. Thus, antibodies directed against the
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antigens encoded within the cDNAs of these clones may be
used to identify BB-NANBV particles isolated from infected
individuals. 1In addition, they are also useful for the
isolation of NANBH agent(s).

HCV particles may be isolated from the sera from
BB-NANBV infected individuals or from cell cultures by any
of the methods known in the art, including for example,
techniques based on size discrimination such as sedimenta-
tion or exclusion 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. pur-
ing 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 immunoaséay (see Section II.I.) utilizing as
probes antibodies directed against HCV antigens encoded
within the family of cDNA sequences shown in Figs. 1-32,
and also directed against HCV antigens encoded within the
overlapping HCV cDNA sequences discussed supra. The anti-
bodies may be monoclonal, or polyclonal, and it may be
desirable to purify the antibodies before their use in the
immuncassay. A purification procedure for polyclonal
antibodies directed against antigen(s) encoded within
Clone S-1-1 is described in Section IV.E; analogous
purification procedures may be utilized for antibodies
directed against other HCV antigens.

Antibodies directed against HCV antigens encoded
within the family of cDNAs shown in Figs. 1-32, as well as
those encoded within overlapping HCV cDNAs, which are af-
fixed to solid supports are useful for the isolation of
HCV by immunoaffinity chromatography. Techniques for
immunoaffinity chromatography are known in the art,
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groups may be included in the bifunctional coupling agents
80 that the antigen binding site of the antibody remains
accessible.

During the Purification Procedure the Presence
of HCV may be detected and/or verified by nucleic acid
hybridization, utilizing as pProbes Polynucleotides derived
from the family of HCV cDNA Sequences shown in Figs. 1-32
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 vira]
particles, for example, with detergents in the presence of
chelating agents, and the presence of viral nucleic acid
determined by hybridization techniques described in Sec-
tion II.H. Purther 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.

Viral particles from the purified preparations
may then be further characterized. The genomic nucleic
acid has been pPurified. Based upon its sensitivity to
RNase, and not DNase I, it appears that the virus js
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

3sexample, its visualization by electron microscopy, its
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migration in density gradients, and its sedimentatjion
characteristics. Based upon the hybridization of the
captured HCV genome to the negative strands of HCV cDNAs,
it appears that HCV may be comprised of a positive
5 Stranded RNA genome (see Section IV.H.1). Techniques such
as these are described in, for example, METHODS IN
ENZYMOLOGY. 1In addition, the purified nucleic acid can b
Cloned and sequenced by known techniques, including
réverse transcription since the genomic material is RNA.
10 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.
Examination of the homology of the Polypeptide
15 encoded within the continuous ORF of combined clones 14i
through 39¢ (see Fig. 26), shows that the HCV polypeptidJ
contains regions of homology with the corresponding
proteins in conserved . regions of flaviviruses. an example
of this is described in Section IV.H.3. fThis finding has
20 Many important ramifications, First, this evidence, in
conjunction with the results which show that HCvV contains
a positive-stranded genome, the size of which is
approximately 10,000 nucleotides, is consistent with the
Suggestion that HCV is a flavivirus, or flavi-like virus.
25 Generally, flavivirus virions and their genomes have a
relatively consistent Structure and organization, which
are known. See Rice et al. (1986), and Brinton, M.A.
(1988). Thus, the structural genes encoding the
polypeptides C, pre-M/M, and E may be located in the 5'-
30 terminus of the genome upstream of clone 14i§. Moreover,
using the comparison with other flaviviruses, predictions
as to the precise location of the Sequences encoding these
proteins can be made.
Isolation of the sequences upstream of those in
3sclone 14i may be accomplished in a number of ways which,
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given the information herein, would be obvious to one of
skill in the art. For example, the genome "walking"
technique, may be used to isolate other sequences which
are 53’ to those in clone 14i, but which overlap that
clone; this in turn leads to the isolation of additional
sequences. This technique has been amply demonstrated
infra, in Section IV.A.. For example, also, it is known
that the flaviviruses have conserved epitopes and regions
of conserved nucleic acid sequences. Polynucleotides
containing the conserved sequences may be used as probes
which bind the HCV genome, thus allowing its isolation.
In addition, these conserved sequences, in conjunction
with those derived from the HCV cDNAs shown in Fig. 22,
may be used to design primers for use in systems which
amplify the genome sequences upstream of those in clone
14i, using polymerase chain reaction technology. An ,
example of this is described infra.

The structure of the HCV may also be determined
and its components isblated. 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 antigens, and polynucleotide polymerase(s) may also
be determined by, for example, determining whether the
antigens are present as major or minor viral components,
as well as by utilizing antibodies directed against the
specific antigens encoded within isclated 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 preparation. Multivalent vaccines
may be comprised cf, for example, a polypeptide derived
from the genome encoding a structural protein, for
example, E, as well as a polypeptide from another portion
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of the genome, for example, a nonstructural or Structural

polypeptide.

II.K. Cell Culture Systems and Animal Model Systems for

HCV Replication

The suggestion that HCV is a flavivirus or
flavi-like virus also provides information on methods for -~
growing HCV. The term "flavi-like" means that the virus
shows a significant amount of homology to the known
conserved regions of flaviviruses and that the majority of

the genome is a single ORF.

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: monkdy
kidney cell lines (e.g. MKZ, VERO); porcine kidney cell
lines (e.g. PS); baby hamster kidney cell lines (e.qg.
BHK); murine macrophage cell lines {(e.g., P388D1, MKI1,
Mml); human macrophage cell lines (e.g., U=937); human
peripheral blood leukocytes; human adherent 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
tritaeniorhynchus) or tick cell lines (e.g. RML-14

Dermacentor parumapertus).

It is possible that primary hepatocytes can be
cultured, 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. 1In addition, various

—————— -+
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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 established cell lines
(€.9., HepG2 ). Methods for cell fusion are known in the
art, and include, for example, the use of fusion agen:s
such as polyethylene glycol, Sendai Virus, and Epstein-
Barr virus.

As discussed above, HCV is a Flavivirus or
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. 1In addition, it may be possible to
obtain viral production by transfecting the cells with
isolated viral pPolynucleotides. It is known that
Togavirus and Flavivirus RNAs are infectious in a variety
of vertebrate cell lines (Pfefferkorn and Shapiro (1%74)),
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 electroporation, and Precipitation
with DBAE-Dextran or calcium phosphate. an abundant
Source of HCV RNA can be obtained by performing in vitro
transcription of an HCV CDNA corresponding to the complete
genome. Transfection with this material, or with cloned
HCV cDNA should result in viral replication and the in

35vitro Propagation of the virus.




10

15

20

650 =

In addition to cultured cells, animal mode]
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},

but also in, for eéxample, marmosets and suckling mice.

II.L. Screening for Anti-Viral Agents for HCV

The availability of cel) culture and animal
model systems for HCV also makes possible screening for
anti-viral agents which inhibit HCV replication, and
pParticularly for those agents which pPreferentially allow
cell growth and multiplication while inhibiting vira}
replication. These Sscreening 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 o
Preventing viral replication in cel} Culture systems whic!
support viral replicatipn, and then for an inhibition of
infectivity or of viral pathogenicity (and a low level of
toxicity) in an animal model system.

The methods and compositions provided herein for
detecting HCvV antigens and HCV polynucleotides are useful
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

5cell Plague assay or ID50 assay. For example, the HCV-

30

35

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. 1In
addition, since it may be desirable to quantitate HCV



10

15

20

25

30

35

antigens in the infected cell cylture by a competition
assay, the polypeptides encoded within the HCV cDNAs
described herein are useful in these Competition assays.
Generally, a recombinant HCV polypeptide 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 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.

II.M. Preparation of Attenuated Strains of HCV

' 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 isolaj
tion of viral antigens. Attenuvated strains are isolatable
after multiple passagés in cell culture and/or an animal
model. Detection of an attenuated 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 HCV 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
provided he;ein, and utilizing recombinant techniques.
Generally, one would attempt to delete a region of the
genome encoding, for example, a polypeptide related to
Pathogenicity, but which allows viral replication. 1In
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 conditions to allow viral
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replication. Attenuated Hcv Strains are usefy] not only
for vaccine purposes, but also as sources for the
commercial production of viral antigens, since the

III. General Methods

The general techniques used in extracting the
genome from a virus, Preparing and probing a cDNA library,
$equencing clones, constructing expression vectors, trans-
forming cells, performing immunological a4ssays such as
radioimmunoassays and ELISA assays, for growing cells in
Culture, and the like are known in the art and laboratory
manuals are avajilable describing these techniques.
However, as a general guide, the following sets forth somﬁ
Sources currently available for such pProcedures, and for
materials useful jin carrying them out.

III.A. Hosts and Expression Control Sequences

the designated host are used. Among prokaryotic hosts, E.
coli is most frequently used. Expression controil

253equences for prokaryotes include promoters, optionally

containing operator 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

0resistance, and the varijious PUC vectors, which also

contain sequences conferring antibiotic resistance mark-
ers. These markers may be used to obtain successful
transformants by selection. Commonly used pProkaryotic
control sequences include the Beta-lactamase

35
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{(Penicillinase) and lactose promoter Systems (Chang et al.
(1977)), the tryptophan (trp) promoter System (Goeddel et
al. (1980)) and the lambda-derjived 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 UVS promoters. The foregoing
Systems are Particularly compatible with E. coli; if

Seguences,
Eukaryotic hosts include yeast and mammalian
cells in culture systems. Saccharomxces cerevisiae and
Saccharomyces carlsbergensis are the most commonly used
Yeast hosts, and are convenient fungal hosts. Yeast
Compatible vectors carry markers which permit selection of

type strains. Yeast cdmpatible vectors may employ the 2
micron origin of replication (Broach et al. {1983)), the

5 combination of CEN3 and ARS1 or other means for assuring

replication, such as Séquences which will resuylt in in-
corporation 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 a]. (1968); Holland et a].
(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 alcchol dehydrogenase
(ADH) regulatable Promoter, terminators also derived from
GAPDH, and if secretion is desired, leader sequence from
Yeast alpha factor. 1In addition, the transcriptional

35regu1atory region and the transcriptional initiation
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region which are operably linked may be such that they are
not naturally associated in the wild-type organism. These
Systems are described in detail jin EPO 120,551, published
October 3, 1584; EPO 116,201, published August 22, 1384;
and EPO 164,556, published December 18, 1985, all of which
are assigned to the herein assignee, and are hereby
incorporated herein by reference.

Mammalian cell lines available as hosts for
eéxpression are known in the art and include many immortal-
ized cell lines available from the American Type Culture
Collection (ATCC), including HeLa cells, Chinese hamster
ovary (CHO) cells, baby hamster kidney (BHK) cells, and a
number of other cell lines. Suitable promoters for mam-
malian cells are also known in the art and include viral
promoters such as that from Simian Virus 40 (8V40) (Fiers
(1578)), 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 amplifica-
tion of the gene may also be desirable. These sequences
are known in the art. Vectors suitable for replication in
mammalian cells may include viral replicons, or sequences
which insure integration of the appropriate sequences en-

25coding NANBV epitopes into the host genome.
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III.B. Transformations
Transformation may be by any known method for
introducing polynuclectides into a host cell, including,
for example packaging the polynucleotide in a virus and
3Otransducing 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, transformation of the E. coli host cells with
35lambda--gtll containing BB-NANBRV sequences is discussed in
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the Example section, infra. Bacterial transformation by
direct uptake generally employs treatment with calcium or
rubidium chloride {Cohen (1872); Maniatjs (1982)). vYeast
transformation by direct uptake may be carried out using
the method of Hinnen et al. (1978). Mammalian transforma-

III.C. vVector Construction

Vector construction employs techniques which are
known in the art. Site-specific DNA Cleavage is performed
by treating with Ssuitable restriction enzymes under condj-
tions which generally are specified by the manufacturer of
these commercially available énzymes. In general, about '
microgram of Plasmid or DNa Sequence is cleaved by 1 unit
of enzyme in about 20 microliters buffer solution by
incubation of 1-2 hr at 37° c, After incubation with the
restriction enzyme, protein is removed by phenol/
chloroform extraction and the DNa récovered by precipita-
tion 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.

Sticky ended cleavage fragments may be blunt

5ended using E. coli DNA polymerase I (Klenow) in the pres-

30

ence 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.

Ligations are carried Oout 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

3spart of a ligation mixture, the vector fragment is often
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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.

Ligation mixtures are transformed into Suitable
cloning hosts, such as E. coli, and successfy]
transformants selected by, for example, antibjotjc resist-
ance, and screened for the correct construction.

III.D. Construction of Desired DNA Sequences

Synthetic oligonucleotides may be prepared using
an automated oligonucleotide synthesizer as described by
Warner (1984). 1f desired the synthetic strands may be
labeled with 32P by treatment with Polynucleotide kinase
in the presence of 32P-ATP, using standard conditions fori
the reaction.

DNA sequences, including those isolated from
CDNA librarijes, 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
Seéquence, and converted to a double stranded DNa with DNA
polymerase using, as a Primer, a synthetic oligonucleotide
complementary to the portion of the DNA to be modified,
and 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 pPlaques. Theoretically, 50% of the new
pPlaques 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

35temperatures and conditions which permit hybridization
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with the correct Strand, but not with the unmodified
Sequence. The sequences which have been identified by
hybridization are recovered and cloned.

III.E. Hybridization with Probe

DNA libraries may be probed using the procedure
of Grunstein and Hogness (197s5), Briefly, in this
pProcedure, the DNA to be Probed is immobiljzed on nitro-
cellulose 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, poly-
vinyl 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 temperature conditions of the
prehybridization and subsequent hybridization steps ’
depends on the stringency required. Oligomeric probes
which require lower stiingency conditions 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
prehybridization, 5'-32P-1abeled cligonucleotide 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 cor-
responding locations on the original agar plates is used
as the source of the desired DNA.

III.F. Verification of Construction and Se uencin
For routine vector constructions, ligation

35mixtures are transformed into E. coli strain HB101 or
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other suitable host, and Successful transformants selected
by antibiotic resistance or other markers. Plasmids from
the transformants are then prepared according to the
method of Clewell et al. (1969), usually following
chloramphenicol amplification (Clewell (1972)). The DNa
is isclated and analyzed, usually by restriction enzyme
analysis and/or sequencing. Sequencing 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 compression,
which are sometimes observed in GC rich regions, were
overcome by use of T-deazoguanosine according to Barr et
al. (1986),

III.G. Enzyme Linked Immunosorbent Assay

The enzyme-1linked immunosorbent assay (ELISA) }
can be used to measure either antigen or ant ibody
concentrations. 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 antj-
immunoglobulin labeled with an enzyme, and washed again.
Enzymes suitable 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 colorimetrically. The enzyme
activity bound is a direct function of the amount of anti-
body bound.

To measure antigen, a known specific antibody is
fixed to the solid pPhase, the test material containing
antigen is added, after an incubation the solid phase is

35 washed, and a second enzyme-labeled antibody is added.
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After washing, substrate is added, and enzyme activity is
estimated colorimetrically, and related to antigen
concentration.

IV. Examples

Described below are examples of the present
invention which are provided only for illustrative
purposes, and not to limit the scope of the present inven-
tion. In light of the present disclosure, numerous
embodiments within the scope of the claims will be appar-
ent to theose 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 technigues are available
for construction of the desired nucleotide sequences based
on the information provided by the invention. Expressio
is exemplified in E. coli; however, other systems are 1
available as set forth more fully in Section III.A. ad-
ditional epitopes derived from the genomic structure may
also be produced, and used to generate antibodies as set
forth below.

IV.A. Preparation, Isolation and Sequencing of HCV cDNA

IV.A.1. Preparation of HCV CDNA

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
Chimpanzee plasma pool was made by combining many
individual 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 10”8 dilution of this pooled serum given i.v. caused
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NANBH in another chimpanzee, its CID was at least lOs/ml,
il.e., it had a high infectious virus titer.

A CDNA library from the high titer plasma pool
was generated as follows. Firsﬁ, viral particles were
isolated from the plasma; a 90 ml aliquot was diluted with
310 ml of a solution containing 50 mM Tris-HC1, PH 8.0,
imM EDTA, 100 mM NaCl. Debris was removed by centrifuga-
tion for 20 min at 15,000 x g at 20°C. Viral particles i’
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 acide
were isolated by adding 0.8 micrograms MS2 bacteriophage
RNA as carrier, and extracting the mixture four times wilh
a 1:1 mixture of phenol:chloroform (Phenol saturated with
0.5M 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 l-butanol prior to precipitation with 2.5 volumes
absolute ethanol overnight at -20°c. Nucleic acid was
recovered by centrifugation in a Beckman®sSwW41l 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
autoclaved.

Nucleic acid obtained by the above procedure (<2
micrograms) was denatured with 17.5 mM CHBHgOH; cDNA was
synthesized using this denatured nucleic acid as template,
and was cloned into the EcoRI site of phage lambda-gtll
using methods described by Huynh (1985), except that'
random primers replaced 0ligo(dT) 12-18 during the
synthesis of the first cDNA strand by reverse
transcriptase (Taylor et al. (1976)). The resulting

* Trade Mark v
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double stranded cDNAs were fractionated according to size
on a Sepharos;;CL-4B column; eluted 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-gtll cDNA library was generated from the cDNA
in pool 3.

The lambda-gtll c¢DNA 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 106 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
1251. Five positive phages were identified and purified.
The five positive 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 im-
munologically 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 immunologically by sera from NANB patients.

IV.A.2. Sequences of the HCV cDNA in Recombinant Phage 5-
1-1, and of the Polypeptide Encoded Within the Sequence.
The cDNA in recombinant phage 5-1-1 was

sequenced by the method of Sanger et al. (1977). Es-
sentially, the c¢DNA was excised with EcoRI, isolated by
size fractionation using gel electrophoresis. The EcoRI
restriction fragments were subcloned into the M13 vectors,
mpl8 and mpl9 (Messing (1983)) and sequenced using the

* Trade Mark
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dideoxychain termination method of Sanger et a]. (1977).
The sequence obtained is shown in Fig. 1.

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 recognized by sera from patients and
chimpanzees with NANBH infections.

IV.A.3. 1Isolation of Overlapping HCV cDNA to cDNA in
Clone 5-1-1.

Overlapping HCV cDNA to the cDNA in Clone 5-1-1
was obtained by screening the same lambda—gtll'library,
created as described in Section IV.A.1., with a synthetic
polynucleotide derived from the sequence of the HCV cDNAI
in clones 5-1-1, as shown in Fig. 1. The sequence of the
polynucleotide used for screening was:

5’-TCC CTT GCT CGA TGT ACG GTA AGT GCT GAG AGC
ACT CTT CCA TCT CAT CGA ACT CTC GGT AGA GGA CTT CCC TGT
CAG GT-3'.

The lambda-gtl1l 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 hybridized with the
synthetic probe have been numbered 81, 1-2, and 91.

IV.A.4. Nucleotide Sequences of Overlapping HCV cDNAs to
CDNA in Clone 5-1-1,

The nucleotide sequences of the three cDNAs in
Cclones 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,
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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.

The sequences of the cloned HCV CDNAs 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.

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 let-
ters. Based on radioimmunoassay data, which is discusse
infra in Section 1V.D., it is possible that an HCV epito;L
may be encoded in this'28 bp region.

The absence of the 28 base pairs of 5-1-1 from
clones 81, 1-2, and 91 may mean that the c¢cDNA in these
clones were derived from defective HCV genomes;
alternatively, the 28 bp region could be a terminal
artifact in clone 5-1-1.

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 cDNAs
overlapping these regions were not Yet isolated.

A composite HCV cDNA sequence derived from over-
lapping cDNAs in clones S5-1-1, 81, 1-2 and 91 is shown in
Fig. 3. However, in this figure the unique 28 base pairs
of clone S5-1-1 are omitted. The figure also shows the
Sequence of the polypeptide encoded within the ORF of the
composite HCV cDNA.
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IV.A.5. 1Isolation of Overlapping HCV cDNAs to cDNA in
Clone 81.

The isolation of HCV cDNA Sequences upstream of,
and which overlap those in clone 81 CDNA was accomplished
as follows. The lambda-gt11 cDNA library prepared as
described in Section IV.A.1l. was screened by hybridization
with a synthetic polynucleotide probe which was homologou
to a 5’ terminal S$equence of clone 81. The sequence of
clone 81 is presented in Fig. 4. The sequence of the
synthetic polynucleotide used for screening was:

5’ CTG TCA GGT ATG ATT GCC GGC TTC CCG GAC 3.

The methods were eéssentially as described in Huynh (1985),
except that the library filters were given two washes
under stringent conditions, i.e., the washes were in § xl
S8C, 0.1% sps at 55°% for 30 minutes each. Approximately
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.

Downstream cDNA sequences, which overlaps the
carboxyl-end sequences in clone Bl cDNA were isclated
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 polynucleotide used for screening was:

5’ TTT GGC TAG TGG TTA GTG GGC TGG TGA CAG 3’
A positive recombinant phage, which contained eDNA which

hybridized with this latter sequence was isolated and
purified, and has been numbered clone 32.
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IV.A.6. Nucleotide Sequence of HCV cDNA in Clone 36.
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 polypeptide
encoded by the ORF are shown in Fig. 5.

The ORF in clone 36 is in the same translational
frame as the HCV antigen encoded in clone §1. 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.

IV.A.7 Nucleotide Sequences of HCV cDNA in Clone 32 ,

The nucleotide sequence of the cDNA in clone 32
was determined essentially as was that described in Sec-
tion IV.A.2 for the sequence of clone 5-1-1. The sequence
data indicated that the ¢DNA 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 gtll plasma cDNA library.

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.
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IV.A.8 Isolation of Qverlapping HCV CDNA to ¢DNA in Clone
36

The isolation of HCV cDNA Sequences upstream of,
and which overlap those in clone 36 cDNa was accomplished
as described in Section IV.A.5, for those which overlap
clone 81 cDNA, except that the synthetic polynucleotide .
was based on the 5'-region of clone 36. The sequence of
the synthetic polynucleotide used for screening was:

3’ AAG CCA CCG TGT GCG CTA GGG CTC AAG CCC 3°

Approximately 1 in 50,000 clones hybridized with the
probe. The isclated, purified clone of recombinant phage
which contained c¢DNA which hybridized to this sequence was
named clone 35. i

IV.A.9 Nucleotide Sequence of HCV cDNA in Clone 35

- The nucleotide sequence of the cDNA in clone 35
was determined essentially as described in Section IV.aA.?.
The sequence, its region of overlap with that of the c¢DNA
in clone 36, and the putative polypeptide encoded therei: - .
are shown in Fig. 8.

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
gtll cDNA library.

1 st el Ty
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IV.A.10. JIsolation of Overlapping HCV cDNA to cDNA in
Clone 35

The isolation of HCV cbna sequences upstream of,
and which overlap those in clone 35 cDNA was accomplished
as described in Section IV.A.B8, for those which overlap
clone 36 cDNA, except that the synthetic polynucleotide
was based on the 5’'-region of clone 35. The sequence of
the synthetic polynucleotide used for screening was:

5° CAG GAT GCT GTC TCC CGC ACT CAA CGT 3

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. ,

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

The nucleotide sequence of the cDNA in clone 37b
wag 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 pPolypeptide encoded therein,
are shown in Fig. 10.

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.

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.
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IV.A.12 Isolation of Qverlapping HCV cDNA to cDNA in
Clone 32

The isolation of HCV cDNA sequences downstream
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 cDN:
sequence in clone 32. The method was essentially that
described in Section IV.A.S, except that the sequence of
the synthetic probe was:

3’ AGT GCA GTG GAT GAA CCG GCT GAT AGC CTT 3°.

Utilizing the nucleotide sequence from clone cia, another
synthetic nucleotide was synthesized which had the
sequence: I

5’ TCC TGA GGC GAC TGC ACC AGT GGA TAA GCT 3'.

Screening of the lambda gtll 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.

IV.A.13 Nucleotide Sequence of HCV ¢DNA in Clone 33b

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.

Clone 33b apparently contains one continuous ORF
which is an extension of the ORFs in overlapping clones
37b, 35, 36, Bl 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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IV.A. 14 Isolation of Qverlapping HCV cCDNAs to cDNA Clone
37b and to cDNA in Clone 33b

In order to isclate HCV cDNAs which overlap the
CDNAs 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
gtll library, using essentially the method described in
Section IV.A.3. The probes used were:

5’ CAG GAT GCT GTC TCC CGC ACT CAA CGT C 3¢
and
5’ TCC TGA GGC GAC TGC ACC AGT GGA TAA GCT 3

to detect colonies containing HCV cDNA sequences which '
overlap those in clones 37b and 33b, respectively. Ap-
proximately 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 cDNA which was
downstream of, and which overlapped the cDNA in clone 33b
was named clone 25c¢.

IV.A.15 Nucleotide Sequences of HCV cDNA in clone 40b and
in clone 25c¢

The nuclectide 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 25c).

The 5'-terminal nucleotide of clone 40b is a G.
However, the cDNAs from five other independent clones
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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).

The 5'-terminus of clone 25c is ACT, but the
sequence of this region in clone cla (sequence not shown), -
and 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.

Clones 40b and 25¢ 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 thL
figure, the potential artifacts have been omitted from the
Sequence, and instead, the corresponding sequences in non-
3’-terminal regions of multiple overlapping clones are
shown.

IV.A.16. Preparation of a Composite HCV cDNA from the
CDNAs in Clones 36, 81, and 32

The composite HCV cDNA, Cl100, was constructed as
follows. First the cDNAs from the clones 36, 81, and 32
were excised with EcoRI. The EcoRI fragment of cDNA from
each clone was cloned individually into the EcoRI site of
the vector pGEM3-blue (Promega Biotec). The resulting
recombinant vectors which contained the c¢DNAs from clones
36, 81, and 32 were named PGEM3-blue/36, pGEM3-blue/81,
and pGEM3-blue/32, respectively. The appropriately
oriented recombinant of PGEM3I-klue/81 was digested with
NaeIl and NarI, and the large (~:2850bp) fragment was puri-
fied and ligated with the small (~570bp) NaeI/NarrI puri-
fied restriction fragment from pGEM3-blue/36. This
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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 ap-
proximately 680bp, which was then ligated with the small
(580bp) PvulI/EcoRI fragment isolated from the ap-
propriately oriented pGEM3-blue/32 plasmid, and the
composite cDNA from clones 36, 81, and 32 was ligated into
the EcoRI linearized vector PSODcfl, which is described in
Section IV.B.1, and which was used to express clone 5-1-1
in bacteria. Recombinants containing the “~1270bp EcoRI
fragment of composite HCV cDNA (Cl00) were selected, and
the cDNA from the plasmids was excised with EcoRI and
purified.

IV.A.17. 1Isolation and Nucleotide Sequences of HCV cDNAs
in Clones 14i, 11b, 7§, 7e, 8h, 33c, l4c, 8f, 33f, 33qg,

and 39c¢

The HCV cDNAs in clones 14i, 11b, 7f, 7e, 8h,
33c, l4c, Bf, 33f, 33g, and 39c were isolated by the
technique of isolating overlapping cDNA fragments from the
lambda gtll 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.

The nucleotide sequences of the HCV cDNAs in
clones 14i, 7f, 7e, 8h, 33c, l4c, 8f, 33f, 33g, and 39¢
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.
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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:

5' ATC AGG ACC GGG GTG AGA ACA ATT ACC ACT 3°

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.

Clone 8h was isolated using a probe based on the
sequence of nucleotides in clone 33c. The nucleotide
sequence of the probe was

5’ AGA GAC AAC CAT GAG GTC CCC GGT GTT C 3. i

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.

Clone 7e was isolated using a probe based on the
sequence of nucleotides in clone 8h. The nucleotide
sequence of the probe was

5’ TCG GAC CTT TAC CTG GTC ACG AGG CAC 3.

The sequence of HCV cDNA in clone 7e, the overlap with
Cclone Bh, and the amino acids encoded therein, are shown
in Fig. 17.

Clone l4c was isolated with a probe based on the
sequence of nucleotides in clone 25c. The sequence of
clone 25c is shown in Fig. 13. The probe in the isolation
of clone l4c had the sequence

3’ ACC TTC CCC ATT AAT GCC TAC ACC ACG GGC 3.
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The sequence of HCV cDNA in clone l4c, its overlap with
that in clone 25c, and the amino acids encoded therein are
shown in Fig. 18.

Clone 8f was isolated using a probe based on the
sequence of nucleotides in clone l4c. The nucleotide
sequence of the probe was

3’ TCC ATC TCT CAA GGC AAC TTG CAC CGC Taa 3-.

The sequence of HCV cDNA in clone 8f, its overlap with
that in clone l4c, and the amino acids encoded therein are

shown in Fig. 19.

Clone 33f was isolated using a probe based on
the nucleotide sequence present in clone Bf. The
nucleotide sequence of the probe was

5’ TCC ATG GCT GTC CGC TTC CAC CTC CAA AGT 3'.
The sequence of HCV ¢DNA in clone 33f, its overlap with
that in clone 8f, and the amino acids encoded therein are
shown in Fig. 20.
Clone 33g was isolated using a probe based on
the sequence of nucleotides in clone 33f. The nucleotide
sequence of the probe was

5’ GCG ACA ATA CGA CAA CAT CCT CTG AGC CCG 3.

The sequence of HCV cDNA in clone 33g, its overlap with
that in clone 33f, and the amino acids encoded therein are

shown in Fig. 21,
Clone 7f was isolated using a probe based on the

sequence of nucleotides in clone 7e. The nucleotide
sequence of the probe was

5" AGC AGA CAA GGG GCC TCC TAG GGT GCA TAA T 3'.



10

15

20

25

30

35

-84-

The sequence of HCV cDNA in clone 7f, its overlap with
clone 7e, and the amino acids encoded therein are shown in
Fig. 22.

Clone 1lb was isolated using a probe based on
the sequence of clone 7f. The nucleotide sequence of the
probe was

3' CAC CTA TGT TTA TAA CCA TCT CAC TCC TCT 3°.

The sequence of HCV cDNA in clone 1lb, its overlap with
clone 7f, and the amino acids encoded therein are shown in
Fig. 23.

Clone 14i was isolated using & probe based on
the sequence of nucleotides in clone 11b. The nucleotide
sequence of the probe was i

5° CTC TGT CAC CAT ATT ACA AGC GCT ATA TCA 3.

The sequence of HCV cDNA in clone 14i, its overlap with
11b, and the amino acids encoded therein are shown in Fig.
24.

Clone 39c was isolated using a probe based on
the sequence of nucleotides in clone 33g. The nucleotide
sequence of the probe was

5’ CTC GTT GCT ACG TCA CCA CAA TTT GGT GTA 3’

The sequence of HCV c¢DNA in clone 39c, its overlap with
clone 33g, and the amino acids encoded therein are shown
in Fig. 25.

IV.A.18. The Composite HCV cDNA Sequence Derived from
Isolated Clones Containing HCV cDNA

The HCV cDNA sequences in the isolated clones
described supra have been aligned to create a composite
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HCV cDNA sequence. The isolated clones, aligned in the 5
to 3’ direction are: 14i, 7f, 7e, 8h, 33c, 40b, 37b, 35,

. 36, 81, 32, 33b, 25c, 1l4c, 8f, 33f, 33g, and 39c.

A composite HCV cDNA sequence derived from the
isolated clones, and the amino acids encoded therein, is
shown in Fig. 26.

In creating the composite sequence the following
sequence heterogeneities have been considered. Clone 33c
contains an HCV c¢DNA 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.1l), the cor-
responding nucleotide is an A. This sequence difference
Creates 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 importadt
ramifications in terms of protein folding.

Nucleotide pesidue #2 in clone 8h HCV c¢DNA is a
T. However, as shown infra, the corresponding residue in
clone 7e 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.

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
T.

The 3’-terminal sequence in clone 33f HCV cDNA
is TTGC. However, the corresponding sequence in clone 33g
and in 2 other overlapping clones is ATTC. Therefore, in
Fig. 26, the corresponding region is represented as ATTC.

Nucleotide residue #4 in clone 33g HCV cDNA is a
T. However, in clone 33f and in 2 other overlapping
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clones the corresponding residue is an A. Therefore, in
Fig. 26, the corresponding residue is designated as an A.

The 3'-terminus of clone 14i is an AA, whereas
the corresponding dinucleotide in clone 1lb, and in three
other clones, is TA. Therefore, in Fig. 26, the TA
residue is depicted.

The resolution of other sequence heterogeneitie
is discussed supra,

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.

IV.A.19. 1Isolation and Nucleotide Sequences of HCV cDNAs
in Clones 12f, 35f, 19g, 26q, and l5e ]

The HCV cDNAs in clones 12f, 35f, 19g, 26g, and
15e 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 i in 50,000 in each
case. The nucleotide sequences of the HCV ¢DNAs 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.

The isclation 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

5’ TGC TTG TGG ATG ATG CTA CTC ATA TCC CAA 3'.

o1 B sk
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The HCV cDNA sequence of clone 12f, its overlap with clone
14i, and the amino acids encoded therein are shown in Fig.
27.

The isclation of clone 35f, which contains cDNA
downstream of the HCV cDNA in Fig. 26, was accomplished
using a hybridization probe based on the sequence of
nucleotides in clone 39¢. The nucleotide sequence of the
probe was

5’ AGC AGC GGC GTC AAA AGT GAA GGC TAA CTT 3'.

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 isoclation of clone 199 was accomplished
using a hybridization probe based on the 3' sequence of ,
clone 35f. The nucleotide sequence of the probe was

5" TTC TCG TAT GAT ACC CGC TGC TTT GAC TCC 3’.

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,

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

3" TGT GTG GCG ACG ACT TAG TCG TTA TCT GTG 3'.

The HCV cDNA sequence of clone 26g, its overlap with the
sequence in clone 19g, and the amino acids enceded therein

are shown in Fig. 30.
Clone 15e was isolated using a hybridization

probe based on the 3’ sequence of clone 26 g. The
nucleotide sequence of the probe was
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5’ CAC ACT CCA GTC AAT TCC TGG CTA GGC AAC 3.

The HCV cDNA sequence of clone 15e, its overlap with the
sequence in clone 26g, and the amino acids encoded therein
are shown in Fig. 31.

The clones described in this Section have been
deposited with the ATCC under the terms and conditions
described in Section II.A., and have been assigned the
following Accession Numbers.

lambda-gtll ATCC No. Deposit Date
clone 12f 40514 10 November 1988
clone 35f 40511 10 November 1988
clone 1l5e 40513 10 November 1988
clone k9-1 40512 10 November 1988 '

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, 14i, 7f, 7e, 8h, 33c, 40b, 37b,
35, 36, 81, 32, 33b, 25c, 1l4c, 8f 33f, 339, 39c, 35f, 19q,
26g, and 1l5e.

A composite HCV cDNA sequence derived from the
isolated clones, and the amino acids encoded therein, is
shown in Fig. 32.

IV.A.20. Alternative Method of Isolating cDNA Sequences
Upstream of the HCV cDNA Seguence in Clone 12f

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
transcription of the upstream sequences. The primer
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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 standard methods of priming and cloning
are used. The resulting c¢DNA 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.

IV.A.21. Alternative Method Utilizing Tailing to Isolate
Sequences from the 5'-Terminal Region of the HCV Genome

In order to isclate 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 cligo C. This is
accomplished by incubhting the product with terminal
transferase 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 transcriptase reactions
are as in Maniatis et al. (1982). The cDNA products are
then cloned, screened, and sequenced.

IV.A.22. Alternative Method Utilizing Tailing to Isolate
Sequences from the 3‘'-Terminal Region of the HCV Genome
This method is based on previously used methods
for cloning cDNAs of Flavivirus RNA. 1In this method, the
RNA is subjected to denaturing conditions to remove
secondary structures at the 3'-terminus, and is then
tailed with Poly A polymerase using rATP as a substrate.
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Reverse transcription of the poly A tailed RNA is
catalyzed by reverse transcriptase, utilizing oligo dT as
a8 primer. The second strands of cDNA are synthesized, the
CDNA products are cloned, screened, and sequenced.

IV.A.23 Creation of Lambda-gtll HCV cDNA Libraries

Containing Larger cDNA Inserts

The method used to create and screen the Lambda
gtll libraries are essentially as described in Section
IV.A.1., except that the library is generated from a pool
of larger size cDNAs eluted from the Sepharose CL-4B

column.

IV.A.24. Creation of HCV cDNA Libraries Using Synthetic
Qligomers as Primers

New HCV cDNA libraries have been prepared from,
the RNA derived from the infectious chimpanzee plasma pool
described in Section IV.A.l., 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 ths
first cDNA strand synthesis were two synthetic oligomers
based on the sequence of the HCV genome described supra.
Primers based on the sequence of clone 11 b and 7e were,
respectively,

5’ CTG GCT TGA AGA ATC 3’
and
5’ AGT TAG GCT GGT GAT TAT GC 3’.

The resulting cDNAs were cloned into lambda bacteriophage
vectors, and screened with various other synthetic
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oligomers, whose sequences were based on the HCV seguence
in Fig. 32.

IV.B. Expression of Polypeptides Encoded Within HCV cDNAs
and_Identification of the Expressed Products as HCV
Induced Antigens.

IV.B.1. Expression of the Polypeptide Encoded in Clone 5-
1-1.

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 pSODcfl (Steimer et al. (1986))
as follows. ,

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 A 3’
3 GA CCT TAA GAC TAT TTT AA 5’

After cloning, the plasmid containing the insert was
isolated.

Plasmid containing the insert was restricted
with EcoRI.' The HCV cDNA insert in clone 5-1-1 was
excised with EcoRI, 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 cDNA in the correct orientation for
expression of the ORF shown in Fig. 1 were identified by
restriction mapping and nucleotide sequencing.

Recombinant bacteria from one clone were induced
to express the SOD-NANBS_I_1 polypeptide by growing the
bacteria in the presence of IPTG.
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IV.B.2. Expression cf the Polypeptide Encoded in Clone
81.

The HCV cDNA contained within clone 81 was
expressed as a SOD-NANB81 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-NANBS_I_I, except that the source of the HCV
CDNA was clone 81, which was isolated as described in Sec-
tion IV.A.3, and for which the cDNA sequence was
determined as described in Section IV.A.4. The nucleotide
Seéquence of the HCV ¢DNA in clone 81, and the putative
amino acid sequence of the polypeptide encoded therein are
shown in Fig. 4. _

The HCV cDNA insert in clone 81 was excised with
EcoRI, and ligated into the PSODcfl which contained the
linker (see IV.B.1l.) and which was linearized by treatmeJt
with EcoRI. The DNA mixture was used to transform E. coli
strain D1210. Recombinants with the clone 81 HCV cDNA in
the correct orientation for expression of the ORF shown in
Fig. 4 were identified by restriction mapping and
nucleotide sequencing.

Recombinant bacteria frem one clone were induced
to express the SOD-NANB81 polypeptide by growing the
bacteria in the presence of IPTG.

IV.B.3. 1Identification of the Polypeptide Encoded Within
Clone S5-1-1 as an HCV and NANBH Associated Antigen.

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 fu-
sion polypeptide, SOD-NANBS_I_I, 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.
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A recombinant strain of bacteria transformed
with an expression vector encoding the SOD-NANBS_I_1
pelypeptide, 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 pres-
ence of SDS according to Laemmli (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 anti-
bodies were detected by further incubation with 1251-
labeled sheep anti-human 1g, as described in Section
IV.A.l.

The characterization of the chimpanzee sera uséd
for the Western blots and the results, shown in the photo-
graph of the autoradipgraphed strips, are presented in
Fig. 33. Nitrocellulose Sstrips containing polypeptides
were incubated with sera derived from chimpanzees at dif-
ferent times during acute NANBH (Hutchinson strain) infec-
tions (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 with serum from the patient
used to identify the recombinant clone 5-1-1 in the
original screening of the lambda-gtll cDNA library (see
Section IV.A.1l.).

The band visible in the control lanes, 25 and
45, in Fig. 23 reflects the binding of antibodies to the
NANB,_,_; molety 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.
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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
sequentially during acute infection. As seen from the
figure, whereas antibodies which reacted immunologically
with the SOD-NANBS_1_1 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. Additional bands observed on the immunoblots
in the cases of chimps numbers 3 and 4 were due to
background binding to host bacterial proteins.

In contrast to the results obtained with sera
from chimps infected with NANBH, the development of anti-
bodies to the NANBs_l_l 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.

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-gtli library, described supra.
Lanes 22-24 and 26-32 show "non-infected" controls in
which the sera was from "normal®” bleood donors.

As seen in Fig. 34, sera from nine NANBH
patients, including the serum used for screening the
lambda-gtll library, contained antibodies to the NANBg_i.,



10

15

20

25

30

35

-95.

moiety of the fusion polypeptide. Sera from three
patients with NANBH did not contain these antibodies. It
is possible that the anti-NANBS_l_l antibodies will
develop at a future date in these patients. It is also
possible that this lack of reaction resulted from a dif-
ferent NANBV agent being causative of the disease in the
individuals from which the non-responding serum was taken.

Fig. 34 also shows that sera from many patients
infected with HAV and HBV did not contain anti—NANBs_l_1
antibodies, and that these antibodies were alsoc not
present in the sera from "normal* controls. Although one
HAV patient (lane 36) appears to contain anti-NANBS_l_l
antibodies, it is possible that this patient had been
previously infected with HCV, since the incidence of NANBH
is very high and since it is often subclinical.

These serological studies indicate that the cDJA
in clone 5-1-1 encodes epitopes which are recognized
specifically by sera from patients and animals infected
with BB=-NANBV. 1In 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.

IV.B.4. Expression of the Polypeptide Encoded in a
Composite of the HCV cDNAs in Clones 36, 81 and 32

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
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expression vector, and expressing the polypeptide in
yeast.

An expression cassette containing the composite
Cl00 cDNA derived from clones 36, 81, and 32, was
constructed by inserting the ~1270bp EcoRI fragment into
the EcoRI site of the vector pPS3-56 (also called pS8356),
yielding the plasmid pS3-56c100. The construction of C10.
is described in Section IV.A.16, supra.

The vector pS$3-56, which is a PBR322 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 GAPDH
transcription terminator. A similar cassette, which
contains these control elements and the superoxide
dismutase gene has been described in Cousens et al.
(1987), and in copending application EPO 196,056, 3
pPublished October 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 gln154 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 G -3
AC CCT TAA GGT ATT ACT CAG CT

The EcoRI site allows the insertion of heterologous
sequences which, when expressed from a vector containing
the cassette, yield polypeptides which are fused to
Superoxide dismutase via an oligopeptide linker containing
the amino acid sequence:

-asn-leu-gly~-ile-arg-.
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A sample of pS356 has been deposited on 29 April
1988 under the terms of the Budapest Treaty with the
American Type Culture Collection {ATCC), 12301 Parklawn
Pr., Rockville, Maryland 20853, and has been assigned Ac-
cession No. 67683. The terms and conditions for avail-
ability and access to the deposit, and for maintenance of
the deposit are the same as those specified in Section
I1.A., for strains containing NANBV-cDNAs. This deposit
is intended for convenience only, and is not required to
practice the present invention in view of the description
here. The deposited material is hereby incorporated
herein by reference.

After recombinants containing the C100 cDNA
insert in the correct orientation were isclated, the
expression cassette containing the C100 ¢DNA was excised
from ps3-56CIOO with BamHI, and a fragment of ~3400bp i
which contains the cassette was isolated and purified.
This fragment was then'inserted into the BamHI site of the
Yeast vector pAB24.

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 seguences. It also contains
the yeast URA3 gene derived from géasmid YEp24 [Botstein
et al. (1979)), and the yeast LEU gene derived from
plasmid pCl/1l. EPO Pub. No. 116,201. Plasmid PAB24 was
constructed by digesting YEp24 with EcoRI and religating
the vector to remove the partial 2 micron sequences. The
resulting plasmid, YEP24deltaRI, was linearized by
digestion with ClaI 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 containing the LEU2d gene isolated from pCl/1:




10

15

20

25

30

_98—

the orientation of the LEU2d 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.

The recombinant plasmid which contained the SOD-
Cl00 expression cassette, pAB24C100-3, was transformed into
yeast strain JsSC 308, as well as into other yeast strains.
The cells were transformed as described by Hinnen et al.
(1978), and plated onto ura-selective plates. Single
colonies were inoculated into leu-selective media and grown
to saturation. The culture was induced to express the
SO0D-C100 polypeptide (called C100-3) by growth in YEP
containing 1% glucose.

Strain JSC 308 is of the genotype MAT @, leu2, ;
ura3(del) DM15 (GAP/ADR;) integrated at the ADR1 locus.
In JSC 308, over-expression of the positive activator gene
preoduct, ADR1, results in hyperderepression (relative to an
ADR] wild type control) and significantly higher yields of
expressed heterologous proteins when such proteins are
synthesized via an ADH2 UAS regulatory system.

A sample of JSC 308 has been deposited on 5 May
1988 with the ATCC under the conditions of the Budapest
Treaty, and has been assigned Accession No. 20879. The
terms and conditions for availability and access to the
deposit, and for maintenance of the deposit are the same as
those specified in Section II.A., for strains containing
HCV ¢DNAs.

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

| e - e -y
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acid residues derived from C100 CDNA, and 5 carboxy-
terminal amino acids derived from the MS2 nucleotide
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.

IV.B.5. Identification of the Polypeg;ide_gncoded within
Cl00 as an NANBH Associated Antigen

The C100-3 fusion polypeptide expressed from
plasmid pAB24C100-3 in yeast strain JSC 308 was character-
ized with respect to size, and the polypeptide encoded
within €100 was identified as an NANBH-associated antigeT
by its immunological reactivity with serum from a human
with chronic NANBH.

The Cl100-3 éolypeptide, 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 heterologous
plasmid encoded polypeptide. The induced yeast cells in
1l ml of culture (OD650 nm ~20) were pelleted by
centrifugation at 10,000 rpm for 1 minute, and were lysed
by vortexing them vigorously (10 x 1 min) with 2 volumes
of sclution.and 1 volume of glass beads (0.2 millimicron
diameter). The solution contained 50 mM Tris-HC1, pPH 8.0,
1 mM EDTA, 1lmM phenylmethylsulphonyl fluoride (PMSF), and
1 microgram/ml pepstatin. Insoluble material in the
lysate, which includes the C100-3 polypeptide, was col-
lected 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%
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polyacrylamide gels in the presence of SDS according to
Laemmli (1970). Protein standards were Co-electrophoresed
on the gels. Gels containing the expressed polypeptides
were either stained with Coomassie*brilliant blue, or were
subjected to "Western"” blotting as described in Section
Iv.B.2., using serum from a patient with chronic NANBH to
determine the immunological reactivity of the polypeptides
expressed from pAB24 and from PAB24C100-3.

The results are shown in Fig. 37. L0 Fig. 37a
the polypeptides were Stained with Coomassie brilliant
blue. The insoluble polypeptide(s) from Jsc 308 trans-
formed with pAB24 and from two different colonies of JsC
transformed with pAB24C100-3 are shown in lane (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 ~54,005
daltons from JSC 308 transformed with PAB24C100-3, which
is not induced in JSC'éOB transformed with PAB24. This
polypeptide is indicated by the arrow.

Fig. 37B shows the results of the Western blots
of the insoluble polypeptides expressed in JSC 308
transformed with PAB24 (lane 1), or with PAB24C100-3 (lane
2). The polypeptides expressed from pAB24 were not im-
munologically reactive with serum from a human with NANBH.
However, as indicated by the arrow, JSC 308 transformed
with pAB24C100-3 expressed a polypeptide of 54,000 dalton
molecular weight which did react immunologically with the
human NANBH serum. The other immunologically reactive
polypeptides in lane 2 may be degradation and/or aggrega-
tion products of this ~54,000 dalton polypeptide.

IV.B.6. Purification of Fusion Polypeptide C100-3

The fusion polypeptide, C100-3, comprised of SOD
at the N-terminus and in-frame Cl00 HCV-polypeptide at the
C-terminus was purified by differential extraction of the

* Trade Mark
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insoluble fraction of the extracted host yeast cells in
which the polypeptide was expressed.

The fusion polypeptide, C100-3, was expressed in
yYeast strain JSC 308 transformed with pPAB24C100-3, 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 remain-
ing insoluble fraction was solubilized in buffer contain-
ing sDs.

The yeast lysate was prepared essentially ac-
cording to Nagahuma et al. (1984). A yeast cell suspen-
sion was prepared which was 33% cells (v/v) suspended in a
solution (Buffer A) containing 20 mM Tris HCl, 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 ,
diameter), and the mixture was vortexed at top speed on a
Super Mixer' *Lab Line Instruments, Inc.) for 8 min. The
homogenate 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 centrlfuglng the homogenate at 7,000 x g for
15 minutes at 4°¢, resuspending the pellets in Buffer A
equal to twice the volume of original packed cells, and
re-pelleting the material by centrifugation at 7,000 x g
for 15 min. This washing procedure was repeated 3 times.

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 7,000 x g for 15 min at 4°C, and the super-

* Trade Mark
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natant 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 7,000 x g for 15 min at 4°c.

The Cl100-3 polypeptide in the extracted pellet
was solubilized by treatment with SDS. The pellets were
suspended in Buffer A egual to 0.9 volumes of the orlglnal
packed cell volume, and 0.1 volumes of 2% SDS was added.
After the suspension was mlxed it was centrifuged at
7,000 x g for 15 min at 4°C. The resulting pellet was
extracted 3 more times with SDS. The resulting super-
natants, which contained C100-3 were pooled.

This procedure purifies C100-3 more than 10-fold
from the insoluble fraction of the yYeast homogenate, and
the recovery of the polypeptide is greater than 50%.,

The purified preparation of fusion polypeptide,
was analyzed by polyacrylamide gel electrophoresis accord-
ing to Laemmli (1970). Based upon this analysis, the
polypeptide was greater than 80% pure, and had an apparent
molecular weight of ~54,000 daltons.

IV.C. 1Ildentification of RNA in Infected Individuals Whict,
Hybridizes to HCV cDNA.

IV.C.1. 1Identification of RNA in the Liver of a
Chimpanzee With NANBH Which Hybridizes to HCV cDNA.

RNA from the liver of a chimpanzee which had
NANBH was shown to contain a species of RNA which hybrid-
ized to the HCV ¢DNA contained within clone 81 by Northern
blotting, as follows.

RNA was isolated from a liver biopsy of the
chimpanzee from which the high titer plasma was derived
(see Section IV.A.1l.) using techniques described in
Maniatis et al. (1982) for the isolation of total RNA from
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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
radiclabeled 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 32? 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 sheareL
by sonication and denatured, and 106 CPM/ml of the nick-
translated cDNA probe.

An autoradiograph of the probed filter is shown
in Fig. 38. Lane 1 contains 32P-Iabe1ed restriction frag-
ment markers. Lanes 2-4 contain chimpanzee liver RNA as
follows: lane 2 contains 30 micrograms of total RNA; lane
3 contains 30 micrograms of poly A- RNA; and lane ¢
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 molecules
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 cDNA, could represent viral genomes and/or specific
transcripts of the viral genome.

The experiment described in Section iv.c.2.,
infra, is consistent with the suggestion that HCV contains

an RNA genome.
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Iv.C.2. Identification of HCV Derjved RNA in Serum from
Infected Individuals.

Nucleic acids were extracted from particles
isolated from high titer chimpanzee NANBH plasma as
described in Section IV.A.l.. Aliquots (equivalent to 1
ml of original plasma) of the isolated nucleic acids were
resuspended 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 im-
mediate freezing, and were treated with RNase A (5 micro-
liters containing 0.1 mg/ml RNase A in 25 mM EDTA, 40 mM
Hepes, pH 7.5) or with DNase 1 (5 microliters contalnlng 1
unit DNase I in 10 mM MgClz, 25 mM Hepes, pH 7.5); control
samples were incubated without enzyme. Following incuba-
tion, 230 microliters of ice-cold 2XSSC containing 2 i
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 32P—labeled by nick-translation. Fig. 39 shows an
autoradiograph of the filter. Hybridization signals were
detected in the DNase treated and control samples {lanes : .
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,

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

HCV nucleic acids present in liver and plasma of
chimpanzees with NANBH, and in control chimpanzees, were
amplified using essentially the polymerase chain reaction
(PCR) technique described by Saiki et al. (1986). The
primer oligonucleotides were derived from the HCV cDNA
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sequences in clone 81, or clones 36 and 37. The amplified
sequences were detected by gel electrophoresis and
Southern blotting, using as probes the appropriate c¢DNA
oligomer with a sequence from the region between, but not
including, the two primers.

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 isoclation of the RNA frac-
tion was by the guanidinium thiocyanate procedure
described in Section IV.C.1.

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 peol of plasmas from contrél
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 105.

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 resultant 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 agqueous phases from
each extraction were pooled, and extracted twice with an
equal volume of phenol/chloroform/iscamyl alcohol
{(1:1(99:2)), and then twice with an equal volume of a 99:1
mixture of chloroform/iscamyl alcohol. Following phase
separation by centrifugation, the agueous phase was



10

15

20

25

30

35

~106-

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.

In addition to the above, the high titer
chimpanzee plasma and the pooled control plasma
alternatively were extracted with 50 micrograms of poly &
carrier by the procedure of Chomcyzski and Sacchi (1987,
This procedure uses an acid guanidinjum thiocyanate
extraction. RNA was recovered by centrifugation at 10,000
RPM for 10 minutes at 4°C in an Eppendorf microfuge.

On two occasions, prior to the synthesis of cpNa
in the PCR reaction, the nucleic acids extracted from }
plasma by the proteinase K/SDS/phenol method were further
purified by binding to and elution from S and § Elutip-R
Columns. The procedure followed was according to the
manufacturer'’'s directions.

The cDNA used as a template for the PCR reaction
was derived from the nucleic acids (either total nuclejc
acids or RNA) pfepared 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 atj65°C for 10 minutes, and the samples were
immediately cooled on ice. CDNA was synthesized using 1
to 3 micrograms 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 reactijon mixtures for
CDNA synthesis contained 23 units of the RNAase inhibitor,
RNASIN" (Fisher/Promega). Following cDNA synthesis, the
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reaction mixtures were diluted with water, boiled for 10
minutes, and quickly chilled on ice.

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, utiliz-
ing a regimen of 37°c, 72%%, and 94°cC.

The primers for cDNA synthesis and for the PCR
reactions were derived from the HCV cDNA sequences in
either clone Bl, 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 l6-mer
primers derived from clone Bl were:

5’ CAA TCA TAC CTG ACA G 3 '
and
5’ GAT AAC CTC TGC CTG A 3'.

The sequence of the primer from clone 36 was:
5' GCA TGT CAT GAT GTA T 3'.

The sequence of the primer from clone 37b was:
S’ ACA ATA CGT GTG TCA C 3.

In the PCR reactions, the primer pairs consisted of either
the two l6-mers derived from clone 81, or the l6-mer from
clone 36 and the l6-mer from clone 37b.

The PCR reaction products were analyzed by
separation of the products by alkaline gel
electrophoresis, followed by Southern blotting, and detec-
tion of the amplified HCV-cDNA sequences with a 32?-
labeled internal oligonucleotide probe derived from a
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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 dis-
solved in distilled water. Aliguots 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 conditions
were those specified by the manufacturer (Biorad).

The probes used for the hybridization-detection
of amplified HCV cDNA Sequences were the following. When
the pair of PCR primers were derived from clone 81, the i
probe was an 108-mer with a sequence corresponding to that
which is located in the region between the sequences of
the two primers. Wwhen the pair of PCR primers were
derived from clones 36 and 37b, the probe was the nick-
translated HCV cDNA 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 cDNA 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 c¢DNA 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.

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
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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 hybridization results. The same results were
achieved when the experiment was repeated three times.

Analysis of the nucleic acids and RNA from
plasma was also according to the above procedure utilizing
the primers and probe from clone Bl. 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.

IV.D. Radioimmuncassay for Detecting HCV Antibodies in i

Serum from Infected Individuals

Solid phase'radioimmunoassays to detect antibod-
ies to HCV antigens were developed based upon Tsu and
Herzenberg (1980). 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 im-
munologically bound to the solid phase antigen. After
removal of the unbound material and washing of the
microtiter plates, complexes of human antibody-NANBV
antigen are detected by incubation with 1zsx-labeled sheep
anti-human immunoglobulin. Unbound labeled antibody is
removed by aspiration, and the plates are washed. The
radioactivity in individual wells is determined; the
amount of bound human anti-HCV antibody is proportional to
the radiocactivity in the well.
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IV.D.1l. Purification of Fusion Polypeptide SOD-NANBS_l_l.
The fusion polypeptide SOD—NANBS_l_l, expressed
in recombinant bacteria as described in Section IV.B.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.

Thawed cells from 1 liter of culture were
resuspended in 10 ml 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 S5 minutes at OOC, the mixture was
centrifuged at 4,000 x g for 10 minutes. The resulting
pellet was suspended in 10 ml of 25% (w/v) sucrose
containing 0.05 M Tris HCl, 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) Triton*X-100 in 0.05 M Tris
HCl, pH 8.0, 1 mM EDTA, the mixture was incubated an ad-
ditional 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 13,000 x g for 25 minutes. The pelleted
material was suspended in S ml of 0.01 M Tris HC) pPH B.O,
and the suspension centrifuged at 4,000 x g 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
HCl, pH 8.0, 1 mM dithiothreitol (Buffer A), and was ap-
plied 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-NANBS_I_I. Fractions containing this
polypeptide were pooled, and dialyzed against 6 M urea in

*Trade Mark
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0.02 M sodium phosphate buffer, PH 6.0, 1 mM
dithiothreitol (Buffer B). The dialyzed sample was ap-
plied 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"NANBS-l-l' and the appropriate frac-
tions were pooled.

The final preparation of SOD-I‘U’;NBS_L_l
polypeptide was examined by electrophoresis on
polyacrylamide gels in the presence of SpS. Based upon
this analysis, the preparation was more than B80% pure.

IV.D.2. Purification of Fusion Polypeptide SOD-NANBSI.

The fusion polypeptide SOD-NANBBI, expressed in
recombinant bacteria as described in Section IV.B.2., waJ
purified from recombinant E. coli by differential extrac-
tion of the cell extracts with urea, followed by
chromatography on anion and cation exchange columns
utilizing the procedure described for the isolation of
fusion polypeptide SOD-NANBS_I_1 (See Section IV.D.1.).

The final preparation of SOD-NANB81 polypeptide
was examined by electrophoresis on polyacrylamide gels in
the presence of SDS. Based upon this analysis, the
preparation was more than 50% pure.

IV.D.3. Detection of Antibodies to HCV Epitopes by Solid
Phase Radioimmunoassay.

Serum samples from 32 patients who were
diagnosed as having NANBH were analyzed by
radioimmunoassay (RIA) to determine whether antibodies to
HCV epitopes present in fusion polypeptides SOD-NANBS_I_l
and SOD-NANB81 were detected.

Microtiter plates were coated with SOD-NANBS_I_1
or SOD-NANBgj, which had been partially purified according

*Trade Mark
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to Sections IV.D.1. and IV.D.2., respectively. The assays
were conducted as follows.

One hundred microlitef aliquots containing 0.1
to 0.5 micrograms of SOD-NANBS_1_1 or SOD-NANB81 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’?
Removawell "Strips). The plate was incubated at 4°¢
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 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 ﬁhe BSA
solution was removed. The polypeptides in the coated
wells were reacted with serum by adding 100 microliters df
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 ! hr at 37°C.
After incubation, the serum samples were removed by
aspiration, and the wells were washed 5 times with BBST.
Anti-NANBS_l_l and Anti—NANBBl bound to the fuiégn
polypeptides was determined by the binding of I-labeled
F’(ab)2 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 radiocactivity bound in
each well was determined by counting in a counter which
detects gamma radiation. '

The results of the detection of anti-NANBs_l_l
and anti-NANB81 in individuals with NANBH is presented in

Table 1.

* Trade Mark
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Table 1
Detection of Anti{-S-1-1 and Anti-8! in Sera of
NANB, HAV and HBV Hepatitis Patients

ratient
Reference S/N
Number Diagnosis Anti-5-1-1 _Anti-81
L. 28! Chronic NANB, IVD® 0.77 4.20
Chronic NANB, IVD 1.14 S.14
Chronic NANB, IVD 2.11 4.0%
2. 29! AVH?, NANB, Sporadic 1.09 1.05
Chronic, NANB Jr.89 11.39
Chronic, NANB }6.22 13.67
3. 30! AVH, NANB, IVD 1.90 1.54
Chronic NANB, IVD 34,17 30.28
Chronic NANS, 1VD 32.4% 30.84
6. 31 Chronic NANB, pT! 16.09 §.05
5. 321 Late AVH NANB, IVD 0.69 0.94
Late AVH NANB, IVD 0.73 0.69
6. 13t AVH, NANB, IVD 1.66 1.96
AVH, NANB, IVD 1.3 0.56
7. 34t Chronic NANB, PT 34.40 7.5%
Chronic NANB, PT 45.5% 13.11
Chronic NANB, PT 41.5%8 13.45
Chronic NANB, PT 44.20 15.48
g. 35} AVH NANB, IVD 31.92 31.9%
“Healed” recent 6.87 4.45
NANS, AVH
9. 36 Late AVH NANB PT 11.84 5.79
10. 37 AVH NANB, IVD 6.52 1.33
11. 38 e Late AVH NANB, PT 39.44 39.18
12. 39 Chronic NANB, PT 42.22 37.54
13. 40 AVH, NANS, PT 1.38 1.17

14. 41 Chronic NANB? PT 0.3% 0.28
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Patient
Reference S/N
Number Diagnosis Anti-5-1-1 Anti-B8i
15. 42 AVH, NANB, IVD 6.25 2.34
16. 43 Chronic NANB, PT 0.7¢4 0.61
17. 44 AVH, NANB, PT 5.40 1.83
18. 45 Chronic, NANB, PT 0.52 0.132
19. 46 AVH, NANB 21.13% 4.145
20. 47 AVH, Type A 1.60 1.35
21. 48 AVH, Type A 1.30 0.66
22. 49 AVH, Type A 1.44 0.74
21. 50 Resclved Recent AVH, 0.48 0.56
Type A
24, 51 AVH, Type A 0.68 0.64
Resolved AVH, Type A 0.80 0.6?
25. 52 Resolved Recent AVH, 1.38 1.04
Type A
Resdlved Recent AVH, 0.80 0.65
Type A
26. 53 AVH, Type A 1.8% 1.16
Resolved Recent AVH, 1.02 0.88
Type A
27. S4 AVH, Type A 1.35 0.74
28. 55 Late AVH, HBV 0.58 0.55
29. S6 Chronic HBV 0.84 1.06
10. 57 Late AVH, HBY J.20 1.60
J1. 58 Chronic HBV 0.47 0.46
32. se! AVH, HBV 0.73 0.60
Healed AVH, HBAV 0.4) 0.44
33. sol AVH, HBV 1.06 0.92
Healed AVH, HBV 0.7 0.68

. W | Ria TR
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Patient
Reference S/N
Number - Diagnosis Anti-5-1-1 Anti-g}
3a. 61! AVH, MBV 1.66 0.61
Healed AVH, HBV 0.63 0.36
35. 621 AVH, HBV 1.02 0.73
Healed AVH, MBV 0.41 0.42
6. 63t AVH, HBV 1.24 1.31
Healed AVH, MBYV 1.8%5% 0.4%
17, g4l AVH, HBV 0.82 0.79
Healed AVH, HBV 0.53 0.37
3g. 65! AVH, HBV 0.9 0.92
Healed AVH, HBV 0.70 0.50
19. 66t AVH, HBV 1.03 .68
Healed AVH, HBV 1.71 .39

1

2tvDsIntravenus Orug User
AVHs=Acute viral hepatitis
‘PT=Post transfusion

Sequential serum samples available from

these patients
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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-
NANBS_I_1 and SOD-NANBSI.

However, the serum samples which were positive
were not equally immunologically reactive with‘SOD-NANBS_
1-1 and SOD-NANBSI. Serum samples from patient No. 1 were
positive to SOD-NANB81 but not to SOD-NANBS_I_I. Serum
samples from patients number 10, 15, and 17 were positive
to SOD-NANBS_I_1 but not to SOD-NANBBI. Serum samples
from patients No. 3, 8, 11, and 12 reacted equally with
both fusion pelypeptides, whereas serum samples from
patients No. 2, 4, 7, and 9 were 2-3 fold higher in the
reaction to SOD-NANBS_1_1 than to SOD-NANBal. These
results suggest that NA.NBS_l__1 and NANBa1 may contain at
least 3 different epitopes; i.e., it is possible that each
polypeptide contains at least 1 unigue epitope, and thati
the two polypeptides spare at least 1 epitope.

IV.D.4. Specificity of the Solid Phase RIA for NANBH

The specificity of the solid phase RIAs for
NANBH was tested by using the assay on serum from patient:
infected with HAV or with HBV and on sera from control
individuals. The assays utilizing partially purified SOD-
NANBS_1_1 and SOD-NANB81 were conducted essentially as
described in Section IV.D.3, except that the sera was from
patients prewiously 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 specimens from
HBV infected patients. As shown in table 1, none of these
sera yielded a positive immunological reaction with the
fusion polypeptides containing BB-NANBV epitopes.
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The RIA using the NANBS_1_1 antigen was used to
determine immunological reactivity of serum from control
individuals. Out of 230 serum samples obtained from the
nermal blood denor population, only 2 yielded positive
reactions in the RIA (data not shown). 1It is possible
that the two blood donors from whom these serum samples
originated had previously been exposed to HCV.

IV.D.5. Reactivity of NANBs_l_1 During the Course of
NANBH Infection.

The presence of anti-NANBs_l_l antibodies during
the course of NANBH infection of 2 patients and 4
chimpanzees was followed using RIA as described in Section
IV.D.3. 1In addition the RIA was used to determine the
presence or absence of anti-NANB. , , antibodies during I
the course of infection of HAV and HBV in infected
chimpanzees. ’

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-NANBs_I_l antibodies were
not detected in serum samples from chimpanzees infected
with either HAV or HBV. Thus anti-NANBS_l_1 antibodies
serve as a marker for an individual's exposure to HCV.
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Table 2

Sarmples from
9 5-1-1 Antigen

Ay eng/ Sample Date (Days) Hepatitis Anti-5-1-1 ALT
Chump fosinocylation day) Vizuses (S/N) (mu/m]"

Pat.ent 29 - T NAND 1.09 1180
T+180 33.99 425

‘T+208 36.22 .
Fatient 30 T NANB 1.90 1810
T+307 J& .17 230
T+799 32.45% 276
Chimp 1 0 NAND .87 9
76 0.91 7L
119 21.67 19
154 32.41 --
Chimp 2 0 NANB 1.00 5
‘ 21 1.08 52
73 4.64 13
139 <3.01 --
Chimp 3 (] ~ NANS 1.08 8
41 1.44 8
53 1.82 14
159 11.87 ]
Chimp & -3 NAND l1.12 11
55 1.28 132
8) §.60 -
140 17.51 .-
Champ § 0 HAV 1.50 4
235 2.39 147

40 1.92 H
268 1.5%3 3
Chimp § -8 HAV 0.08% --
15 - 106
41 0.191 i0
129 1.3} -
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*T=day of initial sampling

“Patient/ Sample Date ({Days) Hepatitis Anti-5-1-1 ALT
Chimp 7 {o=inoculation day) Viruses (S/N) {mu/ml)
Chimp 7 0 HAV 1.17 7

22 1.60 83

115 1.55 5

139 1.60 -

Chimp 8 0 HAV 0.77 15

26 0.98 130

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
111-118 (pool) 2.74 96-156 (pool)

205 2.05 9
240 1.78 13 ,

Chimp 11 0 HVB 1.82 11
28-56 (pool) 1.26 8-100 (pool)

159 - 9

223 0.52 10
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IV.E. Purificatijon of Polvclonal Serum Antibodies to
NANB

5-1-1
On the basis of the specific immunological re-

activity of the SOD-NANBS__I_1 polypeptide with the anti-
bodies in serum samples from patients with NANBH, a method
was developed to purify serum antibodies which react im-
munologically with the epitope(s) in NANBs_l_l. This
method utilizes affinity chromatography. Purified SOD-
NANBS_1_1 polypeptide (see Section IV.D.1) was attached to
an insoluble support; the attachment is such that the im-
mobilized polypeptide retains its affinity for antibody to
NANBS-I-I' 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 re- '
agents, for example, urea.

Nitrocellulose membranes containing bound SOD-
NANB., _,_, were prepared as follows. A nitrocellulose
membrane, 2.1 cm Sartorius of 0.2 micron pore size, was
washed for 3 minutes three times with BBS. SOD-NANBS_I_l
was bound to the membrane by incubation of the purified
preparation in BBS at room temperature for 2 hours;
alternatively it was incubated at 4°¢ 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
membrane with S times with BBS and 3 times with distilled
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 (GlyHCl) for 15 minutes, followed by 3
three minute washes with PBS.
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Polyclonal anti-NANBs_l_1 antibodies were
isolated 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 S
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-NANBS_l_l antibody after affinity
chromatography is approximately 50%.

The nitrocellulose membranes containing the
bound viral antigen can be used several times without ap-
preciable decrease in binding capacity. To reuse the
membranes, 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.

IV.F. The Capture of HCV Particles from Infected Plasma
Using Purified Human Polyclonal Anti-HCV Antibodies:
Hybridization of the Nucleic Acid in the Captured
Particles to HCV cDNA

IV.F.1. The Capture of HCV Particles from Infected Plasma
Using Human Polyclonal Anti-HCV Antibodies

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 polystyfene beads.

Polyclonal anti-NANBs_l_l antibodies were puri-
fied from serum from a human with NANBH using the SOD-HCV
polypeptide encoded in clone S-1-1. The method for
purification was that described in Section IV.E.

The purified anti-NANBS_l_1 antibodies were
bound to polystyrene beads (1/4" diameter, specular fin-
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ish, Precision Plastic Ball Co., Chicago, Illinois) by
incubating each at room temperature overnight with i ml of
antibodies (1 microgram/ml in borate buffered saline, pH
B.5). Following the overnight incubation, the beads were
washed once with TBST (50 mM Tris HCl, PH B.0, 150 mMm
NaCl, 0.05% (v/v) Tweeﬁ*ZOJ, and then with phosphate
buffered saline (PBS) containing 10 mg/ml BSA.

Control beads were Prepared in an identical
fashion, except that the purified emti-N}?sNBS_l'__1 antibod-
ies were replaced with total human immunoglobulin,

Capture of HCV from NANBH infected chimpanzee
plasma using the anti-NANBS_l_l antibodies bound to beads
was accomplished as follows. The plasma from a chimpanzee
with NANBH used is described in Section IV.AL1. . an
aliquot (1 ml) of the NANBV infected chimpanzee plasma was
incubated for 3 hours at 37°C with each of 5 beads ccated}
with either anti-NANBs_l_l antibodies, or with control
immunoglobulins. The beads were washed 3 times with TBST.

IV.F.2. Hybridization of the Nucleic Acid in the Captured
Particles to NANBV-cDNA

The nucleic acid component released from the
particles captured with anti-NANBs_l_l antibodies was
analyzed for hybridization to HCV CDNA derived from clone
B1.

HCV particles were captured from NANBH infected
chimpanzee plasma, as described in IV.F.1. To release the
nucleic acids from the particles, the washed beads were
incubated for 60 min. at 37°% 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

3Sethanol overnight at -20°C. The nucleic acid precipitate

*Trade Mark
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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-NANBs_l_1 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 HCV cDNA fragment in clone Bl. The methods for
preparing the probe and for the hybridization are
described in Section IV.C.1..

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-NANBs_l_l antibody
(Al,az) gave clear hybridization signals relative to thel
control antibody extract (A3,A4) and to control yeast RN
(Bl,Bz). Standards cgnsisting of 1pg, 5pg, and 10pg of
the purified, clone 81 cDNA fragment are shown in C1-3,
respectively.

These results demonstrate that the particles
captured from NANBH plasma by anti-NANBS_I_l-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.

IV.G. Immunological Reactivity of C100-3 with Purified

Anti-NANB, , , Antibodies
The immunclogical reactivity of C100~-3 fusion
polypeptide with anti-NANBs_l_l antibodies was determined
by a radioimmunoassay, in which the antigens which were
bound to a solid phase were challenged with purified anti-
NANBS_1_1 anti?ggies, and the antigen-antibody complex
detected with I-labeled sheep anti-human antibodies.
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The immunological reactivity of C100-3 polypeptide was
compared with that of SOD-NANBS_1_1 antigen.

The fusion polypeptide C100-3 was synthesized
and purified as described in Section IV.B.5. and in Sec-
tion IV.B.§6., reéspectively. The fusion pPolypeptide sop-
NANBS_1_1 was synthesized and Purified as described in
Section IV.B.]. and in Section Iv.Dp.1., respectively.
Purified anti-NANBS_l_l antibodies were obtained as
described in Section IV.E.

One hundred microliter aliquots containing
varying amounts of purified C100-3 antigen in 0.125M Na
borate buffer, PH 8.3, 0.075M NacCl (BBS) was added to each
well of a microtiter plate (Dynatech*Immulon*2 Removawell*
Strips). The pPlate was incubated at 4°¢ overniéht 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 § mg/ml solution of BSA in BBS followed
by incubation at room temperature for ] hour, after which
the excess BsSa solution was removed. The polypeptides in
the coated wells were reacted with purified anti-NANB
antibodies by adding 1 microgram antibody/well, and
incubating the samples for 1 hr at 37°C. After incuba-
tion, the excess solution was removed by aspiration, and
the wells were washed 5 times with BBST. Anti-NANBS_l_l
bound to the fusion pPolypeptides was determined by the
binding of 12SI-labeled F'(ab)2 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°% for 1 hour, followed by removal of
€xcess probe by aspiration, and 5 washes with BBST. The
amount of radicactivity bound in each well was determined
by counting in a counter which detects gamma radiation.

5-1-1

*Trade Mark
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The results of the immunological reactivity of
Cl00 with purified anti-NA.NBs_l_1 as compared to that of

- NANBg _, , with the purified antibodies are shown in Table

3.
Table 3
Immunological Reactivity of C100-3 compared to NANB. , ,
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

J

The results in Table 3 show that anti-NANB. , ,
recognizes an epitope(s) in the Cl100 moiety of the Cl100-3
polypeptide. Thus NANBS-I-I and C100 share a common
epitope(s). The results suggest that the cDNA sequence
encoding this NANBV epitope(s) is one which is present in
both c¢lone 5-1-1 and in clone B81.

IV.H. Characterization of HCV

IV.H.1. Characterization of the Strandedness of the HCV
Genome.

The HCV genome was characterized with respect to
its strandedness by isolating the nucleic acid fraction
from particles captured on anti-NANBs_l_l antibody coated
polystyrene beads, and determining whether the isolated
nucleic acid hybridized with plus and/or minus strands of
HCV cDNA.

Particles were captured from HCV infected
chimpanzee plasma using polystyrene beads coated with
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immunopurifjed anti-NANBS_l_1 antibody as described in
Section IV.F.1l. The nucleic acid component of the
Particles was released using the method described in Sec-
tion 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 32P-labeled mixture of plus or mixture of minus
strands of single stranded DNaA cloned from HCV cDNAs; the
CDNAs were excised from clones 40b, 81, and 25c.

The single stranded probes were cbtained by
excising the HCV cDNAs from clones 81, 40b, and 25¢ with
EcoRI, and cloning the cDNa fragments in M13 vectors, mpl§
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 st
by the dideoxychain termination method of Sanger et al.
(1977). !

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
pProbes derived from the HCV cDNAs. Fig. 41 shows the
autoradiographs obtained from probing the NANBV genome
with the mixture of probes derived from clones 81, 40b,
and 25¢. This mixture was used to increase the sensjitiv-
ity of the hybridization assay. The samples in panel 1I
were hybridized with the Plus strand probe mixture. The
samples in panel II were probed by hybridization with the
minus strand probe mixture. The composition of the
samples in the panels of the immunoblot are presented in
table 4.

o . = — 5o
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Table 4

A ) B
lane
1 HCV genome *
2 ———— *
3 * cDNA 81
4 —— CDNA 81

* is an undescribed sample.

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 show-
ing 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.

These data, and data from other laboratories
concerning the physicochemical properties of a putative
NANBV(s), are consistent with the possibility that HCV is
a member of the Flaviviridae. However, the possibility
that HCV represents a new class of viral agent has not
been eliminated.

IV.H.2. Detection of Sequences in Captured Particles

Which When Amplified by PCR Hybridize to HCV cDNA Derived
from Clone 81

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
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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 amplifijed
sequences hybridized with the clone 81 derived HCV c¢DNA
probe.

IV.H.3. Homology Between the Non-Structural Protein of
Dengue Flavivirus (MNWWVDl) and the HCV Polypeptides
Encoded by the Combined ORF of Clones 14i Through 39c¢

The combined HCV cDNAs of clones 14i through 39c¢
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
performed 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 fro.
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 homol-
ogy 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.)
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IV.H.4. HCV-DNA is Not Detectable in NANBH Infected Tissue

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.

IV.H.4.a. Southern Blotting Procedure

In order to determine whether NANBH infected
Chimpanzee liver contains detectable HCV-DNA (or HCV-
CDNA), restriction enzyme fragments of DNA isolated from
this source was Southern blotted, and the blots probed
with 32P-1abeled HCV cDNA. The results showed that the
labeled HCV cDNA did not hybridize to the blotted DNA fror
the infected chimpanzee liver. It also did not hybridize
to control blotted DNA from normal chimpanzee liver. 1In
contrast, in a positivé 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.

DNAs were isolated from the livers of two
chimpanzees 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.

Each DNA sample was treated with either EcoRI,
MboI, or HincII (12 micrograms), according to the
manufacturer’s directions. The digested DNAs were
electrophoresed on 1% neutral agarose gels, Southern
blotted onto nitrocellulose, and the blotted material
hybridized with the appropriate nick-translated probe cDNA

35(3 x 106 cpm/ml of hybridizatioen mix). The DNA from
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infected chimpanzee liver and normal liver were hybridizeg
with 32P-labeled HCV cDNA from clones 36 Plus 81; the DNaA
from human placenta was hybridized with 32P--labe].ed DNA
from the beta~interferon gene. After hybridization, the
blots were washed under stringent conditions, i.e., with a
solution containing 0.1 x SSC, 0.1% SDS, at 65°C.

The beta-interferon gene DNA was prepared as
described by Houghton et al (1981).

IV.H.4.b. Amplification by the PCR Technigue

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
amplification-detection technique using primers and probe
Polynucleotides derived from HCV cDNA from clone 8]. i
Negative controls were DNA samples isolated from
uninfected HepG2 tissug culture cells, and from pPresumably
uninfected human placenta. Positive controls were samples
of the negative control DNAs to which a known relatively
small amount (250 molecules) of the HCV cDNA insert from
clone 81 was added.

In addition, to confirm that RNA fractions
isolated from the same livers of chimpanzees with NANBH
contained sequences complementary to the HCV-cDNA probe,
the PCR amplification-detection 8ystem was also used on
the isolated RNA samples.

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).

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 HindIigx according to the manufacturer's directions.

35 The digested samples were subjected to PCR amplification
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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 cDNA 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,

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 essentially
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
CDNA clone 81, as described supra. ?

The results showed that amplified sequences
complementary to the HCV cDNA probe were not detectable in
the DNAs from infected chimpanzee liver, nor were they
detectable in the negative controls. 1In 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
pesitive control samples. 1In 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.

These results show that hepatocytes from
chimpanzees 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 .06 copies per
hepatocyte. In contrast, the HCV sequences in total RNA
from the same liver samples was readily detected with the
PCR technique.



10

15

20

25

30

35

-132-

IV.I. ELISA Determinations for HCV Infection Using HCV
€100-3 As Test Antigen ‘

All samples were assayed using the HCV c100-3
ELISA. This assay utilizes the HCV c100-3 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.

Plates coated with the HCV c100-3 antigen were
prepared as follows. A solution containing Coating buffer
(50mM Na Borate, pH 9.0), 21 ml/plate, BSA (25 micrograms/
ml), cl00-3 (2.50 micrograms/ml} was prepared just prior
to addition to the Removeawell” Immulon*I plates (Dynatech*
Corp.). After mixing for 5 minutes, 0.2ml/well of the
solution was added to the plates, they were covered and
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 Postcoat
solution (10 mM sodium phosphate, pH 7.2, 150 mM sodium
chloride, 0.1% (w/v) casein and 2 mM
phenylmethylsulfonylfluoride (PMSF)) was added, the plates
were loosely covered to prevent evaporation, and were al-
lowed 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
prepared plates may be stored at 2-8°C in sealed aluminum
pouches.

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, 0.015 (W/V) Therosal, 1% (W/V)
Triton X-100, 100 micrograms/ml yeast extract). The

*Trade Mark
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plates were sealed, and incubated at 37°C for two hours,
after which the solution was removed by aspiration, and
the wells were washed with 400 microliters of wash buffer
(phosphate buffered saline (PBS) containing 0.05% Tween
20). The washed wells were treated with 200 microliters
of mouse anti-human IgG-HRP conjugate contained in a solu-
tion of Ortho conjugate diluent (10 mM sodium phosphate,
pH 7.2, 150 mM sodium chloride, 50% (V/Vv) fetal bovine
serum, 1% (V/V) Qfat treated horse serum, 1 mM K3Fe(CN)6,
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 with 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 i
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% HZOZ‘ 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.

The examples provided below show that the
microtiter plate screening ELISA which utilizes HCV cl100-3
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. 1In addition, the assay is capable of
detecting some samples which score negative in the sur-
rogate tests for NANBH; these samples come from
individuals with a history of NANBH, or from donors
implicated in NANBH transmission.

*Trade Mark
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In the examples 'described below, the following
abbreviations are used:

ALT Alanine amino transferase
Anti-HBc Antibody against HBc
Anti-HBsAg Antibody against HBsAg

HBc Hepatitis B core antigen
ABsAg Hepatitis B surface antigen
IgG Immunoglobulin G

IgM Immunoglobulin M

IU/L International units/Liter
NA Not available

NT Not tested

N Sample size

Neg Negative

oD Optical density I
Pos , Positive

S/CO Signal/cutoff

SD Standard deviation

X Average or mean

WNL Within normal limits

IV.I.1l. HCV Infection in a Population of Random Blood
Donors

A group of 1,056 samples (fresh sera) from
random blood donors were obtained from Irwin Memorial
Blood Bank, San Francisco, California. 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 remain-
ing 1,046 samples read <0.4, with over 90% of these
samples reading <0.1.

The results on the reactive random samples are
presented in Table 5. Using a cut-off value equal to the
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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 as-
sayed 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.
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TABLE 5
RESULTS ON REACTIVE RANDOM SAMPLES

N = 1051
X = 0.049%
SD = 2 0,074
Cut-cff: X + 55D = 0.419 (0.400 + Negative Control)

Inicial
Reactives Repeat Reactives Anti
Samples o1s] 0D ALTw* HBg %
- /L {oB)
4227 0.462 0.084 NA NA
6292 0.569 0.294 NA NA
6188 0.699 0.326 NA :A
6157 0.735 0.187 NA A
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 = 0,952 5/1056 = 0.47%

* Samples reading >1.5 were not included in calculating the Mean
and SD
** ALT 2 68 IU/L is above normal limits.

25

30

35

*ars WNL: Within normsl limits.

*** Anti-HBc s 0.535 (competition assay) is considered positive.
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IvV.I.2. Chimpanzee Serum Samples

Serum samples from eleven chimpanzees were
tested with the HCV ¢100-3 ELISA. Four of these
chimpanzees were infected with NANBH from a contaminated
batch of Factor VIII (presumably Hutchinson strain), fol-
lowing an established pProcedure in a collaboration with
Dr. Daniel Bradley at the Centers for Disease Control. Aas
controls, four other chimpanzees were infected with HAV
and three with HBV. Serum samples were obtained at djif-
ferent times after infection.

The results, which are summarized in Table s,
show documented antibody seroconversion in all chimpanzees
infected with the Hutchinson strain of NANBH. Following
the acute phase of infection (as evidenced by the i
significant rise and subsequent return to normal of ALT
levels), antibodies to HCV c100-3 became detectable in the
sera of the 4/4 NANBH'infected chimpanzees. These samples
had previously been shown, as discussed in Section
IV.B.3., to be positive by a Western analysis, and an RIA.
In contrast, none of the control chimpanzees which had
been infected with HAV or HBV showed evidence of reactiv-
ity in the ELISA.
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TAELE 6
CHIMPANZEE SERUM SAMPLES

InocuLarion BLeeo ALT

0o S/ Darve Oate 411748)
0.00!

1.501

0.801
-0.007 0.00 05/24/83 05/28/84 9
0.003 0.0t 08/07/81 71
>3.000 >7.48 09/18/8% 19
>3.000 >7 .18 10/20/84 -
-—— -—- 06/07/84 - -—
-0.003 0.00 05/31/81 - 5
-.005 0.00 06/28/81 52
0.915 2.36 08/20/8n 13
>3.000 >7.48 10/24/81 -—-
0.005 0.01 03/14/85 03/14/85 8
0.017 g.0n 04/26/85 205
0.00G 0.0! 05/06/8% 15
1.010 2.52 08/20/85 6
-0.006 0.00 03/11/85 03/11/85 11
0.003 0.01 05/09/85 132
0.523% 1.31 06/06/85 _—
1.574 3.93 08/01/85 _—
-0.006 0.00 11/21/80 11721780 3
0.001 0.00 12/16/30 147
0.003 0.01 12/30/80 18
0.006 0.0t 07/29 - 08/21/31 5
— -—- 05/25/82 — —
-0.005 0.00 05/17/82 ——
0.00( 0.00 06/10/82 106
-0.008 0.00 07/06/82 10
0.290 0.72 10/01/82 —
-0.008 0.00 05/25/82 05/25/82 7
-0.004 0.00 06/17/82 83
-0.006 0.00 09/16/82 S
0.005 0.0 10/09/82 ———

TraNSFusSED

NANB

NANB

NAND

NAND

HAV

KAV

HAY
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TABRLE €
CHIMPANZEE SERIM SAMPLES
(Cont'd)
ImocuLarion OLeen ALT
0D 3/C0 Dave Date (1u/se) Transrus
Chimp 8 -p,007 0.00 11721/30 E1/21/80 15 HAY
0.000 0.00 12/16/80 130
0.004 0.0l 02/u3/81 8
C:hirl'l‘:_:o~ 9 — —— 07/24/80 —— — HBY
0.019 6.05 08/22 - 10/10/79 -—-
-~ -— 03/11/8¢ S7
0.0I15 0.0 07/01 - 08/05/81 9
0.008 0.02 10/01/81 6
Chimp 10 .- - 05/12/82 --- S
0.011 0.03 04721 - 05/12/82 9
0.015 0.0n 09/01 - 09/08/82 126
0.008 0.02 12/02/82 g
c.0lo 0.02 01/06/83 13
Chimp 11 --- — 05/12/82 -— - HBY
0.000 0.00 01/06 - 05/12/82 11
—— -— 06/23/82 100
-0.003 0.00 06/09 - 07/07/82 ---
-0.003 0.00 10/28/82 9
-0.003 0.00 12/20/82 10

25

30

35
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IV.I.3. Panel 1: Proven Infectious Sera from Chronic
Human NANBH Carriers '

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 infectious 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,
Maryland. 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.

The entire panel was assayed twice with the
ELISA assay, and the results were sent to Dr. Alter to bi
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.

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
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These four samples scored negatively with
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TABLE 7
H. ALTER'S PANEL 1:

Paner IsT Resnor ZND Resuir
1) Proven lurectious sy Cinimpanzes Transuission
A. Corourc NANB: Post-Tx
JF + +
EB + +
rG +
B. 1urLrcaren Dowors witk Ecevaten ALT
BC + +
JJ4 + +
on + +
€. Acure NANB: Post-Tx
Wi - -

2) Eourvocaiiy INFECTIOUS Y Cirturanzee Trawsnission
A. TupLicaTep Donor wiTH Nommar ALT
cc
3) Acure MAND: Post-Tx
JL Weex 1
JU Weex 2
JL Weex 3

4) Disease Controvs
A. PriMary Bivlary Cirruosis

£x

B. Acconouic Heratitis In ReEcoveRry
g

5) Peprcreep Necative ConTroLs

DH

0c

Ly

HL

i

6) PorentiaL NANB "AMTiGENS®
J5-80-01T-0 (Isunipa)
Asterix (Trero)
Quriz (ArRnoLD)
BeCASSDINE {Trern)
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IV.I.4. Panel 2: Donor/Recipient NANBH

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 trans-
fusion) from the recipient. Also included was a pre-
bleed, drawn from the recipient befeore transfusion. The
coded panel was provided by Dr. H. Alter, from the NIH,
and the results were sent to him for scoring.

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), consist-
ently reacted poorly in the ELISA. Two of the 10 I
recipient samples were reactive at 3 months post trans-
fusion. At six months, 8 recipient samples were reactive:
and at twelve months, with the exception of case 4, all
samples were reactive. 1In addition, at least one antibeody
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 and 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.

The ALT and HBc status for all the reactive,
i.e., positive, samples are summarized in Table 9. As
seen in the table, 1/8 donor samples was negative for the
surrogate markers and reactive in the HCV antibody ELISA.
On the other hand, the recipient samples (followed up to
12 months after transfusion) had either elevated ALT,
positive Anti-HBc, or both.
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TARLE 8

H ALT

Reciprent

PRESLEED

a0

.032
.059
049
.065
.034
.056
.058
.06l
.080
>3.000

$/C0

0.07
0.ia
0.1
0.15
0.08
0.13
0.08
0.18
0.19
>6.96

* ] wONTH, °° & MONMTHS. *°° 10 monTHS

1Pl NANB PAN
PosT-TX
3 Mowrtus b_Mowtns 12 MowtHs
o oS4 0 WO 0 v
12 0.2% >3.000 >6.9% >3.000 »6.96
00 0.12 1.681 3.90 »3.000 »6.96
057 0.13 >3,000 »6.9% »3.000 >6.94
073 0.17 067 0.16 217 0.50
0% 0.22 »3.000 »5.9% »3.000 >5.96
1.875  3.3% »3.000 >6.96 »3.000 >6.98
0% 0.13 »3.,000 »6.9% »3,000 *6.96
.078 0.18 .%2 5.8 >3.000 »6.96
127 0.30 .055%  0.13 >3.000 »6.96
17 0.4 >3.000°** »6.96 >3.006""" >b6.96
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TABLE Y

H. ALTER PANEL 1

- Anci-
Samples ALT™* HBc**
Donors
Case 3 Normal Negative
Case S Elevated Positive
Case & Elevated Positive
Case 7 Not available Negative
Case 8 Normal Positive
Case 9 Elevated Not available
Case 10 Normal Positive
Case 10 Normal Positive
Recipients
Case 1 6 mo Elevated Positive
12 mo Eleva:e§ Not tested
Case 2 6 mo Elevated Negative
12 mo Elevated Not tested
Case 3 6 mo Normal Not tested*¥*
12 mo Elevated Not tested¥*r
Case 5 6 mo Elevated Not tested
12 mo Elevated Not tested
Case 6 3 mo Elevated Negative
6 mo Elevated Negative
12 mo Elevared Not tested
Case 7 6 mo Elevated Negative
12 mo Elevated Negative
Case 8 6 mo Normal Positive
12 mo Elevated Not tested
Case 9 12 mo Elevated Not tested
Case 10 4 mo Elevated Not tested
10 mo Elevated Not tested

* ALT 245 IU/L is above normal limits.
** Anti-HBc <502 (competition assay) is considered positive.

*** Prebleed and 3 mo samples were negative for HBc.
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IV.I.5. Determination of HCV Infection in High Risk Group

Samples

Samples from high risk groups were monitored
using the ELISA to determine reactivity to HCV cl100-3
antigen. These samples were obtained from Dr. Gary
Tegtmeier, Community Blood Bank, Kansas City. The results
are summarized in Table 10. ‘

As shown in the table, the samples with the
highest reactivity are obtained from hemophiliacs (76%).
In addition, samples from individuals with elevated ALT
and positive for Anti-HBc, scored 51% reactive, a value
which is consistent with the value expected from clinical
data and NANBH prevalence in this group. The incidence of
antibody to HCV was also higher in blood donors with
elevated ALT alone, blood donors positive for antibodies
to Hepatitis B core alone, and in blood donors rejected
for reasons other than high ALT or anti-core antibody when
compared to random volunteer donors.
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TABLE 10

NANBH HIGH RISK GROUP SAMPLES

Croup

Elevated ALT

Anti-HBe

Elevated ALT, Anti-HB¢

Lol R SN,

Rejected Donors )
Donors with History of Hepaticis
1
1
1

Haemophiligcs

Lol ol

35
0.728

24

33
2.768
2.324
0.939
0.951
0.906

25

150
0.837
0.714
0.469

50
2.568
2.483
2.000
1.979
1.495
1.209
C.819

Distribution

N QD Z Reactive
3 >3.000 11,4
5 >3.000 20.82
12 >3.000 51.5%
5 >3,.000 20.02
19 53,000 14,72
31 >3.000 76.0%



10

15

20

25

30

35

-148-

IV.1.6 Comparative Studijes Using Anti-IgG or Anti-IgM
Monoclonal Antibodies, or Polyclonal Antibodies as a
Second Antibody in the HCV cl00-3 ELISA

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
conjugate, or by replacing both with a polyclonal
antiserum reported to be both heavy and light chain
specific. The following studies were performed.

IV.I.6.a. Serial Samples from Seroconverters 7

Serial samples from three cases of NANB
Seéroconverters were studied in the HCV ¢100-3 ELISA assay
using in the énzyme conjugate either the anti-IgG f
monoclonal alone, or in combination with an anti-IgMm
monoclonal, or using 4 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.

The results obtained using an anti-IgG
monoclonal antibody-enzyme conjugate are shown in Table
12. The data shows that strong reactivity is initially
detected in samples 1-4, 2-8, and 3-5, of cases 1, 2, and
3, respectively.

The results obtained using a combination of an
anti-IgG monoclonal conjugate and an anti-IgM conjugate
are shown in Table 13. Three different ratios of anti-IgG
to anti-IgM were tested; the 1:10,000 dilution of anti-I1gG
was constant throughout. Dilutions tested for the anti-
IgM monoclonal conjugate were 1:30,000, 1:60,000, and
1:120,000. 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.

The results obtained with the ELISA using anti-
I1gG monoclonal conjugate (1:10,000 dilution), or Tago




10

15

20

25

30

35

-149-~

polyclonal conjugate (1:80,000 dilution), or Jackson
polyclonal conjugate (1:80,000 dilution) are shown in
Table 14. The data indicates that initial strong reactiv-
ity is detected in samples 1-4, 2-8, and 3-5 using all
three configurations; the Tago polyclonal antibodies
yielded the lowest signals.

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-1gG
monoclonal-enzyme conjugate is equal to or better than
that obtained using the other tested configurations for
the enzyme conjugate.
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TABLE 11

DESCRIPTION OF SAMPLES FROM CLADD STEVENS PANEL

Date HBsAg Anti-HBs Anti-H8c ALT Bilirunin
Case 1
1-1 8/8/81 1.0 91.7 12.9 40.0 -1.0
1-2 9/2/81 1.0 121.0 15.1 274.0 1.4
1-3 ©10/1/81 1.0 64.0 23.8 261.0 0.9
1-4 11/19/81 1.0 67.3 3.8 75.0 0.9
1-3 12/15/81 1.0 50.5 27.6 .0 1.0
Case 2
2-1 16/19/81 1.0 1.0 116.2 17.9 , -1.0
2-2 11/17/81 1.0 0.8 89.5 46.0 1.1
2-3 12/02/81 1.0 1.2 78.3 63.0 l.6
2-4 12/14/81 1.0 0.9 90.6 152.0 1.4
2-5 12/23/81 1.0 0.8 93.6 624.0 1.7
2-6 1/20/82 1.0 0.8 92.9 66.0 1.5
2-7 2/15/82 1.0 0.3 86.7 70.0 1.3
2-8 3/17/82 1.0 a.9 69.8 6.0 -1.0
2-9 &/21/82 1.0 0.9 67.1 53.0 1.5
2-10 $/19/82 1.0 0.5 74.8 95.0 1.6
2-11 6/14/82 1.0 0.8 32.9 3.0 -1.0
Case 3
3-1 4/7/81 1.0 1.2 88.4 13.0 -1.0
3-2 $/12/81 1.0 1.1 1262 236.0 0.4
3-3 5/30/81 1.0 0.7 99.9 471.0 6.2
3-4 &/9/81 1.0 1.2 110.8 315.0 0.4
3-5 1/6/81 1.0 1.1 29.9 273.0 0.6
3-6 8/10/81 1.0 1.9 118.2 158.0 0.4
3-7 9/8/81 1.0 1.0 112.3 84.0 0.3
3-8 10/14/81 1.0 0.9 102.5 180.0 0.5
3-9 11/11/81 1.0 1.0 84.4 154.0 0.3
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TABLE 12

MONOCLONAL CONJUGATE

SMPLE _QATE
Neg Controt
Curorr
PC (1:128)
Case #]
1-1 03/05/31
1-2 09/02/81
13 10/07/81
1-4 [1719/81
1-$ 12/15/81
Case 2
2-1 10/19/81
72 11717781 .
2-3 12/02/81
2-3 12/14/81
2-5 12/25/81
2-6 01/20/82
-7 02/15/32
2-8 03/17/82
2-9 04/21/82
Z-10 05/19/32
-1t 06/14/32
Lase 93
31 04/07/81
- 32 05/12/81
3-3 05/30/81
3-8 06/09/81
3-5 07/06/81L
36 08/t0/81
3-7 09/08/81
3-2 10/1a/81
3-9 171178

ALT

471.0
31s.0
273.0
158.
8.0
180.0
154,0

0

076
478
1.390

178
154

A28

957
>3.000

058
.050
047
059
.070
.05l
W39
1,867
’300“
»3.000
>3.000

064
.07¢
21
1.707
»3.000
>3.000
>3.000
>3.000

$/60

.32
‘27

1.97
>6.30

h 4

M WO OO0 000
a . . - 0w
Wl UD RS e e e e e e

v

SSQNW—U‘NQ'—N

v
-

19

17
38
3.59
’alm
»5.30
>6.30
»6.30
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TABLE 13

ELISA RESULTS OBTAINED USING ANTI-IgG and ANTI-IgM

MONOCLONAL CONJUGATE

AMP DATE
NeG ComtroL
Cutorr
PC (1:128)
Case #]
1-1 08/05/81
[-2 09/02/81
1-3 10/07/81
1-4 11/19/81
1.5 12/15/81
Case #2
2-1 10/19/81
2-2 11/17/81
-3 12/02/81
-9 12/148/81
2-5 12/23/81
2-6 01/20/82
2-7 02/15/82
2-8 03/17/82
2-9 0a/21/82
2-10 05/19/82
2-11 06/14/82
Lasg 5
3-1 04/07/81
3-2 05/12/81
3-3 05/30/81
3-4 06/09/81
3-5 07/06/81
3-8 08/10/81
3-7 09/08/81
3-8 10/14/81
3-9 11711781

40
274
261

75

7

17
L1
B3
152
b2a
66
70
28
53
%5
37

13
236
71
315

158

8
130
154

NANB EL1SAs
HonDCLONALS MonoCLONALS MaNocLONALS
l6G L:10K 166G 1:10K teG-"-10K
lGH 1:30K I 1:60K YeM 120K
Q30 oy 240 Q@ /L0
.100 .080 .079
1.083 1.328 1.197
A73 .162 070
.194 .14l .079
162 129 063
312 .85 .gﬁg
»3.00 >3.00 >3,
442 045 .08%5
.102 .02% .030
.059 036 027
.065 041 0
.082 033 03¢
102 042 0327
188 .068 .096
1.728 1.668 1.541
>3.00 2.443 >3,00
»3.00 »3.00 >3.00
>3.00 »3.00 >3.00
.193 076 .049
. 201 1051 .038
132 067 .052
175 .15% 140
1.33% 1.238 1.280
»>3.00 »3.00 >3.00
>3.00 »3.00 »3.00
>3.00 >3.00 »3.00
»3.00 »3.00 >3.00
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TABLE 14

ELISA RESULTS OBTAINED USING POLYCLONAL CONJUGATES

SAMPLE

DATE

Nes CowtroL

Cutors
PC (1:128)

E

R o
L]
00 4 N & Ry -

N"\)M
—— e L)
Lol ]

:

LT Y R RV RV RV RV RV
[] [ ld‘l . 3
LT - - WV W ) e

08/05/8!1
08/02/81
10/07/81
11719781
12/15/81

10/19/81
11717/81
12/02/81
12714781
12/23/81
01/20/82
02/15/82
03/17/82
04/21/82
05/19/82
06/14/82

04/07/81
05/12/81
05/30/81
06-/09/81
07/06/81
03/10/81
09/08/81
10/10/81
11711781

a0
78
%1
75
71

17
4%
63
152
624

70
2
53
95
37

I3

1
315

158

84
180
154

.076
476

1,339

178
154
129
937
’3000

.058
.050
.047
.059
070
051
139
1.867
>3.00
»3.00
>3.00

.0%0
lm
.079
.211
1.7207
>3.00
»3.00
>3.00

NAN! A
MONOCLONAL TAGO JACKSON
1:10K 1:80K 1:80%
Q0 S/0 0D /€0 A0 5/€0
.045 454
545 654
2 2,154
37 067 . .12 153 .23
.32 097 .18 .225 34
27 .02 .05 167 .28
1.97 324 .60 .793 1.2}
*6.30 1.778 3.2 »3.00 >4,53
12 023 .04 052 .08
1l .018 .03 058 .09
10 ,020 .0 060 03
12 .02% .05 053 .03
15 028 .05 074 Al
.1l 018 .03 .058 .09
.29 Q37 07 .146 .22
3.92 355 .65 1.429 2.19
*6.30 J48  1.37 »3.00 >4.59
*>6.30 1.025 1.88 »3.00 »4,59
»6.30 917 1.B8 >3.00 *4,59
.19 .049 09 138 .21
13 080 .07 094 .1
A7 048 .08 .lug .22
A4 .085 .16 - 278 A2
3.59 272 .50 1.773 2.71
>6.30 1.387 2.47 >3.00 >4,59
*6.30 2.29% 4,21 »3.00 >4.59
*>6.30 »3.00 »5.50 >3.00 »4,59
’5-30 »3.00 »5.50 >3,00 >4,59

»3.00
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IV.I.6.b. Samples from Random Blood Donors

Samples from random blood donors (See Section
IV.I.1.) were screened for HCV infection using the HCV
€l00-3 ELISA, in which the antibody-enzyme conjugate was
either an anti-IgG monoclonal conjugate, or a polyclonal
conjugate. The total number of samples screened were 1077
and 1056, for the polyclonal conjugate and the monoclonal
conjugate, respectively. A sSummary of the results of the
Screening is shown in Table 15, and the sample distriby-
tions are shown in the histogram in Fig. 44.

The calculation of the average and standard
deviation was performed excluding samples that gave a
signal over 1.5, i.e., 1073 0OD values were used for the
calculations utilizing the polyclonal conjugate, and 105
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 +58D 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. 1In addition, as
depicted in the histogram jin 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.

Y YW 1~ Ir
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TABLE 15

QOMPARISON OF TWO ELISA CONFIGUPATIONS 1N

TESTING SAMPLES FROM RANDOM BLOCD DONORS

CONJUGATE _POLYCLONAL
(Jackson)
Number of samples 1073
Average (x) 0.0931
Standard deviation (SD) 0.0933
5 SD 0.4666
CUT-OFF (5 SD + x) 0.5596

ANTI-IgG MONOCLONAL

1051
0.04926
0.07427
0.3714
0.4206
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IV.J. Detection of HCV Seroconversion in NANBH Patients
from a Variety of Geographical Locations

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-cl00-3 ,
Among NANBH Patients in Different Countries

Country The Netherlénds Italy Japan

No.

Examined 5 36 26
No.

Positive 3 29 19
%

Positive 60 80 73

IV.K. Detection of HCV Seroconversion in Patients

with "Community Acquired” NANBH
Sera which was obtained from 100 patients with

NANBH, for whom there was no obvious transmission route
(L.e., 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.
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Dienstag of Harvard University. These samples were
screened using an RIA essentially as described in Section
IV.D., except that the HCV c100-3 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 c100-
3 antigen.

The results described above suggest that
"Community 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. '

IV.L. Comparison of Incidence of HCV Antibodies and ’
Surrogate Markers in Donors Implicated in NANBH

Transmission ;

A prospective study was carried out to determine
whether recipients of blood from suspected NANBH positive
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.e., 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 IV.K. 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
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donor (column 5) (NT or -- means not tested) (ALT is
elevated transaminase, and ANTI-HBc is anti-core
antibody).

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
poesitive 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 5,
3, and 10) the ALT test and the ANTI-HBc test yielded
inconsistent results.
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IV.M. Amplification for Cloning of HCV cDNA Sequences
Utilizing the PCR and Primers Derived from Conserved
Regions of Flavivirus Genomic Sequences

The results presented supra., which suggest that
HCV 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
encoding conserved amino acid sequences in flaviviruses.
Generally, 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 cDNA ,
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.

Because of the degeneracy of the code, it is
probable that there will be mismatches between the
flavivirus probes and the corresponding HCV genomic
Séquence. Therefore a strategy which is similar to the
one described by Lee (1988) is used. The Lee procedure
utilizes mixed cligonucleotide Primers complementary to
the reverse translation products of an amino acid
Sequence; the sequences in the mixed primers takes into
account every codon degeneracy for the conserved amino
acid sequence.

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
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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 amino acid sequence
arg-ser-cys, which is part of the conserved seguence cys-
cys-arg-ser-cys in the NSl protein of D-2, D-4, JEV, YF,
and WN. The individual primers which form the mixture in
5’-3 are shown in Fig. 45. 1In 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 sequénce encoding sites for restriction
enzymes, HindIII, Mbol, and EcoRI.

The downstream primer, 88c5h20A, is derived from
a nucleotide sequence in clone 5h, which contains HCV cDNA
with sequences with overlap those in clones 14i and 11b.
The sequence of ssc5h20A is

5’ GTA ATA TGG TGA CAG AGT CA 3'.

An alternative primer, sscS5h34a, may also be used. This

primer is derived from a sequence in clone S5h, and in ad-
dition contains nucleotides at the 5’'-end which create a

restriction enzyme site, thus facilitating cloning. The

sequence of sscS5hi4A is

5’ GAT CTC TAG AGA AAT CAA TAT GGT GAC AGA GTC A 3'.
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The PCR reaction, which was initially described

by Saiki et a]. (1386), is carried out essentially as

described in Lee et al. (1988), except that the template
for the ¢DNA 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 Sectjon IV.A.1. 1In addition, the annealing

conditions are less stringent in the first round of

amplification (0.6M NaCl, and 25°C), since the part of the

pPrimer which will anneal to the HCV sequence is only 9

nucleotides, and there could be mismatches. Moreover, if

$ScS5h34A is used, the additional 8equences not derived
from the HCV genome tend to destabilize the primer-
template hybrid. After the first round of amplificatio
the annealing conditions can be more stringent (0.066M
NaCl, and 32°C-37°C), since the amplified sequences now
contain regions which are complementary to, or duplicat
of the primers. 1p addition, the first 10 cycles of
amplification are run with Klenow enzyme I, under ap-

n,

J

es

propriate PCR conditiens for that enzyme. After the com-

Pletion of these cycles, the samples are extracted, and
run with Taq polymerase, according to kit directions, a
furnished by Cetus/Perkin-Elmer.

After the amplification, the amplified HcCv cD
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 pPrimer,
does not overlap the sequences of the clone 5h derjived
Primers. The sequence of the probe is

5’ CCC AGC GGC GTA CGC GCT GGA CAC GGA GGT GGC CGC GTC
GTG TGG CGG TGT TGT TCT CGT CGG GTT GAT GGC GC 3'.

s

NA

and
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IV.N.1l. Creation of ACV ¢DNA Library from liver of a
Chimpanzee with Infectlons WANGH

' An HCV cDNA library was created from liver from
the chimpanzee from which the HCV ¢DNA library in Section
IV.A.1l. 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 segquence of HCV ¢DNA in clone 1lb was used. The
sequence of the primer was

5' CTG GCT TGA AGA ATC 3°',

IV.N. 2, Isclation and nucleotide sequence of
overlapping HCV cDNA in clone k9-1 to cDNA
in clone llb

. Clone k9-1 was isolated from the HCV cDNA
library created from therliver of an NANBH infected
chimpanzee, as described in Section IV.A.25. The library
was screened for clones which overlap the seguence in
clone llb, by using a clone which overlaps clone 1llb at
the 5'~terminus, clone lle., The sequence of clone llb 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 Alex 46; 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 cDNA in clone 14i,
described supra..

The nucleotide sequence of the HCV ¢DNA isolated
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, and the
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amino acids encoded therein are shown in Fig. 46,

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.

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.
This comparison showed 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.

The information provided infra. allows the
identification of HCV strains. The isolation and
characterization of other HCV strains may be accomplished
by isolating the nucleic acids from body components which
contain viral particles, creating cDNA libraries using
polynucleotide probes based on the HCV cDNA probes
described infra., screening the libraries for clones
containing HCV 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 utilising the polypeptides and antibodies
described supra. Strains which fit within the parameters
of HCV, as described in the Definitions section, supra.,
are readily identifiable. Other methods for identifying
HCv strains will be obvious to those of skill in the art,
based upon the information provided herein.

J
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Industrial Applicability

The invention, in the various manifestations
disclosed 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.

In addition to the above, the cDNAs provided I
herein provide information and a means for synthesizing
polypeptides containiﬂé epitopes of HCV. These
peclypeptides are useful in detecting antibodies to HCV
antigens. A series of immunoassays for HCV infection,
based on recombinant 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 contaminated blood from infectious blood donors.
The viral antigens will also have utility in monitoring
the efficacy of anti-viral agents in animal model systems.
In addition, the polypeptides derived from the HCV cDNAs
disclosed herein will have utility as vaccines for
treatment of HCV infections.

The polypeptides derived from the HCV cDNas,
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,
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they may be used to assay the production of HCV
polypeptides 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 immunotherapy, and to diagnose HCV caused NANBH L
allowing 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.

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 biclogy of the
virus, and lead to the development 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.

Fpr convenience, the anti-HCV antibodies and HCV
polypeptides, whether natural or recombinant, may be
packaged into kits.

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
applicable to the isolation of cDNAs derived from other
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heretofore uncharacterized disease-assocjated agents which
are comprised of a genomic component. This, in turn,
could lead to isolation and characterization of these
agents, and to diagnostic Teagents and vaccines for these
other disease-associated agents.
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1. A polypeptide in substantially isolated form
comprising a contiguous sequence of at least 10 amino acids
encoded by the genome of hepatitis C virus (HCV} and
comprising an antigenic determinant, wherein HCV is
characterized by:

(1) a positive stranded RNA genome:

(ii) said genome comprising an open reading frame (ORF)
encoding a polyprotein: and

(1ii) said polyprotein comprising an amino acid sequence
having at least 40% homology to the 859 amino acid I
sequence in Figure 14.

2. A polypeptide according to claim 1 wherein
said polyprotein comprises an amino acid sequence having at
least 60% homology to the 859 amino acid sequence in Figure
14.

3. A polypeptide according to claim 1 or 2
comprising at least 15 amino acids.

4. A polypeptide according to any one of the
Preceding claims prepared by recombinant DNA expression.

5. A polypeptide according to any one of claims 1
to 3 prepared by chemical synthesis.

6. A polypeptide according to any one of claims 1
to 5 wherein said contiguous sequence is found in Figure

l4l
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7. A polypeptide according to any one of claims 1
to 5 wherein said contiguous sequence is found in Figure
47.

8. A polypeptide according to any one of claims 1

5 to 5 wherein said contiguous sequence is encoded within the
lambda-gtll cDNA library deposited with the American Type
Culture Collection (ATCC) under accession no. 40394.

9. A polypeptide according to any one of claims 1

to 8 wherein said contiguous sequence is from a
10 nonstructural viral protein.

10. A polypeptide according to any one of claims J
to 8 wherein said contiguous sequence is from a structural
viral protein.

11. A polypeptide in substantially isolated form

15 whose sequence is shown in any one of Figures 1, 3 to 32,
36, 46 and 47, or whose sequence is encoded in a
polynucleotide selectively hybridisable with the
polynucleotide as shown in any one of Figures l, 3-32, 36,
46 or 47,

20 12. A polypeptide according teo any of claims 1-11
wherein the polypeptide is fixed to a solid phase.

13. An immunoassay kit comprising a polypeptide
according to any one of claims 1 to 12 in a suitable
container.

25 14. A compeosition comprising a polypeptide in

N.45182 GB - Oct 91.
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substantially isolated form according to any one of claims
1 to 11 mixed with a pharmaceutically acceptable excipient.
15. A vaccine composition according to claim 14.
16. A composition according to claim 14 or 15
5 substantially as hereinbefore described.

17. An immunoassay for detecting antibody against
hepatitis C virus (HCV) (anti-HCV antibody), wherein HCV is
Characterized by:

(i) a positive stranded RNA genome;

10 (ii) said genome comprising an open reading frame (ORF)
encoding a polyprotein; and I
(iii) said polyprotejn comprising an amino acid sequence
having at least 40% homology to the 859 amino acid
sequence in Figure 14,

15 which immunocassay comprises:

(a} providing a polypeptide comprising an
antigenic determinant bindable by said anti~HCV antibody,
wherein said antigenic determinant comprises a contiguous
amino acid sequence encoded by said genome;

20 (b) incubating a biological sample with said
polypeptide under conditions that allow for the formation
of antibody-antigen complex; and

(c) detecting antibody-antigen complex comprising
said polypeptide.

25 18. An immunoassay according to claim 17 wherein

N.45182 GB - Oct 91.
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said polypeptide is attached to a solid support.

19. An immunoassay of claim 17 or 18 wherein said
antibody-antigen complexes are detected by incubating the
complexes with a labeled anti-human immunoglobulin
antibody.

20. An immunoassay'of claim 19 wherein said anti-
human immunoglobulin antibody is enzyme labeled.

21. An immunoassay according to any one of claims
17 to 20 wherein said polyprotein comprises an amino acid
sequence having at least 60% homolegy to the 859 amino acid
sequence in Figure 14. ’

22. An immunocassay according to any one of claims
17 to 21 wherein the contiguous sequence is at least 10
amino acids.

23. An immunoassay according to any one of claims
17 to 22 wherein the contiguous seguence is at least 15
amino acids.

24. An immunoassay according to any one of claims
17 to 23 wherein the contiguous sequence is found in Figure
14.

25. An immunoassay according to any one of claims
17 to 23 wherein the contiguous sequence is found in Figure
47,

26, An immunoassay according to any one of claims

17 to 23 wherein the contiguous sequence is as shown in any
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one of Figures 1, 3 to 32, 36, 46 or 47, or whose seguence
is encoded in a polynucleotide selectively hybridisable
with the polynucleotide as shown in any one of Figures 1,
3-32, 36, 46 or 47.

27. An immunoassay according to any one of claims
17 to 26 wherein said contiguous sequence is encoded within
the lambda-gtll cDNA library deposited with the American
Type Culture Collection (ATCC) under accession no. 40394,

28. An immunoassay according to any one of claims
17 to 27 wherein said contiguous sequence is from a
nonstructural viral protein.

29. An immunoassay according to any one of claims
17 to 27 wherein said contiguous sequence is from a
structural viral protein.

30. An immunoassay according to claim 17
substantially as hereinbefore described.

31. An immobilised polypeptide for use in the
immuncassay of any one of claims 17 to 30 wherein the
polypeptide comprises an antigenic determinant bindable by
an anti-HCV antibody as defined in claim 17.

32. A polynucleotide in substantially isolated
form comprising a contiguous sequence of nucleotides which
is capable of selectively hybridizing to the genome of
hepatitis ¢ §irus (HCV) or the compliment thereof, wherein

HCV is characterized by:

2
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(i) a positive strandéd RNA genome;
(ii) said genome comprising an open reading frame (ORF)
enceding a polyprotein; and
(iii) said polyprotein comprising an amino acid seguence
5 having at least 40% homology to the 859 amino acid
sequence in Figure 14.

33. A polynucleotide according to claim 32 wherein
said polyprotein comprises an amino acid sequence having at
least 60% homology to the 859 amino acid sequence in Figure

10 14.

34. A polynucleotide according to claim 32 or 33 ,
wherein said contiguous sequence is at least 10
nucleotides.

35. A polynucleotide according to claim 34 wherein

15 said contiguous sequence is at least 15 nucleotides.

36. A polynucleotideraccording to claim 35 wherein
said contiguous seguence is at least 20 nucleotides.

37. A polynucleotide according to any one of
claims 32 to 36 which is a DNA polynucleotide.

20 38. A polynucleotide according to any one of
claims 32 to 36 which is a RNA polynucleotide.

32. A polynucleotide according to any one of

claims 32 to 38 fixed to a sclid phase.
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40. A probe which comprises a polynucleotide
according to any one of claims 32 to 39 further comprising
a detectable label.

41l. An assay kit comprising a polynucleotide probe

5 according to any one of claims 32 to 40 in a suitable
container.

42. A polymerase chain reaction (PCR) kit
comprising a pair of primers capable of priming the
synthesis of cDNA in a PCR reaction, wherein each of said

10 primers is a polynucleotide according to any one of claims
32-37. I

43. A PCR kit according to claim 42 further
comprising a polynucleotide probe capable of selectively
hybridising to a region of the HCV genome between and not

15 including the HCV sequences from which the primers are
derived.

44. A method of performing a polymerase chain
reaction wherein the primers are a pair of polynucleotides
according to any of claims 32 to 37.

20 45. A method for assaying a sample for the
presence or absence of HCV polynucleotides comprising:

(a) contacting the sample with a probe comprising
a polynucleotide according to any one of claims 32 to 40
under conditions that allow the selective hybridisation of

25 said probe to an HCV polynucleotide or the compliment
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thereof in the sample:; and
(b) detecting any polynucleotide duplexes
comprising said probe.
46. A DNA polynucleotide encoding a polypeptide,

which polypeptide comprises a contiguous sequence of at

| least 10 amino acids encoded by the genome of hepatitis C

virus (HCV) and comprising an antigenic determinant,
wherein HCV is characterized by:
(i) a positive stranded RNA genome;
(ii) said genome comprising an open reading frame (ORF)
enceding a polyprotein; and
(iii) said polyprotein comprising an amino acid seguence
having at least 40% homology to the 859 amino acid
sequence in Figure 14.

47. A DNA nuclectide according to claim 46 wherein
said polyprotein comprises an amino acid sequence having at
least 60% homology to the 852 amino acid sequence in Figure
14.

48. A DNA polynucleotide according to claim 46 or
47 wherein said contiguous sequence encodes at least 15
amino acids.

49. A DNA polynucleotide according to any one of
claims 46 to 48 wherein said contiguous sequence is found
in Figure 14.

50. A DNA polynucleotide according to any one of
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claims 46 to 48 wherein said contiguous sequence is found
in Figure 47.

51. A DNA polynucleotide according to any one of

claims 46 to 48 wherein said contiguous sequence is encoded .

5 within the lambda-gtll cDNA library deposited with the |
American Type Culture Collection (ATCC) under accession no.
40394.

52. A DNA polynucleotide as shown in any one of
Figures 1, 3 to 32, 36, 46 or 47, or whose sequence is

10 selectively hybridisable with the polynucleotide as shown
in any one of Figures 1, 3 to 32, 36, 46 or 47. ’

53. A DNA polyrucleotide according to any one of
claims 49 to 52 wherein said contiguous sequence is from a
nonstructural viral protein.

15 54. A DNA polynucleotide according to any one of
claims 49 to 52 wherein said contiguous sequence is from a
structural viral protein.

55. A recombinant vector comprising a coding
sequence which comprises a DNA polynucleotide according to

20 any one of claims 46 to 54.

56. A host cell transformed by a recombinant
vector according to claim 55 wherein the coding sequence is
operably linked to a control sequence capable of providing
for the expression of the coding seguence by the host cell.

25 57. A method of preducing a recombinant HCV
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polypeptide comprising incubating a host cell according to
claim 56 under conditions that Provide for the expression
of the ceding sequence.

58. An anti-HCV antibody composition comprising
antibedies that bind said antigenic determinant of a
Polypeptide according to any one of claims 1 to 12 which is
(a) a purified preparation of pelyclonal antibodies, or {b)
a monoclonal antibody composition.

59. A composition according to claim 58 wherein
the anti-HCV antibodies are fixed to a solid phase.

60. An immunoassay kit comprising an anti-HcCV
antibody composition acdording to claim 58 or 59 in a
suitable container.

6l. An immunocassay method for detecting an HCV
antigen in a sample comprising:

(a) providing an anti-HcV antibody composition
according to claim 58 or 59;

(b) incubating a sample with said anti-HCV
antibody composition under conditions that allow for the
formation of an antibody-antigen complex; and

(c) detecting said antibody-antigen complex
comprising the anti-HcvV antibody.

62. An immunoassay according to claim 61
substantially as hereinbefore described.

€3. A polypeptide comprising a contiguous sequence
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of at least 10 amino acids encoded by the genome of
hépatitis C virus (HCV) comprising an antigenic determinant
wherein said contiguous sequence is fused to a non-HCV
amino acid sequence, and wherein HCV is characterized by:
5 (i) a positive stranded RNA genome:;
(ii) said genome comprising an open reading frame (ORF)
enceding a polyprotein; and
(1ii) said polyprotein comprising an amino acid sequence
having at least 40% homology to the 859 aminoc acid
10 sequence in Figure 14.

J

said polyprotein comprises an amino acid sequence having at

64. A polypeptide according to claim 63 wherein

least 60% homology to the 859 amino acid sequence in Figure
14.

15 65. A polypeptide acceording to claim 63 or 64
wherein said non-HCV amino acid sequence comprises a signal
sequence.

66. A polypeptide according to claim 63 or 64
wherein said non-HCV amino acid sequence comprises an amino

20 acid sequence from beta-galactosidase or superoxide
dismutase.

67. A polypeptide according to claim 63 or 64
wherein the non-HCV amino acid sequence comprises a
particle-forming protein.

25 68. A polypeptide according to claim 67 wherein
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the particle-forming protein comprises hepatitis B surface
antigen.

€9. A polypeptide according to any one of claims 1
to 12 or 63 to 68 for use in a method of making anti-HcV
antibodies which comprises administering the polypeptide to
a mammal in an amount sufficient to produce an immune
response.

70. A composition comprising a polypeptide
according to any one of claims 63 to 68 mixed with a
pharmaceutically acceptable excipient.

71. A vaccine according to claim 70.

72. A method of growing hepatitis C virus (HCV)
comprising providing cells infected with HCV, and
propagating said cell jn vitro, wherein said HCV is
characterized by:

(1) a positive stranded RNA genome;

(ii) said genome comprising an open reading frame (ORF)
encoding & polyprotein: and

(iii) said polyprotein comprising an amino acid seguence
having at least 40% homology to the 859 amino acid
sequence in Figure 14.

73. A method according to claim 72 wherein said
polyprotein comprises an amino acid sequence having at

least 60% homology to the 859 amino acid sequence in Figure

14.
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74. A method according to claim 72 or 73 wherein
said cells comprise primary cells.

75. A method according to claim 72 or 73 wherein
said cells comprise a cell line.

76. A method according to any one of claims 72 to
75 wherein said cells are hepatocytes or macrophages.

77. A polypeptide according to claim 1
substantially as hereinbefore described.

78. An immobilised polypeptide according to claim
31 substantially as hereinbefore described.

79. A polynucleotide according to claim 32 ]
substantially as hereinbefore described.

80. A method for assaying a sample according to
claim 45 substantially as hereinbefore described.

8l. A DNA polynucleoctide according to claim 46
substantially as hereinbefore described.

82. A recombinant vector according to claim 55
substantially as hereinbefore described.

83. A host cell according to claim 56
substantially as hereinbefore described.

84. A method of producing a recombinant HCV
polypeptide according to claim 57 substantially as
hereinbefore described.

85. A HCV antibody composition according to claim

58 substantially as hereinbefore described.

N.45182 GB -~ Oct 91.



- 181 -~
86. A composition according to claim 70

substantially as hereinbefore described.

87. A method according to claim 72 substantially

as hereinbefore described.
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