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Non- A, Non-B hepatitis (NANBH) is a transm ssible disease or famly of

di seases that are believed to be viral-induced, and that are

di stingui shable 15 fromother fornms of viral-associated |iver diseases,

i ncl udi ng that caused by the known hepat+®+s viruses, i.e., hepatitis A
virus (HAV), hepatitis B virus (HBV), and delta hepatitis virus (HDV), as
well as the hepatitis induced by cytonegal ovirus (CW) or Epstein-Barr

virus 20 (EBEZ_. EQNBH was first identified in transfused individuals.
Transm ssi on i npanzee and se- rial passage in chinpanzees
provi ded evi dence that NN\BH Patene ¥o. a4t3amsmsssi bl e i nfectious agent or

agents. However, the tr o] ble for NANBH is 25 still
unidentified and the nu S?*Péﬁtaﬁg gggfgﬁgausat ive of the di sease

are unknown. Epi deni ol og‘hﬁe\ﬁﬂ%ﬂ’é’é Ne. sﬁg@@%t?ﬁé that there may be three
types of NANBH the watqy:;$Orpet&Rt ARG cgume, gghe bl ood or needle

associated type; and th o] g (community acquired)
type. However, the nunbeq B%T Sﬁ@é%&t % ﬁ ﬁrﬁg ngt he causative of NANBH are
unknown. dinical diagndsi%. Patentnio:i ¢a¢?72n500 NANBH has been .
acconpl i shed primarily hy, £XcpaceRe Ré. oghg§13§3y| ral markers. Anong tﬁg

nmet hods used to detect | NBV, a g ‘and anti bodi es are
agar - gel di ff usi on, coumj’eg r#?ﬁ\%’é?%?roﬁ g%é sga I mmunof | uor escence
m croscopyy® i mune el ectron nicroscopy, _rad| oi mmunoassay, and enzyme-| i nked

i mrunosor bent ou,{-@vﬁ/@r none of 5 these'assays has proved to be v
sufficiently% d,: cib to be used as a
di agnostic test for NAN t |$¢%a€/ 'l‘ REEF\; bg'ﬂaﬁél eP clarity nor

agreenent as toansmissiblie [disespecoti familyf ofhdiseasgsn that axte body
systems associghgévid kAW tviPh1 Nohliked [hafd! thdtCard! di%tiingul dillbe 10
the prior l%r %%e'mnfe%%elronfé)ms Bc\a/f virel-eesccieted live: diseases,
including that caused by the known hepatitis viruses, i
i.e., hepatitis A virus (HAV), hepatitis B virus (HBV),
and delta hepatitis: virus (HDV), as well as the hepatitis
induced by cytomegelcvirus (CuV) or Epstein-Barr virus
20 (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 infecticus agent or agents.
However, the trensmiSSLble_egent respcnsible for NANBH is -
25 still unidentified and the number of agents which are
causative of the disease are unknown '
Epidemiolegic evidence is suggestive that there
. may be tliree typee of NANBH: the water-herne epidemic
type; the blood or needle eseccieted type, and the
30 sporadically occurring (community acquired) type.
However, the number of egents which may be the causative
of NANBH are unknown.
Clinical diegnceie and identificetion of NANBH
has been accomplished primerily by exclusicn of other
35 viral markers. Among the methods used to detect putative
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with NANBV in individuals, and to the known conplexity of the soluble and
particul ate antigens associated wth HBV, as6éall..as to the integration of
HBV DNA into the genome 15 “of liver cells. In addition, there is the
possibility that NANBH i s caused by nore than one infectious agent, as
wel |l as the possibility that NANBH has been m sdi agnosed Moreover, it is
uncl ear what the NANBVoantipenssapd aatddodies presadargebsdifiusiomith

EQNEF eri mLLﬂQaSef)eeﬁnﬁéﬂkhguﬁgeéb%&.%phh&?gﬂig t.Ql m*ru l"‘r;l:ie’isé‘-’wéﬁe)iqe g? dnon
unt eri - r resi s_assay ut Qi SEes -
specific protein 'ﬁ%%ﬁ?ggnghs‘mgf’%s%éﬁtﬁgg BEH ’E&ﬁ’@f‘@@f‘iﬁ%‘ﬂ&‘ﬁiﬂc
and that they do atod enpymeedinkgdcimmunmsmzbent: agseyant iHawgvermandnmof

The i munof | uogesERESE. agBayadHa8Npyoved e m&m&qréimtgy itive,
radi oi mmunoassays -factor-]1 ke

appear to detect | qw l.eyel s of a rheumat o
mterial that ie PPECHhERTy,aBfcEeRFoRHciRle; da e rised s @ diadnqaias tast
wel | as in pati enferWwNARBHL her hepatic and nonhepatic di seases. Sone of
the reactivity 30 detected e Nk 0 0 - det ar
" cytoplasmc a%t i gens. Ther eﬁ§¥é&a8%§sn§§r?r%f thc‘anﬁé(?g‘t % a@e%sdf%orr
exanpl e the revi ABTEGMERELRE EPo8be identityhorsPedddicifie qfidhs anfigen
o/he?ﬁy_ (1985,109?5:,11:;158@? aydteml aSseciiated MﬂW\Hmt('HB})ANB_H_I-_bY\BMﬁs is
there is no proo i Sab S r N oS t- £
the repl acerrgnt s%%%f tt]é:éggil %gl g&%@? o 16 p%. tO(i. o¥ %-%eﬁ%{a%éaén@ riind
these candi dat es Wiph NANBV 4R ipddviguals odnd t6r thandnowm Sompiswli sy of
sensitive, specifthe ®blablel andspageicnd ared antdijersy iausoridted svih NMBBY

B et o on SR T, 86004, Pt 0GRS S ) B 7 -vhe wnems
patients, andﬂ$mmE#1b§%ean€§1¥§r ugntgddition, there is the possibility
that NANBH is caused by more than one infectious agent, 3s
well as the possibility that NANBH has been misdiagnosed
Moreover, it is unclear what the serological assays detect
in the serum of patiénts with NANBH. It has been postu-
20 lated that the agar-gel diffusion and counterimmuno-
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,
25 and enzyme-linked immunosorbent, and radioimmunoassays
L appear to detect low levels of a rheumatoid-factor-like
N material that is frequently present in the serum of
pgtianté with NANBH as well as in patients with other
hepatic and nonhepatic: diseases. Some of the reactivity
30 detected may represent antibody to host-determined
cytoplasmic antigens. - o
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
35 article by Iwarson (1987). However, there is no proof
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90% of these cases. The major problemin this disease is the frequent
progression to chronic |iver danage (25-55). 10 Patient care as
wel | as the prevention of transm ssion of.pMNBH by bl ood and bl ood products
or by close personal contact require reliabl e diagnostic and prognostic
tools to detect nucleic acids, antigens and antibodies related to NANBV.

In addition there is also a 15 need for effective vaccines and

i munot her apeuthatt bﬁyawukh@sw%@n%ﬂﬁtéé‘etéﬁﬁﬁﬁﬂ %@@é%h frent
[err] the dlsegag icbgig e .of the Invention 20 e |nvent|on
pertains to th §8I8 d characterization of a newy discovered
eti ol ogi c agent of NANBHThecpemands fOrvisans itidd, sﬁéu2fb®em&ih@@$lﬂorthe
| nventi on provéeggendngagh 1@lent P siD e dils ROY N Chnd NaREY

These cDNA replic l,lated b ec a novel
step of scr éeg?ﬂﬁgﬂbf‘ége 305 8Jy93§q4 el # |5o? aﬁ#%i%#%%ﬂﬁd froma
particul ate agEnstrhranﬁéuBédnthepatnnﬂ!1camﬂa1bunuxxuinﬂuppﬂw*tm

to
detect newy SY%“&?' £dnaRuGe patdiunte) ri"safof T s | 16 r@oéewfore

uni sol ated and har acteri ze V|ra

whi ch produced®®¥otficthesm casesact IThe MMiﬂﬂ(RﬁQhﬂﬂﬁl¥ﬂﬂ§h¥ﬁt seasefi
i nf ect ed |ndlvtﬂdafseqaeneﬁp&bg&ehcibmnﬁdﬂbﬂﬁdhidflh¢6£“&ﬂﬁhgé*&&h£§59

the nature @f t he ggnomepgiigﬂ% @9{9 %&; w Izioar":gk i"%ﬁé\i‘%ﬁd Eromt

HCV cDNA, & wel | UeENCe. nfor t he HCV
cDNA, are suggesangeissipned Mlﬂ% and ab#m;sw.pwmw rox. by

Portions of ti’@léwﬁpéeﬂaﬁaﬁe&oﬂtl’alc\te(i'd‘qmd"%ﬂébwQﬂ’é REsPLOLERAt 0 )

G agnose (he RigagRggesk VUESS \b Rech i ddidg Eher b Sk
pol ypept i de setbeedies pelased Fon VAN dedmiaddit ion, Hhepenbsediso a
15 need for effective vaccines and immunotherapeutic

therapeutic agents for the prevention and/or treatment o’
the disease.

Disclosure of the Inventxon

20 The invention pertains to the isolation and
'characte:ization 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 cCDNA replicas were isolated by a '

25 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 unisolated and

30 uncharacterized viral agent, and of selecting clones which
produced products which reacted immnnoiogically only with
sera from infected individuals as compared to non-infected
individuals.

~ Studies of the nature of the genome of the HCV,
35 utilizing probes derived from the HCV cDNA, as well as
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and permts the production of pol ypeptides which are useful as standards or.
reagents in diagnostic tests and/or as 10 conponents of vaccines.

Ant i bodi es, both pol ycl onal -and nonocl onal, directied agai nst HCV. epi t opes
contained within these pol ypepti de sequences are al so useful for diagnostic
tests, as therapeutic agents, for screening of antiviral agents, and for
the isolation of the NANBV agent from whiclh 35_ these cDNAs derive. In

addi tion, by utilizing probes derived fromthese cDNAs it is possible to

i sol ate and se@fiféncd hﬁ&f@?xﬁ&t?&ﬁ eBnEEQnEQVw&%ﬁQ%&tHé‘%\H'dﬂW rdge to
addi ti onal probes and whi ch_are useful in the dla%n05|s and/ or

e
treatment, ~bot¥RYH Y%Z&Pg aﬁﬂvzés PhEPSHéUtlFBS oF RANRVv e {rkrus.

i nvention provides a papypepbhseotnthebebARt salgueniced @erd vied NEXSHTHES &8
a contiguous se uence of at_Jeas 18 ani ng aghﬁs encoded b the enpme of
B R

hepatitis C vi ) PERRER o PETSETSS
wher ei n HCVSi s seimplaas eranddtdyiselate petura&éysbcautninawwqpﬁunns Qflthe

sai d genone corqr}(rﬁﬁpng .ﬁ{bgge&ﬁggdéﬂgof L3RR ggthagg%o g,&?er#g%ar ot ei n

and (iii) said rotern rirsing an -am no Vi ng
| east, 40% homlﬁﬁﬂlﬁw&ﬁeoﬁﬁgcngnﬁhﬁlaené saqeéséewimhmngm HEV wome(s)

i nvention al so gy é¥ﬁ&€sp8ﬁ¥UHfbéﬁét§Sn'stbﬁix?@bb@dés'ﬁﬂiéﬁ‘%&é‘ﬁé@ful

COI’TpI’I Si ng a contl quous sequence aof nucleotid i.Ch 1s capab

sel ectively 3528 xmazlr% % Yeadgeksanof dRagRostis Gests And 2y as

This is thqoep t§h@£tv£8é§nesl/ 13h@&bodi£@ S Poth 1 Imﬁd
sheet Dat e: 1/ 12/ 94 }¥ gg nment, t

h H
ChapacterlzedI&PnQ95°QFbOS raﬂaéasﬁﬁk%géﬁgﬂgcpes contained within

‘these polypeptide sequences are also useful for ‘diagnostic
tests, as therapeutlc agents, fcrlscreen;ng of antiviral
agents, and for the iScIation of the NANBV agent from whic?

15 these cDNAs derive. In addltlon, by utlllzlng probes
derived from these cDNAs it is p0551b1e to isolate and
sequence other portions of the HCV gencme, thus giving rise
toc additional probes and polypeptides which are useful in
the diagnosis and/or treatment both prophylactlc and

‘20 therapeutic, of NANBH.

Thus, the invention prcv;des a pclypeptlde in
substantially isclated form compr;sxng_a_ccntlguous
sequence of at least 10 amino acids enccded by the genome
of hepatitis € virus (HCV) and comprising an antigenic

25 determinant, wherein HCV is cnaracterized by:

(i) a positive stranded RNA genome;

(ii) saiad genome ccmpris1ng an open reading frame
(ORF) encoding a pclyprcteln. and _

(iii) said pclyprcteln comprls1ng an amlno acid

‘30 sequence hav;ng at least 40% homclcgy_to the 859 amino acid
' .sequence in Figure 14. |

The invention also prov1des a polynucleotlde in
substantially isolated form ccmprlsing a contiguous
sequence of nucleotides which is capable of selectively

'35 hybridizing to the genome of hepatitis C virus (HCV) or

Sheet Hii“Blti.en k'ilaced




F—seai-e—genone conprising an open reading frame (ORF) encoding a

polyﬁmggﬁ nd 5 - (iii) said polyprotein conprising an amno acid
seque lacadys t 40% honol ogy to the 859 amino acid sequence in
Fi gur m tion al so provides a DNA pol ynucl eoti de encoding a
polyp ol ypeptide conprises a 10 contiguous sequence of at

|l east 10 am no acids encoded by the genome of hepatitis C virus (HCV) and
conprising an antigenic determ nant, wheren HCV i s characterized by: (i) a
positive stranded RNA genone; (i) sald genome. conpri si ng an open readi ng
frame (ORF) dke eompdimgna ehletRict ciwheraih (HGV )isatsapatyartelinb

conprising an a e Vi | east 40% honol ogy to tKe 859
am no acid sequ §°g933g§ %?%Jﬁﬁ§4$%£§HQ%ﬂPW%Tther relates to: a
purified HCV 20(1pb|§audlgcmnmg comperichirihcan ofidh poeéadingebrane; (QRF)

reconbi nant egt P 5 sequence derived froman HCV genone
or fromHCV c &Eﬁb Q E%g?ﬁéntekg*ynuc eotide encodi ng an epitope of HCV,

a recombihant véem §eﬁﬁamlnrg>ramem qanRPRimHing rak ddinanacid sequence

po'ynUC'GOt'desha@ﬂﬁgaahoibdgﬁ'4dSVHHHd¥ Vb tEh @rys9f ahiggcanegt ors. The
I nvention further ates to:, a reconbinant” 5 expression systen1conpr|§Fﬁg

an open readi ngSPHEHRBCLORD) équ%A%ﬁﬁlved from an HCV genone or from HCV
CDNA, wherein the ORFhes ipRentlilan Iallrﬂoeqntdvﬁo@rarmhASpayyﬂﬁeleemabl bl e

oystem and SRGORIPELE: BOLYRSRELS L ISH (RRIYRAREISR eORREipeb he
|nventlGnOCauoh21qﬁbhszséquendﬂéﬂﬂ1qhﬂméas£ilﬂlémimolcobds encodaarayloauj
of PolyReptigRg SLRBN"BP W1t 106 VLA | (M) HhiNaPebHBERLLAG R
antigenic determlnant, wherein HCV is characterized by:
(i) a positive stranded RNA genome;
(ii) said genome compr151ng an open reading frame (ORF)!
15 - encoding a polyprotezn,.and
(iii) said polyproteln comprising an amino acid sequence
having at least 40% homology to the 859 amino acid sequence
in Figure 14. ' _ :
The invention furthér relates to: a purified HCV
20 polynucleotide; a recombinant HCV polynucleotide; a
recombinant polynucleot1de comprlsing a sequence derived
from an HCV genome or from HCV cDNA; a recombinant
polynuoleot;dq_encodlng an epitope of HCV; a recombinant
vector containing any of the above recombinant
polynuoleotzdes, and a host cell transformed with any of
these vectors. _ o
The invention further relates to: a recombinant
5 expression system comprising anmopen reading frame (ORF) of
DNA derived from an HCV génome or from HCV cDNA, wherein
the ORF is operably linked to a control sequence. compatible
with a desired host, a cell transformed with the
recombinant expression. sysﬁem, and a polypeptide produced
10 by the transformed cell. ,
The 1nventlon can be utlllzed to obtain purified
HCV particles, a preparation of polypeptides from the
purified HCV; a purified HCV polypeptide; a purified



pol ypepti de conprising an epitope which is imunologically identifiable

w t:h an epitope contained in HCV. The invention also relates to a

reconbi nant HCV pol ypepti de; a reconbi nant pol ypeptide conprised of a 5
sequence derived froman HCV genone or from HCV cDNA; a reconbi nant
pol'ypepti de conprised of an HCV epitope; and a fusion pol ypeptide conprised
of an HCV pol ypeptide. The invention also el es to an anti-HCV anti body
conposition conprising antibodies that bind said antigenic 10 determ nant
of a pol ypept} dpoéyp[erptﬁi:d} tapmpEL S drve ndn Op ibbEe i:nlién) lia &m}):h’gq@gicany
preparation o LGls Qo fadi es, nocl gna I body

conposi tion. Thgakﬁ§éﬁgggﬁggb§§9§e eu%ég?éﬁgaﬁ%ﬁﬁ?fEf ﬁﬂigﬁbrs I mrmunogeni ¢
agai nst HCV infection cGhs iigiventionmlay telabes ypepai dechabingnin HOV no
aci d sequence c fi dledr 1§ | gq%ffg k4. S 135S -pr Qduced
in a eukaryoticgﬁggképgﬁgkgn%Lg%éggéiééfé € %ég%g?onggﬁgggfgrg?eg to a
pol ynucl eot i de BRENEDCS datived LxawmAn HEYrgeneme .opofyancHE: cBYAGT at he

i nvention whi chrégbhbihadt pelPPdmeae é&ﬁ&fi@@éeofaéﬁ'ncvmpiheg%@t la%d
also relates to_a Qolynerase chajn reactjon (PCR) kit conprisfing pair o
priners capabl eTHF BPIPPHQHﬁH?iaﬁnQRﬂR¥9§Rdd?*w??rﬁ%VFESEYE&EFFGﬁ-Where
each of the priners is Theoliyiveritaiain s reThtds tEot &8 aAYERHEYN antiBRay
peentyon 2120 EhRbgsd o Uonbiliihd DAl G B Pk tage Blad 5313 Shetiensc
pol ynucl eot 1@esdegetalinant: aft ianpalypeptide actcdraingobe thepinvengisn
Publeot | des. andaicHo1eTYaT) 0 Bur i TR L1 GETOF BRLIRTBREY Sati on of
said probe to [éﬁFFbﬂéﬁeﬁolﬁﬁUdﬂéoﬁ«m9n99l¢mabommtihedy.chppgsﬁtﬁnpthe
Db cher aipect o TASSINROME 4 I el 163 ERELILYG Sy 1o
repl acement she mEﬁpggniplggg4nst:Hcv.1nfectlon comprising a non-HCV - i

15 polypeptide having an amino acid sequence capable of

formihg 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 invention which further

20 comprises a detectable label. The invention also relates

to a polymerase chain reaction (PCR) kit comprising a pair

of primers capéble_of priming the symthesis of c¢DNA in a
o PCR reaqtion where each of the primers is a polynucleotide
\ _accofding to the invention. The invention also finds

25 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 '

30 conditions that allow the selective hybridisation of said
pfbbe to an HCV polynucleotide or the compliment thereof in
the éample: and (b) detecting any polynucleotide duplexes
compriéing said probe. ' o
| Other aspects to which the invention relates are: a
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This is the replacenent sheet Date: 1/12/94 -11-
pol ypeptide conprised of an HCV epitope, attached to a solid substrate; and
an uﬁssmamsm@nuﬁgg;v epitope, attached to a solid substrate. Still other

aspe e-invention relates 5 are: a method for producing a.
pol y ing an HCV epitope conprising incubating host cells
transtorne expressi on vector cgn figing a sequence encoding a
pol ypepti de contai ning an HCV epitope under conditions which allow
expressi on ' PERMkEE < o@N i#é?gi Ok 2 NEJgaan HCV
epi t ope pr03%%§§b€59?§¥seﬁ%?%?ﬁfaTﬁgafﬁeéﬁ?ﬁEﬁ;a _o-?gfgfggﬁg% ggn%thod for
det ecti ng HEPhiR| SubsEEnge i And aaAnEikady itQ Ap RS tePitARe) ei ¢ aci ds
of the sanplgevhthed@ BHOREShIGdaBUMSE e/ NuUC] eotide 15 under conditions
which allow the for l,on of .a pol ynucgl eqti.de duplex bgtween,the probe and
t he HCV nucl ei ¢ aci ggh'gﬂm Pﬁgeéﬁ%&‘ﬁﬁfn %éﬁb‘&%rﬁ’% %Y%Et?ﬁo?gaétﬂﬁpl ex
whi ch corg aiawei he ﬁéﬁheld .Euswmmisal S : garaﬂ ﬁdlt)@épl!idﬁ&‘élﬁtﬁﬂﬁhngl ag HCv
I mmunoassays_ 20 are also.incl.uded in the inventjon.__JThese_ inclu an
| Mminoassay T8TtoRe cEEPRG IR PACYRTIERSIRG HARY ST 57 PeeoEPRg HAth
ant i body cormms'expnassd‘.'onrd'ecgomoctclma:a'imzimq'ia)'rseqv.ténche\oemabdhggaasarrpléJ
with the antj TRQS il - Ol | QI at. 2, ormati on
25 of an é\%f?%%éggggt Fggggégﬁpgﬁef% gﬁ%} (%& ec?ﬁégp;%%{?%jd{ég-gn%nt i gen
conpl exes conpi¢hi ajloweexpriesadoramt isedikpolypeptidentand al so provides
an i Mmunggs 1%%3?5&3‘:&bma%tih@%ﬁwx Pitsh@ e odiced B VeRDk gen
Bod

conprising (a Ing a pol ypeptide conprising an antigenitT detern1naQL)
30 m|uxnﬂ%¢ “said anti-HCV antibody, wherein said antigenic
determ nant - conpri seghd gaventiomns al¥d) el ks efbl e Ofe tH6@JEErby sai d

dondi T ons. ($EFSSEHRR BBV PRETRYET AR o fh SARE LS SOIRE LR LRI BRAFENTand
(c) detecti muébeic aclidbodf- thie gamplemittesa qurglsé sfoy ani Heyol ypepti de.
15 polynucleotide under conditions which allow the formation
of a polynucleotide duplex between the probe énd the HCV
nucleic acid from the sample; and detecting a
polynucleotide duplex which contains the probe.
Immunoassays and kits for use in such immunoassays
20 are also included in the invention. These include an
immunoassay for detecting an HCV antigen comprising (a)
providing an antibody compositionFaccording to the O
invention; (b) incubating a sample with the aﬁtibddy \¥)
composition under conditions that allow for the formation
25 of an antibody-antigen complex; and (c) detecting antibody-
antigen complexes comprising the anti-HCV antibodies. The
invention also provides an immunoassay for detecting_
antibodies directed against an HCV antigen comprising (a)
providing a polypeptide comprising an antigenic determinant
30 bindable by said anti-HCV antibody, wherein said antigenic
determinant comprises a contiguous amino acid sequence
encoded by said'gendme: (b) incubating a b1¢logi¢al sample
with said polypeptide under conditions that allow for the
formation of an antibody-antigen complex; and (c) detecting
35 antibody-antigen complexes comprising said polypeptide.
The invention also provides vaccine compositions



-12 - Yet another application of the invention is its use in a nmethod for
produci ng anti bodies to HCV.conprising adm nistering to an individual an

i sol ated i mmunogeni c polypept|de cont ai ning an HCV epitope in an anmount 5
sufficient to produce an i mune response. Still another application of the
invention is a nethod for isolating cDNA derived fromthe genone of an
unidentified infectious agent, conprising: ‘(&? ﬁroviding host cells

t ransf or ned vvitg exEres |on vegg{cé,conéﬁ#m%rg CDNA | i brary
prepared from nA@FeFE ALY d ¥ %4 LﬁPTﬁT%ﬁ%@% ﬂPthmPH§°§Q§ﬁF
and grow ng sai peptitdecebntaimiory condav epitdpe) ot | aw tnpceivacedof

I tid t SSi 0
roubcts of ¢ hebLBRATAEIRR, 8% HOWY da”lan dXCALES DAEoRERERRR B2 koY,
i ndi vi dual infected w tAnsappliicadciarost thatinverticonilst aohisaheculithere
an '”“Unoreagt'gﬁowﬁnée‘i&t %?tﬂ)é&eﬁ‘wl%ﬂmé&ﬁt&ﬁ“t%’%@éﬁé;&ﬁrEﬁ@lﬂﬁe@ a

result of the inhteracting; gromﬁngn’ost ce
pol ypept i des t haethednpin grewdnc MG\ &Y R iding eellsp eog. hepptogytes

condi tions whi cgraphhevo Fhsg@sqr Qfected eH Ay &ﬁ&“ﬁfoﬁﬂgatiﬁbaEhEﬁ said

cloges; (d) growing cells“fromthe clones of (c) under conditions which
aIIom/expreSS|oﬁeQispéﬂyﬁééﬁﬁhe(s) encoded within the cDNA, and interacting

the expression product ged hhwﬁéxb%hpmﬁﬁdﬁmbﬂdd £§ven?£eﬂm§eatﬁ Qfﬁ.e
o R bR RBle i R0 48 08 et EERbE g
sheet Date: 1/4@n2Aistetling MDIdnannﬂﬂvuﬁu&&ﬂamhesﬁlibeé lmmuﬁbééh&é :
N~ polypeptide'containing an HCV epitope in an amount
sufficient to produce an immune response. _
~ Still another application of the invention is a
15 method for isolating CcDNA derived from the genome of an i
unidentified infectious agent, comprising: (a) providing
host cells transformed with expression vectors containing a
cDNA library prepared from nucleic acids isolated from
tissue infected with the agent and growing said host cells
20 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
W agent under conditions which allow an immunoreaction, and
25 detecting antibody—antigén complexes formed as a result of
the interactihg: (¢) growing host cells which express
polypeptides that form antibody-antigen complexes in step
(b)lunder conditions which allow their growth as individual
clones and isolating said clbnes: (d) growing cells from
30 the clones of (c) under conditions which allow expression
of polypeptide(s) encoded within the cDNA, and interacting
the expression products with antibody containing body
componénts of individuals other than_the individual in step
(a) who are infected with the infectious agent and with

35 - — followed by page 1l2a
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control individuals uninfected with the agent, and detecting

anti body-anti gen conplexes forned as a result of the interacting; (e)
growi ng host cells which express pol ypeptides that form anti body-anti gen
conpl exes with 5 anti body contai ni ng body conmponents of infected

i ndi vi dual s and i ndi vi dual s - 13 - and individuals suspected of being
i nfected, and not with said conponents of control individuals, under
conditions which allow their growth as indi)yjdual clones and i sol ating
said clones; and (f) isolating the cDNA fTot® fe host cell clones of
(e). Brief Dsantixni om@ivmaansaunmgse&aa Vithowhd iy efIiPy tranded
nucl eoti de seE4ENGS ﬂ§ % $ﬁ$’ gNﬁ insert cIone - he putative
ami no aci d sequenceé o he*parypap Fggneﬁeag §xes ﬁﬂﬁma§|a5|agresnhhou§
t he honol ogi éslq)flrzwmmppreg giEvwinAhosgueeldas whidH B reds 1. 81,

over | appi gg Zoon éﬁ% ﬂ"‘e”?gé*ftgnégﬂﬁﬁﬁc%‘hgﬁ’s@g‘i&%V Lrom

encoded t eréPﬁ QPQﬁiﬁB1M%ebG@nb¢emp0nenﬂsdoﬁudh@@uﬁtasﬁﬁugvgahéjs
t he HCV cDNAamasQlﬁdnnj_dﬂﬁp 81, and the puta- tive am no acid sequence of
the pol ypeptide encoded therein. 20 Fig. 5 shows the HCV cDNA o

sequence in clone 36, the segnment which overlaps the NANBV cDNA of clone
81, and the pol ypepti de sequence encoded within clone 36. Fig. 6 shows the
conmbi ned ORF of HCV cDNAs in clones 36 and 81, and the pol ypepti de encoded
therein. 25 - - Fig. 7 shows the HCV cDNA sequence in clone 32, the
segnent which overlaps clone 81, and the pol ypeptide encoded therein. Fiq;)
8 shows the HCV cDNA sequence in clone 35, the . . _

IIIIIIII I



segnent whi ch overlaps clone 36, and the pol ypeptide 30 encoded therein.
Fig. 9 shows the conbi ned ORF of HCV cDNAs in clones 35, 36, 81, and 32,
and the pol ypeptide encoded therein. Fig. 10 shows the HCV cDNA sequence in
clone 37b, 35 the segnment which overlaps clone 35, and the pol ypeptide
This is the replacenent sheet Date: 1/12L9ﬂ - This is the replacenent
sheet Date: 1/12/94 14 - encoded therein. Fig. 11

shows the HCV ghflAifasve ng Is?& , r S
32, and the pol%Pgttlde gﬁglgéd t gﬁ?Jfoyhfﬁ§MEﬁ¥?%Fu& & ﬁ@? wft@v

cDNA sequence TH'€| GREP2DE e°§é§mﬁﬁ?qkﬂ¥ﬂ¢§¥AQQQﬁﬁ;c#Q#EFS?%ndéﬁéoﬂﬁe
pol ypept i de erwlviled abtowi nheEtggrb%ﬂhw iﬂﬁdﬁb@h&i&we&m 18ctheifg

25c the segnen b and .t.he tid cod
thorern. Fro. 13i3rSheR¥Rs ABR I53Gscdanie Sng AR Vi hegficgers
“therein of %heclimresho€h(extends through the HCV cDNAs ‘i.n clones 40b, 37b,
35, 36, 81, 32, 33b, and 25c. 15 ° Fig.. 15 shows the HCV cDNA

sequence in cl one. 330 the segnent mhlch overlaps cl ones 40b and 33c, and
the am no aci CBERBEQHEE = ol ghel Prawingg he HCV cDNA sequence in

cl ope 8h, the segrrent ﬂbChIC’&ﬁBb@pie@ W&s%e él}ﬁ l@{%ne gfags 20

encoded thereln Fig. 17/7°shows the t he

segnent whi ch SREEREE ©FfoEBegHCV, GPNALdngaxrto v ickens Gkl ¢ and theFi g.
18 shows the HsdtaEesafiinBcacia EEQQQnE@3of the polypeptide encoded

10 therein..
L,: 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 i

15 amino acid sequence encoded therein. | | | |

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

20 Fig. 5 shows the HCV cDNA sequence in clone 36, the

~segment which overlaps the NANBV cDNA of clone 81, and the
polypeptide sequence encoded within clone 36.
J _ ' Fig. 6 shows the combined ORF of HCV cDNAs in

~ . Clones 36 and él,-and-the polypeptide encoded therein.

25 | 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 ”

30 enooded 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,

35 the segment which overlaps clone '35, and the polypeptide

T

i




25 the segnment hich overl aps clone 25c¢, and the am no acids encoded

t her ei n.

Fig. 19 shows the HCV cDNA sequence in clone 8f,

t he segnent which

overl aps clone 14c, and the am no acids encoded therein. 30 Fig. 20

shows the HCV cDNA sequence in clone 33f,

8f, and the ami no acids encoded therein.qfig. 21 shows the HCV cDNA
sequence in clone 33g, the segnent which overlaps clone 33f, and the am no
£33 5100 Fig 22 shows the HCV cDNA sequence in clone 7f,

acids 35

-15- the segnent ch overl

aci ds encoded ther 118+ A3, §"§hﬁﬂ§ H

é% in clone 7e, and the am no

BRAUSDGS: At SL1PNg AP 1D,

t he segnent which overl aps cl one

t he segnen&hdﬂségmentIwuwehhevermupecelbnecbeoeaﬁa tueiﬁblyﬂeptidmo aci ds

encoded t heér %cﬂie

segnent whi BT BV
encoded & her ei n.

sequence in clone 11b, and the am no aCIdS

hows the HCV cDNA sequence in clone 14i, the
4 et

FiRig2512 hehewshtheICHCHDNANAeqeqmdm inl @iom®4ouP t he

ncoded {nih BEMAERE yRfcRCAVERTEpkl o pRATATRY AR Hf RPRIAIS | o1y

the al i gne®ensndes | thereims 14i , 11b 7, 7e 8h, 33c 40b 37b 35 36, 81

32, 33b, 25c, 14c, , 3 1 I ?ﬁ@&l t aci
sequence of the polyﬁ%ptldesgﬁggdeﬂ. Rev_eond 38 gi in ‘%ﬁﬂ“iﬁb

sequence.

in the exten

segnenhoMﬂéﬂbdagaIeagrgiﬂne 14i, and the ami no acids encoded therein.

Fig 28 shows the
overl aps cl one 39c

15

20

25

30

35

polypeptide encoded therein of the ORF which extends
through the HCV cDNAs in clones 40b, 37b, 35, 36, 81, 32,
33b, and 25c.

| Fig. 15 shows the HCV cDNA sequence in clone 33c,
the segment which overlaps clones 40b and 33c, and the
amino acids encoded therein.: :

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 &h, end'the_amino acids
encoded therein._ |

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

Fig; 19 shows the HCV cDNA sequence in clone 8f,
the segment which overlaps clone 14c, and the amino acids
encoded therein.

Fig. 20 shows the HCV cDNA sequence jn clone 331{

the segment which overlaps clone Bf, and the amino acids
encoded therein. . ' ' :

Fig; 21 shows the HCV cDNA sequence in clone 33g,
the segment whlch overlaps clone 33f, and the amino acids
encoded therein. , : -

Fig. 22 shows the HCV cDNA sequence in clone 7f,
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Fig. 29 shows the sequence of
overl aps cl one 35f,

the -HCV cDNA in cl one

and the am no 25 acids encoded: t herein.

199, the segnent which

Fig. 30 shows

t he sequence of cl one 269, “t’he segnent which overlaps cl one 199, and the

am no aci ds encoded therein.
segnment which overl aps cl one 26g,

30-
Fig.

al i gning cl onesth&fsed'mawmﬁ,ﬁehi Svebtaps tﬁe3se

t he am no aCid§%ﬁ¥%ﬁﬂﬁﬂ? ?gl
er 0

phot ogr aph of

1/ 12/ 94

infected with

I nfected wi th NANBY,
showi ng the si
put ati ve am no
pol ypeptide ClQQe3 ﬂ‘fhé(hcicﬁ@ @nebaedi €resIHSNCE encoding it.
a phot ograph of -a coongssi e
i dentifies CLO0-3 exprds¥®d
C100- 3 wi t hosertive Eegremtn whiéhBdvenlapsectheuse
autoradiograph
BB- NANBV i nf ect

o
15
20

y

7
25
30
35

-y

n t he

Fig 31 shows the sequence of clone 15e,
and & hgs am no aci ds encoded therein.
32 shows the sequence in a conposite cDNA which was derived by

etidle A% dllorid 9% SIENS

tLpuou Fig. 33 shows a
397ﬂ§§a gﬂfﬁ§§PEplacenent sheet Date:
This is the Fipl a22nshowshthe BEVecDNA seqa@&ee in clone 11b,
16 - fusion pr

t he

T hag ey, B G| et his" SHECRAGRRRE AR UM o VaHE

blots of a Busithe Bing mcm}m;dr]:hemnn.serum f.rom humans - 5

nlflcan %%atures g’f’ t

ue stalned
4 Saaes. I Ao 2Bk

g‘c? aaml\llg{g ha fdé’ | Oﬁcgéegl\léh'eggl %t €

‘Fig. 26 shows a composite ucv
from the aligned cDNAs in clones 14i,
40b 37b 35 36, 81, 32, 33b, 25c, 14c,
also shown is the amino acid segquence

olyacrﬁlgghge geléﬂquQﬁe(ﬁ9c
(6} e%&& ’

eECG i#0 cllones ¥y, and

fromthe liver of a

BLCAY Syt 117, B

egRRRY Céh htﬂ‘é¢§&ﬂ9§x§“hﬁe5#ﬂﬁ§§¢=@f imszlfqm dib, and

Fig. 37Ais
whi ch

CDNA sequence derived
11b, 7£, 7e, 8h, 33c
8f, 33f, 33g and 39c
of the polypeptide '

encoded in the extended ORF 1n the derived sequence.

Fig. 27 shows tHe sequence of

12£, the segment which overlaps clone

acids encoded therein.
'Fig. 28 shows thefsequence of

- 35f, the segment which overlaps clone

acids encoded therein.

Fig. 29 shows the sequence of
19qg, the segment which overlaps clone
acids encoded therein.

Fig. 30 shows the_segueﬁce of
segment which overlaps clone 19g, and
encoded therein. o -

Fig. 31 shows the sequence of
segment which overlaps clone 269, and
encoded therein. "

Fig. 32'shows'the'seqnehce'in'

the HCV cDNA in clone
14i, and the amino

the HCV cDNA in clone
39¢, and the anmino

the HCV cDNA in clone
35f, and the amino

clone 26g, the

the amino acids

clone 15e, the
the amino acids

a composite chA,

which was derived by aligning clones 12f through 15e in the

to 3' direction:
in the continuocus ORF.
Fig. 33 shows a photograph of

it also shows the

his Sheet Has Been Re‘ilaced

amino acids encoded

Westerh'blots of a



EFTﬁﬁEﬁEEE‘“pTUbed—mﬁth BB- NANBV cDNA of clone 81. Fig. 39 shows an
auTb#&dﬂ &ANBV nucleic 20 acid treated with RNase A or DNase |,
and NANBV cDNA of clone 81.. Fig. 40 shows an autoradi ograph
xtracted from NANBV partlcles captured frominfected
plasna W “NANB[ err], and probed with [err]-|abeled 25 NANBV cDNA

fronlclone 81 Fig. 4la and b shows autongdiographs of filters cont ai ni ng
i sol at ed NANBV nucl ei ¢ aci ds, probed with [err]-1abeled: pl.us and mi nus

ZarinthNA fuslhen peuteihflsnn i wd th ocieidipanzée ﬁgzumDﬁzﬁngd
nd an
NS prgtgrﬁ ﬁ?ggg aV|V|rus %bﬁ%fgcﬁgﬁa gggﬁ1ofcthe e e

dlstrlbutlon of HCVFﬁBheéH(ﬁhﬂwsrtﬂnhnﬁqgwﬁvbsqfaBedteEnnb&O&prfaa ELI SA
35 sor een! g 15h0prbtelhOWEOHNANBIr AN Ofyilh #bsuhl PebhOBuhns - 17~ HCV
infection in randoms €s _usin gurations

|nnunogl5buﬁﬁﬁ9€ﬁ %ggh gﬁ%?ﬁ]ﬁﬁYéﬁ?%é GgomFsantzglshgmenshe

sequences in a primpggy >35 d@ weﬁﬂ rERBWILING NEIRé Ve igh eaieane EQaHﬁ%e%f
flaviviruses 46 shows the HCV cDNA sequence in clone da
ed

the segment® ﬁthﬁ 8ﬁ§qQﬁ3 DNA in Fig. 27, and the amino acids enc
therein. Fig. 47 shpdgy.t 36 Strowsthé rpwtmimosaﬁﬁno%ahse&ueﬁ&edom ved

Y el O "SRRyl Y ol Ry 0 SenbReadp Bibbed, ank 7.
virus" h@s bhennneieptédebpennsnne;encodﬁnglttd for an heretofore unknown
oo oy coert Plp YR 4 4 SO0 g cdeDBABbTe BGRT TS O
stained polyacry amide gel which 1dentifies C100~3
expressed in yeast._
Fig. 37B shows a Western blot of C100~-3 with serum
15 from a NANBV infected human. i

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

Fig. 39 shows an autoradiograph of NANBV nucleic

20 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 N
plasma with anti-NANB5 Y and probed with 32P-Iabe1ed

25 NANBV cDNA from clone 81.

Fig. 41a and b shows autoradiographs of filters
containing isolated NANBV nucleic acids, probed with
32P-labeled plus and minus strand DNA probes derived from
NANBV cDNA in clone 81.

30 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 ot
HCV infection in random samples,.as determined by an ELISA
35 screening.
Fig. 44 shows a histogram of the distrihution of



agent is a virus characterised by: (i) a positive stranded RNA genone; (ii)
said genone conprising an open reading frame (ORF)..encoding a polyprotein,
and (iii) the portion 20 of said polyprotein correspondlng to Figure 14
having at | east 40% honol ogy to the am no acid sequence in Figure 14. This
agent was fornerly referred to as NANBV ane/ Q7 BB-NANBY. The terns HCV,
NANBV, and BB- NANBV are used interchangeably herein, but all refer to the
virus as 25 defF¥ednfiestdon in;nandnuessmplesﬁustmg tﬁénbﬁﬁfQQMrEESon of

nepat 1115 C. . The-tr s S SEMESHISAEA 08 KL bentFareani

herein. The term "HCV", 5-u§@ﬁ$h9ﬂ§lthekﬁﬂquﬁncsslinJaSﬁrlnagcmeg,mhlch
causes NANBH, aa@driveangaoad asidon ‘Lﬁﬁféﬂé’é ix‘i‘tﬁéfé %“?ﬁg“%‘f' es

derived thergfrom own infra. enone i's
It is known That RNA co%ggrni‘ﬁgs&‘i%@mm r@lﬂlmmn:ghinacbonef k9-1,

spont aneous (rjmt'aheosegmeﬁﬁ whikdl ov@drl adis t tﬁlﬁ %;%Ne?nre%?r% ] f,glﬁﬁé/ o4
| eoti de ni S rep

gﬁrsnrg ?ﬁe“%xéﬁ%géeﬁffgﬁeg B§F :H / 94 (1986)). Therefore t here

are i tiple strains wi Fhgn #Mesh6ussthe seqiramd biafl d Ydmposi®é€ cpNa

e le th ropagati on
Cdent’ 1 car; on. “aira #83 A833LeRCEy 81T dhy ) R dhae ek iR ens 1aenén
Mor eover, tHey Ehed5hl tewdt hdipecticasi dt el st ajrooed ittre amlinGcaeéi@s for

the various str N&ly N | enlng procedures for
anti-viral ageﬁ?gﬂ?%$epﬂgrﬁggoFggkghﬁgg% n that they inhibit replication of

HCM— The i nformati on .provi ded herein, al t hough derived 10 fromone strain
of HCV, herei nafter pefeniesohg as CDC HCVL, is sufficient to allow a viral

: Cdant h fall wthin the species As
taxonom st to identify fhheé h @ epaW?tis C virus" has beeg)reserved by

workers in the field for an heretofore unknown etiologic i

15 agent of NANBH. Accordingly, as used herein, Yhepatitis ¢
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 oomprisinq an open reading
frame (ORF) encoding a polyprotein; and (iii) the portion

20 of said polyprotein corresponding to Figure 14 hav1ng 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 .

. interchangeabily herein, but all refer to the virus as _

25 defined above. As an extension of this terminology, the
disease caused by HCV, formerly called NANB hepatitis
(NANBH) , is called hepatitis C. The terms NANBH end
hepatitis C may be used interchangeably herein.

' The term "HCV", as used herein, denotes a v1ra1

30 species which causes NANBH, and attenuated strains 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

35 order of 10 =3 to 10" per nucleotide (Fields & Knipe

i



descrrbed hererT, we—have di scovered that HCV is a Flavivirus or Flavi-Ilike

vrrnmsgm&mﬁsmaﬁ and 15 conposition of Flavivirus particles are

kno ussed in Brinton (1986). GCenerally, with respect to
nDrp ruses contain a central nucl eocapsid surrounded by a
I|p|d i ons are spherical and have a dianeter of about 40-50

nm The|r cores are about 20 25-30 nnjun dianeter. Along the outer
surface of the virion envel ope are projec ions that are about 5-10 nm | ong

th t [ h
\llmrrrrunolez)g crﬁﬁ y den%r %B?ggﬁ It gnﬁgﬁﬁgmglﬁxp%@% genorre D’? m |CchI >
25 the cDW&EV (ﬁiﬁ#i%%ddEEFEFHGQréngeﬁpve epﬁﬂﬂﬂQﬂﬂ%ﬁQnﬂaQﬂﬂtmﬁﬁh¢@s

encoded in QegdP¥ha@sRetoed, hehabme tiieepelalpta%% ioh Unidle { L1 Lti ek en
conpared to, ot her, known E g ses tSanl eness . of e epitope nay be
|

deternrnedqﬁﬁ?qg;?ﬂﬂuﬂﬁ QHCPFV QWﬁJﬁﬁiPﬂﬁﬂ: ains.
i mrunol &yi Mdrddver cacheyi asoi hhloﬁhther&‘dpalrralﬂdip% Q!Siagxwéﬁi)ﬁé for

rad of rundRd WACEHes "eak (BER, Vabd offar abakihe A K, %feiﬂefé?”&a%es

of surtam<somzﬁmﬁmgeprooeda:esyfozranpiemﬁwad agerites fir

alone or | PROTATSIPatc ke’ 2 CURROCRR ERGM ;{;ﬁﬁlﬁﬁ#ﬁl’?‘ ot B

HCV st ral ns are e/bhetinfiormatipnl provided ihs ctadkhough tderivedal |
honol o £33 SFECFErath bEeHEyC! ﬁQEb‘iﬁa'ﬁ\é‘iJ :iz*b‘aa‘gy &4 greater,
prefera Iy 60@6or ﬂreater and eveén nor e preferab of greater aqgj
in addi ti ofFRGHCY eréswafbe EBFrG?pG&&PﬁbabyﬁF 80 of at

| east aboutidentiey e@thdeSstrilﬂﬁscwn&ehmdan@ﬁﬁ:ﬁﬂ/\mt Pids] i VRggHCV
s GirALh 6 FRGs PheLoiABl RIS Fhn T, 0o Errined
a drrect c@Rimvrivirusfor Flavi-like virus. The morphology and

15 composition of Flavivirus particles are known, and are }

- discussed in Brinton (1986). Generally, with respect to
morphology, Flaviviruses contain a central nucleocapsid
surrounded by a lipid bilayer. Virions are spherical and
have a diameter of about 40-50 nm. Their cores are about

20 '25-30 nn 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. o
HCV encodes an epitope which is immunologically {y)
identifiable wi;h an epitope in the HCV genome from which
25 the cDNAs described herein are derived; preferably the

~ epitope is encoded in a cDNA described herein. The epitopé
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

30 reactivity with other Flavivirus species. Methods for
determining immunological reactivity are known in the art,
for example, by radioimmuncassay, by Elisa assay, by
hémagglutination, and several examples of suitable
techniques for assays are provided herein.

35 In addition to the above, the following parameters
are applicable, either alone or in combination, in



t he sequence information of the polynucleotide fromthe putative HCV, and
the HCV cDNA sequence(s) described herein. For exanple, also, they can be
det ernmined by hybridization'6f the polynucleotldes under conditions which
15 form'stabl e dupl exes between honol ogous regl ons (for exanple, those

which woul d be used prior to [err] di gestlon} Toll owed by di gestion with

singl e strande ucl e f we Si te natlon of the
di gest ed fragng]ﬁ?gﬁg{)}&ina g%égr&) 8%, gét‘;f)'fe M""Iﬁ |@ar§(} g i ¥R hi p of
the strains of e!naupﬁoaariéyHEHlatedunitaus|ekpenﬁedﬂﬂhatnthémnveﬁwnbIOgy

at the pol ypepty&igs ey v
honol ogous, pre era%? nDreE?H ﬁ@ébéeﬁ %%I%%buéﬁﬁbfa- en ﬁ%agpﬁég*% %5I4°%
more than 80% X% mteﬁouﬁr&feﬂ'ﬁblﬁo@}%p’m @reates!, amtheven morges for

det er mi ni ng smmﬁrdbﬁyqasﬂcsrhe%h% a%&&%dgxéi*ﬁ} ﬁfﬁat tiére wndl%.
exanpl e, the amino acid gag.gge ma determ ned rectly- and corrpare o]

t he sequences ﬂ?%\ﬁ‘a‘éﬁeﬁEP FSF’ %ﬁﬁﬁesﬁ%n% fuAtedieant saBeidhc
of the 30 genavacleetiaesl ofheheopy \‘ﬁe'ri@é Batwaer & mmmy

via a cDNA intermedjate t he anm no_aci enc d her I'n can be
et eom ned, - andERALR (7 phehiR PRELRRGR, ROR Hhen o/l et HfA (afdlence
pol ynucl eot_i de émrbeedetemined%ydtecgnamssemmn:e.n fulte aaeethp| eFot he
HCV cDNA, U
e+ opt oo Ol d  PA8G  SEB TRy Betholrdd K U SR ol (03 08
1/12/ 94 1-47, d:hé rsequenceVinfornstionf ofs the polyinuaisatidel of xum uthe e
whi ch is conpr 'ﬁ%‘a ue a 65@@]3@&% rably
at\Jleast 8 nucl’eot |§iégé REV Qﬁa EB e?{glt‘fm | ed % nucﬁ%lp%ﬁédﬂg and
even nore 5 prR@ERdy EPrIEKQF'PlSQGlﬁG‘aI Eheyd can e dafarning
hybridization of the polynucleotides under conditions which

15 form stable duplexes between homclogous regions (for i
example, those which would be used prior to s1 digestion),
followed by digestion with single: stranded specific
nuclease(s), followed by size determination of the digested
fragments.

20 : Because of the evolutionary relationship of the
strains of HCV, putative HCV strains are identifiable hy
their homology at the polypeptide level. Generally, H?V
strains are more than 40% homologous, preferably more than

e 60% homologous, and even more pfeferably more than 80%

—/ .25 homologous at the polypeptide level. fThe techniques for
determining amino acid sequence homology are known in the
art. For example, the amino'acid_sequence may be
determined directly and compared to the sequences provaded
herein. For example'aISO;'the nucleotide sequence of the

30 genomic material of the putative HCV may be determined
-(usually via a cDNA ‘intermediate); the amino acid sequence
encoded therein can be determined, and the corresponding
regions compared.

As used herein, a polynucieotide "derived from" a

35 designated sequence, for example, the HCV cDNA, ,
particularly those_exemplified'in the sequences of Figs.

"l




honol ogousgy;t &, Ierrent ary to, a region of the designated nucleotide
sequence. sequence of the region fromwhich the
pol ynucl eo i',ﬂqﬂ W i s honol ogous to or conplenentary to a sequence
which is 1 HCV genone. \Wether or not a sequence is unique
to the HCV genone can be determ ned by techni ques known to those of skill

in the art. For exanple, the sequence Car%eé conpar ed to sequences in

dat abanks, , Genebank,: term ne whether it is present in the 15
uni nf ect ed ogtv'or’ Bot M 3?1 ESNORRe TefBEMCEOCAnPILYDUSd QT3 ed t o

t he kgown rs]sepmmem.‘.a mnmmas \comprigedt 6f ansegdenget b@satvwllgalgt g]e mown
t S 0 e
Ffaillnv:ﬂr:?dagﬁ%tlfhg&ﬂ&} gsip'o# g%lﬁo%tkg%/?ggpg §§ﬁ3 ﬁl’?en}?é"ﬁ ved
sequence t opyeferabdy &t ceast W0s12 bnudteetiidesd hy\dh;lsremm on under
the appr gpr pale®eHaMOGACH AU 14056 nutlEot hes! hBQrE%?%dl&ﬁ 0,

determ ning the conpl®eneritarity o sequences are own 1°f t he
art, and ar BOFCIQFLNT| 9% conplenentarystos oa §E9§pﬂe°f|\/&'—h|%1t i s et al .

500 o bt Bt ndution b el e, v,

0 gest | on woth Ehen RAGHRTS SRR WRLGH Tha PebUERELeakA edpgeae%zve is

si ngl eI st r andmdlygtass ito wlmﬁﬂemgmtwctgwb dtaquenaﬁgltwh:i%hf {1@;1 ;Nhl CP

typi ca sSgquUeNGes JIm ri've ncl ude but “are-not lim o, for

eigrrpl e; Ei &?ccﬂﬂ *ba?p%%’%?'?% epi? %ﬁ% ey RB AaSeMANG atseri bed

and/ or non- mﬁ.lqsieamm the) i HOWS . gmmelecanehlepdeyemliae&l By techoliques v
u

necessal ||V Pl JETANPEL | 1RTLhCAUS! CRLLIGARMTI B0, b

may be generated in any nmanner, 1 ncl ng fo chem cal
synt hesi s osemncsomasath%rpmpamr%e seguencest ﬁ-ondaltabwﬂﬁsor iepigi.on,

which are baapebah,Ntd Hetddhing WherhePdiLyibhpragenenin thePases in the
15 uninfected host or other organisms. The seguence can alsoc}
be compared to the knowq sequences of other viral agents,
including those which aie known to induce hepatitis, e.g.,
HAV, HBV, and HDV, and to other members of the
Flaviviridae. The correspondence or non-correspondence of
20 the derived sequence to other sequences can alsoc 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,
25 for example, Maniatzs et al. (1982). 1In addition,
mismatches of duplex polynucleotides formed by
hybridization can be determined by known techniques,
including for example, digestion with a nuclease such as Si1
that specifically digests single-stranded areas in duplex
30 polynucleotides. Regions from which typical DNA sequences
may be “"derived® inelhde_put are not limited to, for
example, regions encoding specific epitopes, as well as
non-transcribed and/or non-translated regions.
The derived pelynucleotide_is.not_necessarily
35 physically derived from the nucleotide sngence shown, but
- may be generated in any manner, including for example,

\



region(s) fromwhich the polynucleotide is derived. In 5 addition,

combi nations of regions corresponding to that of the designated sequence
may be nodified in ways knéwn in the art to be consistent with an intended
use. Simlarly, a polypeptide or am no acid sequence derived froma

desi gnated nucleic acid sequence, for 10 -eeanpl e, the sequences in Figs.
1-47, or froman HCV genone, refers to a pol ypeptide having an am no acid
sequence i dent chemicalt myntifesis oy BN | repkicatidni ort beveegeence, or a

Bnd mor e pr ef ot SAPS 2 ntieh PG ELon ) wll ch ARk Hageflbl"cE O
preferably at P.eagrmgium anowided dw the veegrencei afiubasegi dal the
i denti fiable wrblgidnR@)y R A &as ﬁ'@cf@ £46Cis ée&?&gﬁb' ngRt or

derived pol ypeptide ,i's not necessari tran ated froma designateéd nucl eic
acid 20  se8ueMdditdon,ccomhinations s%ﬁm hen$ncwggqundin90t°f thataef

Hﬁv genore; ”1 tHey des eaekqwf&w HERP NS¢ | méasfﬂéanﬂnfeayexstﬁtaba in .
S0l at 1 on FronfAA: AEEI tACPS APneieUerit (R FRCLHERRBRS BBRynuol o de- as
used herein |ntends a rsdlmm;ax‘ i Ppolypepoide, ozmﬂnneeatsantsbqheaceor
. synthetic origi h,e. b r ulatlon

not aSSOCIated W% §|f§ﬁﬁ [éﬁ%iéh?éﬁét$§9{k§§ %$€ ErABSRFEN %%F%hlt I S
associ at ed1bn exampde30 ther segudrcdsrin dFigs!ibr47y; onnfitom 48) HCOY l'i nked

to a polynucleggbgggthQféggi ere|nikgéééiﬁ‘thiéi+?n§ﬁdah ngaggﬁg The

term " pol ynucl _ as ‘used neric rormao
nugleot i des of sefenseyifentigad; & thﬂ‘b(ﬁiﬁcﬁeb? ypeptide encoded in the

deOXyr'bO”UC|equd%%ce,TWfSdﬂpﬂﬁﬂfﬁﬁﬂﬁhéied!tﬁhéP@iﬁrtﬂar?oﬁt&BﬂtEbﬁsQEts

the mol ecul e hg% fﬁyéi'gﬂéséﬁino aéfﬁgace qaogeégéeferably at least

15 8-10 amino acids,'and even more preferably at least 11-15 }
amino acids, or which is 1mmunologica11y identifiable with
a polypeptide encoded in the sequence.

A recombinant or derzved polypeptide is not
necessarily translated from a designated nucleic acid

20 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 expfession.system, or isolation from mutated

HCV. :

25 The term "recombinant polynucleotide" as used herein
intends a polynucleot;de 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

30 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

35 ribonucleotides or deoxyribonucleotides. This tern refers

only to the_primary structure of the molecule. Thus, this

il




Thi s sheet Date: 1/ 12/194 - 22- termincludes doubl e-

and si Agls8nsifAR as well as double- and single stranded RNA. [t

al so inc| , for exanple, by nethylation and/or by capping, and
unnodi fjﬂﬂﬂ’&ﬁ e polynucleotide. 5 As used herein, the term
"HCV cont | ence corresponding to a cDNA" neans that the HCV

contai ns a pol ynucl eoti de sequence which is honol ogous to or conpl enentary
to a sequence in the designated DNA; the2degree of honol ogy or

conpl enentarity to the cDNA will be 10, approximately 50% or greater, will
referably tiFﬁégﬁeabGEPbiﬁ%;&mé'@@Qdiﬂﬂﬂ?ﬁﬁ&ﬁ%ﬁ!ﬁﬁ@:wﬂ$IW5§1a§sleast
p

aboth ?Q"d/o davhbl?equg?cea:w}lhch;c%&fﬁﬁomw :11: ?aas'ﬁ iz@@;;&daéout 70

nucl eot i des refera at | east abou .nucleotides, and even pore _
preferably %?gfgég?'a5§ﬁt e@fﬂ“ﬁé&'e&yi agg:%yﬁ.acﬁmx} eﬁfg‘f T BY,C3BP+B¥pondence
bet ween t heami\unrgdifiedafdrkisc ofDithec polynubiestided by techni ques known
in the t, includigg, e, di 1 [ 1 S0 h d
mterialbw th the cARAEesl BREBRE. thel el AP RS AIng f, SRS

singl e strapernespending o af cDNAlemeanssithatidihe Heltcomtainshe di gegted

; s . g : L ) . vl
par i ol o Rorinadteselin Bideod] HicH AP Nl Abye o 621 on of the
particle wi¢AMBlERABLATY £0agc AETUARFS dihthe slesignaked PYhucthet i de(s)
ot T e e B e oy (o oo will Pe
ceIIs",1ghd£?z%9¥$§a?e§¥eppé"Pn'&ﬁqa'ﬁ?he 311W£§§§§5*b£§éE?,aSnHeBFFer
sulch te(rjngoabaat-mtgl Ia'hdr e&egat oS prrefﬂﬁﬂhary euml 'miﬁtcbéiztiSBﬁuﬁ B
cul ture A@S URice _ | r o.cel | sswhi 0 ve
been, used %gefec?b?eﬁfghgbfggeb@ﬁ%@ﬁgﬁﬁiﬁéﬁﬁﬂéaéﬁitﬁhéragfgﬁgggraéﬁﬁﬁ and

i ncl ude the7progeheotidess preferablyclat Jeast abouk 80 tnucléetidds, It is

d t ood t ' QNtAl L Gel il
be 35 88np%'i?e?wﬁd@%?ﬁﬁéﬁ?k%?ﬁo_#ﬁ T ot S0 TicTor HeE°IA"! Y
15 lengtK. The correspon ence!%etween e HCV sequence and ?

the cDNA can be determined by technigues known in the art,
including, for example, a direct coméarison of the
sequenced material with the cDNAs described, or
hybridization and digestion with siﬁgie strand nucleases,
20 followed by size determination of the digested fragments.
Techniques for purifying viral pbiynucleotidgs from viral _
particles are known in the art, and include for example, S
disruption of the particle with a chaotropic agent, and W/
separation of the polynucleotide(s) and polypeptides by
25 ion-exchange chromatography, affihity'chromatogfaphy, and
sedimentation according to density. -
Recombinant host cells", "host'célls",_“cells“,
"cell lines", "cell cultures:, and other such terms denot-
ing microorganisms or higher eukaryotic"cell lines cultured
30 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
35 completely identical in morpholegy or in genomic or total
- DNA complement as the original parent, due to accidental or



deliberate nmutation. Progeny of the parental cell_ which are

simlar to the parent to be-¢haracterized by the relevant pr

the presence of a nucl eoti de sequence encoding a desired pep

i ncluded in the progeny intended by this definition, and are covered by the

above ternms. A’ repllcon is any genetic ele®@nt, e.g., a plasnd, a

chronosone, a vh ﬂig t beha&ls as an aut onompus unit - of pol ynucl eot i de
elibe

replication wit ecEPFa oB. ERPARTY AL (e iRaxeRtAlngelli vhishn
control. A "vecape" suffacuentugoemn\dr do MY rdnt e cbeothapaseapeibd

is attached t replication.and/or ex ression of the
attached segmasgya@é%t r%ﬁeggg@ g’%@ Yoty ss‘{‘%' &rﬂﬁl%??%‘é &:s° 1§'séquences
whi ch are necessucyeobldefsequsheeeﬁmmaﬂing1aﬁdesxhed)pepk&deesare whi ch
they are ligate nat.u pen
upo% t he hog? o?n%%JQES ?h Eﬁe grogﬁ&gzqgﬁ%%ﬁ%%iﬁggQHg ng%%%ﬁigéﬁﬁra?ﬁ
i ncl ude pronot e¢r3r1=9'6§§ﬁﬂl U mgmtmi ermnators; in
eukaryotes, generally, guebg Pgli%glu g@%@p%ﬂ%&%éﬁmte&

ancerws

terﬁfnators and, _in sone instances, énh e term T contror’ éequences
i s drtended to PHRFRAE, At CRTAPRECMA, A Vigdiothat hehaves ascale i s

necessary f for eamtegameﬁs andtner @'ci%d&ll'ebilqdiﬂ@é m&&x:m&rmpeﬁiﬁ 35
s ST T TR e e 4 R
in arelati onshl p perni At Pwgctbe™ is faume;:mom ihehichtanoieeranner. A
0o o WERuctREEI s AP B AAE, S G Brhpdistur "
condi tions conpthébreplicatibn andy/ocxrl expression of the attached segment.
"Control sequence" refers to polynucleotide
15 sequences which are necessary to effect the expression of }
coding seguences to whlch ‘they are ligated. The nature of
such control sequences ‘differs depending upoh the host
organism; in prokaryotes, such control sequences generally
include promoter, ribosomal binding site, and terminators;
20 in eukaryotes, generally, such control 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

DNA conpl ement as the original parent, due to accidental ory, immggeenkgﬁ

N ' o
\_; . expression, and may also include additional components
25 whose presence is advahtageeus{ for example, leader
sequences. .

"Operably linked" refers to a juxtaposztion wherein
the components so described are in a relationship_
permitting them to function in their intended manner. A

30 control sequence "operably linked" to a coding sequence is
ligated in such a way'that'expreSSien'of the coding
sequence is achieved under conditions compatible with the
control sequences. - _

. An "open reading frame" (ORF) is a regzon of a

35 polynucleotide sequence which encodes a polypeptide; this

region may représent a portion of a coding sequence or a



An "open _rea | Is a region of a 35 polynucl eotide sequence
whi ch en |de this region may represent a portion of a -
codi ng seq s is the replacenent sheet Date: 1/12/94 Thi s

is the rep Dat e: 1/12/94 24 total
codi ng sequence. A ‘codi ng sequence" is a%polynucleotlde sequence which i's
transcri bed into nRNA and/ or translated | o a polypeptlde when pl aced

under the cead <¥a rég%P regulatory -seguences The boundari es
of the codlng sequence eternrne a translation start codon at the

5 -termnus and a t Parigeding %%@ée%'éﬂﬁn gt at Relynucdeptide semencs
sequence -cagniH Ude tﬁlﬁsd:xsim 1h 66t RANACARBNG 5 %sl&%d q@ﬁéﬂldﬁa
ent refers

pol ynucl eoti de 10 .segue nol Q |caIIy i | able wit
to the pres&R géf té‘rf&d%é?%)l’ m%o\‘?ﬁ bt FResEOntyRil. T APPRORFidt®&ent in
?nd arle 8ni gegula d dry Gsequencesl. porueeabudgéglesutwglthh HGugpr Pt el 3/5

mmunol ogi ¢ e e e i bo i .ndi a
conpet.t.on%fﬁ%m#a A (dasBniied by 4 EFEngYafRhsSthse, Sadch, 3K e
skill in ths'amarmﬁnnsu&nduaotramukatﬁbadstopreodaheatntnueness of an v
epi t ope can al er C S C nks
g P Cenon i veatieEs © A E5 g CRuBabAEe JE8AT SR 8aa TRAE A B

epi t ope, and—i@}t’ﬁd ke amseemceanénpacombﬁsantt P@mllemdq)r ot ei ns.

As used ber@g&ueﬂagg(nxe refers to an antigenic determnant of a
polypeptlde ah epltépe could conprise 3 25 amino acids in a spati al

conformation which i"STmNiRIICALIY tdenbpliabirewithyag! Gﬁﬂﬁﬂﬁatﬂwmr§T%
of at |east tﬁeStp%s%ﬂdw FEI 1t@§d(apr6nasEah ?et.ia&e%% Whidh lasst 8

such am no aig%spresencx¥h Qeéfé”hﬂiqﬁe tRa" designated
polypeptide(s), usually HCV proteins. Immunological
15 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 uniqueness of an epitope can also be determined
by compﬁter searches of known data banks, e.g. Genebank,
20 for the polynucleotide sequences which encode the epitope,
and by amino acid sequence comparisons with other known
proteins. | | .
As used herein, "epitope" refers to an antigenic ;th
determinant of a polypeptide; an epitope could comprise 3 [
25 amino acids in a spatial conformation which is unigque to
the ep}tope, generally an epitope consists of at least 5
- such amino agids, 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
30 include, for example, xX-ray crystallography and
2-dimensional nuclear magnetic resonance.

A polypeptide is "immunologically reactive" with an
antibody when it binds to an antibody due to antibody
recognition of a specific epitope contained within the

35 pelypeptide. Immunological reactivity may be determined by
antibody binding, more particularly by the kinetics of




conformati on of am no acids are known in the art, and. 30 include, for

exanple, x-ray- crystallography and 2-di nensi onal nucl ear magnetic

. resonance. polypeptide is "inmunologically reactive" with an anti body when
it binds to an anti body due to anti body recoggltlon of a specific epitope

contained within the 35 polypeptide. |munbfogical reactivity may be

det erm ned by 8{1{1 gggga g%gga%g W&W tl:hf)hg | é%%&&%&'ﬂfﬁafﬁg%smg as

25 - anti body b|n gg usin
conpetitor(s) aCREBERiEOKR(EIpai dsdiynentig eﬁs)emnm@imnan ebitape
the anti body- 'SaéaiﬁétedhioﬁhthheﬁﬁmﬁW63?fi§ diatgseRdl NorNb et d8hnfques for

pol ypeptide is noIo | cal g reactlve mnth an, anf i body. are known I n

the art. As usé EFE?H ngLH¥ qﬁﬂ%ﬁx%RWQRptﬁﬂ%ﬁﬁaiﬁg an
HCV epi t ope"si ngbadtiveautitnl by astibodyy sl mwipen itles 2rtf ragrrent s

chemcal oynt hesi o 10 ¥B; Bapg Belait) ekt Fiifigenté Rofibeptie
r econbi nant orgaontainihg anr HCVpepitape'ddnolaides raturallycoceureingnHaol

Depiides, o | ooRepsaRE a8, sRaBpdtd 'er s BEQATY #h Yiirpebtides

deflnltlon of pprepapeddby other meams;| fonl@xanpie, «themical synthesis,
post - expr esshon r
6 ogvé | r288ig &Osph (ﬁ Wéﬁi & wX@@é&mnm

glycosylatlons ace a ons, s and the
Transfornatlon°¥g§§1§§ed herein, refers to the 20 |nsert|on of an

exogenous pol ynucl e'otidehhntaza " Polyprigtidd Q?éﬁ:fsv@ocs Mﬁeé@i&?dcﬂafﬂ
fog_the insertio gbrect upt.ake nsducti on

The exogenous ﬁBEyﬁHSPBOPF& rﬁﬁf%ﬁ; rﬂwﬁ??ﬁtﬁ*%t ﬁngﬁttgf
for exanple, a thaesprdduet;:2thusl,t peptides,y oligopeptidesy) cand proveihns

host genome; 5" T{£8" IRB1uadd Withid*tHd de¥iHitidh PRI PELStide. This
term also does not refer to post-expression modifications
of the'polypeptide,'for;eXample, lecosylations,
acetylations,'phosphorflations and the like.
"Transformation" as used herein, refers to the
20 1nsert1on 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
exogenous polynucleotide nay be maintained as a
N2 non-integrated vector, for ekample, a plasmid, or
\— 25 alternatively, may be integrated into the host genome.
. "rreatment" as used herein refers to prophylaxis
and/or therapy. S
”individual“, as used herein, refers to
vertebrates, particularly members of the mammalian species,
30 and includes but is not limited to domestic animals, sports
animals, primates, and humans.
As used herein, the "plus strand“ of a nuoleic acid
‘contains the sequence that encodes the polypeptide. The
"minus strand" contains a sequence which is complementary
35 to that of the “plus strand“
' As used herein, "positive stranded genome“ of a
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‘?WWHTH—%4NH%H¥%——AQ_ I ndi vidual ", as used herein, refers to vertebrates,

pq$ﬁgﬂayﬂﬁgh s of the .mammalian species, 30 and includes but is not
Tm ,ﬂ m animals, sports animals, primtes, and humans. As used

strand” of a nucleic acid contains the sequence that
eptide. The "ninus strand" contains a sequence which is
conplenentary 35 to that of the "plus strand". As used herein, a "positive
stranded genone" of a This |s the replacaﬁeﬁt sheet Dat e:. 1/ 12/ 94 Thi s
is the repl et Dat [,12/94 ' 6 virus
is one in ?ﬁf@? Fﬁ § elﬂ@?ﬁﬂ’{}&P‘Fh§¥ﬁ§¥% OF BNBediSand
whi ch, encodsinglers&ranﬂeﬂypﬂ@nﬂhﬂﬁﬁ .erfoudgs es wirgbspdlypeptidadsy . RNA
viruses inc a TPV ornaviridae, 5
and Calici v##lgﬁg]e:gg }snc?_g%qa: j'eglﬂso arx{edﬁegqﬁawg‘yé%%agﬁcm# h were '
formerly c|3ggavn§adae.T&@;mnexi;idaeiuae#rnwmrinaeapEieqessyirAeaased
herein. §angho xlsem & DOPhORERR orfago¥RoRage of an
(o} t%e

|nd|V|duaI source i es o ereét

Ant i body cdﬂbéFhlW&rsoéPr@G#ﬂGhéﬁk Q#uﬂﬁlT?EQY%?%@%B-anﬂePnElsaésbgb

are not IlngtgﬁiPa (19869 xanple plasna [err] spinal fluid, ['ynph fl ui
the external sec

che external SEElos ol e el ol e i cslugel, apdgep Courl vy -
her ei n, pueofnpedeﬂw rieetfe&tes ﬁoo 2 qunpnent wr ain Hidaiighahas beaw '
ohot o G RR 8o MeflechO R e adi g 6P LREntlt® | oaBRiEm
i nfected tleenbalnihq b@dUhDQM§pﬂﬁntssareukngwwlimseheaaetknamd to those
of skill injhB¢uAk! but are not limited to, for example, plasma, serum,
spinal fluid, lymph fluid, the external sections of the
respiratory, intestinal, and genitourinary tracts, tears,
15 saliva, milk, white blood cells, and myelomas.
As used herein, "purified HCV“ refers to a
preparation of HCV which has been isolated from the
cellular constituents with which the virus is normally
associated, and from other types of viruses which may be
20 present in the infected tissue. The techniques for
: isolating viruses are known to these of skill in the art,
and include, for example, centrifugetion and affinity <
chromatography:; a method of preparing purified HCV is -/
discussed infra.

25 1II. Description of the Invention _

' The practice of the present invention will employ,
unless otherwise indicated, conventional techniques of
molecular biology, microbioiogy,.reeombinant DNA, and
immunology, which are within the skill of the art. such

30 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.

35 Higgins eds. 1984); TRANSCRIPTION AND TRANSLATION (B.D.



and include, for exanple, centrifugation and affinity chr ammamhwd
met.hod of preparing purified HCV is discussed infra. 25
of the Invention The practice of the present invention mnll

ot herwi se indi cated, conventi-onal techni ques of nol ecul ar bi ol ogy

m cr obi ol ogy, r econbi nant DNA, and i mmunol ogy, which are within the ski ||
of the art. Such 30 techniques are expla@med fully inthe literature.
See e.g., Maniatis, Fitsch & Sanbrook, MOLECULAR CLONI NG A LABORATORY
MANUAL (1982) ;Haniz\ mNGiiWs AbrBB4#) ; ( ANEMELOCELL-CULTURE) ;(R.I.

(0. Hares & T olhte) Gttt R B S e o

(B. Dh -d27 mm§%® J.BriBerkaledsA PBAGTICAK GHIDEETO

Freshney e 2@?}% 4 &5k D ¥Btocyl

Per bal , Y A PRACT I CAL 4 O%O_wajﬁﬁyd%%l?%gg§lsg4mﬁt he serY i 32%‘1&%8
| N ENZYMOLEGY RoRsieFRC 5) § FPENE TRANSFERFRETS! R*‘%%éﬁ GRLLS

o Celk 'Rl MORhORY 1R moaviaiody Hor, 1384} Ml AR A
NETHODS IN CEumendosrmmLmelmo@dsAcanespecemeiy)l.omme)r a®chpes,
e erRORE AR I S| o T NCHifzzo MW IRAE TiiupBas 2l cadil |

-1V (D Mm/vs.uoraﬁ@m@I@%xmpa@gniq935;5515London) . Smopesat e(ﬁ-t9§7) '
patent appli Caértcﬁﬂ?m whfyfémfénonﬁnfﬁatpﬂﬁsdmsr Mcﬁ@rsh Bedong@nd

infkea, are here I ncor porated herein ﬁ ref erence. he useful materials
a

and processes I'Eﬁlﬁif%n p(%E’éh’t’%ﬁﬂéﬂﬂ%ﬂv eyw&deaﬂésmpgo% Fe - provi sion
of a fam |y OfEX¥ERIMENTAN IMMUNOUOGE, "'VOLUNEEIZ-FvqyDnNes Wedid! andl d.r @u a

Blackwell eds 1986). - _ :
15 All patents, patent applications,,and publications i
'mentioned herein, both supra and infra, are hereby
incorporated herein by reference.
" The useful materials and processes of the present
invention are made'possible by the provision of a family of
20 closely homologous nucleot;de sequences isolated from a
cDNA library derived from nucleic acid sequences present in
the plasma of an HCV 1nfe¢ted chimpanzee. This family of
- ' nooleotide'sequences'is'not of human or chimpanzee origin,
— since it hybr;pizes to neither human nor chimpanzee genomic
25 DNA from uninfeoted individuals, since nucleotides of this
family of sequehces are pfesent only in liver and plasma of
chimpanzees with HCV infeotlon, and since the sequence is
" not present in Genebank. In eddltion, the family of
sequences shows no signlficent homology to sequences
30 conta;ned w1thin 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
35 which bind to this polypeptide, whereas sera from
non-infected humans do not contain antibodies to this
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cDNAL ry derived from nucleic acid sequences present in the plasm of
an hﬁy | nfected chinpanzee. This famly of nucl eotide sequences is not of
hunany S lacedr i gi n, since it hybridizes to neither human nor
chi nmp 25 DNA fromuninfected individuals, since nucleotides
of th equences are present only in liver and plasma of )
chi npanzees with HCV infection, and since the sequence is not present in
Genebank. In addition, the famly of sequences shows no significant
honol ogy to sequences 30 - contai ned wi<h2#& +he HBV genone. The sequence of
one nenber of the famly, contained within clone 5-1-1, has one continuous
open readi rgelybeptidrr) Rinadlyncwhereasydhe @eriadLaom appinfectad| y 50
amno acid kN L6 d N LRI, Al Lo Ty i ch
Bind ot hi S iEpaRzebe MEHL BRI UkID AN oo P B Bipeb1dl)
contain antﬂb@dﬂ%gigediﬁﬁsa?ﬁi dnducede ine anzeem LAl 1K iNg Baute4
This is theykgpliasRerBatishset MBretver)/ ddtibodidh td R PdHpeptida! | V.
whereas the sera Lran&un*nfegted 3h|npan_e§@m30'nﬁ: contajn antibodies to
this pol3pchFe ROt Aetartedodn.chimps; f TARNS: Sith | HAY #pdicut e
aNANBH i gf _eqrm;_n. Bybtgeﬁer cran_téir]pa'dithg ts_eqwra:'h” \?m’é“ﬁ?\?m I;Eo Areirgl
etected in_chinps_an umans. i nfected w.th ~and HBV., By thesg.criteria
t he sequenc%e‘F"ée cﬁDl\thﬁggnvagl M eﬁ@é‘ﬁ%@%%ﬁf@%#ﬁe&m or is
associ at-ed NANBHNAKBES ¢CDNA sBijaenceudsc shiowrsiimwFigy Rig. As discusssdissed
infra, the se n N o ¥l Jinf e eS 4l J40 i ot her
i sol ated C%h ?ﬁgt 8??'%3%?2??5%%%%%‘%3?& f}a.iraris. F %gfrrrp@éi e of
ot her |HentPfithen ekhersisplaged: oRNASy AN £hathiith cantaing 28 «xtea ng a4
probe a synpdgéi pagegyence equivalent to a fragment of the cDNA in clone

A composite of other iéenﬁffiéd méﬁbers of the cDNA
family, which were isolated usingi&é”a probe a synthetic i
' sequence equivalent to a fragment of the cDNA in clone
15 5-1-1, is shown in Fig. 3. A member of the CDNA family
which was isolated using a'sYnthetic_sequehce
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,
20 - including those present'in'cicnes'IZf,'141, 11b,'7f, Te,
sh, 33c, 40b, 37b, 35, 36, 81, 32, 33b, 25c, 14c, 8f, 33f,
33g, 39c, 35f, 19g, 26g and 15e are described'in Section ' \;)
IV.A. A composite of the cDNAs in these clones is '
described in Section IV.A.lSQ'and shdwn in Fig. 32. The
25 composite cDNA shows that it contains one continuous ORF,
and thus encodes a leyprbtein. This data is consistent
with the suggestion, discussed infra., that HCV is a
flavivirus_pr'flavi-like'vifﬁs.“ Clone k9-1 overlaés the
sequence of Fig. 32. A composite cDNA is shown in Fig 47.
30 - The availability of this family of cDNAs shown in
- Figs. 1-47, inclusive, pefmiﬁs the construction of DNA
probes and polypeptides useful in diagnosing NANBH due to
HCV infection and'in'screeniﬁg blood donors as well as
donated blood and blood products for infection. For
35 example, from the sequences it is possible to synthesize

@



15 5-1-1, is shown in Fig. 3. A nenber of the cDNA fam |y which was

i sol ated using a synthetic sequence derived fromthe cDNA in clone 81 is
shown in Fig. .5, and- the conposite of thi §'239e‘quence with that of clone 81
i's shown in F|g 6. Oher nmenbers of the cDNA famly, 20 including those
present in.clones 12f, 14i, 11b, '7f, 7e, 8h, 33c, 40b, 37b, 35, 36, 81, 32,

33b, 25c, 140, 81 puAbi1dherddpe §§§K§1%Q102§ﬁc‘1%t31%sar ®19%iqdied ity cn

Section IV.A A conposl ese ones 1's

Section IV.A 19, 8h8 BﬁS&Hllﬁnggbr izapionm probes, i detasta Wi Rresence
it contains. one cofit theouir@kFgeandet ins docodxanmplegl \serel eim subﬁ‘easiat a

|8 consistent wl! BuipeceUdoBH! haBodihGisE] vithies. orf ¥l WOkdehihg danated

flavivirus or flayvil E dps 't he se&Zﬁ
32. A conposi pe BERRd; E0XhEhR PReppgcgr of3ghe vizus. THhefAM iy 19F DA
this famly of cédfgaenbesnalsoFadiows- 4he ideslign \ahd protiuct iidie of HCV

construction of c ebes t u u | |

to HCV |nfectlonEEﬁ%BFggchgﬂﬁngképsg h@%%g %E% héﬁﬁu %&P%ﬁ_ &M@ﬁ. dgend
bl ood products fagenkse€Prothe PﬁﬁsssceeﬂénﬁméiDQﬂiﬂﬁIﬂiéﬁﬁﬂmﬂﬂﬂkﬁglﬂANQﬂ
posgiple to synt heatIBodies2f0 Phpigliedope wfpt&ﬂ@st dRri¥ed A itIRS .cONAs

| ar gér, .-whi ch e usef as_hybridiza ect t.he pr s nceg of
t he viral gen6 ?%? gﬁaﬁ%ﬁg ¥é ?5%§F @&t% g§§ﬁ i ng
the virus, ..or fbndétlénﬂiHgandnaneblsoﬂlood for the presence of the

virus. The fanily of cDNA ﬁﬁeueaaee alfsehelsbowmh%e&srmsaMsw EHEE 1PN

Chepr esence of SFREbOAPIN, AN HEAARES] CRARS POAYEARIdSS (BTl ke

pol ypept i des der i weedf asnvancioesiegad nsty HOVs ange alssd fioxr ddtemroduction

antigens in i psecsedanpdbyides Swhleh Anbltaes niéip\ﬂee%%d)ffdﬁ‘ tdd¥ion

sequences al so enabl enggetgesaggeggg'pr% ct| e%:l Ye%té chacsv z.ntcectecybie
indzviduals

Moreover, qhe famlly of cDNA sequences enables

- further characterxzation of the HCV genome.

20 Polynucleotide probes derived from these sequences may be
used to screen cDNA libraries for additional overlapping
cDNA seqﬁencee, which, in turn, may be used to obtain more
overlapping Seqﬁences. Unless the genome is segmented and
the segments lack common sequences, this technique may be

25 used to gain the segquence 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 isolatxng the genome

30 from purifled HCV particles.

- The family of cDNA seguences and the -
polypeptxdes derived from these sequences, as well as
antibodies directed against these polypeptides are also
useful in the isolation and identification of the BB-NANBV

35 agent(s) ~ For example, antibodies directed against HCV
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used as vacci nes against HCV and also for the production 15 of antibodies,
which in turn may be used for protection against the disease, and/or for -

t herapy of HCV infected individuals. Mr8@wer, the fam |y of cDNA sequences
enabl es further characterization of the HCV genone. 20 Pol ynucl eoti de
probes derived fron1these sequences may be used to screen cDNA libraries

for additional overl appi cDNA sequences, which,. i,n turn, nay be used to
obtain nore o?BSFQBﬁPn &8ﬁ9e§“ PBAWP§§tﬁﬁ€sg9ﬁﬁﬁ¥ %ﬂ%mé%ﬁéGQ¥%§the

segnent s Iackmapnhanusequancp:pcebsestbabaﬂQupomaptwanmiy-used to gain the
Seduence. Of | PRrERELOE-ABROTES LEBYRNE chif ﬁ%sge”%ﬁ%e'ﬁa%%'@?,” other

segnents of t ai ne

ser ol ogi cal s%?%éh?ﬂgeﬂrUBKdEFe“ﬁ?édtPolp§8Fé vHealc pREASIHRE descri bed

her ei n, 05 hscbaneulbylythyrlsebhhﬂqgebhe gaBOWﬂﬁiQ dhﬁﬂ@qusﬂdhdﬂiH@UV
partlcles Y. C a ti rived from
t hese sequenc s't'aﬂm: m?fze?% §§‘Hg:ﬁe§ﬁ [ ?gg}g‘geggg’&ﬁ %%sti S‘(ﬁsyﬂgﬁ't | des
are al so usefthenpbenfursbes: charasgerd&edi fication of the BB—NANBV 35

agent (s). For exanpl erhaninfeenatin’ edtadnedrifitn HG¥tHas s‘e’i;déiﬁ:mgd
repl acenent shge&hgnhev ge% §§ gi |F8Thl &oﬁF;%%Q Qh%g nent sheet Date

1/ 12/ 94 peptldes derived.
from the CONAshamgcberigatipn pﬁo@b938§Vba9&dgsponaaﬂfmmampqﬁenunnnngnaphy

tg ISOL ate ”‘Gthﬁé'S lenéhéeéﬂabnéel Yhe! Besdgn Aod ey mﬁ;?hw%d-o
antigens and ShEEoaak PEoRer ARy PilvRseYiAss a3l At ERase shich My
then be furthee nhedaﬁonrﬂieaﬂ°$héf|ﬁpﬁr@EBWGmthMalmmﬁ1ﬁannﬁhﬁndn¥ of
sequenci ng ofpge; HlcEQNRARER), . a8 ¥R sereenifNg Wodr'Snfected blood

15 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

20 will be of major use in elucidating the biology of HCV.

This in turn, may lead to the development_of new treatment

regimens based upon antiviral compounds which

preferentially inhibit the replication of, or infection by
~ HCV. '

25 The method used to identify and isolate the ~
etiologic agent for NANBH is nbvel,'ahd it may be ap- v/
plicable to the identification and/or isolation of hereto-
fore uncharacterized agents which contain a genome, and
which are associated with a Variety'bf diseases, including

30 those induced by viruses, viroids, bacteria, fungi and
parasites. In this method, a cDNA library was created
from the nucleic acids present in infected tiSshe from an
infected individual. The library was created in a vector
which allowed the expression of polypeptides encoded in

35 the cDNA. Clones of host cells containing the vector,
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10 characterization of the HCV antigens and characterization of the genome
enabl es the design and synthesis of ad- ditiggql probes and pol ypepti des
I's,

and anti bodi es whi ch may be used for di agnosi fof prevention, and for

therapy [err] HCV i nduced NANBH, and for screening for infected bl ood 15
and bl ood-rel ated products. The availability of probes for HCV, including

aﬂtiﬁe?ﬁ apd artib?ﬂéﬁSexﬁﬁdsgeHyaugﬁﬁFﬁth?Fde&u}Qdrbh@ﬁfﬁ&ﬂﬂ%yymahé;dﬁ“a
ic e fanily of.c -i.s deriyed al.sq al.lows faor evel opnent. of,

tissue culture syg?éngeN%i"gﬁ QS- \%‘X‘PI 'egé’%&ogﬁﬁj Merﬁge%%eelsfgie&%ﬁ#g’% &
bi ol ogy of HCV. Thmsolegicah, soupehéng o the expyiession prodwevs ofatthent

regi mens based uppbaRii{Vivieh aﬁrraﬂw%dyhbehtarm&%ewdﬁﬂ lobmipdhidit. £rm
replication of, or i he .ne

t by HCY. 25 " t hqd d t .
identify and i3ol 3%{‘{1%% éz{qangﬂPg{aBEﬁf’lPBP1MAri1§rqufe:§eﬂox‘i’31t,hu§’& iP?"r?eE}"t?e
ap- plicable to tagentientThecatepa éndtbe ismuablogicalheczeeniing ¢echnique
uncharacteri zed a &'iéd.&@'§Ht€9%§|i§aa§g§{‘%§§§elﬁ§ oA AR b

with a variety of diseases, Inc ) Se. uced by viruses, viroilds,
bacteria, fungi oFeMpatBinge¥ectory wAth Sbenaatikodpnsontyindng \pod¥; eat ed
. from the nuclei c eompsnentsefitai secohdctiadetitedudntiioidaali,nfaset edtecting

rogste puete : Scon . ! I _ !
1O el e 1A Poimieicn B g gl len
contai ni ng the veR¥BFessionzprodurthsixpndsandibrdins,fdl ShecMacPndkactive

fragnment of a pol ypeetted dhdivedealol oThe ageﬂhxeuebaomdsemkedd@tﬂeﬁed
e hody “abnt o o et LARRARCRTERIEPE0 UakBAAC G Y iy
infected with thepmﬂ%g%ewggbntzhe apt ibpdys contaiaingnihesyo famponantse Mg
t echni que i ncisideskhed efiR@iviguals gngectedowithodhe! putiatiive Adéht and
containing vectorg; yhtohfEo 2N 1 hEPYYa6862uR1A%eReY with the putative 3
égént, and detecting the formation of antigén-antibody
complexes with antibodies from the infected individuals;
_' and the cDNA-containihg vectors which encode polypeptides
20 which react immunologically with antibodies from infected
individuals and individuals suspected of'being infected
_'with the agent, but not with control individuals are
isolated. The infected individuals used for the construc-
tion of the cDNA library, and for the immunological
25 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
30 in more detail infra, this method has been used success-
fully to isolate a family of cDNAs derived from the HCV
‘genome. ‘ S ' '
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component of a second infected individual, and detecting 10 the formation
of anti body-antigen conpl exes between the,gxpression product(s) and
ant i bodi es of the second infected indiviaag The isol ated cl ones are
screened further imunol ogically by interactlng their expression products
wi th the anti body containing body conponents of 15 other individuals

inIﬁcEﬁd\Mtrujjuh$nnp§ég§t§gmwﬁ @ﬂdtmétaongngéggehegividuals uninfecteg
Wi e putative agen ornatron_o en-a y
conpl exes wi th ant|bod|e§P$i§ﬁn??EPTr#£kTeﬁ ?ﬂﬁ???ﬂﬁﬁ?s"lﬁﬁdcﬁﬁgnéﬁNkeg
cont ai ni ng veatrtﬁesmmmmmtmmMpalubghmitehloﬁ thactrirus, i.e.,

;mgglt 23' C?I lat vré%hntggﬁcq egﬂiﬁtﬁ%fiﬂf%i‘féﬁi eéo?a%mdklé%é/ﬂf? J»FQ' ysdyal s

 ndi vi dual 3 a&é’ &S IAtR. Y l??ﬁ%’g‘fg anﬁ“af is ecgngédi?eiafﬁe £5R®¢ r uc-

tion of the chitede lpanticlkes was usediastheéotemplafé iacthencogsaead-not

oe of the Samy i fPdes chis CHIbFaly X4! Ehlo 9ifal gbhomdl 'hhg Method, and
an odies dir

t heir expression products alnst the expression
product s, areHEﬂé%ﬂ“F9§cﬁﬂﬁe&ﬁ?43t+9ﬁﬁb aHGF%FiEﬁpﬂaV|Bgrth§1§§|éPégﬁ@
agent . Afs ldlesmrndmmng rthmr@metlaj.braﬁfrm lambdaegbel hasdbseassea Y35
success- a efLV t e '
This s tRS rZ'{;’Scéec}éﬁrﬁa" LA, Jatngehieyfol g veetdt Rhab KaCROSR
sheet -32- Dagdeve °E§@1ﬂ8ﬁ?4#19$11¥w%®a?éﬁ¥%msoineﬂeteémmPSAQueﬁcéupeened
serum from a gulypepcitdes Wi throets-ghlacvdeidase and tonsor8endlarhegh

bt Lot 5", Suliyed S, mdlobtitind SEhdod W IBY' GEECLFILSRHETESER. paCRAL)

against a defined antigen. The lambda-gtll cDNA library

15 generated from-a cDNA pool containing cDNA of approximate
mean size of 200 base pairs was seteened'for encoded ’
epitopes that could bind specifically with sera derived
from patients who had'previously experienced NANB
hepatitis. Huynh, T.V. et al. (1985). Approximately 10

20 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

25 binding appeared selective for sera derived from patients \J__
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-

l1-1 was determined, and is shown in Fig. 1. The

30 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

35 by sera from patients with NANB hepatitis infections.

6

N 1)



these particles was used' as the tenplate in the construc- tion of a cDNA.
library to the viral genome.' The procedures for .isolation of putative HCV
particles and for constructi‘hg the cDNA |ibr3dd~y in | anbda-gt11 i s di scussed
10 in Section IV.A 1. Lanbda-gtll is a vector that has been devel oped
specifically to express inserted cDNAs as fusion polypeptides with

bet a- gal act osi dase and to th
specific antisera raised aé@ﬁ gt@ai Légb%’rﬁ tg'e W'?%f%bgﬁﬁﬂ
library 15 genephagé ﬁrdmlahasNAlld@medccﬁqramhmg.mmn zﬂﬁor@hm&t@lm
:Ipégl ?T czi??ybsmsteﬁaggéanwgrgl 36(?&??%%‘335 e:nt S wh aqﬂaﬁﬁ){)%]'V| ou e ence
NANB hepatitis. hﬁA T‘°Vt al gesome ﬁ%’ﬁr %"ﬁ’éf ﬁ(igofibrary
phages were s& edaednhad Bupe'aposnalsl \ssrpmx;&ls usdmg mmn‘heaﬁ,c purified,
and then tested gy ﬁae%&@abyds&iwlmm hed 3 eai'erﬁaa Qﬂ&@{é%&ﬁ@@-

and chi rrpanzees v fected w,th e of
phages, 5- Eog 8gi‘of irh s8’ﬁ§|?§|’iu§’§r¥ ther \Glonedy
appear ed sel ect i whi€hr weser ddeatiifded masmglgt il and 91 ;prike JONI

hepatitis inf eth8H§a§hgﬁeh&tﬁWhegl O%qoq‘%oﬁ %‘%‘{wf extgég tggdich

blndrhg The sequence o econbl na
determi ned, & F40BRoM-An3Ei gnd IV.Pn4 SOT%IW%%mmfh%fsour
cl oned.cDNA, whi £hdependehbecionest axesishiowmdn fFriaye 2s whHexrd\-thy i nal

beta- Cal act 051 dfsgoTRReEY Ske! AU Y WIRPVGIR ica SNAMLLPO G ddinces

nucl eot i de sequence translation enco €S an

epi_tope(s) speci efcarFeptidsn pressot ppiguely rj-d"m et~ le kh Mansnd
hepatitis infectgdnare indidatédebyvamadlll lletiters.t he cDNA i n reconbi nant

D0 et "o ent o e o Fab! EREBHC R AR SRS Fhages
genome.  The | anbBlac §enescbrA-LirbBdry 1- 2: and 91 are highly homologous,
. and differ in only two regions. First, nucleotide number
67 in clone 1-2 is a chymidine, whereas the other three
clones contain a cytidine residue in this position. This
20 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 p:esent in the other clones. The extra

25 sequence“may be a 5‘-te:minal 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

30 screen and isolate cDNAs from the lambda-gtll NANBV cDNA
library, which overlapped clone 81 cDNA (Section IV.A.5.).
The sequences of the resulting cDNAs, which are in clone
36 and clone 32, respect;vely, are shown in Fig. 5 and
Fig. 7.
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5 described supra, was screened using a synthetic pol ynucl eotide derived
fromthe sequence of the cloned 5- - 1-1 cDNA This screening yielded three
ot her clones, which were identified as &l34.1-2 and 91; the cDNAs contai ned
wi thin these clones were sequenced. See Sec- 10 tions IV.A 3. and IV.A 4.
The honvol ogi es between the four independent clones are shown in Fig. 2,
where the honol ogies are indicated by the vertical lines. Sequences of

nucl eoti des present uni §igliilamyl eneymhetic E;mlymuthiqtmea basﬁd:a:tred by

smal | letter Sthe55'-regionT|6€f 1% % sef Ho '&fé@rp’%}# el nﬁtﬁes in

cl ones 5-1-1 9 ar e h| honDIogous and d y two

regi ons. Flrngﬁﬁﬁcﬁg 74¥ﬂn§“§:lqpﬂﬁ;k%qqﬂﬁﬂcﬂhkF wher eas
the other thr eeea:llappedcclimen 36 qumdl(r&crtﬂsuxﬂlm/.lma his rmSpﬂzrmed Thl S

20 substitgti OWgv t %JH% qgﬁg
acid. The gecgggng i%ﬁgg%g%av\qgeﬁ% ones |s‘fh&{N ltm‘enr}g cont a| ns
28 base pairsiged; £8 ?'r S SY sRJRqu Fasnraner cknmes.
The extra 25 38qaadceheaNANBY TDNA ts@quemde (dmmaﬂg'neﬂ twithiin this teldnsal

cloning artifagt y gobserved in the products of cDNA nethods.-
Synt heti c seq%gnéegcﬁe mi?afrc?(r)nthe 5' -region and the 3'-region of t heNicv

cDNA in clone 81 were u§¥d“tté- liging she rechnigue of evlaving tcn«eerlap-
| anbda- gt 10 NAMRY eBNA behnmes\wcqu@eerdoamdam neddile SdAWY (et

IcIVo'rAI\eSSZ ' -rrggpég |ve %iegﬁnegéﬁom mtél?r%‘e%d‘%m %Lfare Itlzhf'goé]’s ?ﬂéand

repl acenent shéeiagape of] these, clongs s iiss mﬂjéiﬁdadmm heRecttion: J
1/ 12/ 94 IV.A. -34- :

Analysis of the nucleotide sequences ‘of the HCV
15 cDNAs encoded within the isolated clones show that the
composite c¢cDNA contains one long continuous ORF. Fig. Zf
shows the sequence of the composite cDNA from these
clones, along with the putative HCV polypeptide encoded
therein. : ' |
20 : 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 pottion thereof, could
be prepared using synthetic methods, or by a combination ~
25 of synthetic methods with retrieval of partial sequences ~
using methods similar to those'deseribed 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 Budspest Treaty with the
30 American Type Culture Collection (ATCC), 12301 Parklawn
Dr., Rockville, Maryland 20852, and have been assigned the
following Accession Numbers.
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Simlarly, a synthetic pol ynucl eotide based on the 5 -region of clone 36
was- used to screen and isolate cDNAs fromthe | anbda gt-11 NANBV cDNA

| i brary which overl apped clone 36 cDNA (SeetdSen |V.’A.8.). A purified 5
cl one of reconbi nant phage-contai ni ng CONA which hybrid- ized to the
synt heti c pol ynucl eoti de probe was naned cl one 35 and the NANBV cDNA

sequence cont ai n Lt hj his clone is shown in_ Fi 8. By utilizin
t echni que of |so§§¥§§§6§géllap- 10 ping cDNAﬁggﬁhéﬂhe cloﬁkﬂﬂﬁikﬁébiﬂﬁ
addi ti onal upst ri&a¥n dbihzargam HCV cDNA sed4039des have beern @Eei nEB7
The isolation ofcidwsestl ones, is described ighp3gg N SectlonI]V 1987

Anal ysi s -of the (WG de sequences of the H encoded Wi t HI
the isolated cl onesﬁgﬁ%%v that the conposite cmaggnt ai ns one Y%Mpv. 1987

continuous OFF. cyome P-2hows the sequence of #0890onposite cIVANgGwMdEse
clones, along widiphddespplipti ve HCV pol ypeptid oded t her ei Q
gt 1B N5 o

The description of 'the nmethod to retrieve the sequences
historical interest. The resultant sequences (and their conplenents) are

provi ded herein, and the sequences or apNePdéd i tggraeﬁosgegldlmg be

prepayed using synt et|c hods, b 8¢ CC at nt h
nmet hods with re Qﬂdﬁiﬂ% n % qﬂ@?ﬂ% hgﬁho&§a§Fn?¥8P ?het98§8
descri bed hereinf uaum$1QﬁldrsionufﬁNeexﬁ)caseusfaﬁherhthHCWBEDNAeHHBS&ry

and from C'ﬁ or tnk Yep o]s -arB!: %o RMke b@ﬁf’oﬁ'@@&ﬁléeﬂﬁadéf the yegms
of the Budapest Treaty mnth e Culture, Col

rican T
(ATCC), 12301 PRAESHMy Mh C*ﬁi’a&l#ﬁ Tm’fn an 26%5’§epaﬁ&tﬁa98 bséﬁer
assigned the foHb@usﬂ;e&umaranﬁaltuﬂnntnoﬁiﬂ heré&fn amebdilntgndéd for

ATCC No. - cBRReHilerld¥ ©nly, and are not required to practice the
present invention in view of the description here. The
15 HCV cDNA sequences in all of the deposited materials are }
_ incorporated herein by reference.

‘The description above, of "walking“ the genome
by isolating overlapping cDNA sequences from the HCV
lambda gt-11 library provides one method by which cDNAs

20 corresponding to the entire HCV genome may be isolated.
However, given the information pfovided'herein, other
methods for isolating these cDNAs are obvious to one of
skill in the art. Some of these methods are descrlbed in

— Section IV.A., infra. '

25 11.B. Preparation of Viral Polxgeptidéé and Fragments
S ‘The availability of tDNA‘seqﬁences, either those
-isolated by utilizing the cDNA sequenceS'ih Figs. 1-32, as
discussed infra, as well as the cDNA seQuences in these
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HCV cDNA | i brary 40394 1 Dec. 1987 clone 81

40388 17 Nov. 1987 clone 91 40389
17 Nov. 1987 5 clone 1-2 40390 17 Nov. 1987
clone 5-1-1 40391 _3¢. 18 Nov. 1987 The

desi gnat ed deposits will be maintained for a period of thirty (30) years

fromthe date of deposit, or for five (5) years after the |last request 10
for the deposit; or for the enforceable life of the U S  patent, whichever
is | onger. Tmmgunﬁﬁxxpenmtnaithemnomh#mnntimhrnﬁeexaresanunlmeeﬂohereln

are intended f | &gd é%gb e
present nvente?%rﬁln | ew ?%iﬁ@%ﬁ%ﬁ%ﬁgﬂy 6E tl&@ B ém&g
sequences in &ncage RETARYy | aThese anhigepically ackdvR by
reference. Th&edﬁws ma}orbahwﬂ.ved fem kot dPecegeebope bantigensi og

I [ nce d ar
%?Loé‘pﬁ'y”%. ?E’éﬂb%%?%o‘fﬂéé@spo iy ol ?’f#me&% Fephadgee ae°
i sol ated. Howdiad qg\RﬁPQQkﬂﬁﬁﬁRQ#ﬁﬂ#Q#ﬁ?#kﬂ#cEQﬂYN#E##B(%ihe@nﬁeﬁhbGS for
i sol ati ng t hesd raNQfroeis b \teisi teld Ofr OEhé kirdpl idat {én dakd/ oS08E- Of

t hese net hods ed in. Sec [V A epar atfon
of Viral Pol yﬁ [5@1 ed angﬁzr é&%ﬂe loﬁ/al I%*W??t%feﬂmlggqgé ces,
either those ﬂﬁﬂkﬂﬂﬁﬂﬂplﬁHQHtﬁﬂﬁftéﬂ?(ﬁ?@i@&@uén@@sthﬂ ¢PNR. cloges as

di scussed 10f hidindp ddtivernsiddil q@\&ﬁﬂwﬂmﬁi gds £ 168 Cot b é?nﬁﬁétxc
repl acenent she Thi | ace

h
-36- figures, %g Angd &ﬁ%f]r"tﬂsﬂé%cﬁ %x‘ﬁ?ﬁ%?%n%gﬂlo?‘gyen£8'ﬁl ng
anti geni cal | ymm,r epnainipartions y@épﬁﬁdéoemncasesuhbrast rand.

These anti genipetld-GaAGdtes IdE& r BupdroLEdé V@ shn 0886 0p508) , epyekape
antigens or ably SOD,_Methods and vectors which-are useful for the

15 production of polypeptides which contain fusion sequence
of SOD are déscribed in European Patent -Office Publicatijn
number 0196056, published October 1, 1986. Vectors en-
coding fusion polypeptides of SOD and HCV polypeptides,
i.e., NANB;_, ., NANBg,, and Cl00-3, which is encoded in a

20 composite of HCV cDNAs, are described in Sections IV.B.1,
IV.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; \J,_

25 alternatively, a polypeptide encoded in the cDNA can be v/
provided by chemical synthesis. :

The DNA. encodxng the desired polypeptxde,

whether in fused or mature form, and whether or not
containing a signal sequence to permit secretion, may be

30 ligated into expression vectors suitable for any
convenient host. Both eukaryotic and prokaryotic host
systems are presently used in forming recombinant
polypeptides, and a summary of some of the more common
control systems and host cell lines is given in Section

35 I1II.A., infra. The polypeptide is then isolated from
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5 fromcore antigens, including, for exanple, polynucleotide binding
proteins, polynucleotide polynerase(s), and other viral proteins required
for the replication and/or as- senbly of the y rus particle. Fragments
encodi ng the desired pol ypeptides are derlveé fromthe cDNA clones 10 using
conventional restriction digestion or by synthetic nethods, and are |igated
I nto vectors which may, for exanple, contain portions of fu3|on sequences
such as bet a- Gal atyeeddaed 1sr oxufeonK itde d:u.ﬂmﬂx%s@ndcﬁ@ )and”;ﬁheirfié‘ép'ﬁ’o the

SOD. Met hods and g h e e 15 of
pol ypepti des. whi g*eggggfn F&mf%% é’%%ené&ﬁzﬁdt é%ﬁ %r é‘&g‘r %e‘c? 1 pay be
Eur opean Patent CPYi EECPpiAnes: F‘Bﬁ"ﬁuﬁ@er‘-’-@l%G f%lﬁxaa&pd@ﬂsaiuer 1,

1986. Vectors .enfraocdiogatisngncheoma r@@& BnS@@na@&éﬂQﬁ |ﬁ6¥¥ﬁ§‘“§%-

%o/ SRS L, T A0 o o L
respectively. An§oBeSXRBRlBer MEShOdS ﬂneEHGYmoDngyCdmmamnwmgiatynnﬂ1

reading franme, inmethbas seasguﬂfyaﬁ p2otednalt a'sf&%‘ix é’?’%&?’ ﬁ&‘?ﬂy WY be

I tid h ure_or _fusion_protein;
Bgl &Bﬁ&laﬁ e?\ggde%é?naga élemsm S0 OFr 5PPEEI cé‘hsﬂqvealr%t%ﬂ%lt%

DNA encodi ng t he Heingeanpibogdipsi ney hhefbemudntbdsdntorvuutumesformmtand
whet her or notocopbadies nﬁaﬁsédgﬂébiﬁgquﬁﬂﬁﬁetg E &%%rt‘étaﬁ‘ f&tls'?émt

| igated into expressipon veciors Suit venlen
eukaryotic and-prka? B?PQSﬁgE?'sﬁgtgﬁf ppEsj VSS aPW'fomﬁliﬁdi-
reconbi nant pol ypekondeas dnﬂcussedninySe&tioneIdfJtheEeﬁa @Qﬂmﬂn AAHitRd-

systens and host gé%|t$|ﬂﬁéséSpgﬁyﬁapt@dgﬁcikgnugéfbglfér’is%ﬁr Wﬂj&%ﬂe

or from

ol ypeptide is th |so ysed
ﬁedygn1and pur|f| %ﬁ%n%x§é§tPﬁEEH€£eFor its intended use..
Purification &by be by t eciMheuBEVkanthgenst hayaalsof be dsolted £fx¥n HCV

virions. ‘The virions may be grown in HCV infected cellsi
. in tissue culture, or in an infected host.

]
4

II1.C. Preparation of Antigenic Polypeptides and Conjuga-
20 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 feﬁ as 5 amino acids may

_ characterize an antigenic region. These segments may cor-
— 25 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
30 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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fractionation, chromatography on ion exchange resins, af- 5 finity

chromat ography, centrifugation, and the like. See, for exanple, N@thods I n
Enzynol ogy for a variety of nethods for=3Barifying proteins. . Such

pol ypepti des can be used as diagnostics, or those which give rise to
neutral - izing anti bodies may be fornul ated i nto vacci nes. Anti- 10 bodi es

rai sed agai nst these poly | des .can Iso be uysed di_ggnost i or, for
passi ve i nmunot her apy. R“ﬁgﬁf of; 5fc EéqHP§c§§§é8 %ﬁ i GRS ‘}"khereln

bel ow, ant|bodgelasethnbhnsénpuh;paptudéncaudingetmb ﬁ@mmamﬂqnnodg and
Ldent1 1ying MeYsBpeilie! finkdges using ﬁhsuésynaﬂ&mu?egﬁzxgyéﬁqﬁe. i sol at ed

from HCV viri ons e Virio F FowWn i.n S in tissue
culture, or iRhhR)PFRPRLPBALROLFFDP) en FPEE&P&FPGN oft =AMr-m@dsG imido-
Pol ypept i des methgdpcgiohdflahecn~-vakrbokglaiter (SNCE)t optained From of a

ol tide i | ¢l d
r Bebt | 1) CAPECE" colpalty CRAEKEBEH CTTLINOLKD T3r kbS %ﬁ# B
an antigenic ?eﬁﬂbﬁhYd#KésErgEBweﬁhésnﬁﬁncbﬁ-PZQV#éGthN digdiognofofa HCV
antigen. Acceystevhyg. raﬁiaﬁet.lye chtlde gbabeMtascaeate a d@ly/&a_fa@@odl ngy/

hor t t H b tl th
Fual on” oo o biftkab pBRLEREREhERRpT 805 Anl: BeBR A  EULLL Vel il O
aci d sequg&he@ncanebergquenaeﬂtay QmiébtAﬂﬂ&égbyt@I@NB@aWh@ympﬂﬁiQn- I n
i nstances "WheaRiRot bR syﬂybsﬁe;edrpatnaeptﬁéa um@@,r ghlp) %0 el Yt SO as

bol Ypept 1 de. rlhyvBELEER SR bBCE ofPhagiabiRmiiR- cothitly dlerba RIS, L0,
sheet Date: knqw&2/9aee, fﬁFseﬁngRerrépNa@enBﬁN sHd8B2Datb2 ¢ 1851.2/ 94
- 38- Other bifunctional coupl;ng agents form a thioéther rather
than a disulfide linkage. Many of these thio-ether-
. forming agents are commercially ‘available and include re-’
active esters of G—maleimidocaproic acid, 2-bromoacetic
acid, 2-icdoacetic ac%ﬂ, 4-(N-maleimido-
methyl)cyclohexane-l-carboxylic acid, and the like. The
carboxyl groups can be activated by combining them with
succinimide or l-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. ' _ | J
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
substrates are serum albumins, keyhole limpet hemocyanin,
immunoglobulin molecules, thyroglobulin, ovalbumin,’

15
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A nunber of techniques for obtaining such |ink- age are known in the art,
including the formation of disulfide |inkages using

N-succi ni mi dyl - 3- (2- pyri dyl - thio)propionate (SPDP) and su00|n|n1dyl

4- (N-mal ei m do- met hyl ) cycl ohexane-1-carboxyiete (SMCC) obtai ned from

Pi erce Conpany, Rockford, Illinois, (if the peptide |acks a sulfhydryl
group, this can be provided by addition of a cysteine residue.) These
reagents create a disulfide |inkage, between thensel ves, and pepti de cysteine
residues 10 on o 3%itPXHA afthi YNST ERfee 118 o t FROWR st oBhOSRi no
on a |lysine, or ekKidiled dm athen@ampoup in the other. A variety of such

di sul fide/ am de-form ng agents are known. See, for exanple, |mun. Rev.
(1982) 62:185. O her b|funct|onal cou-llng aoents forma thloether rather
than a disul fi dé¥-PrkadEePaga ; S pRegens a
comrer ci al |y a&aiilngpHEVaBpii gggexkere- actlve esters of 6- nale|n1docapr0|c

acid, 2-bronoacetic acid I

met hyI ) cycl ohexane- 1- car boim 1 C aC| d:ea'?#’ﬁ% fl\te@ %@%%a‘r’%ox@? ‘B?%ups
can be activat ed a3$oc Bevienhanaesk hyvinreparingither in mammalian or yeast
1- hydr oxyl - 2- ni t ey stens ffuded witth br C¥iembEad twitH FafOi€DOL PErmifg i S
not meant -to be %Xh%uesitn'sv%’ucﬂd sm)cgrfé catlo of t% narrec(_;l comp oungﬁ can
clearly be used. )7 cartders e utsré v T ’d%% St 't sel f

i nduce t he prbwubsp@tuﬂiamﬁuqnnﬁassr&n&ﬁgﬁntc)¢¢ns¢mnntssmeae¢e ther NANBV
are typically | aggat sy 1mawldimwrmm%mwp@-férmﬂg%9étem
pol ysacchari des, . _such as | atex funct nalgégd ep arqi Igma

cellul ose, cel- S8R SEWENEES, RFIINET ik )ﬁhﬁ? gRoagenicen
as pol ygl ut anmi ¢ wdith, respgctsitee tmmﬁmaplmeamm mdﬂtmm ahiref the

i nactive virus pgekiteds rmrefdnruﬁswasee 9“5 écﬁicEéaeﬁsﬁl Iuaving

useful protei subﬁérates are ser albun1ns Eﬁ henoc i

35 |nnunoglo Pus, Aegress, nege Tn?Pch a8 for"ex mp el;
the pre-S peptide. Thus, particles constructed from

part;cle forming protexn which include HCV sequences are
meunogenxc with respect to HCV and HBV.
Hepatitis surface ‘antigen (HBSAg) has been shown
20 to be formed and assembled into particles in S. cerevisiae
(Valenzuela et al. (1982)), as well as in, for example,
mammalxan cells (Valenzuela, P., et al. (1984)). The
formation of such particles has been shown to enhance the
_ immuncgenicity of the monomer subunit. The constructs may
25 also include the immunodominant epitope of HBSAG, compris-
 ing the 55 amino acids of the presurface (pre-S) region.
Neureth:et'al. (1984)._ Constructs of the pre-S-HBSAg
Qarticle expressible in yeast are disclosed in EPO
174,444, published March 19, 1986; hybrids including
30 hetetologous viral sequences for yeast expression are
 disclosed in EPO 175,261, published March 26, 1966. Both
appl;cations are assigned to the herein assignee, and are
incorporated herein by reference. These constructs may
also be expressed in mammalian cells such as Chinese
35 '
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-39- tetanus toxoid, and other proteins well known to those skilled in the
art. |I1.D. Preparation of Hybrid Particle |Imunogens Contain- 5 ing HCV "
Epi t opes The i nmunogenicity of the epitop48-of HCV may al so be enhanced by
preparing themin manmal i an or yeast systens fused with or assenbled wth.
particle-formng proteins such as, for exanple t hat associated with 10

' Pked di rect T*‘J'?f@?ﬁg%%?? (£ 0] SFRETE pPoRE AR SUARgGaLBYHERERdasroduce
hybri ds whi ch &8 ¢%%%%dg%ﬂt@rmlHﬁcheébecettelthQIHGW)Qpltope I n

addition, all of the VeCiﬂrid@I.eD@ﬂ?dpbﬂﬁkéﬂﬁ 8B Eaeeaaéeee'l& %omlﬁﬁV
| "munogeni C exa

h 15
p?glggpeptYS;|q#ﬁﬂ§%93§$$$%?e§egﬂﬁg ?u@?@dg?rBﬁPEQFFFCVétPoFﬁpﬂgspF&F@Fﬁ
whi ch |ncILﬁka&ﬂglémqmﬁﬁceeinﬁpebnnﬁnoghh8crepﬁhcemepEQtréngﬁH whdchHBV.

Hepatitis surfpfe oK i ifE@% Jﬂéalbeentﬁaowg heiBﬁ {o?f g g@?ts
assenbl ed |ntC)g) ticl ereV|sLaf % e g aet a 8

well as in, for gg&ﬂb g‘"‘“ ‘énpﬁg'?'g ¢ aFBnYﬁéF& op mapmajls CEBQQQ))
The fornaiicwndélemam,pahmsoébsmhaatbagnaddbhﬂohalenbanaatﬁbenlc sites’

I mmunogeni ci t Ve Qfm tdim nsuggﬁlghe HEQ &RELpHCIS may 25 al so i ncl e
t he i nmunodom nant epitope HBSAg, conpris--ing the 55 amno acids of

t he presur*%ee (pre-9S) reglon hburath et al. (1984). Constructs of the
pre-S-HBSAg pailiEl e Prepasastbdr ofi Vaasinese di scl osed in EPO 174, 444,

publ i shed March 19, 198 C e usg v seguences

for yeast expression argm%ayg$%€2%é? bﬂPE???égﬁg Ef&ﬁbﬁﬁghég b&%@h E% \_J
© 1966. Both afHNRgenEnPAYPeRtidesqdesivad fzem H AsSPYAcas wedlans

|ncorporated from thy ¢DNRrsegeenceéscin cnespngets1ney,ab&0fb©me%mheﬂzwd

in mamel i g ol dhe 4 RLCHT £66F E8rIbbgohd. t NEnteBLIEEYRA HERSThgZ! €

1/ 12194 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 gehéral structure

20 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 _

25 NVS, and a complex set of smaller nonstructural proteins. ™~

It is known that major neutralizing epitopes for v
Flaviviruses’ reside in the E (envelope) protein (Roehrxg
(1986)). The corresponding HCV E gene and polypeptide
~ encoding region can be predicted, based upon the homology

30 to Flaviviruses. Thus, vaccines may be comprised of
recombinant polypeptides-containihg epitopeé_of HCV E.
These polypeptides'may-be-expresséd in bacteria, yeast, or
mammalian cells, or alternatively may be isolatéd from
viral preparations. It is also anticipated that the other

35 structural proteins may also contain epitopes which give
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This is the replacenent sheet Date: 1/ 12/ 94 hanster ovary (CHO cells
usi ng- an SV40-di hydrof ol ate reductase vector (Mchelle et al. (1984)). In
addi tion, portions of the particle-forning prqteln ‘codi ng sequence nay be
replaced with codons encod- 5 ing an HCV epitope. In this replacenent,
regi ons which are not required to nediate the aggregation of the units to
form i nmunogeni c particles in yeast or manmal s can be deleted, thus _
el i m nating additfbseltHByreaebgeﬁecahtueﬁCWrammd@mﬂ&éﬂi(mThﬁdfithe HCV

oF hore i minod gigﬁgé?mg 8ntaiRnGe KB SoltnglB) of° o' Sl W R
t he cDNA sequence% L gﬁeuﬁﬁ ds. WEQSEeroPIﬂBéNiPﬁélﬂcvomblqﬁéﬁﬂﬁa %ﬂ)ﬂqﬁch

t hey correspond. vaaclﬁbgerved honDIogy bet ween HCV and FIaV|V|ruses
provi des |nforgat|on concerg

e whi ch . are I N he
nost effective’as vaccines, glg ﬁ E%& ﬁgedflfh aFe 3 SPQl Hhat
t hey are encoded. imnheigenepalwithuus&rénons@rugmurhd Emuﬂﬁﬁﬂrds,gsmGMQUs;

di scussed in Ricejgt; ?J:téé@%): afRst! ?&Hbﬁu%e%@f(‘s%h'fﬁéﬂnﬁe@b eyqd
to.be the only V|rﬂ§ ggeC| tﬁ B geC|es anﬂa is.transl atied i.nto the
three viral struct 88) hr ot BRAS, 1P ETuecevign thgugh the, dmmundzapion,does
nonst ruct ur al pronetng;veanaadtQSneNV?plézdng anMﬂbeﬂlest ofThausal | er

t t I e A or.
Fl avi vi 1 uses %22?%%?%“13‘1?;“*@ E?;E% peoteln %E’?ﬁ ?%9%%@%
correspondi ng HCOFEPERREEG HB™ Bgyg sidat[:4 Hﬁ@&dlﬁ A8gitdiedan HhEy,
based. upon the homb;bgglﬁﬁ beopEbaectivesagainihuﬂcvvammemaiann/lMDreover,
coqpy i sed of recopbi st gl ogeee&gféeaoage&%%&me oRERL e oy S

polypeptldes may be expresse e manmal i a
al ternatively nayPIREESHIaReAIPrEBRFYY |1§P SPQﬁ“&ﬁé’tY'l even difsfhey do
antici pated that nde @ahee the production of neutralizlng antibodies.

In view of the above, multivalent vaccines i
against HCV may be comprised of one or more structural
proteins, and/or one ér more nonstructural proteins.

These vaccines may be comprised of, for example,
20  recombinant HCV polypeptides and/or polypeptides isolated
'~ 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
\~ - 25 example, treatment with organic solvents or detergents, or
Y - treatment with formalin. Moreover, vaccines may also be
prepared from attenuated HCV strains. The preparation of
attenuated HCV strains is described infra.
' - It is known that some of the proteins in
30 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
35 caused by these pathogenic agents. Thus, it'may be
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35 structural proteins may al so contain epitopes which give -41- rise to
protective anti-HCV anti bodies. Thus, polypeptides containing the epitopés
of E, C, and M nmay al so be used, whether=42#gly or in conbination, in HCV

vaccines.. 5 In addition to the above, it has been shown that

‘I mmuni zation with NS1 (nonstructural protein 1), results in protection
agai nst yel | ow fever chl er 1986) true even though
t he i muni zat iB§¥# sd’%e]sé %'cﬂ ‘%r%‘g‘? 'g ?%I%i?ﬁbnﬁﬁt#ﬁﬁﬁ?egp°“ﬁﬁés 10

particul arly dinweedges. proteln appears to be highly conserved anobng
Flaviviruses, it is HI«%N' 3%34f$?—8!'¢a@é§ﬂe?ewﬁ §5h¥§lﬁgghnst HCV
' i on ?so s%ovxp a

I nfection. Nbreover ,It a t-nonstr CtU[ el ns rovi de

protecti on agdMmynQgen #ﬁgﬁﬁﬁiﬂ?&s)eﬁ%na?? Y®einad ésenﬁsr é§u§ °¥Re
producti on Bf troeu:tnaalsmngpﬁrﬁn bchie esrt | N Typicallyhesabhveacaihésvakent

vacci nes agai fgﬁtelﬁﬂédm&’s bﬁﬁ&;&ﬁfé‘é’ o4 i OREx Chs "L §&resw£§gner8£e' ns,

and/ or one or nstr.uct ErOtGInS ese_vacCcCl nes, nma e conprlsed

of, for exanp|SMSPRNS QNG Fk ixﬁﬂ%ﬁﬁk*ﬁe§°§nﬂ?$?tbﬁpypéptPHes
i sol at ed f r omguspengiomsin, | Niqeid tpoiori to nbyjéet POfi sméycal SouUbe

I nacti vat ed Ci Yy t ti

viral lysat esgééﬂ()}lrfl o?ﬁ§e éré%éfiﬁ%%?rhér?tﬁfgob% t%ﬁ%géggeléﬁéc |vaE\| on
of Fl avi vi ¥Qis @Fotedn chgdt#%a%mﬂomﬁﬁh ofhentetivey immynggenic
detergents, Oﬁﬂgrﬁﬁﬂﬁﬁﬁs\hfél6ftéﬁﬂmtuedNbiEﬁVGiciyﬁﬁﬁtﬂeﬁhﬂﬁh akeo be

orepar ed, {7 AL L% 4L e an o BARAM R WELNERHE' RHTEY
Fl avi vi ruses é@ﬂm§QiQﬂ§ﬁﬂ3§Q*#ER%Q€%B¢%@#%%§3 aFﬁusfogoﬁﬁamﬁﬁﬁnoWQQEEal\*J
Cross- reaCtIVBHnﬂﬁbfﬂﬁéxﬁtﬁhé)tquﬁbtﬁl’aéﬂhﬂﬂbﬁf 6kavhei LEkeSanlt is
possi bl e tfiat SRS AP AT F oo 1A "EaFl BLLY ) T o308 00l VeR! | 9 Ve
vaccine may contain minor amounts of auxiliary substance1
such as wetting or emulsifying agents, pH buffering
agents, and/or adjuvagts which enhance the effectiveness
of the vaccine. Examples of adjuvants which may be
20 effective include but are not limited to: aluminum
hydroxide;-N-aéétyl-muramyleL-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-isoglutamihyl-n-alanine-z4(1'-2'-dipa1mitoyl-sn-
25 glycero-3-hydroxyphosphoryloxy)~-ethylamine (CGP 19835A,
referred to as MTP-PE), and RIBI, which contains three W
'ccmponents extracted from bécteria, monophosphoryl lipid
A, trehalose dimycolate and cell wall skeleton.
(MPL+TDM+CWS) in a 2% squalene/Tween 80 emulsion. The
30 effectiveness of an adjuvant may be determined by
meaSufing the amount of antibodies directed against an
immunogenic polypeptide cbntaining_an_ﬂcv antigenic
sequence resulting from administration of this polypeptide
in vaccines which are also comprised of the various
35 adjuvants.
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“protective antibodi es agai nst one or nore of the disorders 35 caused by
these pathogenic agents. Thus, it may be This is.the replacement sheet
Date: 1/12/94 ~ This is the" repI acenent shad- Dat é: 1/ 12/ 94

-42- possible to design nultipurpose vaccines based upon this know edge.
The preparation of vaccines which contain an i mmunogenic poI ypeptide(s) as -

active ingredients, is kno 5 to qne skilled in the-art |callg/ such
vacci nes are prepared as |ﬁ?‘§ agcanes, %F%qqtdlﬂqf]s]tﬁlﬁ red

suspensi ons; soIpdréntexaiuynabyeihgecﬂﬂqﬂﬂ(ﬁonrexampkaﬁﬂﬁxtherlsubcdtaned

prior to injecti ﬁﬂsggyoé' gﬂt%mﬂ"s‘é‘&ia?‘ige dT?Eiq‘lIr A" 'fmﬂﬁ}’ ata:tét& Réhich

emul sified, or -t encapsu posornes lve
i munogeni ¢ | ngréHPeﬁt‘ét&Pée 6PFeﬁ"—|li‘ie>Feé}‘Q$ﬁet3h ofy @dRigisE AR ian gknclude

phar raceut i caPl ysappepigbreesndnaymual isome Wases,horudt i feamivlEEbry! . For

Sui t abl e excipi e X i_ne, e cerol,
et hanol , or tﬁe ?*’E@gan&#gg&nﬁgﬁ'&glt&%‘?h&r@‘?#“ al'%eécﬁﬁﬁécﬁ?g '¥
desired, the vacénadudgy fosnexampidenopodyeliydese glyddls wwubst ances
such as wetting Qf:i@!w&é!riﬁbg?f 3uent %up@Hstittfofﬁrésn&ﬁgw Sﬁoﬁwﬂ Ofrom

adj l{v/ants whi ch enh nce_t he LV ERESS f,_the vaccC ne
R JEHE8s, SonFarnibg’ ERe BoEiye LOMEIENY AR dfig gande of
ZI {J%Vﬁﬂmshyd*gm QedStNeacdbpl - me:iny:labLlyt Hite@by| - Ddado farmuiliatd qnshringiyde

N-acet yl - nor - nur gg¥h- hoi\haml& Emploged %’ﬂc’l%i@(ﬁ@i 3015637501! ‘ﬁﬁ:ﬁ;ﬁfé fo as
nor - MDP), N-acet

al anyl - D-i sogl utéh’? ?g%“ﬁkﬁﬁllngrfdff °§' %%%lt'o;}l‘%ﬁ?sezs starch,
gl ycer o- 3- hydr oxypanephumy stearasehysoding E@cRheedd®) cedflakase (o as

MIP- PE), and R Bilna H@éﬁﬂm%ﬂ&:ﬁbﬂ&bhr%?xdc‘%'morﬁﬁées eﬁr{ﬁ% 6&@@?&6 ria,
nmonophosphoryy gk Ab treh % %I ate. and ecnel vval ?si\egg on ills
( MPL+TDM-CVE) i ntakeot ﬁugPéﬂeP mé@ﬁ af SUFP » pills,
capsules, sustained release formulatlons or powders and
contain 10%-95% of active ingredient, preferably 25%-70%.
The proteing may be_formulated into the vaccine
as neutral or salt forms. Pharmaceutically acceptable
salts include ‘the acid additibn_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
U 25 - the free carboxyl groups may also be derived from in-
organic bases such as, for example, sodium, potassium,
. ammonium, calcium, or ferric hydrdxides, and such organic
~ bases as isopropylamine, trimethylamine, 2-ethylamino
ethanol, histidine, procaine, and the like.

20

30 ) _
| II.F. Dosage and Administrat’ion of Vaccines
_ The vaccines are administered in a manner
compatible with the dosage formulation, and in such amount
as will be prophylactically and/or thera_peutically effec-

3_’5 ~ tive. 'The guantity to be administered, which is generally
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30 effectiveness of an adjuvant nmay be determ ned by nmeasuring the anount

of anti bodi es directed agai nst an innunogenic pol ypepti de contai ni ng an- HCV
anti geni ¢ sequence resulting from admi nr8fration of this polypeptide in
vacci nes which are also conprised of the various 35 adjuvants. -43- The
vacci nes are conventionally adm ni stered parenterally, by injection for

exanple, eit C -oPUs! ' C r

fornulatlonshﬁﬁlgﬂga#% UI? b? Mferog?%ﬁéngédgéﬁ #xcéﬁ?%?s% |8Htﬁﬁgpude
supposi t or i esP¥MEOFR, sdaperdscan. tha| spbiagtatrohs. trPéﬂeéupSGPaFQKWES
traditional hhNOENS SuKi6EE! & CLAMURY spstefictof 8ynehasRze. apelivadkwsene

gl ycol s -or trg&& ?f 'QS reQUSP §y8§g§h%8§a§§§ls¥dbe Egggggﬁgr%gbﬁkxtures

containing the active rngredrent i
pr ef er abl y5108cdve G-rgredient sregniredctadbesadministered may depend

exci pi ents ason e eyed@hént POLT EREepEaceitUonAdes afifll MBP bEObechdthdsSeo
st ar ch, nagn%ﬁgﬂ¥1€9$$1§§ 'sodi um sacchari ne, cellul ose, nmagnesi um
carbonate, h % These conpositions take the form of solutions,
suspensi ons, tablets, pFhésvacopsel B8y besgivendinckesdngier doset i ons $ﬁ’
powders and %ﬁ@a@léo‘ye??eefeﬁsslyemnﬂrﬁdnemgaepasﬁsr eébﬂéd%i%a 70% The

proteins may be, for n% Pe yacci ne, as i or salt forns.
Pharnaceuﬁ&uﬂ?%ﬁ%ﬁ@% schedule 15 gne iR WRigh,A(PEARATYaCORTERo R
with free anvacgimapionfmayecbpewithe)l-i0dseparater dosespedoliloweidndygani ¢

acids such ageH &3@@?'§ivéﬂd$909ﬁﬂéé u@ﬁtpéﬁﬁahﬁhtﬁr@ﬁig re@h&i@@hto

or ganl c acids such as ac tari c el C

Salts fornmed B@iHtakn and 9F c£een, Bﬁ??ltb?o&ﬂ?“ﬂﬁyrgFEB“SQ' &8 ved from\J
in- organic hecmp baic hatas] -4 cmonthapier aodecondpdosesi and dfrmeledad, a
cal ¢t ' 38, k. siddda ﬂi%é’é?s) §Pfe?UclvaLET"EnRASES Fhe! HRaYYY! am ne,

reg men I{nalso, at least in part, be determined by th

need of the individual and be dependent upon the judgment

of the practxtioner. _

In addxtxon, the vaccine containing the im~
20 munogenic HCV antlgen(s) may be administered in conjunc-
'tion with other immunoregulatory agents, for example, im-
mune globulxns

I1.G. Preparation of ggs;bodies Against HCV Epitopes -
25 '~ The immunogenic polypeptides prepared as -/
' describad above are used to produce antibodies, both v/
polyclonal and monoclonal. If polyclonal antibodies are
desired, a selected mammal (e.g., mouse, rabbit, goat,
horse, etc.) is immunized with an immunogenic polypeptide
30 bearing'ah HCV epitope(a). Serum from the immunized
animal is collected and treated according to known
procedures. If serum containihg polyclonal antibodies to
an HCV epitope contains antibodies to other antigens,- the
polyclonal antibodies can be purified by immunoaffinity
35 chromatography Technzques for producing and processing
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et hanol, histidine, procaine, and the like. Il.F. Dosage and

Adm ni st ration of Vaccines .The vaccines are adm ni.stered in a nmanner
conpatible with the dosage formul ati on, and dgysuch amount as will be
prophylactically and/or therapeutically effec- 35 tive. The quantity to be
admini stered, which is generally This is the replacenent sheet Date:

1/ 12/ 94 Th| s i's the_replacenent sheet Date 1/ 12/ 94

-44- in the rangBod¥cionad agitisendo axrso knawrodimartthepfartnt |Sﬁm foar ehcample,
depends on the suiiager aadbwalkeat gdggygnacity of the subject’s immune

system to synthesize antibo s..and_the degr.ee of protection desired.
Preci se anounts of 5 actlveirlﬁ Fagtdyely r'e(ﬂ% lyglonal, antddrad ias may rhe

depend on the judjsehated ﬁwempnamammadnwmﬁmhjhaQ/Hueuxpndvﬁuusly)iﬁt&ﬁfed
subj ect. The vaccwnghngyvbe ghvggah 1 gﬁgg r a

in Ja mul tiple dosg gggdu (% B @ |§’I|oflnci3’l @ose schedul exl%'syg'néo t\%}ﬂ ‘#/eas
primary course of “Gabtr n§PEERP ﬁﬁy EQW""& f@“&éﬁ‘ar’d&f@%s’-“q’dﬂ@m by
ot her doses gi venbasedubpequefifinity chtema&bgnapmy latvll dﬁiﬂﬂ!ﬂﬁqﬂdifygidﬂ
reenforce the |ngyg Eaffl e n r

doses_and if nee ffygééwgg gggggﬁté ose )o?r. g?is@évgﬁgo%onﬁfﬁcﬁr (RPNA
dosage regi men wiFLoREs3-1lad,| & sPrPﬁeB§FF He&&&FQQh Ye&-by th need of the

i ndi vi dual andObe dependentMupoole&lJadg&b&ﬁx@% Hh&d@ﬁ@&llﬂgyﬁyt Hdv be
i ot oo nocERTERBAR|EAR' ARR"e, BoaiaROGGHIHRY Ui S5 S
exanpl e, im nunetR® ottt nsTh PIQEPerPFeB&F§PF§A°EW'ﬁﬂm m&ﬁhﬂglmynQGﬁoddIJ
Epilopes 25 antibodbesi byuhghendomas! \igewellde knpWweRar Tehmdtrtal

: | antibody-producing cell lines'Can be created'by cell fu-

15 sion, and also by other techniques such as direct trans-
formation of B lymphocytes with oncogenic DNA, or ’
transfection with Epstein-Barr virus. See, e.g., M.
Schreier et al. (1980); Hammerling et al. (1981); Kennett

. et al. (1980); see also, U.S. Patent Nos. 4,341,761;

20 4,399,121; 4,427,783; 4,444,887; 4,466,917; 4,472,500;
4,491,632; and 4,493,890. Panels of monoclonal antibodies
produced against HCV epitopes can be screened for various
properties; i.e., for isotype, epitope affinity, etc. '

Antibodies, both monoclonal and polyclonal,
N 25 which are directed against HCV epitopes are'particularly
w 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. '

30 - Anti-idiotype antibodies are immunoglobulins
which carry an "internal image” of the antigen of the
infectious agent against which ptbteCtion is desired.

See, for example, N;sonoff, A., et al (1981) and Dreesman

et al. (1985).
35
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descri bed above are used to produce anti bodi es, both polyclonal and )
nonocl onal . If polyclonal antibodies are desired, a selected manmal (e.g.,
nmouse, rabbit, goat, horse, etc.) is imuggzed with an i nmunogenic

pol ypeptide 30 bearing an HCV epitope(s). Serumfromthe i munized ani ma
I's collected and treated according to known procedures. |If serum
cont ai ning polyclonal antibodies to an HCV epitope contains antibodies to
other antigens, the polﬁaqhnﬂquga|ﬁnxnz§isxngtnnmnnxdiqmwmg amumhnaiésnlty

35I chlr omalt ogr aplay kn&ﬁh&éﬂ‘t@fs fﬁti pr csu_tm NG Ak HRPLS 500 il

ol ycl ona I sera are kno ar r exa an er
F19g7) Alterh&FS\?& fg] r{;g@&[ Z&Féﬁ?‘%%gl% I%ljted i/?é):i-’ﬂa manmal

whi ch has beefl‘hpsevamté.l-y.dun:‘t@tpechxﬁ:i\hddiéﬂhay/mlsn(abmlwse)fuh feet hod for
pur 11 ng an! kbadiefione® JICHANRH OB JAINPI46E 4 31’1\#&%@%&% the

I ndi vi dual upon affinity chro ography an zing a fusio
polypeptlde oFmSEB°SﬁR¥E FeSAans iafe AN n cDNA clone 5-1-1, is -
presented in Section V.E. 10 - anoclonal anti bodi es directed

agai nst HCV epit gpes | ] ne jJled in th

against H genEFa?‘ A3n0e3 OISR AU P dBe P WS K115 by
hybri domas is wel | knomNsiruQnﬁhet sisgiasss\Portians mf the isobatedHEe
created byocetbNheg- a%5 asibasisyndndluding GHuwe tAL FigEIESLSIEN SBigbmers

trans- fornmat bgn g»ErggiX\mQCi tﬂeﬁ)"}@ %t;%%ggc{ll ;‘f‘g\%ﬁfgb gr ansf ect |¥n W th

Epstein-Barr viru rerer b et
al . (1981); Rréshert by excisipme@r symtheticallys, mat@nthmidm$mm1

30493, ggg 121thé, A2Y, momél ahd &re sl Y iderﬂt?ﬁﬁﬁ@nén“H@C% e, an
can be screengggFgrg 55%3(33 O%ﬁé: Ile%%%re%cgéﬁgﬁac"rg?ﬁ%% é’é |Y%{)€PI topes
af finity, 18t cgenameii6di-cas bﬁtlﬁ- agndal memmmgdmw;rus(es) in
diseased individuals. The probes for HCV polynucleotidei
(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
20 of 10-12 nucleotides are preferred, and about 20
nucleotides appears optimal. Preferably, these sequences
will derive from regions which lack heterogenéity. These
probes can be prepared using routine methods, including
automated oligonucleotide synthetic methods. Among useful\J
25 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 cDNA libraries, set forth
below. A complement to any unique portion of the HCV
genome will be satisfactory. For use as probes, complete
30 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 nucleic acids

35 contained therein. The resulting nucleic acid from the

v’
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25 which are directed agai nst HCV epitopes are particularly useful in

di agnosi s, and those whichare neutralizing are useful in passive

i mrunot herapy. Mbnocl onal anti bodies, in pagflcular may be used to raise
anti-idf otype antibod- ies. 30 Ant1-idiotype anti bodies are

i munogl obul ins which carry an "internal image™ of the antigen of the

I nfecti ous agent agai nst which protection is desired. See, for exanple,

Ni sonoff, A, et sampleigey) b&n@ﬂh)@?strﬁih tn gal .elddoesphosEs i or i sthdw

re Iacenent shee /5 Ssi S t
4 22/ cemen ts iRt @ephrh?/i%h tec-HH _I,efc’éelt{é’nf}g’@?g?f%al é&lﬁ"% ndi Eic

anti-idi ot ype anFFBSHPQ@p&FémEﬁbWﬁlq?E 9%53 !k%ﬁ°?§w5%§ﬁuﬁﬁﬁﬁri§¥¥th
(1985.), Mac NamaTheeprabes( Wﬁhemddﬂ@]tetbha@:.ﬂtable 1dp8hg, dmieImethods

anti -i di ot ype santeihoqiaga %':%%e%e HEModP in thd &AL el an{né\ﬁ!\&, 5

wel | “as for an el uci dation b‘é&gem o reg| ons o0 ens
I1.H Diagnosti E*@MP §8nuEP83PP&é1ﬁFb %%ﬁj40%??&2%4&F@rRWcﬂ%ﬁ%(ﬁﬁQFSIE“
portions of the itdonabedkiifesifg;Diiotdn a flasresdert usitstges hosmed i n

Figs..1-32, olige _ ; It
preRared, either g%%%g?ns'}?%%&%? %etlca:ﬂfq{vﬁgfﬁ %CIE]?%?ZE V\n%‘ﬁt?(% e e,
genome and are u§@ﬁu§aﬂﬁlﬁdéﬁﬁlFhﬁﬂlqﬁ?ﬁﬁEQtﬂ% r%heaﬁkﬁﬁlq%)erobe under

f urt her char aatoer h;:atmarizefubhe cvinddlt iths P iNabbs $€tingéndeglet ection

of the virus(es) In dlseas%q @b&%%u@é% b'”g%#%f%ﬁﬁkié) *ﬁ?QOTQ&Fmentary

pol ynucl eoti des (natural of are a
det ection of uni §Qet¥er §F"’s§&9§ﬁ'@es B')hefﬁﬂfrqztﬁrzai?mﬁmlllW#i@ 6SSrin@enait i des

ma%/be a wor kabl eoheﬂgt.bnsseeruea@ear%m ilD- dﬁawc&&%rd%narﬁapé@ferred
about 20 nuchggtidgesaPPERLEVAY, Wnai IS &P Nigh "EEE: SEME SFour
15 only be used if the probes are complementary to regions of
the viral genome which lack heterogenexty The strlngenqy
of hybrldlzatxon is determined by a number of factors dur-
ing hybrldlzatxon and'durlng the washing procedure,
including temperature,_ionic strength, length of time, and
20 concentration of formamide. These factors are outlined
in, for example,_Mahiatis, T. (1982).
o 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
— 25 sequences per ml. This level may require that amplifica-
U tion technigues be used in hybridization assays. Such

techniques are known in the art. For example, the Enzo
Biochemical Corporation "Bio-Bridge"* system uses terminal
deoxynucleotide transferase to add unmodified 3’'-poly-dT-
30 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
35 complementary to an enzyme-labeled oligonucleotide; and

/
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will derive fromregions which |ack heterogeneity. These probes can be
prepared using routine nethods, including autonated oligonucl eotide

synt hetic nethods. Anong useful 25 probes, for exanple, are the clone
5-1-1 and the ad- ditional clones disclosed herein, as well as the various
ol Lgoners useful in probing cDNA libraries, set forth below. A conplenent
to any uni que portion of the HCV genons- wdg |- be satisfactory. For use as
probes, conplete 30 conplenentarity is desirable, though it may be
unnecessary as the length of the fragment is increased. For use of such
probes as ch@zyuthecrssﬂlﬁuﬂqo@aibgdcduptaxphs hybbédiseldytedansuch as

bl ood or SerelHQéy'n\n = %xﬁéiresujr{.?gﬁébiéﬁu&«g exgbgcaohpgona%%b%@ %3031'_%

cont ai ned t her nucl el ¢c aci

be- subj ect edythy ighization rapsay esn swhicht Aealxtsebsép#apmmm
al ternati velgy pidise %@'Kaé‘cadtéﬁﬂ'?' suaﬁyaaeadsblyLa&-t QQi‘MtBQxUt si ze

separati on. The probes are then | ababel s nd hod Iabellng probes

are know? |ﬁmﬂiiﬁﬁqr %ﬁEP?%CF%ﬂE h?%r eﬁﬁﬁHFBcerEBPGaPYPFEdP&ﬁﬁf$°
i ncor por at ectadi) rbfl ktrié bBe , { §@8h Oaskanpsi fga hetheacef | apigesedh [eobe
and chem [ unin H§¥ $ The uclg ﬁ aCIdi g a d fromthe sanp
are then trd&®R »&P %ﬁ%l%dp PERLIEKARF 18 ﬁ;ﬁ i 8% gPPEH condi tions
of SUItab|epHrtianEII¥ ddsirabbéctechniguemdy €drptetiavplyvenpl enentary
to the HCV fQF €. £h Y {60 are
desirabl e |n ri?aifégvgﬁtt? HQ{% ?99 EE&hEgEQQ r? ggré'gggns of high
st ringerddy mma@albnl?, peo uﬁebdvflt ﬁe:pt@béﬁpapgi@é#ﬁl&rré-rﬁ’t ary to o
regi ons of %ﬁ@ﬂé’ésﬂﬂ'omrh!@' ﬁQy' Békaéebﬁfﬂggﬂﬁat onrTQ%a%&ﬂ'eng y of
~ hybridization 1s deternlned g% nber _of factors dur- i féprldlzatlon
and during t4e RFEIWE 8 ?ékllﬁElﬂarnél9§ﬁﬁeraFHFe W&iﬁ e rengt h
I ength of tlséi;uéﬂﬁb?@) cRag etheAt bandeteteeanusdng - aThybe idivaviomr e
outlined assay. A. suitable- solution phase sandw1ch assay which mayi
15 be used with labeled polynucleotlde probes, and the methods
for the preparation of probes 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
20 labeled; alternatively, the probe DNA may be unlabeled and
the ingredients for labeling may be included in the Kkit.
The kit may also contain other suitably packaged reagents \J,_
and materials needed for the particular hybridization N
protocol, for example, standards, as well as instructions
25 for conducting the test.
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in, for exanple, Maniatis, T. (1982). Cenerally, it is expected that the
HCV genonme sequences W || be..present in serum of .infected individuals at
relatively low levels, i.e./, at approximtely [err] [err] 25 sequences per
m. This level may require that anplifica--4%9en techni ques be used in
hybri di zati on assays. Such techniques are known in the art. For exanple,
the Enzo Bi ochem cal Corporation "Bio-Bridge"*system uses term na

deoxynucl eoti de t ferase to add unnod f|ed 3! ; -dT- 30 tails to a DNA
probe. The poly ai | QAR R H2IR0 R2 target nucleotide
sequence, and then to a m(ﬂothruhbfpaiypspyidES ﬁﬁﬂbhppéacatinMuﬁé#OSSZO
and EPAL24221 deaggl%lqgv%mb;éﬂmaea WhEfbodfde aNgbyl e i s

anneal ed to a single-str ob |s 3 enen to an
enzyne- | abel ed oé%ﬁﬂéiﬂ%a(LQﬁ;)g§£H F%Ft%% ?%ﬁﬁ%qgﬁﬁhFhéhe he«cippge
Mark Date: . 1/12described s Sédﬁﬁmpi\amnernampdihiees théréadf 94 (sedsd
- (2) the resultl I y I

ol i gonucl eot i de. %%I;,&%é{)%’lgy@e?g’r% E%ﬁ;&/b{w;béﬁ zjé%g%n %%gggl ﬁgs\hlﬁcg
analyte DNA i s c SPesdfd® BRIEAPSS ok §hRse HeR EPQEﬁide%ucﬁeﬁsfﬁfp%F?mﬁte
tail, an 5 anpl isdctiicr mand ! hate hose fu ket enRruid&és brtdlaeeeta the

tail~of the prob a '
bi ndi ng a pI ral | % Sﬁq‘l(fws) %/%ﬁoé&&u%]barfa@g?%é es rggl Qh 9§1ﬁ| que
may first-ingd vé ngfen izl @ntgigens, in jeiolegiceleamples seqabudpnglo
proxi mat el y 10 0GR @xémples, ,b]IdbdiRﬂ!‘ ca@ﬂaﬁeéam Bés] speseghestnthe This

R e T e e K i
A sUi t abl e sol ut BovasHiesy fhdhese m%m@mmyhe art. For example, the
meunoassay may utilize one viral antigen, for example, a
15 polypeptide derived'from any of the clones containing HC
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
20 yiral 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 diffetent:viral antigens, polyclonal
-~ . 25 antibodies directed towards the same viral antigen, or
N~ ' 'polyclohal'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

30 may be by immuhoprecipitation. Most assays involve the
use of labeled antibody or polypeptide; the labels may be,
for example,'fluores¢ent, chemiluminescent, radioactive,
or dye molecules. Assays which amplify the signals from

35 the probe are also known; examples of which are assays

nnm\ pilie i



15. be used with | abel ed pol ynucl eoti de probes, and the nmethods for the _
preparation of probes described in our EP-A-225,807, published June 16,
1987. The probes can be packaged into diggnostic kits. Diagnostic Kits

i ncl ude the probe DNA, which may be 20 abel ed.; alternatively, the probe
DNA may be unl abel ed and the ingredients for |abeling may be included in
the kit. The kit nmay al so contain other suitably packaged reagents and

mat eri al s nesdidh arcilizediotin andydvridizatand qnsymeolabébed expap! e,

st andar ds I e test. -49-
-1 mmn%a\s%'gf%?\d'"ﬁﬁ;ar{ai?ﬁmkﬁ %ﬁ%w e% i des which react

i mmuno- -l ogi cal |y wi t h The Fhaehtinus fededy/ ‘ﬁl Lows) PERALPE EONS hose
derived fromregaiaiadethe tnnxwaa&m Eoﬂetsm@w@hw epitopes | foA . and

he rey 5252.%e%¢pcﬁ<°§b§sstsﬁ%{tﬁfé i, Ly P, T ERa e

IV.E, are usdomaiing janeuradds kel mtmt@m@&omsm shgnbbticart or
Itggl 53 ief]enfcgr fé;xetdﬁa\a rﬁ&o%te’wi \Vix!‘é‘i ¢ { GRS, aﬁublbsi-@ﬂwﬂrﬁﬁnpl es
o subj oct 1 oF Siagranis - oS miTanTy, Wnglne oF LG fonefEuctiral l°

in the art. pli‘mtmmm qmqmmmmy inportanordiagnostimt i gen,
for exanpl e, g\%‘} YF%?@ | gk rdncest g a S t&i;&&'ep&iﬁéiaﬁemé‘h@' ng HCV

cDNA descrllob i on Iv‘gq‘bﬁhfroﬁ;e Coﬁg&l‘éiﬁ‘?mﬂ‘ adh I\c/%ﬂlAflr(rjlm

the cDNAs in
t hese cl ones Recommnm pﬂh}épﬁpﬁid@y ox Mrmmmmm$s psehich

\/
cobi nati on_qhetivdd e¥YHdiI L1k Vetkdd %é@ffsfc SAoh& Efs ma%t b@PYseERL O

exanpl e, a monocl onal ;“ant i;bod recte d a viral e(s
conbi nati on &PF dgtac fairﬂ’%/%é °3i in%inf gng LlOOd

15 donors and infected pat;ents.

' In addition, antibodies directed against the E 3
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 and contain-
ing the appropriate labeled reagents are constructed by
packaging the appropriate materials, including the Y,
spolypeptides of the invention containing HCV epitopes or .\)
antibodies directed against HCV epitopes in suitable
containers, along with the remaining reagents and materi-

als required for the conduct of the assay, as well as a

suitable set of assay instructions.

20

30 _ , . . - -
I1.J. Further Characterization of the HCV Genome,

Virions, and Viral Antigens Using Probes Derived From cDNA
to the Viral Genome :
The HCV CcDNA sequence information in the clones
35described in Section IV.A., as shown in Figs. 1-32,
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directed towards one viral antigen, nonoclonal antibodies directed towards
different viral antigens, polyclonal 25 anti bodi.es directed towards the
sanme viral antigen, or polyclonal antibodies direcied towards different

viral antigens. Protocols may be based, fog,exanple, upon conpetition, or
direct reaction, or sandw ch type assays. Pgéfocols may al so, for exanple.
use solid supports, or 30 may be by i mmunoprecipitation. Mst assays

i nvol ve the use of |abeled anti body or polypeptide; the |abels may be, for

%arrpl e\,mf | ﬁor--eilcxﬁ#lt%shm,mﬂ\_ 'sesaeeahwaea%ac%fehfer igfermal:%w %li the
says whi ch anpl.i e signals m.the probe are_al g0 wn; exanmpl es o
whi ch are-assay?%}/em‘f% ?g ’t?lh% é‘é&%‘%&%ﬁr gﬂgefoﬁat'é?nt%/ifff'%’“ anghi s
is the repl apenﬁﬂomnmfethe IHQY/&gent, and thus will aid in-5&s which
utilize biotin aihradehihzdPfbfNZNEEali 8R! EHe2RdtaREI a&g@h?gga%ﬁéa}y%he

such as ELI SA assays., The Flavi viruys del for HCV all p i ction
regardi ng tﬁ\e 15% CSF"}’ER:?R# gW%fng%gngFFéciﬁi'tBBast 8 nakure ofothe
structural prot @ntsigenseof’ wipich Mt M s acdmpodedai nThdse iafbraltdion,t dn
contain epi  opes, fin SIHH 1640 HO4GLE Pbnh®! pELAGELEBSL HEPrBREICNS, and
partieul arly for diagnosi s. imlarly, donaihs the nonstfuctural
proteins.are exm&mﬂfoi%t%ﬁﬁiY%O%/%%tth?aﬂﬁgsgﬁﬂmﬂeresnﬂoﬂé;"rl(’@.dg.e,s
NS5 encodi ng a pifirédted ﬁymasmvaeﬁie&eenﬁnﬂbngwaumut bel useful for

pol ypept 1 des, - with JidPitss JRATRL "PPAaERRUECBE BB, ralhell ey,

5gg¥gfp}g?efhe det ecti on JtheGRNA ;sequenresinformationods Shgoabevetonor s
ang_i nfect ed pafreaiiiondd clbshds ois vsefuddiog thecaesdgngaifnprobes For
o o proLe! M Shght i of AGRLESARADE0IR” sblHERE°UhiBiThrd T
_ derived from as yet undefined regions of the HCV genome(s)
15 from which the cDNAs in clones described in Section IV.A.
are derived. For example, labeled probes containing a
sequence of approximatély B8 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
o _ 25 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 technique 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

20

30

35

This Sheet Has Been Reﬂlaced

A




NANBH, and in infectious blood donors. Mdreover, these 20 anti bodies w ||
be extrenely useful in detecting acute- phase donors and patients. Kits.
suitabl e for immnodiagnosis and contain- ing the appropriate |abeled
reagents are constructed by packagi ng tgf appropriate materials, including
the 25 pol ypeptides of the invention contai ning HCV epitopes or antibodies
directed agai nst HCV epitopes in suitable containers, along wth the
remai ni ng reagents and materi- als required for the conduct of the assay,

Character %ﬁ'*‘*}?*%f“ Ty conR 100 de ) ad ueed E00ki g

i zatl i i i
Probes Deri & %/ 'hﬂ \ﬁ?‘&‘l‘e’aﬁﬁ’&% éﬂg Fﬁ?/ilemﬁ'sg a ng g
infornationﬂuetﬂkbkateﬁﬁbﬁﬂhde&@rib@ﬁate ertlapplﬁbAfragmenhswnusnnﬁigs
1- 32, Si r r |
sequence of q:thn t;—él%\?n orre andﬂ?écf? ?tg*n%ﬁ# igﬁiatﬂgﬂ HR& ?QqQQnEll?\
agent, ari® Fﬁh§hﬂIquﬂQF|¢P$Q%iQﬂ%r5%t%ﬁ¢§§?$oﬁvrﬁcIu&lﬁgrﬂﬁéiﬂﬁﬂﬂne of
thte genom%‘f cﬂi&aﬁﬁeiﬁitz&ﬁdﬂ dficher %%én@m’.?lﬁe@meﬁﬁd ébﬁtmabur trefnl thg :
antigens o it is conpo i nf or. Ny ed,N T U nlead to
addlglonal ﬁﬁﬁj np éi?t %$tP%£§?%%$ §§ P?SﬁfFﬁ%gHCV genbﬂ%
and anti bodﬂ@hﬂdﬁecﬁ@d mmnmﬁmanp&lml andwborddetegtingl them t he
di ;;:lgnos't S aw:qinh ipi?&@b:g%mmwréfheeswﬁbtéaqugae@n, f
i nf or ma e gbove- . nentipne e_design o
o onen” 1 "ty Wl EL, 9 018 CRERDG RO TEhIELORR LR aRBoMER Ve
fromas yetﬁnqm#WﬁnﬁingftiﬂiQﬁ ane knnwgenonﬁhesyrtsonndhpon t he CDNASBeQ
cl ones descrpﬂ%éd&é@»ﬂ{mn ﬂné&ﬁaeaﬁé‘edeiéVGﬂownFQﬁ Q*SﬁBh& 1valghed pro

contalnlng | mat el ucl and
preferably Juﬁéﬁ§ﬂ %e%egv%?ﬁﬁ g ﬂeFRQEd  gpned” and
sequenced Thus, with the information provided herein, it
15 is possible to clone and sequence the HCV genome(s) ]

irrespective of their nature.
Methods for cénstructing-cDNAilibraries are
known in the art, and are discussed supra and infra; a
method for the construction of HCV cDNA libraries in
20 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. 9
(1985)). The HCV derived cDNA detected by the probes SRR
25 derived from the cDNAs in Figs. 1-32, and from the probes. v/
eynthesized_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
30 IV.A.3. and IV.A.4. for the technigues used for the
isolation and sequencing of HCV cDNA which overlaps HCV
cDNA in clone 5-1-1, Sections IV.A.5-IV.A.7 for the
isolation and sequencing of HCV cDNA which overlaps that
in clone 81, and Section IV.A.B8 and 1IV.A.9 for the
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regions close to the 5 -termni or 3 -termni of the fam 20 ily of HCV
cDNA sequences shown in Figs, 1, 3, 6, 9, 14 and:-32 may be used to isolate
over | appi ng cDNA sequences f rom HCV cDNA |I§ aries. These sequences which"
overlap the cDNAs in the above-nentioned cl but which al so contain
sequences derived fromregions of the genone fron125 which the cDNA in the
above nentioned clones are not derived, nay then be used to synthesize

probes for identjddiicn ﬁd%é@ie@dﬁﬁba@ﬁl89(:16!36”ﬁﬁith\bVGbldﬁsnﬁhother

necessarily overlap th o) Section |IV. A
Unl ess the HCV 6§ﬁﬁgﬁﬁga?bdpgﬁﬁh ﬁ@égggﬁg ﬁ%ﬂ?sgﬁack common
sequences, it i.s pOSS|bIe'IhesﬁgﬂugmmethkfenmﬁtbonldquggdoﬁEQE)tbe59|Z|ng

tgﬁotng(cgn que Ofow}egﬂ. S Qilic@\efc.fm&wpwgum é@f'&@éeﬁﬁ?ﬁ%{rxggaféﬁggf
ahlch Iacks co ﬁﬁﬂg ?ﬁgéﬁﬁg% E%Hgbgﬁggtﬁéeggﬁﬁggegﬁﬂ°ﬂg?s)'

determ ned by sewhilcdglamilq' MBcase.tthergpémnofsabﬁfeﬁane stra?h84of
This is the replgee mﬁﬁ%rareeén%ze'of #é-.gi?é‘:é?ns of defect?gﬁ pakeeeLayg.

| anbda- gt 11 HCV i'es, as,_use ate_c sequenci ng
CONA j S0l at es,  drid kBsiHPq HSe ket 2R thRudesion <of a?ﬁbﬁ%'g?-FﬁEEPﬂgPr°bes
fragments, usi ng;ct tua&@mmeoﬂamnmgmstm HCV| nucbaiendcidguenci ng 5

of the cl onad de mﬁ&ar 4164, |ahd auflhgrenb! YEbYar eBa! agt ALizalion

of the genomc se cou from

purified HCV par(@i@cuss t*ﬂﬁEP}(N“EE4+¥§P§gt¥EN‘$SPP+9 o aﬂacrabed in

det ecting them dedvipn B G | TNeréover prohedoverbappiingccDNAd inayebe, uséd

in{r Procedur Y, [ g % ls

parT sl es are kn?méﬁaﬁ%#%%oﬂ%@%ﬁﬁéegﬁfeﬁ%ﬁﬁviig% e yed, trom

shown i n Exanp|§nevﬂ£YLgenome(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 antiﬁodiesqdirected:against‘HCV epitopes
contained within them, as well as their uses, are

20 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
25 contained within clones 5-1-1, 32, 35, 36, 81, 91, 1-2,
Y

and the other clones described in Section IV.A. are

N\ antigen(s) containing epitopes which appear to be unique
to HCV; i.e., éntibodies-directed against these antigens
are absent from individuals infected with HAV or HBV, and

B from individuals not infected with HCV (see the
30 '

serological 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-
35 ists between these cDNAs and the palynucleotzde sequences

of those sources. Thus, antibodxes directed against the

e
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The isol ated genom ¢ segnents could then be cloned and sequenced. Thus,
with the information provided herein, it 15 is possible to clone and
sequence the HCV genone(s) irrespective of their nature. Methods for
constructing cDNA |ibraries are known i n-Ghe art, and are discussed supra
and-infra; a nethod for the construction of HCV cDNA libraries in 20

| ambda-gtll is discussed infra in Section IV.A  However, cDNA |ibraries

whi ch are usef ul screenin LLh.nu es na al so_be
construct ed |ﬁa%ﬁ% ?nﬁeﬁPﬁ?gegnm%%n?ﬂ gh PﬁxszE gg&ﬁﬁl@ oNgFH J2Y 00
(Huynh et al. (da8549. idgnhtifiz\BEeNANBY pDNALdéeecusdlbyeﬂhirpmohaiezﬁed
derived from theq SIS Fi nd e b n d from
pol ynucl eoti des erlve%1€2 gﬁﬁgégggtﬁﬂs ta&gnhgg|gg gtgéefﬁgnkg e ?%bne by
di gestion of t}RP}2BIARA §$9 HCFQSPF&§7mnth the appropriate restriction
enzyme(s), &nd sequencedHCVSpartioclesxmapl be Seolated3@rbi Ahd. saxa E¥oﬁ,4

f t he tech

over | aps. Hov CIRRAREY 'uhEbetqd 1381310081876-7886RTER1Y BltekesPHy O]
and sequenci ng® fthﬁlﬂQEhﬂﬁﬁthﬂ"BvéﬁlEbg BESY ﬁﬁcéPéﬁ§98f°raﬁéaS@éﬁnon

| V. A 8 and |V.debhhiuédcbabed onS8izesdistraninadisnjeact ag eeddmenea ?

whi ch over| aps. A0etDET gL 90Es b ABERAAY, oS8, EBcARTELARS ok ol defiley |

sequence | ornation d IS use
det er mi ni nS ari@h o2s 5uhmq:eg*y'r&ﬁagﬁ‘ééenoééneﬁpyi t GEASLRRLS . ST
genome(s), whiprecDpitatiohceitht ageptsssach ak fbbn&eltmuemu @Iwa:oq.f foie

for the desi orf %ﬁofﬁé,’ﬁ%ﬁiéﬂ?. on’p, SBeteks el Harekizls shch’ g%mz; 933 g
nucl ei ¢ aci ds 9% qItipnie o@?‘@hﬁngﬁn@{lé?fiaﬂrérdeﬂﬂngaﬁ:ﬁé‘iﬂd@l ahii cbrinldcv
(di scussed i nfda , te't hydZopHobheitgehasqwelldasCais¥dd ity columns. Dur-
15 ing the isolation procedure the présence of HCV may be
detected by hybridization analysis of the extracted I
genome,'nsing_érobes derived from the HCV cDNAs described
supra, or by immnnoﬁSQay (see Section II.I.) utilizing as
.probes antibodies_directed against'HCV antigens encoded
20 yithin the family of cDNA sequences shown in Figs. 1-32,
and also directed against HCV antigens encoded within the
overlapping HCV cDNA sequences discussed sﬁpra. The anti-
bodies may be monoclonal, or polyclonal, and it may be
desirable to purify the antibodies befqre their use in thes/
25 immunocassay. A purification procedure for polyclonal (_/
antibodies directed against antigeh(é) encoded within
clone 5-1-1 is described in Section IV.E; analogous
purification procedures may be utilized for antibodies
directed against other HCV antigens.
30 "~ . Antibodies directed against HCV antigens encoded
within the family of cDNAs shown in Pigs 1-32, as well as
- those encoded within overlapping HCV cDNAs, which are af-
fixed to solid supports are useful for the isolaticn of
, HCV by immunocaffinity chromatography. Techn;ques for
35 immunoaffinity chromatography are known in the art,
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Section I1.G Moreover, the overlapping cDNAs may be used to create
expression vectors for polypeptldes derived from:the HCV genone(s) which
al’'so encode the pol ypepti des 15 encoded i n=8l5enes 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 pol ypeptides contai ning HCV epitopes, and for

anti bodi es direc s o] d .t he as wel |l as
their uses, are %ﬁélﬁﬁgrﬁ oEhl16RRECREE SRS, sl iRl Bo 3ol ulb-
fr om NANBV cDNA E‘éﬁﬁ%nﬁ@s aeﬁt sha¥dreiteinn talegureimunosel@m::y@, a’d iviity;
81, and 91, di sctllséeﬂeéuﬁiQué\Qdmh*}f ba. thegaded Whiibhn thiae afy i¥s &Q’!ﬁ

t e 36, 81, 91
ifﬂgfngfinggndgé€ru ¥%é geéﬁ? §u§9$£% éF?éan§P§eﬁf§Fp&5ht§Pﬁsﬁgkéﬂﬁtopes
whi ch appear {0 %%Z%MEqQ@MUBOPEﬁﬁﬂﬂsés, pngebédrég)dlascuedlagalnmbsbhese
antigens are dbsgRichrenei aﬂtn:éuabs hﬂ&eebedlwkli{:g\\rngéd'*% i sﬁ;[?

i ndi vi dual s not nfect€g¥ gﬁ $ e serol resente
Section IV.B.). “SB7Ed RoRBS P%gﬂeﬁfaFﬁes§@g &o; Fﬁh@ﬁ@ﬁ éPr
t hese cDNAs\MtPﬂQ?nienqubnnkanfoEwahtEBHnsHBU aasdlidt suppergcneMich are

sequences in Ge P }ﬂgu& EELBQ&tiH‘QéEEkogoﬁﬁlegy ﬁﬁweb%&s Q%EW%

t hes€ cDNAs and cl eot | ﬁ uences

ant i bodi es diige TR ¥ Peninghpde siPhEhPeBF§B§ﬁ559"§ﬂe69“9&@@9 agents
1/ 12/ 94 Thi's so thet reipe aaptibgenshiéndingt sitelbf24fié antibody remains

-54- antigens quggggg % din the cDNAs of these cl ones may be used to

i dentify BB-NANBV partic es isolated frominfected individuals. In

addi tion, they are also us%¥ﬁ$“$o?h?hE“FééFSPFéﬁ“oPrRRHBHr&géhF(QFESBHCG
C\L/part icles mof HCV smaptibel detected anddokroerified by nucleic acid

hybridization, utilizing as probes 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 viral
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. Further confirmation that the isolated
particles are the agents which induce HCV may be obtained
by infecting chimpanzees with the isolated virus
particles, followed by'a'determinatidn of whether the
— _ symptoms of NANBH result from the infection.

| . Viral particleé from the purified preparations

may then be-further-charaéterized. The genomic nucleic

acid has been purified. Based upon its sensitivity to
RNase, and not DNase I, it appears th;t the virus is
composed of an RNA genome. See Example IV.C.2., infra.
The strandedness and'cirqulérity or non-circularity can
determined by techniques known in the art, including, for
example, its visualization by electron microscopy, its
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BB- NANBV i nfected individuals or fromcell cultures by any of the nethads
known in the art, including for exanple, techniques based on size

di scrimination such as sedi menta- tion or.excl usion nmet hods, or techniques
based on density 10 such as uItracentrlfééétlon 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

material s whi ﬁhg?heﬁoﬁu‘int Eeh!dﬁ:?p@iﬁﬁg'eﬁ%s ,asﬂaelltsas‘seaﬂmé}ié ccm ums.
Dur- ing the 1so6lation rocedurée t resence o may, be cted by
hybri di zat i onCBARRGERPTigEiCke e?PF& °§bﬁ@ﬁbhmﬂﬁﬁi§ %%%E d from .
t he HCV- cDNAscdpanreueaCVUgeapmertbythenmngaﬁi&p @mmmﬂﬂsnoﬁnndv .dDNAs,

utilizing as EEOQsEPQQBNXﬁglteﬁc@l ;ng%t %% \A%gﬂgri_étsed-@ié %gtdogbﬁ_&slal Scoded 20

within the faml ences- s o] dlrected
agai nst HC\4 aﬁsrgeﬁedem'&dsewm(ﬁeeh&e@émaﬁ -Hy ey dgchniauss uch
di scussed supas. thébe amei debedﬁ.bedrran,bqo@mh@w METHOUS/ @wnal , and it

Ty be des! rapherhBrBrs. Y th Aty adl e i%ita%e'nruc&[%%; W e A5 L
E;

i Mmunoassay Cation proce i 'ona
agai nst ant|g@h?Q?deﬁﬁédEGQHFFﬁPﬁ éwbkeoynltsq igues,i daslvdingti on

anal ogous IOUFréVGQEeOﬁthBQQd t2onTBinke thie i ui‘i@:r ﬁﬁeﬂ@i 8% dtmect ed

agai nst ot her nt.i ti dire d.a
anti gens Moﬁgglm??ﬁl aﬁBlganﬁFni&‘Q&w@ﬁd ﬁ (-r% as well as
t hose encodedUWi-i-iaBﬁngv§hﬁapBFAQlHC$Cd-QI\IA§ri\Mﬂdcrfmﬂetdﬁ wisedd to sol i d

supports are pseéﬂbléer EEGiBSQb%buﬁueoEnged@éddaﬂﬂﬁéﬁédﬂléé/ genome,
chr omat ogr ap

ehr ot 00" AP ne SRR THEE, S8 e RABRBRE e 7, oy o 097 spty e Kiicun T
ports so that they retaExamipatiomefosdiehompdagy iof tthe tpelypeptidpies
may be those bhcYBeaNwi BRIANEHBOCOAL iddus ORF of combined clones 14i
through 39¢c (see Fig. 26), shows that the HCV polypeptid
contains regions of homblegy with the corresponding
proteins in conserved'}egioﬁs of flaviviruses. An example
of this is described in Section IV.H.3. This finding has
'20 many important remificatiqne. First, this evidence, in
conjunction with the results which show that HCV contains
a positive-stranded genome, the size of which is
approximately 10,000 ndcleotidesl is consistent with the
suggestion-that’ﬂcvsis a fiavivirus, or flavi-like virus. O/
25 Generally, flavivirus_virions and their genomes ' have a 1‘)
relatively consistent structure and organization, which
are known. See Rice et al. (1986), and Brinton, M.A.
(1988). Thus, the structhrel genes encoding the
polypeptides C, pre-M/M, and E may be located in the 5'-
30 terminus of the genome_npstream 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
35clone 14i may be accomplished in a number of ways which,
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adsorbed to the support (see, for exanple, Kurstak in 5 ENZYME

| MMUNCDI AGNCSI' S, page 31-37).,.. as well as those in which the antibodies are .
covalently linked to the support. GCenerally-styhe techniques are simlar to
t hose used for covalent |linking of antigens to a solid support, which are
generally described in Section Il.C.; however, spacer 10 groups may be

I ncluded in the bifunctional coupling agents so that the antigen binding

site of the antib®iYyeRekBeninferratinne hepginngwonddpbei pbyviousn tor oned wife
the presence of HikibhyihetHetaeted Rog/ examplif,i efiebyenvmeeiwadkiicgh5

hybri di zati on, utiligi S b nucl eotid iLved fromthe fTamly
of HCov cDNA'seque%%%Eﬁgﬂ%€b ?%9F§3388£§-g§_§§°a€§? gghﬁfoﬁFﬁvgngﬁpV Shcv
cDNA sequences, d¥%%r?betosthpge LR chpPaecddd, bus whichi overdep thaat ed
under conditi ofis ohond); vhisdisavaent Deadesespthanighlyitiah &2 Bﬁﬁ&k&bﬁ%&
t he

for exanple, wt tS dR;Lhe, nce,of chel ati ng_agents, .an

presence of vireJ%n c.égggécidﬂﬁ%tg?gﬁﬁzgugyhﬁﬁbﬁﬁﬁpzappgx grRRssFased

described in Sec-iRf%ay |infectlernEY.Benfi Fant esamphe;, aReoisdtatied known

partigcles are thecgentise Wl &PiviFuses HhdvE8t¥oh8epPbal Bﬁ;:gegy acri'db regions
0 y

i nf ecti ng. chi h the isolated ticl |
dot or i nai i on of ThGPRetred yREFRRE Br L NaRBaRPRCHRr 1 PIVRHE LeREdERon

Viral particl¥ foantairingrthe ccopsepvedt sequenagst nay be hsethas probes

A eIt red, Wndewine v BeY denafied EAts88lothy! iEd saBIARLoNRO"
conposed of an H$% ON e %&%Hﬁ?ﬁs?%V892§ggPﬁPFS?:Tﬁa SPRINAESIO8s

aﬂdvgircuIarifydcmi#knthnsdnﬂewifqdcﬁpouet@enﬂ??dcbyhseshowquaa.quwnzhn
W er sty s e T e Pl 62 W B Breteinien
r epl acenent {amp genome sequences upstream of those in clone
14i, using polymerase chain reaction technology. An ;
example of this is described infra.
| The structﬁ;g of the HCV may also be determined
- and its COmponents isolated. The morphology and size may
20 be determined by, for example, electron microscopy. The
' idehtification'and localization of specific viral
polypeptide ahtigens such as coat or envelope antigens, or
internal antigens, shch as nucleic acid binding proteins,
core antigens, and polYnucleotide polymerase(s) may also
W] 25 be determined by, for example, determining whether the
' qntigens_are present as major or minor viral components,
as well as 5y utilizing antibodies directed against the
- specific antigens encoded within isolated cDNAs as probes.
This information is useful in the design of vaccines; for
30 example, it may be preférable to include an exterior
antigen in a vaccine preparation. Multivalent vaccines
may be comprised'of,_for Qxample,'a.polypeptide derived
from the genome éncoding a structural protein, for

example, E, as well as a po1ypeptide_from another portion
35 |

e

T




Date: 1/12/94 mgration in density gradients, and its sedinentation
characteristics. Based upon thehybridization of the captured HCV genone’to
the negative strands of HCV cDNAs, it appgars that HCV may be conprised of
a positive stranded RNA genone (see Sect | IV.H 1). Techni ques such as .
these are described in, for exanple, NETHODS I N ENZYMOLOGY. I n addition,
the purified nucleic aC|d can be cloned and sequenced by known technlques

i ncl udi ng r evelfsehier Ygenome)t ifor Wxurpld\e &) aisHE trutt eFa Bl of Ss BetdPa) See,
for exanpl e, Nﬁg ggiiﬁ 982), and d over (1985). Utilizing the nucleic acid
derived fron1P Y§eP articles, it is possible to sequence the entire

genone, whet-her or not it is segnented Exan1nat|on of the honol ogy of the

pol ypept i de 1516R00d@@1w ‘1t syt - : &&ﬁ@sf&é'

t hr ough 39¢ ( WS T 1 ' Egi ons
of honol og : = ~~-:nd|ng protelns in conserved reglons of
flaviviruses. An exarrplﬁleofsuggesuis:mm HQY iis Fecflavivitus or This

finding has 2Q;g@9y1iiHeolids AE gﬁ?x% .{3; Husoﬁwaws £&k

conjunctlon wth the results mhlch

posi ti ve- st r aATOWiggn HEGY - H‘él%.%*bf‘%@ﬂ%edbmm!m/ the gokrus V
‘nucl eot i des, showsnai sﬁ.gdednﬁ famcairgy e ihomd Yoy HQ/ tive ckddwayi Vi rus,

flavi-li kgoﬂ EbRsetve Geri-‘argaﬂdngsu f%{f‘@iﬂﬂ%ﬁ’ééﬂ Nl REROESy J ve

a relatively CONnsistent Struc ar e
Rice et-al. (t08cpengrne as & &i-"qg‘lerﬁrl%éﬁeth%ﬁJstf rﬁa‘ﬂs@iﬁ%@‘mral genes
encodi ng t he flaypepruses @repknodnVtearthdserayt txkim:atxedtw iﬂe ESeeSO

t ermnus of tbﬁrgS% stkﬁﬁa@é¥1é3§”§?zggintgﬂnfiygqhe

conpari son wit 8 I"dvi Vi r.uses pre ictions. as ﬁieCIse ?Ebéylon
of the sequen&d? Qﬁdodlﬁgnﬁﬁ Yor Sditable rejl sk ceLb  Lhines £orthe
sequenceslﬁpstnEaﬁrthtHQSEmuW1£hdﬂuuueﬁhaséﬁ%héuhéxbxsﬁ§p6hed in a number

of ways whi Che)ayivirus replication, for example, the following: monkdy
kidney cell lines (e.qg. MKZ' VERO), porcine kidney cell
lines (e.g. PS); baby -hamster kidney cell lines (e.g.
BHK); murine macrophage cell lines (e.g.., P38801, MK1,

20 Mml); human macrophage cell lines (e.g., U-937); human
peripheral blood leukocytes; human adherent monocytes;
hepatocytes or hepatocyte cell lines (e.g., HUH? , HEPG2);
embryos or embryonic cells (e.qg., chick embryo
fibroblasts); or cell lines derived from invertebrates,

25 preferably from insects (e.g. drosophila cell lines), or
more preferably from arthropods, for examplé, mosquito
cell lines (e.g., A. Albopictus, Aedes aegypti, Cutex
tritaeniorhynchus) or tick cell lines (e.g. RML-14
Dermacentor parumapertus).

30 '~ 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

35 in vivo being passaged in vitro. In addition, various
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- -57- given the information herein woul d be obvious to one of skill in the
art. For exanple, the genone malklng techni que; .. may be used to isolate

ot her sequences which are. 5" to those in clg 14i, but which overlap that
5 clone; this in turn leads to the i sol ation of additional sequences.
Thi s techni que has been anply denonstrated infra, in Section IV.A . For

exanple, also, it is known that the flaviviruses have conserved epitopes
and regions of cémported izatlionc metihbdse qaen des usda)lwlﬁﬂﬂitxi =l I i nes

contai ni ng the Cae%@%&&df%ﬂufn@?ﬁ%dﬁ*eb éiaﬁ:‘:f&e%s Predie Ic};}di,me HCV

genome, thus all g i | SO 1't1on these con
tF

I.n a
sequences, in co tHres ﬂh@ggrﬁbﬁnﬂyfﬂﬂQﬁnQHﬁé heown in
Fig. 22, may be hepdtooyﬂespgpuﬂaltriam may @ee fusery Jeers W&h‘ﬁt]ﬂ%f Qigllé y

t he genone sequeeseﬁaggggaﬁaglt?gltlltn?ﬁ |@.|°§J Q n\% %e%slsq}gr p_l/thrrer ase ch

reacti on techr®l

of the HCV may aFggeEEeae?’éFFh hEansipaming (Yé-rﬁb’(ﬁ?@nt oY %%ﬁ?eteﬂleﬂlth
nor phol ogy and stranségpriiingbgedescin oedely tof SredtdPermatieins dyn

M CTOSCOPY. aCebEBbEhRABNLCBe31011088! 230 AL SRECIAL dlddle, cells
pheht Eedl XaRd

pol ypepti de antlgens suc nvVel ope
ant¥jens such aénnbéYBFccHéFHrBFnHPﬂgbﬁoﬁ@ﬁﬁg t@bﬁ&ﬂﬁhﬁkﬁhﬁﬂ agid lines

pol ynucl eot i de ppéyqe;aaebs)z ey Method®s for deuar FuGmard Q{ncﬁiiﬁrﬁm &he

det ermi ni.-ng wWHe a aly as Vi
conponents, as fo gﬁg 95?9§?§|n Sgn?fé&g'gg 5ﬂgéé¥ﬁﬂ &gﬁﬁmﬂPQrﬁ9°"~s
specific antlgen%u%hceﬂeEOAYPEhmlﬁyslaﬂwﬁodDNﬁ§n§9¥mVﬂnﬂs “Bnds Bpsumimet i on
is useful in thepgesi gpra§.vaccines; for 30 exanple, it may be preferable

t oncl ude an exteri or ant jge | Mul tj val ent
vacci nes may be conprised’ %? 8%%$u§§§§p%’ p%@ﬁt |°dgld’é' A ATNS Hm ¢ he
genone encodlf% %l%Ytub%h?aYipuételWhersﬁocﬁanpmeis Prokabile [that HCV

pol ypeptide fTOnipfestesnpett £e0132iAkESmay bee aceomplaEhdd HF¥echniques}
' known in the art for 1nfecting 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 pblynucleotides. It is known that:

" ~Togavirus and Flavivirus RNAs are infectious in a variety
of vertebrate cell lines (?ﬁefferkorn and Shapiro (1974)),
and in a mosquito cell line (Peleg (1969)).

Methods for transfecting tissue culture cells with RNA
duplexes, positive stranded RNAs, and DNAs (including
cDNAs) are known in the art,.and include, for example,
techniques which use electrbporation, and precipitation
with DEAE-Dextran or calcium phosphate. An abundant
source of HCV RNA can be obtained by performing in vitro
transcription of an HCV cDNA,dorresponding to the complete
genome. Transfection with_this matetial, or with cloned
HCV cDNA should result in viral replication and the in
vitro propagation of the virus.
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-58- of the genone, for exanple, a nonstructural or structural pol ypeptide.
I1.K. Cell Culture Systens and Ani mal <&¥%del Systens for 5 HCV Replication
The suggestion that HCV is a flavivirus or flavi-like virus also provides

i nformati on on nmethods for growing HCV. The term"flavi-Ilike" neans that

the virus shows a S|gn|f|c amount_ of t.0 the knawn 10 conserved
regions of flavivirused %ﬁt"ﬁd‘tont R’é’ r?éﬂﬂr %#Dg:fye gféh‘d?é‘ CQFJM ngl e
ORF. Met hodsyssemsumagy mguISIeainﬁmr ude:@lamg&imatmn-t regsignaf sskdtddmg n t he
art (See, foinewfiehe £1ahqvidusess dpe &rﬂd%prtc( Jc%@e HY 01 &y o the
(1980)) .. Cene al%éé s¥|table %éllsd% cell QEE %? cul turing HCV may
i ncl ude t hos&kné to ?Eb 5PF i %ngl%ﬁﬂl atth l e, the
fol I owi ng:_ nBhkey KCWn eppddicia tiiome mafye ogcyremdt, dﬂmy);nrnhxmpahieebwy cel |
lines (e. Bgk: a@ataylnarr&w Kefife CHldrmidenns @@aa sudindHide.

2 Ml rophage cel

macr ophage cell |ines 8801, 0 human

lines (e.qg., U937); hunan perlpheral bIood Ieukocytes, human adher ent
nonocyt es; hmpaLocySeseeniggp&bmcmm&nyMﬂrdB or HdV , HEPR);
enbryos or enbryonic cghks 4 | r.Q ; Il 1ines
derived fromi nvertebrah’?s g.abi?.rlt?gl rom [ r#siecf ea?}’% a roagf(;phl | a

cel | Iines) ®P dedr sYStems: Som, HCVoalso: WQOW@(M@HM@QIO cel |
lines (e. 8 , aft i ArheailclagentAcahd che giNibi tOHOW rep Iiraid oy negis) or tick

bossi bl ot hap BrtRuRptiy 2P PREEY, s RRICH lore¥orentiatiy atler ), .
HCV: or_alteﬁﬁgilgﬁpythtﬁédh Fd@?ﬁéﬂﬁHQHnﬂﬂi dinhikd ting weixak om t he
livers of intepledatidnvi drhlese( acreening MethodsidF KRR 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 replicatioh in cell culture systems whicl
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 prdvided'herein for
detecting HCV 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 .
25ce11 plaque assay °r_1950 assay. For example, the HCV- v/

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 orfcompétition_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 quantxtate HCV antigen(s) in the cell
culture utilizing the immunoassays described herein. 1In
addition, since it may be desirable to guantitate HCV
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The latter case is an exanple of a cell which is infected 35 in vivo being
passaged in vitro. In addition, various -59- immortalization nmethods
can be used to obtain cel l'“[fnes derived from hepat ocyte cul tures. For
exanple, primary liver cultures (before and®¥ter enrichment of the

hepat ocyt e popul ation) may be fused to a variety of cells to maintain
stability.. For exanple, also, cultures may be 5 infected with transform ng

viruses, or t ranak%ﬁggﬁswﬁh ttl'ﬂ%arlﬁf@d?é&? SENCT It By P é&.fféte

per manent or sem per n.addit |on for aqﬁé % in
liver cultures 955¥rfGgsdppéxﬂﬁﬂﬂﬂqQQNQPQQQQ Wit (RENAS
Met hods for cel | deseirabedr heltedw are tipefarlt irﬁrﬁhdwhditpeﬁﬁ.\.cm(aﬁ&@jsl he

use of fusion a a l.ene \Y/
Epstein- Barr V|g thr}zﬁ& s%ug.sé%%%‘agﬂ' I!@\?/(b%lg‘% A rduésﬁf)‘?ecgr%ﬁm tl'l'(e
virus. Ther efSor BCVi £DNa woydshbe ﬂnﬂehqu:Endrﬂhaninhihﬁtxgn|0ﬁ|bmnﬂxng

~be acconpl i shed B! tashnu%eaelangmylpéptcuaearﬂo fal ncmf tzfdlypb;ﬁ?idé dMé heo
Fl avi vi ruses. gﬁe in |ncu %E t he ce

[e t |
preparations und ec3n§}gﬁgngr%hpex%g&qmﬁhﬁ,%g %ﬁﬁ<§¥ﬁ§?ﬁﬂﬁ ufgra
add{ tion, it naymbelpossdbleMOIBOZBrbbm@asanueghqiqnganang1ngxtxcukﬁmkglng

the cells with i gabghedini cakeBOWhede eMe FEYV may be %3«1@% e iapay i fs

o o B, e aaai s Hi Pt Bobe 3, Sl gl o] P2 CELl oy
(1969)). Methods for transfecting tissue culture cells with RNA dupl exes,
posi t1 ve st randegr A, paadabbit ot 6 Wirdhualie )L WY ey Lhe art,
and jinclude, for exanpl.
precipitation 30 with DEAEZRe 2RI iGN £9 ENEmaRaYSh &t 1W%Mﬁiaﬂssue
source of HCV RNﬁutanrbesybtehsednuycpemmmmahuyodehn5y:tems, it may be
B 15 possible to isolate attenuated strains of HCV. These
strains would be suxtable for vaccines, or for the isola
tion of viral antxgens Attennated strains are isolatable
after multiple passagés in cell culture and/or an animal
model. Detection of an attenuated strain in an infected
20 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.
'Alternatzvely, or in addition, an attenuated strain may be
' constructed utilizing the genomic informqtion of HCV
' provided herein, and utilizing recombinant techniques.
Generally, one would attempt to delete a region of the
genome encoding, for example,'a polypeptide related to
30 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 Ceils'which allow HCV replication,
35 and the cells grown under conditions to allow viral
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transcription of an HCV cDNA corresponding to the conpl ete genone. .
Transfection with this material, or wwth cloned HCV cDNA should result in
viral replication and the in 35 vitro p_[é)‘pggation of the virus. This is
t he repl acenent sheet Date: 1/12/94 Thi's is the replacenent sheet -60-
Date: 1/12/94 In addition to cultured cells, animl nodel systens may be
used for viral replication;. animl systens in which flaviviruses are known

Eo th;))se 01;1 skielpllijctatﬁml ar Aytsamatied _rm«amliﬁajl.rwaarewa‘\ftby Mﬂaéigly
1986)). Thus el i cat] QRET ' i nzees 5 but al so
in, for exarrpl’fg,lﬂgrégrc%s?& ?Ma:ﬁ%gs?t?c/'kl I NQ ar%wéé.§$l¥14&%;r€%€i P for
Anti-Viral AgEfmRersialoprpductian af Ivizabfantigens) tsircentheni mal nodel

BT Ly ¢ Tposeaaimet M AANGPUAL Yedilie 166 SGeNiGeit ch
icati i cu se. s whjch .
preferentiall ?ngl %%\t}"vl%& I"_‘aeg%(r%o uiE aﬁocfl %ﬂ%ﬂ?‘f“t"a‘fﬁ%ﬁﬁ’n@?ﬁm%i‘ﬁﬂﬁl viral-

replicatior® Predustionenddgrnihgossodus ion, fhy STHIUEESY in the

art. Generally, the anti-viral agents are 15 tested at a variety of
concentrati Onig for éhei r ;ef Iiat § preventing viral replication in cel (W
culture systerr Tani X replication, and then for an inhibition
of infectivity or of vi The genexgdnitschniquas msedy invextoictingcthg) in
an ani mal nodgengmel FFom! I VIR rupth SHP Wd | SFSb @ Va deSNACI EbPa !
detecting tﬁ:vegnti%g_ns and  HCV po'l Spn%%:l eotjdes ar e'wéfe'?ul for scr ee?n‘?i'g of
anti-viral = ag&fd% ‘t"r?atcj‘t"ﬁﬁf'prcéﬁ} UGFLR9 SFRESIRLOD NPOEP RS psERBRS~
sensitive neafermiog cetldst, peaformgetimeidbogicnl assdys epachadson tRap
the 25 cell phadulmirhiOhsYayles drid EFA adddy S} Ggrélen§'@el1ls in
culture, and the like are known in the art and laboratory
manuals are available describing these technigques. :
15 However, as a general g\_xic_!e, the following sets forth scm%
sources currently available for such procedures, and for
materials useful in cairying them out.

III.A. Hosts and Expression Control Sequences
20 Both prokaryotic and eukaryotic host cells may
be used for expression of desired coding sequences when
appropriate control sequences which are compatible with
the designated host are used. Among prokaryotic hosts, E.\J
ggl; is most fréquently used. Expression control
25 gequences 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
resistance, and the various pUC vectors, which also
contain sequences conferring antibiotic resistance mark-
ers. These markers may be used to obtain successful
transformants by’seleétion. Commonly used prokaryotic

control sequences include the Beta-lactamase
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polynucl eoti de probes described herein may be used to quantitate the anount
of ~viral nucleic acid produced in acell culture.~ This could be
acconpl i shed, for exanpl e;*by hybridization or conpetltlon hybri di zati on of
the infected cell nucleic acids with a | abefde¢ HCV- pol ynucl eot i de probe.

Far exanple, also, anti-HCV antibodies nmay be used to identify and
quantitate HCV antigen(s) in the cell culture utilizing the innunoassays

descri bed herein sﬁpﬁf?giaégéé ?hgc FFOQEy nggegkrgy q%ﬁﬁtltate HCV

35 -61- antig cuI ure by a
t he pol ypepti des( ls%‘bubd whenhtayPherhey ¢ bRRd 9§§@PtB§d suertom (ﬁosdgbelf ®t

11 gritCZZe ??gﬁ?:lél oN( 2980 %Elegél lambagtaeeﬁbbaapt g?lizfms%?ﬁtol%@? ?gene
bi ndi ng of thlsnﬁg% %g%? tB?.ﬁég?o(gﬁ ﬁEgAES geBE déqggg )00 3K the
anti gen pr oducedlythruﬂ\e_mlPrWtere(§9sBeer\/\aul dlhbe (X883 gr derividr €xroay ,
these techni qéesséé@eri?@éélé‘f”@ﬁé ChHi 18cCEYSSprBibEeLES H%emiw%ofi?.' e

to repllcate in 10 a cel
Preparation of AXEHRNS e%lr%t?%ﬂ" aﬂ@)‘(l ?ﬂmagﬂi‘-m-ﬁnwti&ht Ee spddg if
utilizing the t|¢§§kredutamhesysreharyanﬂéohoansnnhchDdsIss:aﬁﬁEBofIBa&&l-

be .13 possibie tgd Sc%aéé‘e@&éﬁéw&é eﬂaftst(’:)? 28eql Ht¥h cEPFé h&%gsc%‘\‘.'rgl

be suitable for vaccines for th a- t1on of vira
At t enuat ed s&ral Qﬁ???%olatable after nultiple passages in ceII culture
and/ or an anlghl nodel . [Inkaryot&@fhastatlnomadedyehsalandnmaﬁmhu&ﬁﬁted

20 [ 1 d b, h

coufg | nglrudg ']‘ce(ﬁhaé i %ﬂ:ﬁi’é‘ ﬁs@%‘mé ec gégéﬁﬁ:éﬁﬂ%s BetB6:3% ég ?5%
enseded in HCV EEE&&E%ESEBE&EpBF?nEBPeG?FEeCQGﬂPaQN’ﬁgeén
HCV sequence of ysadedsistbouind are| eohvensens SungabechosdbsAl t geasti vel y,

or in addition, dﬂhﬁ?éﬁﬁi&“&gkéﬁféjghny ﬁfrkers which permit selection oi
successful transformants by conferring prototrophy to
auxotrophic mutants or'resigtance to heavy metals on wild-
type strains. Yeast cémpatible vectors may employ the 2
micron origin of replication (Broach et al. (1983)), the
combination of CEN3 and ARS1 or other means for assuring
replication, such as sequences which will result in in-
corporation of an'appropfiate fragment into the host cell
genome... Control sequences for yeast vectors are known in

~ the art and include promoters for the synthesis of
— glycolytic enzymes (Hess et al. (1968); Holland et al.

W (1978)), ;ncludxng the promoter for 3 phosphoglycerate
kinase (Hitzeman (1980)). Term;nators may also be
included, such as those de;ived from the enolase gene
(Holland (1981)). Particularly useful control systems are
those which comprise thadglyceraldehyde-B phosphate
dehydrogenase (GAPbH) premoté; or alcohol dehydrogenase
(ADH) regulatable prqmotér;.terminators-also'derivéd from
GAPDH, and-if secretidn_igfdesired, leader sequence from
yeast alpha factor. "In addition, the transcriptional

35regulatory region and the transcriptional initiation
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constructed. utilizing the genomc information of HCV provided herein, and
utilizing reconmbinant techni ques. Cenerally, one would attenpt to delete a
region of the genone encoding, for exanggg, a pol ypeptide related to 30

pat hogenicity, but which allows viral replication. |In addition, the genone
construction would all ow the expression of an epitope which gives rise to
neutralizing antibodies for HCV. The altered genonme could then be utilized
to transfor mregioh which arewpesehlsy linkedmapbesuehethat | shey oawre

under condi t nos natudld1Qy \dgstic it iin tdife rvﬁpi&-ﬁﬁfpwtoﬁaﬁs@at Sfhese

1/ 12/ 94 re e

-62- repli ca? %teils %‘%gnﬁs%% s’tr{1 CF Iﬁeims%ééjlﬁ(gts%}ﬂ PRt ighed ne
pur poses, bupcépé’Graé rs 3 %8des BRQ %%’r&?@hﬁsmcbm\lﬁm 22, v1984;
antigens, siapa EPO NBAGSTH N tﬂfli@?@d? oédeim V) d19@51yléP1 |@§swm.ch

stringent r c res,for the e ees |nvo L1 viral

producti on a%%? sgﬂ'gq‘%‘r%:g:&'ﬁil}?n l}ﬁ %‘iﬂ ;%)sspi?/ ’E%‘?%r al Met hods
The general dachrporedesshenainty aafenende. genoma from a virus,

preparing and probing Q&aﬁﬂ%i‘drpréﬂm Sl%ﬂ?i‘%%ﬂlﬂ?%s Cﬁ;%{é UESENT

expressi on vectors, .trans- form n erfo i mrunol ogj cal  assays
such as radi 8?‘Pﬁﬁﬁc§&§§‘af§earﬁ‘°§ﬂ ﬁ‘p Qﬂég’r"lﬁ%r YRe ANy Hamertalr e,
and the |ikézadecleddwl ines- tava idrab len & doxb et Ayericara| Bype eCultutabl e
descri bi n&0t g3 elealen quawchs RPN %I%O?f‘ésrl;ic | GhifEse L BEmd £LF OV Ng

sets forth some sour S currentlg%lq Ia | e

oce ures an for
material s us8VAFY ACHY, Geld & a"ﬁtte’%\ idpRy &'Hﬁ ei dnd @nt Q)
Sequences 20number of ofhsir ;maildarlﬁates. armaA@chprmdnmts cfbt smamy be

used T0r eXPpgssan c@ISC M LG INHLRP P S AFE a AR PLAPL 48 o ££RY T O!
sequences which are co aa
promoters s as that from Simian Virus 40 (Sv40) (Fiers

(1978) ), Rous sarcoma vzrus (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 séQuencés which cause amplifica-
tion of the gene may also be desirable These sequences
are known in the art. Vectors suxtable for replication in
mammalian cells may include viral replicons, or sequences
which insure integration of the appropriate sequences en- v
25cod.mg NANBV epxtopes into the host genome. i“)

I1I.B. Transformations |

Transformation may be by any known method for

introducing polynucléotides into a host cell, including,

for example packaging the poiynuclgotide in a virus and

‘transducing a host cell with the virus, and by direct

uptake of the polynucleofide. The't:ansfprmation

procedure used depends upon the host to be transformed.

For example, transformation of;the E. coli host cells with
351ambda-gt11 containipq.BB~NANBV sequences is discussed in

20
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- the designated host are used. Anong prokaryotic hosts, E. coli is nost

frequently used.. Expression control sequences fot prokaryotes include
pronoters,. optionally containing operator portions, and ribosone binding
sites. Transfer vectors conpatible with prek8eyotic hosts are commonly
derived from for exanple, pPpBR322, a plasm d containing operons conferring
anpicillin and tetracycline resistance, and the various pUC vectors, which

I t ai f ' tiblLoti | st K- .. Th
markers may be USH8 PRREELS; AeSh¥eRes tUFERr anBRBEREREL byaBEEomASion By
Commonl y used prdkzegbtuptabetgeneraylynemploys| tteathenBewathacadedam 3%
- 63- icilli 197
the tryptophan (rotoouh CREGPEASP ‘ﬁ?‘g‘éﬁé T72 I o uph ARt 1982) 00y Pebst
| ambda- deri ved [fe#ﬂf"}sﬁ?m%@?naﬁn ‘ﬁr‘ﬁ At PPLakS BaEi ke AArTied CuLi wedame
et al. (1981))@s e trhest igdbr o £ Blhnnpnoebta_l.(DESBagzu eua?in'al(i.a%ﬁ):)md(fbirﬁﬁd
f r &3 e i S ens
are particul arly ione by | LAGE dfeakd, REPTBe CESnaucely) BETRG Be"3ETin
hosts such as stBRfSRha%e RrecipitatienmethedonfsGrahapeande¥an dey Eb

correspondi ng cort918) sesp ctive SvaFidus yYkhowen modsfioatidasy eReredtd
maniel i an cells in culture systens. Saccharonyces cerevisiae and
Saccharonyces carl sbergensis are the nost commonly used yeast hosts, and
are conveni ent, fiigdf - hdleator \Comstru@bbenp| e vectors carry markers which

permt sel ecti®%n o successVedtor PCASEFROL SoRYeMploPs' t8EhALGLEL" WRRKA! Are

Yeast compat | bi dsaf ot e ERET ) Sy FEUERETE B BAR FreByaptnie: pershined
(Breach et al . EwdFoating wibiskiraples rertgighionrenzymest iodereanadier
assuring replicatiicifs whitth ageréFAPIy caréhsfbc1Eibd" BfUthel Mahlifacturer of
these commercially available enzymes. In genéral, 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 recovered by precipita-
tion with ethanol. The cléaved 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.

~ 25 | Sticky ended cleavage fragments may be blunt
— ended using E. EEli DNA polymerase I (Klenow) -in the pres-

ence of the appropriate deoxynucleotide triphosphates
(dNTPs) present in the mixture. Treatment with Sl
nuclease may also be used;_resulting in the hYdrolysis of
any single stranded DNA portions. ' '
Ligations are cér:ied out using standard buffer
and temperature conditions using T4 DNA ligase and ATP;
sticky end ligations requi;e_less ATP and less ligase than
blunt end ligations. When vector fragments are used as
3spart of a ligation mixturé, the vector fragment is often
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corporation of an appropriate fragnent into the host cell genonme. Control
sequences for yeast vectors are known in the art and include pronoters for
the synthesis of 25 glycolytic enzynes'{gégss et al. (1968); Holland et al
(1978)), including the promoter for 3 phosphogl ycerate . ki nase (Hitzénman
(1980)). Termnators may al so be included, such as those derived fromthe
enol ase gene (Fblland 1981)). Partlcularly useful control systens are

those which &aegtese withe bacranialiahkaling phogphataie (BAR
(GAPDH) pr orﬂih%s%n&llc@mdalcieiy ECAE feaﬂw@tﬁbéespxm ate

termnators a erived fr and ecretion. is LI ed ader
sequence froﬁpae gP apﬁﬁg géqu¥ |Q€ é? %QEﬁnﬁéﬁék??ﬁéﬁef

regul atory rggs@mmmdouh@mmqsta@m iafl tutmamcsarlagm;em@tm be
repl acenment %Q@Qttgﬁbﬁevenme dtSidme repl acement sheet Date: 1/ 12/ 94

-64- regi d which areée era I,nked nay be such hat are not
natural 'y associ at ed |gﬁﬁﬁﬁgﬁ¥ s&ﬂﬁﬂ?éy§¥

descri bed i ncdendnig hosEBQ th&h g).utdo]sihe(hrﬂ:tmtme&f@84 EPO 116, 201,
publi shed Augy3hgtdrmaht %%ea'%éﬁ ﬁ:’iﬁe%iéh?k 75 1§08
ne are, he

all of which are assigned to t i‘n assi g reby
i ncor por at ed2REPei # ISORFESH ICMSHEUCEARN abl e as host s
for expression are knomm in the art and i nctude many imortal - ized cel

lines aval®abhq fy.0 jon (ATCO),
i ncl udi ng HeLa cel’l s; o, — paby hanster
ki dney (BHK) cells, andYathe QﬁiQQQﬂﬁl --#dq Ay b?iﬂ??&h%ﬁﬁw%ﬁ%ﬂ%rQJ
for mam nal aanaeebhmtadecaligmdummime leyrtliesizer ras udesotibéd pbpnot er s
such as thathEﬁEkskqb%Q)V'r%%‘ﬁ%éf?@ﬂ»tﬂé:é§ﬁihetic strands may be
labeled with 32? by treatment with polynucleotide kinase
in the présence of: 32P-ATP, using standard conditions for?
the reaction. ' _'.'
DNA sequences, including those isolated from
cDNA libraries, may be modified by known technigues,
including, for example site directed mutagenesis, as
described by Zoller (1982). Briefly, the DNA to be
modified is packaged into phage as a single stranded
sequence, and converted to a double stranded DNA with DNA
polymerase using, as a primer, a synthetic oligonucleotide U
28 complementary to the portion of the DNA to be modified, v
and having the desired modification included in its own o
sequence. The resulting double stranded DNA is
transformed into auphage'suppOrtiné host bacterium.
Cultures of the transformed bacteéria, which contain
replications of each strand of the phage, are plated in
agar to obtain plagques. Theoretically, 50% of the new
plaques contain phage having the mutated sequence, and the
remaining 50% have the original sequehce. 'Replicates of
the pla@ues are hybridized'to labeled synthetic probe at
temperatures. and conditions which permit hybridization
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(1978)), Rous sarcoma virus (RSV), adenovirus (ADV), and bovine papilloma
virus (BPV). Manmmalian ceIIs may al so require term nator sequences and
poly A addition sequences; ‘enhancer sequences whi ch increase expression may
al so be included, and sequences which causegguplifica- tion of the gene may
also be desirable. These sequences are known in the art. Vectors suitable
for replication in manmalian cells may include viral replicons, or
sequences which insure |ntegrat on_of the appropriate sequences en- coding

NANBV epi t opes i %ttt hRenGeFr§Ehoftrang. | PRERNOETHALEr Ehenunmedif Led
Transf or mati on nsgqbendg. an?hénsaquentbsdwhdbhlhhwedbéehgLﬂehwm@weaﬁbydes

i nto a host- cell ﬁpg&ygﬁ %?e§g€§b§ﬁgac§ﬂglggo g% pol ynucl eotide in a
65T celt W

virus and trans d%lng a _ e virus By direct uptake of
t he pol ynucl eotide. The transformation procedure used depends upon the

host to be tr%BSIDIan breédasgateont wanaf ergpei on of the E. coli host
cells with | a®bda-gtll -con n Eﬁ PENEE S | c e n_3
-65- the Exanpl e section, bﬁ% A¥Brgtl a¥ ? §Q§§§g3§sgﬁ wﬁ§:§§ eﬁ%ﬁfke

general |y enpl oy%ftGé\éA‘%ﬂ%nv\N‘ﬁ Hagneasm 6A978Di-di Bmieklyrni d@ tbdisen
(1972); Mani ati spfdd&dire, YERE DA 2EST Béngkbaedbudmebmmz@&e oY1 iR&o-

carrtved out usi e, et h f H|n gn o 7

t r ansf or ma- tloﬁgegg ?gbg?ﬁﬁé 3r88ﬁdéeae8 ﬁgfggqgﬁée%aﬁEF&ma
phosphat e pv\ﬁ @uéfenmmtabdinq Qa-aﬂ&rrfamamé.dedeo 25 ML¥AGL, G5 mMe Na
various kno r“@&ét&@é'oﬂsotbegnlgv |éhc§ ofVBBBQheCQ@§thQhUw&iHQ poly-

oo o Wy ERRRHE1 LAGAR, JHRa HRrel ot Sol ai e, Behencle (om
reStfiction enzyde) ur@el® c808 - andohgomnicnogcgmsdmnycameispedenannquthe
manuf acturer of pya, 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 sﬁfingency 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
| 55 prehybridizatiqn,'S'f32P-1abe1ed oligonucleotide probe is
— -added to thesbuffer, 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 desxred DNA.

1_5
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III.F. Verification 6f'Const£uction and Sequencigg
' For routine vector constructions, ligation

35mixtures'are transformed into E. coli strain HB10l or '
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t hese commercially avail able enzynmes. In general, about m crogram of

pl asm d or DNA sequence is cleaved by 1 unit of enzyne in about 20
mcroliters buffer solution by incubatiqggaf 1-2 hr at 37 C.  After

i ncubation with the restriction enzyne, protein is renoved by phenol/
chl orof orm extraction and the DNA recovered by precipita- 20 tion with
et hanol. The cleaved fragnents nmay be separated using polyacrylam de or
agar ose gel edeherophitabie heshpi gndssucaesstdilngraasifoemaatsr slelected

procedures f ahf Skl | ggy 0 -499- 564. :
Sticky ended ¢ é%ﬁg;ggégggn%ﬁ?égggéggeaglSgéggnéggiﬁggﬁg_gaisﬁidﬁuﬁgom

pol yner ase | ¥m$eﬁﬁgﬂsfﬂrgﬂﬁt5ré§9,EHG&.BFePHEerBFSBFF g t@eSBPhucl eoti de
tri phosphat esmé th@dPsp £ pChewelli att 82 .ni(1060¢, usuadilyegoliowingl nucl ease

| b i ' : ' kB! t d DNA
bortfone. 81 cFfordRahent o Bnbl e 1YMENC  E10kedT) (103303 51 IR BRAL
condi ti ons usthgtaalared| apdsanatyzedp, usuadly bydres§zicsion ensyme | ess
ATP and | ess dnqppeishandbbrnseqadntifgli osequeibengyRayobef byokpats are

used as part L | L ¥t YL he, vect or ment i s often This isy
t he replacenﬁ% d ﬁ%%ﬁ%gﬁg?n§flg%§ge£~g?hsg'iélgkzqréﬁl§8§ﬁ§ﬁf sheet - 60b-
JDate: 1/12/ Feseeibed hyiMesaingr et 22l k4LPRA) phozpbyt 4be mBARPdofcal f
i ntestinal alkatamee®h@EPhp1986)L0 PesBYemsNaith BAAaPkahprasddibhys prevent

invent ed 1 agrbRes £56 homdtifed bbYELY el b BE! plen RRRTERR . Yok os o e
transforned iINereeme 2Ry cuseonfng-deseoguanosine Eccosdingate Sacreesf ul

transf or mant sapel ger9@sl) by, for exanpl e, antibiotic resist- ance, and :
screened for the correct construction. ' '

IIT.G. Enzyme Linked Immunosorbent Assay

Thé=énzyme-1inkéd immhnosq:bent assay (ELISA) i
can be used to measure either antigen or antibody
concentrations. This method depends upon conjugation of
an enzyme to either an antigen or an antibody, and uses
the bound enzyme'activity as a gquantitative label. To
measure antibody, the known antigen is fixed to a solid

phase (e.g., a microplate or plastic cup), incubated with
 test serum dilutions, washed, incubated with anti-
immunoglobulin labeled with an enzyme, and washed again. \J

25 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 functioh_of the amount of anti-
body bound. _ L

To measure antigen, a known specific antibody is
fixed to the solid phase, the test material containing
antigen is added, after an ihCubatibn'the solid phase is
washed, and a second enzyme-labeled antibody is added.
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10 I'11.D. Construction of Desired DNA Sequences Synthetic oligonucleotides
may be prepared using an aut.omated ol i gonucl eoti de ‘'synt hesi zer as descri bed
by warner (1984). If desired the synthetic strands nay be | abeled with
[err] by treatnment with pol ynucl eotide ki na$@8-i n the presence of [err]-ATP,
ustng standard conditions for the reaction. DNA sequences, including those
I solated fromcDNA |ibraries, nmay be nodified by known techni ques,

20i ncl udi ng, for | Lte dir ed nut.age 1S, .as, described by Zoller
(1982). Briefl yf‘sfﬁgp Bﬁlﬁﬁ%f}gbes#%%‘i;‘f’%& 8 B%%é’ze&?\%te&?ﬂﬁgé’cés‘x’a&éﬁ A e
stranded sequencestimatedneelordmesricaddyl,c andr aedatedNtoniarit ilen

pol yner ase -usi N0goRSeAtPALIBRH. a. Synthetic ol igonucl eotide 25

conpl enentary to the portion of the DNA to be nodified, and having the
desired nodification included in its own sequence. The resulting double

stranded DNA i5s IVansEmampdiegnt o a phage supporting host bacterium

Cultures of the transforne : BbHaA L 0 h%h% ply ' ch
strand of the phage, are pggiggiséu beWBbCQr%O@ H%%pkﬁﬁﬁ%%f%&d@éﬁ?ﬁ

In 30 agar Qbt
Theoretical |y, . 5HO¥8REEAB ¥ IéﬁﬁeQrSSgasﬂn°Bﬂ§g€°ﬁé@ﬁ%&ﬁﬂﬁ§tﬁﬂthed
sequyence, and thpurpoaesi ngnd0fiohate Limiar thenacopeqofnahe prResdmatianreni-
th i di gedqt I ' 35 d
cond! 1 ans iy chtLobh + £ BiBRE00E, EReStiegohtl dlR 1belre; riREIM | o O
not with the I@nnmwrléraeg}e/auﬁh‘éb.in. the segreneds the &8 aimge widdn hejannar=d

l[))KIA hly_bg i di zat i onest etoeﬁaugéed_f-aaﬂdsthanyd sklill. En tlrhebe' lair® .z atThe) prddedurehe
| praril es e e | pr e . te n eSS

Clo7s) 25 tor | e e BELRT ey QlanpTeh TTRNCE 18ne riiN Wby £ ISR Rq,

ni t+6- cel | ul oseP®i FeReatedchutupesd aR% Preh@sr t@chadaNes, axe -available

for construction of the desired nucleotide sequences based
15 on the information provided by the invention. Expressio
is exemplified in E. coli; however, other systems are ?
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
20 forth below. '

IV.A. Preparation, Isclation and Seguencing of HCV cDNA

_ IV.A.1. Preparation of HCV cDNA _
- 25 . The source of NANB agent was_a'plasma_pool
Y | 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
30 concenﬁrate derived from pocoled 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
35 of a 10~° dilution of this pooled serum given i.v. caused

 TH




buffer containing 0-50% formami de, 0.75 MNaCl, 75 nMNa citrate, 0.02%
(w/v) each of bovine serum al bum n, poly- vinyl pyrollidone, and Ficoll;
50 mM Na Phosphate (pH 6.5), 0.1% SDS, arf-100 m crograns/m carrier
denanured DNA. The percentage of formamide in the buffer, as well 15 as.
the tine and tenperature conditions of the prehybridization and subsequent

hybr i di zatlon aiien depandther Chinpassnits! ey vad. atO1ieaaeriol /probes
whi ch require Iomer s%rln%en g%b tions are generally used with | ow
per cent ages of *f qda SMéP InERSEAoNS & r“én&‘ﬁ&ﬁger hybri di zati on

times. Probes contalnlng.nﬁma lubaﬂrQOEaDm4&heuhhgmtmdeerspdhsma ploade
derived from cilya eﬂyy@Q@Hpagquqqggg ge@quklyvng&o¥a?ngq st Qperatures

e.g., about 40 [err h percenta r mam_de.

ol owi ng. 26 priSGE AFeRones0 aemar] & iy adi Ay HPEo RS tond ths
added to the btjflfOeml arfd at Ise luitlibar soatainiagh&0eccM Mrilsi-HOY, X plr @ .Qnder
hybri di zati on [ ns shi e I f ected
to autoradlogrgp yE?EQEQIOOAhke 8&@ %ﬁabf&g we %Eﬁ%w%@dbgrggﬁt?bﬁﬁgb

cor- respondi nFie8c#O%ort0 B0 & 3Pi §09a ggéF aFes W&réée@aé§lFH@5366rce
of the desired tBeAreisulting. Vepetnaabnmnwa&ethehrpeHQQMednuySequenC|n or

routine vecpr f%%mr@gﬁf%% ih! 428 bEﬁEm'S‘[nXJsH&%S OB bRN3B00HR il 30T

coli strain HB replacenmen et Daté:” "1
This is the repeNEEndtt 28nfet 5&t€e egseothe viral genome, the parggclegsher
sui tabl e host, wate suceapibd bir susbenddnigs thel pelad sy iantisbimt |s©lut.1.on

resi stance or gggglmqfﬁeﬁﬁ so@&ﬁﬁ”ﬁggeEﬁnghﬁgﬁkra %5%5 %@bg?{ a|99\/'

prepared accor
fol | owing 5 chm&rg‘ﬁﬁﬁeﬁﬁém PHI- P | é&FPoﬁ°g€Pé\ﬂéFllg (219@2’)n pm;emmse K,

15 followed by incubation at 45°C for 90 min. Nucleic acids
were isolated by adding 0.8 micrograms MS2 bacteriophage
RNA as carrier, .and extracting the mixture four times wilh
a 1:1 mixture of phenpl:chloroform (phenbl saturated with
0.5M Tris-HCl, pH 7.5, 0.1% (v/v).betaamercaptoethanol,

20 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®Sw4l rotor at

25 40,000 rpm for 90 min at 4°c, and dissolved in water that\JJ
had been treated with 0.05% (v/v) diethylpyrocarbonate and ;,/
autoclaved s
' _ NBCIELC acid obtained by the above procedure (<2

~--micrograms) was denatured with 17.5 mM CH3590H, CDNA was

30 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 oligo(dT) 12-18 during the
synthesis of the first cDNA strand by reverse

35 traﬁscriptase (Taylor et al. (1976)). The resulting
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I's isolated and anal yzed, usually by restriction enzyne anal ysis and/ or
sequenci ng. Sequenci ng may. be by the di deoxy nethod of Sanger et al.

(1977) as further described by Messing et al. (1981), or by the nethod of
10 thamlet al. (1980). Problens wth bandygonpression, which are

someti nes observed in GC rich regions, were overcone by use of

T- deazoguanosi ne according to Barr et al. (1986). 15 I11.G Enzyne Linked
| munosor bent Assay The enzyne-|inked i munosorbent assay (ELISA) can be
used to neasure eHpnbleastrandedr cBNAS heeye chrantionatashaccordingrebhedze

depends upon conj ygahi g8 asrageéezwﬁ &emhﬁheémré@ma&emaqr oA ant i body,
and. uses 20 the bound eannE act % ?é a0$¢@pt|tat|ve To neasure
anti body, the knofRPLREADERE @e?Pxﬁﬂz 0 g and 4 aﬁFbPéﬁFﬁte
or plastic cup), - wacebpbededi ihtd EBNA peohm1ﬂ;Izu|3Muandmasheéspenmuben9d
with anti- immgo b a d h €?%§Qe rgﬂp

Enzynes SU|tabIe hQ FhQBFL E%?ec n%m%fpﬁ e art I nclu E@e edna

exanpl e, horseradighPBEFoﬁrdase Enzynme activity bound to the solid phase
i s neasured by adding the spneliaﬁbﬁubgtlBIGDNRHnihiury’@bﬁb&gtpﬁoduah pool

f b I | 1)
orrafon or Subsyrabe UELLpEh PCRRTEAMRAT S b LG QHRE R L
measur e antigen, HikhofRruMecderivednfremdy P%tﬁ%(!’ht"o htalﬁ’eP§6I"’|1-9‘15I%fse t he

test material 19onéRpari@ncsdi BANBRS aABEEL wﬁ g weteUgelrieenedneigal i d
phase | s washed, gggg gesgPngé'gxa%iaé%é@ﬁo@t 'eoeﬂ.;gnhs 40430 (3305, ,"69

Aft er washing, enzyne ek
coL_jlnetrlcalIy,eéﬁﬂPFthPEdb?%nﬁnP¥@£% %E#ﬁk?ﬂﬂ%mﬁsoﬁeQ?cﬁﬁd WE%énﬁhégp

anti-human Ig antisera that had been radio-labeled with
125 . Five pos;txve phages were identified and purified.

- 15 The five positive'phages:we;e 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

'20 that was used for primary sd:eening 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 meunologlcally with sera

: from 7 normal blood donors. Therefore, it appears that

‘25 clone 5-1-1 encodes a polypeptxde which is specifically

.recognized zmmunologzcally 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.
30 ' The cDNA in recombinant phage 5-1-1 was
- sequenced by the method of Sanger et al. (1977). Es-
sentially, the cDNA was excised with EcoRI, isolated by
size fractionation using gel electrophoresis._ The EcoRI
- restriction fragments wérg"sﬁbCIOned into the M13 vectors,
35 mpl8 and mpl9 (Messing (1983)) and sequenced using the
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Descri bed bel ow are exanples of the present invention which are provided
only for illustrative purposes, and not to limt the scope of the present
inven- tion. In light of the present disclosure, nunmerous 10 enbodi nents
within the scope of the claims will be appar- ent to those of ordinary
skill in the art. The procedures set forth, for exanple, in Sections IV.A
may, if desired, be repeated but need not be as techni ques are avail abl e

o oot e et 6a FE LR AL SR hipa80 RO aRgRE Bh A dao e
coli; however Thﬁrﬁ§QE98¢en9b§§ena¢aisashéwas1§eF190rﬂh more fully in
Section tlI1.A  Ad- ditipralp pg@gpegdgeéh&gdeﬁrgﬁlbhg ganﬁhQ g@ructure

lso b duced d
bel ow 1V, A P AR H ek rHRRCEg S0 EbRCPAS,£EACSLASHANAY, Afime

Prepar ati onS ofagihe DR#tesminal ‘beta-gadactosidase maiBtygso whdisha il dsna
pool derived fggpgad, Ch&ﬁpéﬂﬁﬁﬁ fhtéeébieﬁ'QVNANBcheTQ%aﬁQu@EQ%ﬁ qr%ﬁ%"peen

experinmentally infecte H%gianot er ch |nBanzee wth c
NANBH resul ti igP34bRgi %E?lbqnﬁﬁtﬂ A encgAes PRILORSS)ch of factor 8
30 concentraIespbmiﬂfdbilpnrgoogaﬂzednby sera. frohepaltientszandpl asma pbd

was nade by coub ﬁg- Q@Qywiﬁﬂ'ﬁhﬂﬂﬁliHESéEEcﬁQ”ples containing high |evels

of alanlne am not erase activity; this activity results from hepatic
injury duel®o the HCV infection. Since.1 ml 35.0of a [err] dilution of this

pool ed serum givem.3.v. Isolationhof OserhappépgaticVecDNAheel cDMAC:in
1/ 12/ 94 Thléléﬁetgel gplacenent sheet -70- Date: 1/12/94 NANBH i n \_)

anot her chinp . D was at 1 east err /m i.e., it had a high
i nfectious Vvirus t| ter. Overlapping HCV cI O the cDNA in clone 5-1-1

was obtained by screening the,same lambda-gtll library,

15 created as described in Section IV.A.l., with a synthetic
polynuqlectide 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:

20 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 4 .

The lambda-gtll library was screened with this probe, \)
25 using the method described in Huynh (1985). Approximately U

1 in 50,000 cloneg hybridized with the probe. Three

clones which contained cDNAs which hybridized with the

synthetic probe have been numbered 81, 1-2, and 91.

30 IV.A.4. Nucleotide Seguences of.0verlagp;ggfﬁcv cDNAs to
CDNA_in Clone 5- -1-1.

The nucleotide sequences of the three cDNAs in
clones 81, 1-2, and 91 were determined essentially as in
Section IV.A. 2. The sequences of these clones relative to

35 the HCV cDNA sequence in phage 5-1-1 is shown in Fig. 2,
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"A cCcDNA library fromthe high titer plasma pool was generated as foll ows.
First, viral particles were.5 isolated fromthe pl.asma; a 90 ml aliquot
was diluted with 310 m of a sol ution cont ai ning 50mM Tris-HO, pH 8.0, 1mV
EDTA, 100 mM NaCl. Debris was renoved by egntrifuga- tion for 20 mn at

15000 x g at [err]. Viral particles in the resulting supernatant were
then pelleted by 10 centrifugation in a Beckman *SW28 rotor at 28,000 rpm
for 5 hours at [err]. To release the viral genome, the particles were

di srupted by susyRi@hnghows phe| strand Qacﬁﬂlgal@hﬁoﬁﬁ&@ﬂﬁﬁQﬂﬁﬁy:E@xﬂmpeun
dodecyl sulfate 4PSknesdd e%EP&ﬁoléglaM ﬂir 'tﬁeHQuclBHtid@ stqtieric¥y A Ng

2 /m t t f 90
Nucrglc agrgsek2ﬁ§$+§%?%$eaybVeEEHFﬁ 6189ﬁ15P5§g§ﬁs h@ %an@Fﬁﬁpﬂgge RNA

-as carrier, and extractlngTheesequencesfoﬁrtheneionedhHEVicDNﬁsxaumehdhhly

h | : chl or o 1% (v/
Dot et capt et HamepLoggus ﬁzmﬂ"?“ﬁgaﬁl il Tegiphe, (oB8 Frm, B0 (VIY)
extraction two t¥ %@%VﬁfthtEﬂF%r 8rdif ?ﬁﬁnﬁﬂﬁeéﬂstHﬁa§§g%&§scon@§ﬁtﬁ%
with 1- lrolut anol 2ps1 ointcuqmecwﬂgsl anthyiliidine, vehua‘easala?el othett Rhiele

t at - o eptrl
Be KA SWAL roi)%qu’“?*“ o180 ey EialhECLERE0ulY 16°Rhie Ui LT0A, 0 e,
water that had bEheuniddee cpotedn b°U§W@FV/§PaB|éhﬁyFﬂ?ﬁoé&ﬁB@néFédaﬁé

aut ocl aved. Muclencoded dvisdh e peNepyCt bg sboveupiescdnis Eshm:.@mgr ans)

was denatured with 17.5 2“%55r§é$°ﬁgm@%¥@§rgg esxgtgﬁégzg QH%cg ite of

denatured nucleic acid a was cloné
ge | anbda- gt ﬂowwn%@hbﬂgedesersbeblsy pgennot19gesenty déptheh gther

rgrl\llA Omt pri geL S rﬁp&@sedwﬁego(dﬂeéatassdugamest bec&rnhheslm% s(tfartt[r_%ff b
Conel T1 e B (L Pfediend R °ELELE ahAUEY (Rls8lauels B a1 IS
- ters. Based on radioimmunoassay data, which is discusse
infra in Section IV.D., it is possible that an HCV epitojL
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 cDNA in these
clones were derived from defective HCV genomes;
alternatively, the 28 bp région 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 5-1-1, 81, 1-2 and 91 is shown in
Fig. 3. However, in this figure the unigque 28 base pairs
of clone S-1-1 are omitted. The figure also shows the
sequence of the polypeptide encoded within the ORF of the.
composite HCV cDNA. R
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doubl e stranded cDNAs were fractionated according to size on a
Sepharose*CL-4B colum; eluted material of approxi mate nean size 400, 300
200, and 100 base-pairs were pooled into cDNA pools 1, 2, 3, and 4,
respectively. 5 The |anbda-gtl| cDNA |i bty was gener at ed fromthe cDNA:in
‘pool 3 . The lanbda-gtll cDNA |ibrary generated from pool 3 was screened
for epitopes that could bind specifically with serumderived froma patient
“who had previqusly_10 exp . phage were. screened
Wi th patient g&ré ‘Gei nd-SHALEAN, OF 22 1335 o O SRR,

bound human agflched®lwas det ect ed W|th sheep antl-human g antlsera that

had been radi o-1|abel ed wi I [ | égﬁﬁgﬁb r

and purified. 15 The fi ve{é[; Jﬁ’lf&f‘;}'ﬁa‘?’%sﬁﬁjﬁer‘%ﬂ%en es e%?f@e eC| f [ c1 ty
of binding t o388 ¥RACHOFeF i'I"Ii’er L9\ b RANA me&wwwl@

NANBH agents, asi lfgmlmwssarru'heetﬁmad;cgﬂl]ofcm Jiits e psieair ed pas v pept | de

t hat t &d s

that was used PcEARRC R C?@'r%e*vn“‘.'*ng‘ﬁ?”’he Qg?‘fh%f“ B for1d {Fagion 20
(5-1-1) encodWdt® BoBy] ‘f SRR I 'FWWHFP'!PB?Q \f‘{
the sera testee. a Ber@mmdlhls%q@xﬂWwﬂ dldhel 8W! RSt sediame: 0gf ca

W h sera fr O BBoREl DLGULANA Sy pHIP! S OF Snd te BRGNS JFXnED © one

5-1-1 encodes-a polype i cal I’y Trecogni zed
i mrunol ogiyal synsye%pammmtem aaed fior mcreem@ame®s of the HCOV
cDNA i n Reconbi nant Phage 5- '1-1, and of the Pol ypeptide Encoded Wthin the

e 200 of sanger 1y CIEP YRR B SR R e e GRE oo

exci sed with EcoRl, isolated by size fractionation-using gel-
el ect r ophor esirhe mERBOEE0 e ried Ysatit 11 Iy eI sc MEEd SR CHePRN {Do@sihe

ML3 vectors, excegglgh%rédtrﬂgl%l(bl\éeﬁrg 1983) ang%i ute gﬂe‘g#s%ﬁget he *

Trade Marid5
under stringent cond:.tions, .i. e., the washes were in 5 x

SSC, 0.1% SDS at 55 c'for 30 minutes each. Approximately
1 in 50,000 clones hybridized with the probe. A positive
recombinant bhage which contained c¢DNA which hybridized
20 with the sequence was isolated and purified. This phage
has been numbered clone 36. '
Downstream cDNA sequences, Wthh overlaps the
carboxyl-end sequences in clone 81 cDNA were isolated
‘using a procedute similar to that for the isolation of </ _
25 upstream CDNA sequences, except that a synthet;c L/
ol;gonucleotzde probe was prepared which is homologous to
a 3’ terminal sequence of clone 81, The sequence of the
synthetic polynucleotide used for screening was:

30 5’ TTT GGC TAG TGG TTA GTG GGC TGG TGA CAG 3’

A positive recam.bi.ria':nt ph&ge, which contained cDNA which
hybridized with this latter sequence was isolated and
purified, and has been numbered clone 32.
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This is the replacenent sheet Date: 1/ 12/ 94 -72-

di deoxychain terrinati on nethod of Sanger et al. (1977). The sequence
obtained is shown in Fig. 1. The pol ypeptide encoded in Fig. 1 that is
encoded in the HCV ¢DNA is in the sanme tramdiSational frane 5 as the
N-term nal beta-gal actosi dase moiety to which it [err] fused. As shown in
Section IV. A, the translational open reading frane (ORF) of 5-1-1 encodes

eplhoﬁi&éﬁ sp50|ibg§s ﬁcoqnl eg b sela fro leu}akandﬁﬁnugyiﬂfgesDNA
Wi i nfec : c

in Clone 5-1-1. Overl app| ng‘hlslcuuclibmttldet [sequiek& e 1o fc thee ¢DNB linmeslone 36
obt ai ned by scr.eggkng, &BEmiﬁEB e3zkA1a0] I t I d
in Section IV. A v nt h tlc > Il}Xucﬁde%r%rl rl\}g'g%oﬁﬁ?trﬁeﬁ@]ibf
sequence of the 'ikf/ %VI Fﬁs FBH l’e"§§ 9%0\&251% s LterReTRN A e
of the pol ynu8l eoveddapswdthf the ﬂCNéenngxmasldhe 81, and the Py pepit de
CGA TGT ACG GTA ggcgﬁ nl ACT CTC GGT AGA GGA
CTT CCC TGT CI(S%ﬁES&EETEQ | anbda- t gﬁﬁ%rg}ygéiggﬁﬁEned with this

probe, 25 using the nethod Gegsfl clﬁ“ﬁu h iE1dg5)the game bransdat ional
50, Q00 cl ones hypraflezad whehHCWeaptigen ehtoded limnedone @1 .comraigiedin

cDNAs whi ch hybr t S et.l.c \ 81 1-2,
and 91. 30 1IV. Aéghs‘%ﬂla%‘égf gg‘eséaggné%’sco Q%/ r%% %ﬁ;ﬁhg#%s to cDNA
in Clone 5-110. gAtyYReptide aéa§e§39ﬁeé§n&1s PRt 19 @ dowee HC | antekgen .
1-2, and 91 wer eTHet eéqueﬁdeeaienhual putatiive B0 ipylypéptite al the

geﬁnfgssgg o Mea8u6)8"GE raRhBY' BRa' edtenth® LAY ¥R ' 1k A veq
from the combined ORFs of the HCV cDNAs of clones 36 and
81, is shown in FJ.g 6 '

- 15 _
IV.A.7 Nucleotide Sequences of HCV cDNA in Clone 32 ’
' The nucleotide sequence of the cDNA in clone 32
was determlned essentially as was that described in Sec-
tion IV.A.2 for the sequence of clone 5-1-1. The sequence
20 data indicated that the cDNA in clone 32 recombinant phage
was derived from two dlfferent sources One fragment of
the cDNA was comprised of 418 nucleotides derived from the
HCV genome; the other fragment wes comprised of 172
nucleotides derived from the bacteriophage MS2 genome,
25 which had been used as a carrier during the preparation of
e _ 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,
.30 and the polypeptlde encoded by the ORF are also indicated
in the figure. This seguence contains one continuous ORF
that is in the same translational frame as the HCV antigen
encoded by clone 81.

35
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-73- which shows the strand encodi ng the detected HCV epitope, and where

t he honol ogi es in the nucl eoti de sequences are indicated by vertical |ines
bet ween t he sequences. The sequences of the cloned HCV cDNAs are highly 5
honol ogous in the overl apping regions (see Fig. 2). However, there are
differences in two regions. Nucleotide 6776 clone 1-2 is a t hym di ne,
whereas the other three clones contain a cytidine residue in this position.
It should be noted, however, that the same anmino acid is 10 encoded when

either C or T 9¢caRiges risdilatieH tdfo'b\'re%%' ek (EBNENCS S5NANBH ELORE

5-1-1 contalns_ég base T ] TN

clones. "These3Base pairs occur at the start of the cDNA sequence in 5-1-1,

\emd ﬁre igdi cat eddby snuithd disolatiion dhHaV wbnm&eﬁﬁﬁir&wsvspstﬂoéﬁ,of,
ich is discu ' a _JJ [ VD v dta i Q&ﬁﬁ t

epito may be e%ggdg%q%% tOH;s g%ségilo’ﬁ.c%ee absence gf% h%%ﬁ%gg{%%i rs

of 5-1-1 fr&m @Bofescgibed in SectdomdyV Ffedhy tfef thrseDRich ovesbap| ones

wer Ieddgr i vefl f eganéehqtct}m;H@ﬁa?wrm?tleuﬁ@;_gpﬂwdm ﬁ&@yr?@cpﬁ?il‘.ﬂiﬂé 0{1

cou e ater al__artdifact .inclaone .5-1- e seguenggs of sma efters

nthe nucl ot PaS- Dabel, o ke o° -l st o, 1ne o e, redilnee 5t

t hese sequencethBasyntbetice PAlymus lieo tdde: uamhfonh acKaen gl eas

over |l appi ng these regions were not yet isolated. A conposite HCV cDNA

S shown 10k g 35 ARG GEA SR MRS o R e pAd il a ol S50
of clone 5-1-1 are omtted.. The figure also shows the sequence of the )

Fﬁl ypept i de eniﬁﬁﬁﬁéx‘ti’inhf&%'lyt 'f_1'e'i%?Fl?;o;),fgolludﬁetrﬁap%if&fﬂ/zé@%_tﬁtﬁ&i s is™
€ rep acenenprgggg Q%eeiSOIS%éé% purified clone of recombinant phage
which contained cDNA which hYbridized to this sequence was

15 named clone 35. i

IV.A.9 Nucleotide Sehnenée'of'HCV CDNA in Clone 35
| | 'The nucleotide sequence of the cDNA in clone 35
was determined essentiallyfasudescribed in Section IV.A.2.
20 The'sequencé;_its region of overlap with that of the cDNA
in clone 36, and the putative pdlypeptide encoded therein,
are shown in Fig. 8. S |
B ~ Clone 35 apparently contains a single, Y
continuous ORF that encodes a polypeptide in the same _
25 translatidndi'fiamefaé-that qncoded 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
30 other independent cDNA clones derived from the same lambda
gtll cDNA library. o |

f\/.
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This is the replacenent sheet Date: 1/12/94 -74- 1 V. A 5.

| sal ati on of Overl apping HCV.cDNAs to cDNA in Clone 81. The isolation of
HVC cDNA sequences upstream'of, and which overl ap those in clone 81 cDNA
was acconplished as follows. The |anbda- gtII CDNA |ibrary prepared as
described in Section IV.A 1. was screened by ﬂybrldlzatlon with a synthetic
pol ynucl eoti de probe which was honpl ogous to a 5 termnal sequence of
clone 81. The sequence of clone 81 is presented in Fig. 4. The sequence
of the 10 synthet tv ADQbY”UQESQBEQSnU%QdOfv@rl% | REWRDND 't AdGT
ATG ATT GCC G&C TIC CCG e d
in Huynh (1985), 2 t that the library filters were given two washes
under stringent conditions, Theeisthetiashes WENECDNASs@ﬁﬁedﬁéﬂ%&ﬁiﬁnﬂam of,

[err] for 30 mnu | V3 0 Nes gV

wi th the probe éﬁ& ﬁglﬁ?flvgégﬂgﬁ Eﬁb@b ) \%{% 3 gogrl;%al nes}c} %&@léﬁgr}?d
hybri di zed 20 aﬁtﬂst %sgéﬁaﬁﬂcg mé§°t38paggh%aﬁd E@F'ﬁ

been nunber ed cIomhon8636EmeAtreaaepBNAhacqmhacsgnowuudh @owyﬂntied%ide

car boxyl -end seduggge aégdc{;ﬂnﬁhélsc%g%ﬁe Of Q13E] 38° it quﬁegge of

simJar to that for e I sol"at i on_of eam C sSequences,
that a synthetic EM?g%ﬁﬁ%hﬁﬁ%?dB°$YBB§1ﬁ@§i§FeH&ﬁédfﬁﬁ'@FrﬁﬁﬂiﬂﬁﬂWiﬁiw to
a 3' termnal sequence of clone 81. 'The sequence of the synthetic

R oA GAG 3F0A posi 11 vE: + CAGnGIRAREToRAS. T B 80 SACSEIORN i oh
hybridi zed with this |atter sequence was isol ated. and purified, and has
begn numbered cl m$pPeximetely 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
15 named clone 37b. ’

IV.A.11. Nucleotide Sequence of HCV in Clone 37b
| ' The nucleotide sequence of the cDNA in clone 37b
was determined essentially as described in Section IV.A.2.
20 The sequence, its region of overlap with that of the cDNA
in clone 35, and the putative polypeptide encoded therein,
‘are shown in Fig 10.
' The 5'-terminal nucleotide of clone 35 is a T,
N\ whereas the corresponding nucleotide in clone 37b is an A.
W, 25 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
sequenoed' The cDNAs from these clones also contain an A
in this position Thus, the 5’-terminal T in clone 35 may
30 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
pblypeptide encoded in the ORF which extends through the
35 overlapping clones 35, 36, 81 and 32.

N T




-75- IV.A. 6. Nucleotide Sequence of HCV cDNA in C one 36. The nucl eoti de
sequence of the cDNA in clone 36 was deternined essentially as described’in
Section |IV.A 2. The doubl e-stranded sequence of this cDNA, its region of 5
overlap with the HCV cDNA in clone 81, and the pol ypepti de encoded by the
ORF are shown in Fig. 5. The ORF in clonggd6 is in the same translationa
frame as the HCV antigen encoded in clone 81. Thus, in conbination, the
ORFs in clones 36 and 81 encode a 10 pol ypeptide that represents part of a
| arge HCV anti_gen. Ehe se ce of this putative HCV pol ypepti de and the
doubl e strandég'ﬁNA seqdérdatdan, @fa Pverlapping | ShS PR N

conbi hed- ORFsCabneh82HCV cDNAs of clones 36 and 81, is showmn in Fig. 6. 15

| V. A. 7 Nucl eot de Seque S .Qf .,k [ 32 The nucl eotide seguence
of the cDNA in clone _32‘1’?\/\‘%3 i%&leugéﬁoﬁ’g%egge‘ﬁtl - fzaa%u%%eﬁ hi?w’b%%f;?%ed in
~Sec- tion IV.af2cienet B2 vaguarcomFliahasd: &8 fol lowme SRirAtNcecbone data

i ndi cat ed shayakheseDibeld" utliQie ing £ EYHEHEY c HAE dEsa €E6h VieEbHE OM t Wo

di fferent sources One.fra t.of the.c s _conpri sed. of .
Ul ot 1 des. dEPESBARRORAERE i e CHE14TR I AR T ThE HOH 5o
of 172 nucl eoseduender ine¢lonemizhe IFhe methsdgmaEmapnbal lpsthit ch Mad
been used as gegaribed dw isegtlidh MERAA! idikddt Witad AHWssdléndd a5FB
CcDNA library. The segggnce of the cDNA in clone 32 correspond- ing to that
of the HOV geliBReSYRtARLAS PXOBEGWaE: The region of thesequences that
overl aps #Bat of clone 81, 30 and the pol ypeptide encoded by the ORF are
al so indicated in ghebroded Tl IGATE CHHE @y A Qi @pptyauous ORF
that is in the sang Irghslatlonal frame as the HCV antigen enc%ded by clbﬂ%
81. 35 This is the replacenment sheet Date: 1/ 12/ 94 S :

: Utilizing the nucleotide sequence.from clone cla, another

- synthetic nucleotide was synthesized which had the
15 sequence: | I

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

Screening of the lambda gtll library using the clone cla
20 derived sequence as probe yielded approximately 1 in
50,000 pbsitive colonies. An isolated, purified clone
which hybridized with this probe was named clone 33b.
IV.A.13 Nucleotide Sequence Qg,HQV CDNA in Clone 33b .
25 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. ' _
30 ‘Clone 33b apparently contains one continuous ORF
which is an extension of the ORFs'in'overlapping clones
37b, 35, 36, 81 and 32. The polypeptide encoded in clone
33b is in the same translational frame as that encoded in
the extended ORF of these overlapping clones.
35
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This is the replacenent sheet Date: 1/12/94 -76- IV.A. 8 |Isolation of
Over | apping HCV cDNA to cDNA . in Clone 36 The isolation of HCV cDNA
sequences upstream of and which overl ap those in clone 36 cDNA was
acconplished 5 as described in Section IV. A8~ for those which overl ap

cl one 81 cDNA, except that the synthetic pol ynucl eoti de was based on the
5'-regi on of cIone 36. The sequence of .. the synthetic polynucl eoti de used

for screening é 1
Approxi mately. 1. Th O 600 Pt '
purified clone od7kecandpte Apnet.33dnt ai ned cDNA mhlch hybrldlzed
to this sequence was 15 naggd €¢35. 9 I R e/
cDNA in Clone 35 nucleﬁ§|8gh§§ tga%gbgaée Hcgéﬁgg?%lgﬁb%2g35 éH
was- ' det er ni ned TRNARt+1) F{one § CFP edh, ﬁlgéet | $he f

sequence, itsSregynoheticvelligpnucikeotide pirobles,cNAch) warenaelfivea f tdre
putat | ve pol YPeRAGecBRARIPH LHEEE! B10R6S ~URMA LicH Yo TerdeiTnd 1apbas

apparently contains_a_sin cont i nuous ORF encogk e(??ypeptl Ge ah
the same 25 trd%%*ht%bhﬁFrYraﬁélﬁﬂ ?ﬁé?“&ﬁé&é&dtbf @FGH@ lesqrghediin and
clong,32. Fig. Sectiva IVieAsBqueThe probke used eedie:nuous ORF t hat
extends through clones 35, 36, 81, and 32, along with the putative HCV

pol ypeptide encoded therein. This conbined sequence has been confirned

usi ng 30 ot h&® i ndepen@len@AGIﬁATcGG'ﬁe§TGeﬁ'ﬂ9e§ SFTt FAAS &QT ICarbda gt |
CDNA library. -77- .

: and
— _ .
5’ TCC TGA GGC GAC TGC ACC AGT GGA TAA GCT 3’
15 _ - .
to detect colonies containing HCV cDNA sequences which !
overlap those in clones 37b and 33b, respectively. Ap-
proximately 1 in 50,060 colonies were detected with each
probe. A clone which contained cDNA which was upstream
20 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. |

25
o ' IV.A.15 Nucleotide §_ggences of HCV cDNA in clone 40b and
in clone 25c
‘The nucleotide sequences of the cDNAs in clone
40b'and.in clone 25c were determined essentially as
30 described in Section IV.A.2. The sequences of 40b and
25¢c, 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.
35 However, the cDNAs from five other independent clones
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V. A 10. Isolation of Overlapping HCV cDNA to cDNA in C one 35 The

| sol ati on of HCV cDNA sequences upstream of, and which overlap those in.

cl one 35 cDNA was acconplished 5 as descri bed in Section IV.A. 8, for those
whi ch overlap clone 36 cDNA, except that-ggwe synthetic pol ynucl eoti de was
based on the 5 -region of clone 35. The sequence of the synthetic

pol ynucl eoti de used for screeni ng was: 5" CAG GATdGCT STChTCC CEBC
ACT CAA CGT 3 roxi mat_ el | 50 OOO nes hybridized with the probe
The i sol at ed, WBAE Wege: &S ‘&P @F&feg/ H R oh i el oA

whi ch hybri di 6B wast hsslmadenmsm:ibﬁil namsect iore BIJA. 14/, /hdvde also

Nucl eoti de Se C I n he cDNA
[ ﬁccl one 37b %gndgtegr %Hg\eé es?g%?l%éﬁi% -ags}% escr ee% ﬁq{?%sg%e#%ﬁ ?‘i/l aun 20
The sequence, 3 Tsipe§hds opsdkdomap Whus .t the & mar represent | arelasingind
the putati e aptygapti Qeeen%éeaibbﬁrseu@n e SEtprd VM 11P. The

5'-term nal® nucl eoti de Qne 35 . s a e t e ond
nucl eotide in clone 37b9F'§ g’ i m’fhé’ Iﬁ%@‘ %g‘rﬁ [}rﬁég{fﬁ ﬁ& 'rﬂépendent
cl ones whi ch $equence| afethdsr regiome iw cdene elian (\dequerrde)rm:tSMM)

i sol ated, desgpiibed bMoRecizpn ikVmrialo, -ﬂiﬁ\éeda'éﬁéb%@é %%ﬁ}ledl%? The
cDNAsfromthese cIonggcigcontaln In thi's pQsitio us, t he
5

5 -termnal T-TREEPBR pizg agk ’%ﬁcé"r't &F MAY %@%I%‘Fﬂg $rocedure.
It is knowp tberminadf aucdeotiidesadiinselanet (Se-151.t ermini of cDNA nol ecul es.

|
o v e ke 5 TR o T e e b o
whi ch extends r§ bﬁ thE 3B SXFERRALH o & nigdnugns ORE fen ghe Thi 5%
t he repl aceneprevheuslpasequenced Mones‘l:hl Thes nurd ectilde eswpiersdwas £
the ORF extending through clones 40b, 37b, 35, 36, 81, 32,

15 33b, and 25¢c, and the amino acid sequence of the putative
polypeptide encoded therein, are shown in I-‘.Lg. 14. 1In th
figure, the potential artifacts have been omitted from the
sequence, and instead,' the corfespoﬁding sequences in non-
5’-terminal regions of multiple overlapping clones are

20 Shown.

IV.A.16. Preparation of a Composite HCV cDNA from the
CcDNAs in Clones 36, 81, and 32
The composite HCV cDNA, C100, was constructed as™
25 follows. First the cDNAs from the clones 36, 81, and 32 S
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 cDNAs from clones
30 36, 81, and 32 were named pGEM3-blue/36, pGEM3-blue/81,
and pGEM3-blue/32, respectively. The appropriately
oriented recombinant of pGEM3-blue/81 was digested with
NaeI and NarI, and the large (~2850bp) fragment was puri-
fied and ligated with the small (~570bp) Nael/NarI puri-
35 fied restriction fragment from pGEM3-blue/36. This

“ﬁn‘iiﬁ‘li‘ii!ﬂm i




Dat e: 1/12/94 -78- IV.A. 12 Isolation of Overlapping HCV cDNA to cDNA in
Cl ane 32 The isolation of HCV cDNA sequences downstream of clone 32 was
acconpl i shed as follows. Fitst, clone cla 5 was ‘isolated utilizing a

synt hetic hybridization probe which was base®lon the nucl eotide sequence of
the HCV cDNA sequence in clone 32. The nethod was essentially that
described in Section IV.A 5, except that the sequence of the synthetic

probe was: 10 5 AGEGE. GTGr R0 CeONRECEToh GALAAEC 6T Rt 91hddd Zidu (5

nucl eoti de sequence PPOm €l Bfie ¢ , er synthetic nucleaotl
synt hesi zed whi cHI®R@reate anotheg pREM3-bluecvertrrcoentadniag ARS AGT GGA

TAA GCT 3'. -ScreeatdngimboudeHCRNOAR @bhtalinbdawi thinnghehoverdappiny ZDNA

deri ved e be, vi el i.nat el ' , i 11V
ol omas.an; sof S RLREndbg, 856880 XhTR, Ry bradyisy B3 WA Witasreg,
naned cl one 339. with BwulINandeBepBE Sequedesser aHEvagmeati ofCapre 33b 25
The nucl eoti de sgﬁaﬁﬁsﬁa@élyheeogﬁ% whiehoRBs3eRenl igaltRUM I SHELEAll ¥

2 LESET Do L0 FEbABl Wod FradBRrERRERY LhsublOh ok LereD W
are shown in Fig.pudprigtely orientedl pGEM33blapgaRepilagmid,t ainds tivee
Con T Rhous T SObgiei et sshonghebl 96751 | Anh o g 14 e
sane transl at f%ngfrr}'? ré‘ﬁ%agsf{"ﬁﬁ?xgﬁgﬁdgﬂcFﬁrt Rggefgéndgg‘e‘%géf deassrdbed in
over |l appi ng cl one@ecBton IV/B.1, | and which| wesaused tb OxpriesspicipndC\-1-1
CDNAs to cDNA G‘EK’bacteria. Recombinants containing the ~1270bp EcoRI
— ) fragmént of composite HCV cDNA (C100) were selected, and
" the cDNA from the plasmids was excised with EcoRI and
15 purified. '

IV.A.17. Isolation and Nucleotide Sequences of HCV cDNAj
in Clones 14i, 11b, 7f, 7e, 8h, 33c, 1l4c, 8f, 33f, 33q,
and 39¢ ) -

20 | '~ The HCV cDNAs in clones 14i, 11b, 7f, 7e, 8h,
33c, l4c, B8f, 33f, 33g, and 39c were isolated by the
technique of isolatihg overlapping cDNA fragments from the
lambda gtll library of HCV cDNAs described in Section

o IV.A.1l.. The technique used was essentially as described
N~ 25 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
seguences. rhe:frequency of clones which hybridized with
the probes described below was approximately 1 in 50,000
30 in each case. | _ S
- _'The'nucleotide sequences of the HCV cDNAs in
clones 14i, 7f, 7e, 8h, 33c, l4c, Bf, 33f, 33g, and 39¢c
were determined essentiélly as described in Section
IV.A.2., except that the cDNA excised from these phages
35 were substituted for the cDNA isolated from clone 5-1-1.
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37b"and to cDNA in Cone 33b In order to isolate HCV cDNAs which overl ap
the cDNAs in clone 37b and in clone 33b, the following 5 synthetic )

ol i gonucl eoti de probes, which were derived fromthe cDNAs in those clones,
were used to screen the lanbda gtll |ibragy. using essentiallythe nmethod -
described in Section IV.A 3. The probes used were: 10 5" CAG GAT CCT
GIC TCC CGC ACT CAA CGT C 3' and 5 TCC TGA GCC GAC TGC ACC AGT GGA TAA CGCT
3" 15 to detect colonies containing HCV cDNA sequences whi ch overl ap those
in clones 37b and 33b, Gepetiiciwas igclatediwaingyahybrtdi®edionl onies

ver e det ect ed piidde Qudeddhe %%m&‘cméhn&eréa{ﬂéés C?@'%%héhwes

upstream 20 f, and which, overl a d the ¢DNA cl one 37D, s, naned
clone 40b. A %ﬁ@%ﬁ%%rﬁ%ﬂ\}é&%mﬁ %ﬁ?% 48k "8 PeesRaRPEr inaRddwhi ch
over | apped t ha2cDNA'hen rmicien 3i3te vwagwenece ef othe 26rob@5usedAtdSiklotkeet i de
Sequences of HGQ¥ %i n clone-40b and in clone 25c The nucl eoti de
sequences of the c in claone 40b and in clone 25c were determ ned
essentially as 30 described in Section |IV.A 2. The sequences of 40b and
25c, their regions Sof ARCIAGH AT GEHGTEONNGA | ACA| ATESAGCbAGDd333b, and the
put ati ve pol ypepti des encoded therein, are shown in Fig. 12 (clone 40bf‘ﬁnd
Fig. 13 (clone 25c). The 5 -terminal nucleotide: of clone 40h is a G 35
However, the @beafequsanae Kf b HCHRPMALRtCLPRRed3Gh| andsthpeoverlap

repl acenergo shasih Bist in KIcHOH40b, Tis sshowh hinr PpgacespnivhibRealbot e:
&A%gﬁgglone shows the amfég*adlué*bﬁﬁ%&éaS€$é£§9n99r{“9 the procedure 'h
: Clone 8h was isolated using a probe based on the\./
sequence of nucleotides in clone 33c. The nucleotide
sequence of the probe was .
15
5¢ AGA GAC AAC CAT GAG GTC CCC GGT GTT C 3’. i
The sequence of the Hév cDNA in clone 8h, and the overlap
with that in clone 33c, and the amino acids encoded
20 therein, are shown in Fig. 16. N
Clone 7e¢ was isclated using a probe based on the
sequence of nucleotides in clone 8h. The nucleotide
- sequence of the probe was

25 5 TCG GAC CTT TAC CTG GTC ACG AGG CAC 3'. J

The sequence of HCV cDNA in clone 7e, the overlap with
clone 8h, and the amino acids encbded therein, are shown
in Pig. 17. ' o
30 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 o

35 5S¢ ACC TTC CCC ATT AAT GCC TAC ACC ACG GGC 3’.

—_—
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40b was isol ated, described in Section |IV.A 14, have al so been sequenced.
The cDNAs fromthese clones also contain a T in this position. Thus, the G
may represent a cloning artifact (see the d|§§u53ion in Section I'V.A 11).
The 5' -terminus of clone 25¢c is ACT, but theé®s&quence of this region in

cl one cla (sequence not shown), and in clone 33b is TCA. This difference
‘may also represent a cloning artifact, as may the 28 extra 5 - 10 term nal

nucl eotides in clrhe §eciuénc9 @ﬂeﬂcéoeoﬁndlﬁ%lsaéh 146r)arieet bi&e%@@bam&n
ORF which is an qﬁi s{ on thgscont guggﬁ g aua % uenced
clones. .The nucl&8tT dets ?@ﬁc o 2H EQPBﬁdFﬁé Fh?BﬁB e A@bare

37b, 35, 36, 81, WWQ&ngaanSC and the am no acid sequence of the

putative. polypeptide encoc@ﬂoﬁaeeswasaigowe&a uglﬁgge. a,éobel Balske on the
figure, the potential art|f€cts ﬁave een,

romt nce,
i nst ead, the cor EHHERSL gl ﬁsnbﬁ CE ong: E?Ern1ﬁ§? ﬂﬁﬁ&ﬁ§*&?
nultiple overlapmeqpenmmesfatheaﬁrshemnaslV.A.16. Preparation of a
Conposite HCV cDNA fromthe cDNAs in Clones 36 81, and 32 The conposite
HCV cDNA, C100, was constructed as 25 f .. First the cDNAs fromthe

cloges 36, 81, and 32 WerE-eATSetCHi WE@GTQI ARCTRIGECARI CREadABnt ‘of cDNA

fromeach cl one was cl oned |nd|V|duaIIy into the EcoRl site of the vector

CGEMB- bl P e gﬁﬁﬁ%

Eont ai neget geic c ones %cg éﬂiﬁ i éféggbwankﬁeébgé@gﬂw’tih/ 36,
pGEMB- bl ue/ 81, arkdh QE§3§4cre%%@c?h?e?91n°Tﬂ€1§EpPBEPﬂ§Fe egeiangze
recombi nant of [333%htﬂnu#£§.wa$ digested with Nael and Narl, and the

'arég/e (Lerr]2850bp) ”agnelrﬁlcggé $9€'wa§' ‘tEQoi‘ fel ﬁ@&ﬁge‘é" b?ob@eb%@%d on

([ert]570bp) Nael/Narl pur dres r|c I on g
pGEMB- bl ue/ 36. Hhe nucleptidegranencespragsentpinsciesm 8ifoneFhes and 81

was used to 15 nucleotide sequence of the probe was
5' TCC ATG GCT GTC CGC TTC CAC CTC CAA AGT 3’.

The sequence of HCV cDNA in clone 33f, its overlap with
20 "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 sequencé of nucleotides in clone 33f. The nucleotide
sequence of the probe was

W | 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
30 shown in Fig. 21. |
Clone 7f was isolated using a probe based on the
sequence of nucleot;des in clone 7e. The nucleotide
sequence of the probe was

35 5 AGC AGA caa _GGG GCC TCC TAG GGT GCA TAA'T 3°.
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gener at e anot her pGEMB- bl ue vector containing the continuous HCV ORF
contai ned within the overlapping cDNA within these clones. This new

pl asm d was then digested 5 with Pvull and EcoRl to release a fragnent of
ap- proximately 680bp, which was then | +8éted with the small (580bp)
Pvul I / EcoRl fragnment isolated fromthe ap- propriately oriented _
pGEMS- bl ue/ 32 plasm d, and the conposite cDNA fromclones 36, 81, and 32
was ligated into 10 the Eco I%ég zed victor SCEbfl which is described
in Section |\ SEHRPSHIQ 8 cipnresiic| OhE Sveriapnwishieria.
Reconbrnantso&nneu?a;mpnmethéewm;ﬂd7&bpdEceﬁtoaedgnheremh agepshbivh eV
cDNA (CI00) w&r, ected, and the cDNA fromthe plasm ds was excised with
EcoRl and 15 purifi ed. V A 1 Isolation and Nucl eoti de Sequences of HCV
cDNAs in Clones 14i, 1T R was isalated usgng asprobggbaggd 99c 20
The HCV cDNA&He1s§qu§ﬁcéAOE dl¢ne71f.7eTh8hnueBeot1éé,s%&ueﬁ&é,033gheand'
39c were i Sokﬁtcfcﬂa Q?/ he techni que of isolating overl appi ng cDNA
fragnents. fr anbda gtll library of HCV cDNAs described in Section
IV.A 1.. The technique used was essentially as. described 25 in Section
IV.A 3., except thpt ¢Ae erobeeruses 1eAecdrsroredatr eact reTngel eoti de ~/
sequence of the last isolated clones fromthe 5 and the 3' end of the
conbi ned HCV sequences. The frequency of clones which hybridized with the
probes dektr Thal srquenc@ 0 LV ¢PBA iy glonesdlbpoite overdaphwisde. The

nucl eoti de sequseert Pfand Nehe HMiRONKE188 6h€B&Ed1¢heréin 42e BRowA3in
1l4c, 8f, 33f, 33gé§fnd 39c were determ ned essentially as described in - -

Section IV. ATZ tept that the cDNA excised fromthese phages 35 were \»
substituted for the cDNAOR®| b4 bdwas okselatedsusing Fhprobe basedepinacenent

sheet Date: tHel¥elfhence of nucleotides in clone 11b. The nucleotide
15 sequence of the probe was !

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

The sequence of HCV cDNA in clone:14i, its overlap with
20 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 | <
25 \\j

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

‘The sequence of HCV cDNA in clone 39c¢c, its overlap with
clone 33g, and the amino acids encoded therein are shown
30 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

35 described supra have been aligned to create a composite

TTIW Iﬁilﬂﬁlﬁﬁll




This is the replacenent sheet Date: 1/ 12/ 94 -82- Cone
33c was isolated using a hybridization probe based :on the sequence of

nucl eotides in clone 40b. The nucl eoti de seg88ace of clone 40b is presented
in Fig. 12. The nucl eotide sequence of the probe used to isolate 5 33c
was: 5 ATC AGG ACC GGG GIG AGA ACA ATT ACC ACT 3' The sequence of the HCV

cDNA in clone 33 n e overlap 10, wth that in clone 40b. is shown in_,
F g 15, “whi ch aFGY SRR seiindt, o ek Sked "¢ foRaR, 2Lignedannnase 5
i sol ated using aqmwikadinenxhanlame skgiientE, ofTepuB8heoBddes4Db,cBdbe 336.

The nucl eoti de seguenge f té:c%§§;wfiéf §f AgffcﬁgééA ag@T g@G GIC CCC

GGI GIT C 3'. The sequence o tl onesh; fhé“overl ap
with that in clone 33c, euuﬁtQRF39ﬁ$ﬁFeﬂﬁﬁsc@N%oﬂﬁﬂuiﬁcetﬂEFéVﬁd §F8msﬁ5ﬁn
in Fig. 16. Osanesmam clonied cdand i tige caminbecadpidsdentodiéd shereing dk

nucl eotides in cl . | eoti de sequence of the probe was 25

5" TCG GAC CIT Tﬁﬁﬂggéﬁé#dggftﬁﬂét;CAC 3'. The sequence of HCV cDNA in
clone 7e, the overlap with X GReahing the [Rompesbte csequencedthet feldpwing
are shown in Fi g.segbent® heterogendl ©16€s IHavecbebriOtdhSderba. 2 D16RE 33c

e thown |+ n EaREails WE oY N sy e T
sequence 35 10 QDNAHZGHI“EGQI&B A@MbﬁmddIFTAdm\CElm 33x¢, 3as WéllSQs The
sequence of HCV GDN&Hér(Héeﬁléﬁbinqtéléheﬁlaﬂu@déatibét#VQSCLQHS g:c, and
the amno acids ghcodlt A Hibid &7 Oed "séfion®v.a.11), the cor-
responding nucleotide is an A. This sequence difference
creates an apparent heterogeneity in the amino acids

15 encoded therein, which would be either C¥S or TYR, for G
or A, respectively. This heterogeneity may have importaqt
ramifications in terms of protein folding.

Nucleotide ;esidue #2 in clone Bh HCV cDNA is a
"T. However, as shown infra, the corresponding residue in
20 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.

U .25 - - 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. ) -

30 " The 3'-terminal seqhence 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 reQion is represented as ATTC.

Nucleotide residue #4 in clone 33g HCV cDNA is a

35 T. However, in clone 33f and in 2 other overlapping




Cl one 8f was isolated using a probe based on the 5 sequence of nucl eoti des
in clone 14c. The nucl eoti de sequence of the probe was 5 TCC ATC TCT CAA
GGC AAC TTG CAC CCC TAA 3'. 10 The sequence of HCV cDNA in clone 8f, its
overlap with that in clone 14c, and the aBfmo acids encoded therein are
shown in Fig. 19. Cone 33f was isolated using a probe based on the

nucl eoti de sequence present in clone 8f. The 15 nucl eoti de sequence of the

b 5 ATG GIC CC CAA_AGT 3'. f
ﬂ&@ gﬁﬁiﬁlﬂ(ﬂéié? ?t%PEﬁ%ﬁ?%%JﬁP?hgégqg%ﬁafs,ﬁ“ §0ne¥ggfag%%%gﬁg“gn1no
aci ds encoded Rigr 6261. athe storrespording 20es (Huacig3designated ascanudi.ng a

probe based on the Sequopgs 91 EUERERLLTEE LIoALONS: 3Tk anThE,"WRERGEIe
sequence 0O rope was
T e ente BhdAPerssbonting Ainusieotids, tn) SLONS: ik 1Bnaai ify GhESSs

and the amito cithels cloneed isHeTAin Theré8fosapwini Rifi.g2621the€l PAc 7f was

| sol at ed US'”Q&%iH&&“&?Q?%? &he sequence of nucleotides in clone 7e.
The nucl eoti de sequence o ?#Eb 5' AGA CAA GGG GCC TCC

was _35 - -
TAG GGT GCA TAA T 3' ThT*se|§e¥££u%%nae§n%ﬁl’e§h§6t1uaa?e heterpgengities
This is the rep adammsedleah tate: 1/12/94 -84- The sequence of HCV c

therei n arg shown in F %V%***efmfﬁ °f"’99etQﬁ'a?gé“eaﬁtqsgﬁ%rﬁﬁﬁidbased
on 10 indicates that it contains one large ORF. .Tgxs suggests

that the viral genome is translgted into a large
polypeptide which is processed concomitant with, or ::/
subsequent to translation.

15 tv.a.19. Isolation and Nucleotide Sequences of HCV cDNAs
in Clones 12f, 35f, 19q, 26q, and 15e. i
The HCV cDNQS in clones 12f, 35f, 199, 26g, and
15e were isolated esséntially by the technique described
in Section'IV.A.17, except that the probes were as
20 jndicated beléw. The fréquency of clones which hybridized
with the probes was approximately ! in 50,000 in each
case. The nucleotide seqﬁences_of the HCV cDNAs in these
clones were determined essentially as described in Section
IV.A.2., except that the cDNA from the indicated clones
25  were substituted for the cDNA isolated from clone 5-1-1. C;)
The isolation of clone 12f, which contains cDNA
upstream of the HCV cDNA in Fig. 26, was accomplished
using a hybridization probe based on the sequence of
nucleotides in clone 14i. The nucleotide sequence of the
probe was '

30

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

35

“’i?li‘iiﬁ‘:i*iiu i



5 the sequence o f clone 7f. The nucleotide sequence of the probe was 5'
CAC CTA TGI TTA TAA CCA TCE.:CAC TCC TCT 3'. The sequence of HCV cDNA in
clone 11b, its overlap with clone 7f, and qu -amno acids encoded therein
are shown in Fig. 23. Cone 14i was isolated using a probe based on the
seguence of nucleotides in clone 11b. The nucl eoti de 15 sequence of
the probe was 5° CTC TGI CAC CAT ATT ACA AGC GCT ATA TCA 3'.. The seguence
of HCV cDNA i n cThmeHQWi cDNAssequenge aift hloge 124, ité overdaphoriadi dslone
encoded therein p4g, SkRINLhe Eangno2écl%oaﬁcaaedwie@qlnah% \SHAh & rPTFORE,
based on the se nce of nucleotides in clone 33g. The nucl eoti de sequence
of the probe was®*25 5' CTC GIT GCT ACG TCA CCA CAA TTT GGT GTA 3' The
sequence of HCV cDNA in cl Bhe 89clattienovér capnei 85 £fc| ehdch3gontad risheDNA

am no .aci ds egcaogsgh aEgeSeYN | | S.
Conposi te HCVscDNA.éggﬁéQMHOf the ﬁé cBiia 3Ba?i§egaﬁ WQ%oﬁtgﬁﬁ}%é' 53

cDNA. The HCV cEW@%%%q%eﬂxgggﬁhzPﬁé°PsBF8L§d (i e $ETIFEF S B a have
been al i gned t o ruchtet idesnpnsclene 3985- The abbilestddensequehive icfoltdecd
cl ones, aligned §€E§ge§% to 3' direction are: 14i, 7f, 7e, 8h, 33c, 40b,
37b 35 36, 81, 25c, 14c, 8f, 33f, 33g, and'390. A conposite HCV
cDNA sequence derived fronlthe 5 |solated clones and the am no acids

encoded thergon, is S$10V\NGCMECQGG@GGTCHAAAGAGTHGAWIGGCOMUM gequence
the foll owi ng sequence heterogeneities have been considered. Cone 33¢c *

contains an HCV cDNA of 800 base Ealrs whi ch overl aps the
The sequence of clone 35f, its overlap with the segquence

in clone 39c, and the amino acids encoded therein are
_ shown in Fig. 28. '
15 . The isolation of clone 19g was accomplished
'using a hybridization probe based on the 3’ sequence of ,
‘clone 35f. The nucleotide sequence of the probe was

A
+

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

Fd

\-/.

20 _
' The HCV cDNA sequence of clone 19g, its overlap with the
sequence in clone 35f, and the amino acids encoded therein
are shown in Flg. 29.

The isolation of clone 25g was accomplished
. 25 using a hybridization probe based on the 3’ sequence of
| clone 19g. The nucleotide sequence of the probe was

5§’ TGT GTG GCG ACG ACT TAG TCG TTA TCT GTG 3'.

30 The HCV cDNA sequence of clone 26g, its overlap with the
sequence in clone 19g, and the amino acids encoded therein
are shown in Fig. 30.
' Clone 15e was Lsolated usinq a hybridization
probe based on the 3’ sequence of clone 26 g. The
35 nucleotide sequence of the probe was

——

"



10 cDNAs in clones 40b and 37c. In clone 33c, as well as in 5 other
over | appi ng clones, nucleotide #789 is a G However, in clone 37b (see
Section IV.A 11), the cor- responding nucleotide is an A This sequence
difference creates an apparent heterogeneity in the am no acids 15 encoded
therein, which would be either CYS or ¥8R- for G or A, respectively. This
heterogeneity may have inportant ramfications in terns of protein folding.:
Nucl eoti de residue #2 in clone 8h HCV cDNA is a T. However, as shown

thi s position 1o B AP RCE ERMSCRE, BR, T5FRE"Srd Rl diones. “Thus.
the T residue in cIone 8h may represent a cloning artifact. Therefore, in

Fig. 26, thenheeitdUEDRA ééqﬁeﬁeé' bEOEIbﬁed‘iS nitt%d o%%ﬂ%p Rei tP the
The 3'-term nal nucl epti

correspondlrﬁf?%glﬁﬁel?ncg?ﬁﬁegégf aﬁﬁd EV QN&PﬁePC&QQrﬁﬁﬁé&%ﬁiﬁQﬁﬁﬁi s a
T. Ther 6 orage i shown. Lnariqhe3ie5|due in this position is deS|gnated as a

T. 30 The 3mnbeeibhak aﬁgﬁﬁﬁﬁﬁd'&nPEGEQ g%EtHG% el G-

However, the correspondlng sequence I n clone

ove appi pg
clones i s AePositedcrit thﬁ ArgC Bdth§h@oFF€§Boﬁ& SQMQ$§$9“5 !
| s. representdgs@ribdd Cin\sect2bndEILAS| daadihave beenc adddgried aJl¥A is a 35

T. However, r overlapping This is the
replacenent §% @wgﬁ§e§§£e§?g8#923m8E$ﬁlS I.s the replacenent sheet Date:
1/ 12/ 94 10 -86- clones the corresponding residue is an A

Therefore, iXarmbda-gollthe correspondnu Cr ®oi.due is desig ias pred. The
3'-term nus o Offf 4i 1s an AA mheg§9$4tﬁe corresgongbgﬂbgtnuqﬁgotldew/

in clone 11b; and Inthree 5 other clones, is TA. Thsrefore in Flg 26,
40511

the TA clone 35f i November 198
clone 15e 40513 10 November 1988
15 clone k9-1 40512 - 10 November 1988 }

v
I

The HCV cDNA sequences in the isolated clones
described supra. have been aligned to create a composite
20 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, l4c, 8f 33f, 33g, 39c, 35f, 19q,
26g, and 1l5e. : ' Y
A composite HCV cDNA sequence derived from the .
25 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 Sequence in Clone 12f

30 Based on the most 5’ HCV sequence in Fig. 32,
which is derived from the HCV cDNA in clone 12f, small
synthetic oligonucleotide primefS'of“reverse transcriptase
are synthesized and used to bind to the corresponding
sequence in HCV genomic RNA, to prime reverse

35 transcription of the upstream sequences. The primer
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residue is depicted. The resolution of other sequence heterogeneities is
di scussed supra. An exam nation of the conposite HCV cDNA 10 indicates
that it contains one large ORF. This suggests that the viral genome is
translated into a | arge pol ypeptide which i sggrocessed conconmitant with, or
subsequent to translation. 15 1V.A 19. Isolation and Nucl eoti de Sequences
of HCV cDNAs in Clones 12f, 35f, 199, 26g, and 15e The HCV cDNAs in cl ones

12f, 35f, 19g, 26g, and 15e were isol at ed essentially by t he techni que
described i n Sect$@FUERCES 19re cRERBLMEhator KRepkspws Bdrsezmingl ispguenced

bel ow. The frequ.efloql@ﬁeClDﬁ?SbWﬁl sbfhxbﬁeﬂtayddwhbt&bampt@baam@s the

tely 1 0 h | eot f th
TV om0t nesTegr el 2t Br 8B4 CreRiPneat SoRkERaR piacRRobEIMBE S I
Section IV. A 2., ssqeprcesat KnewaDepandapd: nethndscatfeorQ.Mngs andl clemdng

substituted fop tdee c@@dlsohnéeﬁleéwamboegui iibrafh@si a%atsb%eﬂtedcwt%
12f, which contains

acconpllshed umnﬁf???@&ﬁ?d?gi F%ﬁmp?%bghﬁaggﬂméﬂgtﬁé §quéﬁcé%auced from
nucl eoti des in clthe eamcidatednsequentecineqlonee 13f)t.heTheoBEVivgenSmitGC

TTG TGG ATG ATG Cirﬁh CLTQ ﬂ@afﬁ&%ﬁ ex%ﬁer 18éma’be USVe‘iD@é ri‘i:%npf

cIone 12f, its ov mnth clone 14i am no _aci enco erein

are shown in Fig.© QW%F?idVéPFOHABPHCIBHe §8P aﬁﬁ#?ﬁ°€5n?éﬂﬁ Q§ o
domnstrean1oflﬂkmhdﬁhhsiwﬁthnnxﬂgn 26, was acconplished using a
hybri di zati on probe based on the sequence of nucleotides in clone 39c. The
nucl eoti de sequence.of the ﬁ&ternatlve Method Utilizing Tailing to Isolate
— Sequences from the 5'-Terminal Region of the HCV Genome
In order to isolate the extreme 5'-terminal
15 sequences of the HCV RNA genome, the cDNA product of thei
first round of reverse transcription, which is duplexed
with the template RNA, is tailed with oligo C. This is
'accomplzshed by anubatxng the product with terminal
transferase in the presence of CTP. The second round of
20 CcDNA synthesis, which yields the complement of the first
strand of cDNA, 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
25 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
30 Sequences from the 3'-Terminal Region of the HCV Genome
This method is based on previously used methods
for-cloning'cDNAs of Flavivirus RNA. In this method, the
RNA is subjected to denaturing conditions to remove
h_secondary structures at the 3’-terminus, and is then
35 tailed with Poly A polymerase using rATP as a substrate.
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10 5' AGC AGC GCC GIC AAA AGT GAA GCC TAA CTT 3'. The sequence of clone
35f, its overlap with the sequence in clone 39c, and the am no acids
encoded therein are shown in Fig. 28. 15 The isolation of clone 19g
was acconplished using a hybridization pLgge based on the 3' sequence of.
cl one 35f. The nucl eoti de sequence of the probe was 5 TTC TCG TAT GAT ACC
CGC TGC TTT. GAC TCC 3'. 20 The HCV cDNA sequence of clone 19g, its overlap
with the sequence in clone 35f, and the ami no acids encoded therein are
shown i nFi g. Revelse itrdndcripvion| ofiet Ré€gpoky nctanbédsnnﬂ 28 using a

chquence of ¢ LG ZEE Waq% %ﬁ%%@%ﬁ%ﬁﬁ%’r TREE fing SHRg8L8R°EE' O3,
The HCV cDNA fe@RFR&X of Eh oend stxanderPh cONALaracsyathesdaedn éh@ne

199, and the dﬂNHKpﬁﬁduttSHﬁxﬁkﬁhéﬁﬁdﬁlﬁcﬁé€néﬂpmﬂnﬂn55ﬁﬁen86d Clone 15e
was isol ategl using a hybridization probe based on the 3' 'sequence of clone
26 g. The 35 nucl eotide Sequence of the probe was ThIS I S the r epl acenent
sheet Date: IV.H.23 04 R 9f hambday : Brari 1/ 12/ 94

-88- 5 CAC A@B,ﬁ@i@g@ %‘I}_—% =<5I'|§i£jt(’.il',,(>sé¥£‘sAAC 3 Th HCV cDNA sequence
of clone 15e S over ence in clone 26 and

-aci ds encoded therein 5aﬂ<‘§ A< ?/ﬁ ‘f?’ne ° %’ieatmeaﬁ?o ggeﬁﬂsfr#‘ {éag}’ﬁat hi s
Section have M&ii(iﬂhﬂﬁnkgﬁvixelQ$ﬁ§ﬂﬂi§ith§$ described indSechdpni ons
described it Secid.an | lextep@thd@VEnSCEDASSY UDS UgbRerhLLUOLLBR ACHESEI ON
Number's. of larger size cDNAs eluted from the Sepharose CL-4B

”~
column. | - . - | o/

IV.A.24. Creation of HCV cDNA Libraries Using Synthetic
Oligomers as Primers - o !
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 the
first cDNA strand synthesis were two synthetic oligomers
based on the sequence of the HCV génome described supra.
Primers based on the sequence of clone 11 b and 7e were, -
respectively, | W/

15

20

5’ CTG GCT TGA AGA ATC 3°

. and
30 '

5’ AGT TAG GCT GGT GAT TAT GC 3.

‘The resulting cDNAs were cloned into lambda bacteriophage

vectors, and screened with various other synthetic
35
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10‘Ianbda-gtll ATCC No. Deposit Date clone 12f

40514 10 Novenber 1988 cl one 35f . 40511 10
Novenber 1988 cl one 15e R 40513 10 Novenber 1988 15
clone k9-1 40512 10_Rlovenber 1988 The HCV cDNA

sequences in the isolated clones described supra. have been aligned to
create a conposite 20 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,ollyomdéifs 33FhosS8gsedfenca8sf wet@gbadéd, canth@5HCVAsequence
conposite HCV ¢ sepgiengs derived fromthe 25 isolated clones, and the
am no aci ds encoded therein, is shown in Fig. 32. IV.A 20. Aternative
Met hod of |solating cDNA Sequences Upstream of the HCV cDNA Sequence in

Clone 12f 30 .B. Boseésdioh et "PS1ype tﬁabsenueaaedlw;Ehgn 82V sonals
is derived frgmthe, D) i

primers of revVers¥ F e —aHe
correspondi ng sedﬂﬁbﬁﬂﬂig&&ﬂl&ggson1c RNA to pr
transcription of the upstream sequences. The pr
proximal to the -rn1na| I
downstream to alﬂkygﬁg §i ‘
sequences. Knowd%iewﬂard nethods of prlnlng and cIonlng 5 are used The

resul ting cDhg libraries argne ﬁ@ y#é t§&GUEHESSeHP§EEﬁ§K‘E&thGS 1-
primng sites (as deduced Irom\Ei1 | uc uence I n one

HCV genomi ¢ RNA | (St TRAPR rbin Rt hersbPﬁghﬁ“B PEPEPSSS Pésaf%Bﬁﬁ°“
chi npanzees wi t h gddyRiepidd roithnsipepvozxidengisnutasen {SORYranThiist was

NANBH. | V. A. 21. d@édﬁﬂﬁiéﬁﬁa“ﬁ?rﬁﬁbéibhlﬁbnﬂhsabibﬂg 5Q1L30LpNA Lnsert
' ' into the expression vector pSODcfl (Steimer et al. (1986))
15 as follows. : _ : j
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:

20 S’ GAT CCT GGA ATT CTG ATA A -3
' 3 GA CCT TAA GAC TAT TTIT AA 5°'

.Aftet'cldning, the plasmid containing the insert was
(N isolated.
25 '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
pla;mid DNA. The DNA mixture was used to transform E.
coli strain D1210 (Sadler et al. (1980)). Recombinants
30 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.
_ Reéombinan; bacteria from one clone were induced
'to'exéress the SOD-NA&BS;I;I-polypeptida by growing the
35 bacteria in the presence of IPTG.

\\\
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Sequences fromthe 5'-Term nal Reg| on of the HCV Genone In order to isol ate
the extrenme 5 -termnal 15 sequences of the HCV RNA genone, the cDNA.
product ‘of the first round of reverse traglfcrlptlon whi ch is duplexed with
the tenplate RNA, is tailed with oligo c.”"" This is acconplished by

I ncubating the product with termnal transferase in the presence of CTP.
The second round of 20 cDNA synt hesi s, which yields the conplement of the
first strand (IW(EDIQA iBX n e cthe i B6 videCEftoded phii OBdnéor the
reverse transgni ptase reaction. The sources of-~genomc F are as
described in tlonIVAZO The nethods for tailing with termnal 25

transferase, and for th&heHGYSONA RANtained wikhin cﬁ]%OWeshswﬁﬁ Mani ati s
et al. (1982) expﬁumqora)csm-mm rmwdmrmuypciemd TR Metheaced.

H\leASZZTerm nal ?é?% L%—1(‘,{#"@«-3nom&* ‘géb%’zeaégﬂgﬁgg%fj;?y

used nethods Wes @I mm thatrjusedifor Hhe: creation sofiethedvecter RNA
i s subj ected encddiaig! tlon éﬁéméw%«rééwswﬁ@sﬁ@v the

3'-term nus, 35 t t h_Pol NEer ase_us r ATP_as
substrate. Thi ?ﬁhs ezltfe%ﬁjs%e'faﬁa{seﬁg ‘¥h’? §sfﬁ£bg‘§pf"éc§ &‘?
sheet Date: tiow d¥. A 3: and for wjuiciRethe DNA Sequence omasf the poly A
tailed RNADI S dqetledmitad s 'qusdisibdd AP Hddd £5 . wu.uz' nﬁh@' 2301 8d¢ 83e @

prinmer. The second str of, re, sy heS| ucts are
cl oned, screeffEFUCRTE g&@&&ﬁp%&z’é‘ % a%%a?‘g?ﬁ YRV cDNA
Li brari es Conesiimong@clist gequedice lofsdthes p'l&hrmtmdb lmbde)dctheteinndre

screen the Laghdamotin 1.4;I#)I’QJ’I es are essentially as descrl bed in Secti on\iﬁ

V. A1, except that th%h I w&; dl?A giennseerraé efin féloon;xg gl was excised with

15 EcoRI, and ligated into the pSODcfl which contained the
linker (see IV.B.l.) and which was linearized by treatmegt
with EcoRI. The DNA mixture was used to transform E. coli
strain D1210. Recombihants with the clone 81 HCV cDNA in
the correct orientation for expressibn of the ORF shown in

20 Fig. 4 were identified by restriction mapping and
nucleotide seguencing.

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

25

IV.B.3. Identification 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
30 by demonstrating that sera of chimpanzees and humans
infected with NANBH reacted immunologically with the fu-
sion polypeptide, SOD-NANB5 1-17 which is comprxsed of
superoxide dismutase at its N-terminus and the in-frame 5-
l1-1 antigen at its C-terminus. This was accomplished by
35 rWestern" blotting (Towbin et al. (1979)) as follows.

i




of larger size cDNAs eluted fromthe Sepharose.CL-4B colum. [|V. A 24.
Creation of HCV cDNA Libraries Using Synthetic 5 QOigoners as Primers New
HCV cDNA |ibraries have been prepared fromthe RNA derived fromthe

i nfecti ous chinpanzee plasma pool described in Section IV.A 1., and from
the poly A° RNA fraction derived fromthe 1193t of this infected ani mal. 20
The cDNA was constructed essentially as described by Gubl er and Hof f man
(1983), except that the priners for the first cDNA strand synthesis were

t t het i | i | bed
wo synthetic oligomers * based- b eﬂﬁ?@%’ﬂ‘fﬁ &{) M@té@a%?&’ﬂ%&'fﬁ&&' e

supra. Prinmers bas on the sequenc | one 7e_were

respectively, 5 - @B eXBE oy (veston engpding, q@m_ﬁéf TAT
GCHS The &esulpnmypEBW%ﬂaMﬂdesﬁnﬂhnhiiucsé@mhmm Dacser i pplhageindatodsto
and screened wit opEer

sequences were blaésg? c?%ut%#gHrw "s%erpéewnic%ﬁeéétde bglgrwg mEéh?e g?%ﬁn%
Pol ypept i des BncO8fedBRGhi iF ria r&V?QﬁﬁnV#?e%ﬁPiﬁFEﬁ t B@

Expr essed Produceﬂemt dnuhﬂsﬂtﬁkﬁughe lyatylamidepgetsi on ohet pfes-

Pol ypepti de Enco@g |onqﬂ§ié%faEJ1%#T§%}fééjﬁiyp P§+€§ enfggege§$£g£gd

cloRe, 5-1-1 (see was~ expr essed
pol.ypeptide with m«s&eaﬂmﬁﬁ atgaat(satﬂredrm%tm treeedbluipse fjlters

subcl oni ng the cl (ToVHAnl ek Cﬂ\lA Im)t)J NtThd NEi PePrESwePE YREAOEURSORED]

(Stelner et ql Q%886¥krf%s, éﬁgwgtrlps were incubated individually
S with the different chimpanzee and human sera. Bound anti-
L " bodies were detected by further incubation witp ;251-
labeled sheep anti-human Ig, as described in Section
IV.A.1. . -
15 The characterization of the chimpanzee sera usdd

for the_western blots and the results, shown in the photo-
graph of the autoradiographed strips, are presented in
Fig. 33. Nitrocellulose strips containing polypeptides
 were incubated with sera derived from chimpanzees at dif-
20 ‘ferent times during acute NANBH (Hutchinson strain) infec-
tions (lanes 1-16), hepatitis A infections (lanes 17-24,
and 26- 33), and hepatitxs B infections (lanes 34-44).
Lanes 25 and 45 show posxtlve controls in which the
(O - immunoblots were 1ncubated_with serum from the patient
25 used to identify'the recombinant clone 5-1-1 in the
" original screening of the lambda-gtll cDNA library (see
"'Secticn IV.A.1.).
| The band visible in the control lanes, 25 and
45, in Fig. 23 reflects the binding of antibodies to the
300 NaNBg_,_, moiety of the SOD fusion polypeptide. These
antibodies do not exhibit binding to SOD alone, since this
has also been included as a negative control in these
samples, and would have appeared as a band migrating
significahtly:fasterrthan the;SOD-NANBS;l_l'fusion
35 polypeptide.
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First, DNA isolated from pSChcfl was treated with BanH and EcoRlI, and the
followng linker was ligated into the |inear DNA created by the restriction

enzynes: 20 5"  GAT CCT GGA ATT CTG ATA A 33

GA CCT TAA GAC TAT TTT AA 5 After clonT ‘b‘, the plasm d containing the

i nsert was isolated. 25 : Plasm d containing the insert was
restricted with ECoRI.  The HCV cDNA insert in clone 5-1-1 was excised with

was used to transformE. coli st er et

Sa 0)
Reconbi nants $994{& Hin ez lsa.'E" W?%?e%rl'éh?a’f?ﬁﬁ %'BFe
expressi on of dbtai®ield shmm pmidiyr to llmﬁecetidemiiheuhm; eafndi ction

d t

Fﬁﬁf]'cgg ?2 eQ%rge the%% mﬁr&f{& peptl C eﬁéf%%méﬁgk?ﬁﬁ gégne wer e

bacter i a 'ﬁThﬁﬁrﬁ; su;ﬁaq ﬁd umggeb?qsﬁebly

-92- 1V.B. 2. mmgj%gﬁ %Pﬁ egwere én si_xr:]a J;iC\/
FOSEERGy 3¢ L g8 oy it

cDNA cont ai neg |n c one WasS expresse usi
pol ypepti de. lﬂﬁ"@“’létﬂhw‘ds dq!blrmbr%r? Y Rcwke tphage cof infeat ionysi b

pol ypepti de waalarlalaeﬁms Gvdritu imdudd® cifdhiani éhemeaieé to

i oh vas Weol Todh B YRARSIR, SiliEnd (Ehe 'HES Fard e, 37 P I RnG RN,

sequence was mut@ewﬁﬂmed additsianabnnds hsexved \on the ml-melebsl de
sequence of the hRé Jdwes rbﬁtlélmn;i’sl mﬁﬂ%i&% pakiditq V@ef@ dQeagbd sequence
of ‘the pol ypeplide enGott AJRIS &b ASee WM dPikl Sordeains. 7
In contrast to the results obtained with sera
15 from chimps infected with NANBH, the development of anti-
bodies to the NANB5 1-1 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
20 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
25 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
30 screening of the lambda-gtll library, described supra.
Lanes 22-24 and 26-32 show "non-infected" controls in
which the sera was from "normal” blood donors.
As seen in Fig. 34, sera from nine NANBH
patients, including the serum used for screening the
35 lambda-gtll library, contained antibodies to the NANBg._j.)

EcoRI, and |i gat ed i nt 0 ddies ErOfY 6f p? zegl PhGent % geopNgng}thure_
a
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The HCV cDNA insert in clone 81 was excised with 15 EcoRl, and |igated
into the pSODcfl which contained the Iinker (see |V.B.1.) and which was
linearized by treatment with™EcoRl. The DNA mi xture was used to transform
E. coli strain D1210. Reconbinants with the38+one 81 HCV cDNA in the
correct orientation for expression of the ORF shown in 20 Fig. 4 were

i dentified by restriction mappi ng and nucl eoti de sequenci ng. Reconbi nant

by_arow ng the bResis I $ha "L BoEyPRERIab e SoPa SEER, tBRLPFEL U0,
of the Pol ypepti datdentiedvish NANBE othid Snat 1coptainHEhesadanpnibBedies. It

Associ ated Anti-ggry (;mes dPaRe dnerepeeuubll 1 | Dentiboalhe gi1g) one
5-1-1 was |dent|f as assocj at ed, ant | ¢eh~ denmopstrati

that sera of cMn#ﬁy Piﬁ&ﬁ% et iy EﬁgﬁehﬂﬁﬁﬁPgEﬁctea is aldo

i mmunol ogi cal Isy \pd;dsﬂﬂﬂa fnhatsiﬁﬁ.moqu:iemf deeactibhl/tEgelted fhomhai dif-
compri sed of SuPGipd e ¥HNE4 @tbém%'\é{. SELIVS SBIchRoqilebbaenoend !

antigen at its C—tern1nus mas acc stern otting
(Towbin et al . (igwdyidpalk %Iq% which %heﬁf‘?'étm%ﬁ-n‘it?SlFHmoVaﬁaEPE?Pa

tragsfornmed wit h an expressa'ia;l \@ttwls@rﬂmmgthﬂe $6Ea NepBhenahy patients

pol Ypepti de, des r u

fusion polypeptl 3&5#8 |n éﬁggé%en€¥9§ ﬁ8€ %fﬁ%éfnTéﬁﬁﬁ g Férﬂaﬂ

| ysate was s& Je@m&}hqﬁkﬁﬁxnﬁQﬁﬂkh%%l%ﬁ?ﬂ?oﬁ@ﬁiB@¢§%§rV¢§ﬂ1Gé'@eﬂgtln t he
pres- ence of SDpresEnyliitg the Lsmﬂfrdxw'?ﬂémihe contreled prlyhepghdesne

wer & ”ansfe”ed;&w} GRS 145 %gééﬁe@’gééangs;s' apt 26k, The

fllters were t hen cu and s WeTe | ncbbarad
ndvi dual |y mntﬁﬂﬂ%PQQHQQweiﬁ ishipeasikle stlyatuthis spatientphaddbenn; -

bodi es were det epred g1y tihezedmtmwruwt hsih€érthe incidence of NANBH
15 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
specifieally by sera from patients and animals infected
with BB-NANBV. In addition, the cDNA does not appear to

20 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 chimpahzee
genomic DNA from uninfected individuals under conditions
where unique, single-copy genes are detectable. These
- 25 probes also did not hybridize to Southern blots of control
- bovine genomic DNA.

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

30 The HCV polypeptzde 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

35 gene, inserting the expression cassette into a yeast

Wi




| abel ed sheep anti-human Ig, as described in Section IV.A l. 15 The
characterization of the chinpanzee sera used for the Western blots and the
results, shown in the photo- graph of the autoradi ographed strips, are
presented in Fig. 33. Nitrocellulose st¥®fs containing pol ypepti des were

I ncubated with sera derived from chi npanzees at dif- 20 ferent tines
during acute NANBH (Hut chinson strain) infec- tions (lanes 1-16), hepatitis
A infections (Ianes 2 - _and 26-33 and, hepatitis., B infe Qns (| anes
34-44) . Lanes % aﬁ?sﬁﬁﬁf%ﬁsli?@e %Bﬁ??ﬁfgglﬁhﬁhPEEYPﬁggﬁﬁﬁuﬁBblots

wer e incubate@ensﬁnserun1fron1the patient 25 ‘used to identify the

reconbi nant cl one 5-1- 1%@” %5*ﬂ$§{%ﬂ'%?%Séeﬁﬁegéng?ﬁﬁihg thgn@ﬁﬁﬁ J_kchNA

library (see Sectlon | V.
and 45, in Fi $100DN4 |deEivediLEpmcienes 3¢ iBbdi 88dt 32y hWwaso NANB[err]

noi ety of tShe cods tridwad 19y Viessx €ling Thleee"ﬁmobpdzeenﬂowat;manhl bhto

control in thedk Bt f'é’l“‘eeé‘*“m ’ré‘a‘ﬁ%%éépﬁéi 726 "(at8  efhLa BATSR)

S|gn|f|cantIyYﬁ£%ﬂﬁng sl NpREF 26 1oéu3|Bh935°n§br995pghdef ChPe i s

tl/hﬁz/r SZI agiweE@ &iee%trligwéa‘a in Jséa?iﬁaln IV.JA 56| Ssh ?aEeF)' acement dsheet e:
anes odies_in sera

sanpl es of 4 chinpanzee Qégwgébtzﬁ%gg F%s? B$ﬁ§?2 89FhV88%V8n

wi t h NaNBHO amwmtarme:spmsx@ massete oehich. is Acomprasedontt hbes
figure, \Ahereammam md:fyé@eetﬁﬁommaoagstfaahyow thet RBman

SOD- NANBJ er r ] ﬁ ‘%ldﬁﬁ%-é{é[d wer.e absgeer}tie’l NS§'8 § QRS re&?.téJ\BS%} before \;J

adn1n|strat|o
~ transcription terminator. A similar cassette, which

contains these control elements and the superoxide

15 dismutase gene has been described in Cousens et al.
(1987), and in copending application EPO 196,056, ‘
published 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 :

20 heterclogous proinsulin gene and- the 1mmunoglobulin h;nge
are deleted, and in that the qln154 of the superoxide
dismutase is followed by an adaptor sequence which
contains an EcoRI site. The sequence of the adaptor is:

25  5'-AAT TTG GGA ATT CCA TAA TGA G -3’ J

4 AC CCT TAA GGT ATT ACT CAG CT

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

. -asn-leu-gly-ile-arg-.

35
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I noculum and during the early acute phase of infection, all 4 aninmals
eventual ly induced circulating antibodies to 10 this polypeptlde during the
| ate part of, or follow ng the acute phase. Additional bands observed on

t he innunoblots in the cases of chinps nundgrs 3 and 4 were due to
background binding to host bacterial proteins. In contrast to the results
obtained with sera 15 fromchinps infected with NANBH, the devel opnent of
anti- bodies to the NANB[err] nojety of the fusion polypeptide was not
observed in 4 chinpanzees & faRRY of tPS P& bas sbeen R?éé%eﬂnﬁéc?gdAﬂFﬂﬁ
HBV. The only hi9g® npder t&tese:msexﬂvashebwdxﬂpesmd'rbeadynglm the host

bacterial 20 I h

The characterlgggkhngaglwﬂgﬁgdﬂgﬁaggggﬂagé%c#g?a ﬁA&%@% ;25@? ?érﬁygﬁﬁ t he
results, which B%e sREFKViEkeve ¥y bapd p?0893 1 nand  hes Joeenr agnignedr Aps,
are presegt teédl Relsisiom3No Ng7683] | UP1es ctSivis p&n&ﬁﬂdﬂt;ﬂaxsgowﬁgﬁaﬂfs 25
wer e i ncubate r o) U iffere s_dur

i nfections wt h%%raﬁﬁi J%’ceegsl% ﬂ&‘{)‘? I%?%‘gg%g 455“’ s ?@%‘E?aﬂ%g of
41 49) Lanes z&aaud&mmmq)o@leumem rohese nspetihiedeinnfeathbont s

QHL”CUbatEd W&th.Se@wﬁfdﬁ¥3iﬁ§'éﬁﬁté&i¥h¢ruiﬁﬁvﬁﬁ bEAS 2! iﬂissaésseaeg
of t he | anbda- gt,l | |brz%:{§vﬁj escribed s L

26-3
"non- |nfecti dgndngen 5%??9%?@%ﬁé%?wﬁpf&fwﬁ“énb?nﬁ?t FraB rﬁgog%s
As seen in FlI'g. practsiaen theopresantliNBrentiornnin, view| afli thet deseriptiosed

for screening thar3n "ﬂ'@dﬁ;ﬁiéitéd bhe¢eri&Pnigl ﬁ@f'e%f Lhedrgeraeelne
NANB[err] he fusion pol ypepti de era fromthree

patients with Niﬁﬁﬁ%ﬁ % these antibodies. It is possible that
th antl-NANB[err] ant|txnﬁﬁﬁenmrecqmninammsucemtuinzngdahe Ch00hebNA
patients. Niﬁgtﬁ% in Q@&S'éﬂfréé\?‘%fﬂﬁ?&@ﬁgn%ef@afﬂbfﬂtﬁﬁs“H\Ed from
a dif- ferepg ent bei ng causative di sease In

express;on cassette containing the Cl00 cDNA was excised
from pS3- 56c10° with BamHI, and a fragment of ~3400bp i
which contains the cassette was lsolated and purified.

This fragment was then inserted into the BamHI_site of the

yeast vector pAB24.

20  Plasmid pAB24, the significant features of which
are shown in Fig. 35, is a yeast shuttle vector which
contains the complete 2 micron sequence for replication
[Broach (1981)] and pBR322 sequences. It also contains

U - the yeast URA3 gene derived from glasm;d YEp24 [Botstein

et al. (1979)], and the yeast LEU®" gene derived from

- plasmid pCl/1. EPO Pub. No. 116,201. Plasmid pAB24 was

constructed by digesting YEp24 with EcoRI and religating

the vﬁctor to remove the partial 2 micron sequences. The
resulting plasmid, YEP24deltaRI, was linearized by

30 digestion with ClaIl 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

35 ' isolated Xbal fragment was ligated with a 4460 bp Xbal

fragment containing the LEUZd gene isolated from pCl/1;
e
eect Has Been R laced b
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I ndi vidual s fromwhich the non-responding serumwas taken. Fig. 34 also
shows that sera frommany patients infected with HAV and HBV di d not
contain anti-NANB[err] 10 antibodies', and that these antibodies were al so
not present in the sera from"normal" controls. Al though one HAV patient.
(lane 36) appears to contain anti-NANB[err] antibodies, it is possible that
this patient had been previously infected with HCV, since the incidence of
NANBH 15 is very high and since it is of%en subclinical. These serol ogi cal

studies indicate that the cDNA in clon 1 1 encodes epitopes which are
recogni zed $manqﬁk§nﬂ%ﬁignsﬂ£e¢h¢cﬁﬁ% i gene dsdinnthel samaf direg¢tionh

BB- NANBV.. égfﬁ SRt f 8 eliPrefsibBf 485 Y§deheom t he
pri mat e genone A ﬁggaldlzatlon ro X o omec?gnesl 1-1 or ronf%lone

81 di d not Nﬂ&qqﬂzﬁ?ﬂﬁﬁ"%iﬁﬁrﬁﬁrﬂh%lﬂﬁg3%? éﬁﬁﬁPﬁFehuﬁﬁﬁsand chi npanzee
genoni ¢ DNAiHWE? ﬂﬁf?nﬁﬁb| he/| £on2 | BadtEeiatopdisiseancehepe uni que,
e

single-c %nes ar.e tectable. These 25 probes also did not hybridize
to South Bt rol bovine genom ¢ DNA. |V.B. 4. Expr essi on of
t he Pol ypept i de Encaﬂ'fe;i recmmmmslpbamﬁldhehtﬂv cohitainedCtheeS0D6, 81

d 32 30
ZQtends thro&ﬁW ﬁ%ﬁuéy%ég %@%% agsﬁgﬁgigg:egnggggg 5§Fg§%8g§§6§§tlde
with SQOD. maesw\/aa;:mmCBM bas i wekl tasginhe ethepusyesastDstradnso,
i Nto an expgesidi @S8td %M&bﬁﬁéﬁaéé‘Sdé@érﬂﬂ&&“bguﬁ%ﬂéhdéltghi”“t ase

35 gene, inserting the expression cassette into a
repl aceddnt (#9I&) DAY Phated pnto qﬁ?ss?§eFF§VFeﬁla§§ﬁentSéﬁééﬁ Dat e:

1/°12/ 94 colonies were ind¥ul£¥édesstoni¥estelectivecipagasand Yrdwn @/

Pol ypeptide J ) uiiiat {oh ¥ PSS SOl $28 54 °1RQ0E S "L 8% kP P22 R ' ©
SOD-C100 polypeptlde (called C100-3) by growth in YEP

- containing 1% glucose.

15 Strain Jsc 308 is of the genotype MAT €, leu2, ’
ura3 (del) DM15 (GAP/ADRl) 1ntegrated at the ADRl locus.
In JSC 308, over-expression of the positive activator gene
product, ADR1l, results in hyperderepression (relative to an
ADR1 wild type control) and significantly higher yields of

20 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 o/

1988 with the ATCC under the conditions of the Budapest 4
Treaty, and has been assigned Accession No. 20879. The

25 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 cDNAs. -

The complete C100-3 fusion polypeptlde encoded in

30 PpAB24C100-3 should contain 154 amino acids of human SOD at
the amlno-termlnus,_s amino ac1d residues derived from the
synthetic adaptor containing the EcoRI site, 363 amino

]ﬁsBﬁmR1Tww
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C100 cDNA derived fromclones 36, 81, and 32, was 5 constructed by

i nserting the [err]1270bp EcoRI fragnent into the ECoRl site of the vector
pS3-56 (also called pS356), yleldlng the plasmd pS3-56[err]. The
construction of Cl00 is described in Secti on??¥. A. 16, supra. The vector
pS3-56, which is a pBR322 derivative, 10 contains an expression cassette
which is conprised of the ADH2/GAPDH hybrid yeast'pronnter upstream of the

human super oxi de A HeASS RN ﬁ}qa CRe S S ]
term nator. A sﬁ%ﬁ ar cassette {ﬁ cont al ns n%tese[ﬂut“ﬁagI Gé*l%* ts and

the superoxide 15eTifik AN ASIAS IRV sEromfhe M2 Ausleetide
(1987), 'and in cquwm ajd icaing re PG G ONK , sggibencacin (E1oner 32,

1986, which.is c er,

pS3- 56, however, 1! fers rom%aﬁ hFﬂ;‘@ﬁé;fé\?é#@{?& ﬂb@@ﬁ@f&f%é?u%ﬁceﬁf
het er ol ogous p?oﬁ’-ﬁ?ulcﬁ#'hyéﬁk% nRs kb PRATPEPYidR, begirningdatatbe
in that the gl n[ penuldfinidte wrﬁ@malmmﬁ is émm\m Pigan3eflagl 96

sequence which c talns an,Eco |te uen he
5" - AAT TTG GGA A LAt Ted e Wiy a‘tirle’%&é R e
The EgoRI site ath&mPQﬂYPepﬁiﬂaqon of heterol ogous sequences which, when
expressed from a vector contalnlng 30 the cassette, .yield polypeptldes

t _

whi ch are fusg
o o108

containing t
sanpl e of pS356 terns of

the Budapest Treaty mﬁthtdyé 04§ﬂr f&h @% €Dhé e6kpPes6d CELom
12301 Parkl avn O GV YL A JOR0e + ELEL o8 588 s OBRd B el-
' o ized thh respect to size, and the polypeptide encoded

15 within C100 was identified as an NANBH-associated antige
by its immhnological,reactivity with serum from a human ?
with chronic NANBH.

The C100-3 polypeptlde, which was expressed as
 described in Section IV.B.4., was analyzed as follows.

20 Yeast JSC 308 cells were transformed with pAB24, or with
pAB24C100-3, and were induced to express the heterologous
plaémid encoded polypeptide. - The induced yeast cells in

1 ml of culture (ODgeq .. ~20) were pelleted by
: centrifugation at 10, 000 rpm for 1 minute, and were lysed
~ 25 by vortexing them vigorously (10 x 1 min) with 2 volumes
" - of solution and 1 volume of glass beads (0.2 millimicron
' diameter). The solut;on_contained 50 mM Tris-HCl, pH 8.0,
1 mM EDTA, 1mM phenylmethylsulphonyl fluoride (PMSF), and
1 microgram/mi pepstatin. 1Insoluble material in the
- 30 lysate, ﬁhich 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
polypeptxdes equivalent to that in 0.3 ml of the induced
35 'yeast culture was subjected to electrophoresis through 10%
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cession No. 67683. The terns and conditions for avail- ability and access
to the deposit, and for maintenance of the deposit are the sane as those
specified in Section Il1.A, for strains containing NANBV-cDNAs. This
deposit is intended for conveni ence onlyggand is not required to 10
practice. the present invention in view of the description here. The
deposited material is hereby incorporated herein by reference. After
reconbi nants containing the CL00 cDNA insert in the correct orientation
wer e i sol at edpodyacrylamidesgpds dis$ber PreEsRnSeniofy SO 2crogddpEAtfas
exci sed from nsamﬁﬁ[xer( nB70)W t herhiln sdathdardeagiard col-cllectkdgfbbasuli ch

contains the gas S |f|e fr t hen

i nserted into Ph %ﬁ&%$lt§eg %ﬁgtéggéﬁﬁv ﬁggéi}edzggqsggp@a§$§sn1d
pAB24, the sugarﬁueamheteasanesdowLWhuenomm@ssnowwmhdmﬂmg bige,i orawere
?’S&Sf thh:Jf) trp' [eB}aggbe&ewmcsh"ﬁeawms bh%teqwealnggg d%s@ﬁ'b@ﬁ 3@23?2?%35?[] .
yeast URA3 gem¥- §e2|VeHSF%gn?eﬁP§sE§8 %ﬂtegﬁFsF@F% f§r°§PCaVAN§4979)]
and the yeastdbEHrmxgenehéeimmadoﬁog&cpﬂaxeadtﬁ@ﬁky ofEEﬁePpblypbptidéggpl
Plasm d pAB24.yasceaagt @EBRE?A§?4dhﬂﬁ$EE%% EcoRl and religating

the vector to rénove t ron sé uences The 30 resultin

"plasnid, YEP24del taRl, Was FPﬁ&éF?zéJebfh&’"geslﬂ EiSni 3 -, AP EAE-1 3 At ed
Wi th the cpapkhtepdlypepeidpkaseire whadheuawlhmemdamaasﬁezdeWﬂtanIaI The

Vector fragment s’ Chp indBLubleE" sITREt ‘si} T A 08 e gat e
with a 4460 bformed ithr pAReA: eaf &rerhgwrndiffgrany ﬁ@lﬁ§oP§té§8
pd /1; This israhsfoepedceient paABR4C1DA-S. are km&2k94n lane ‘1 (pAB24),
and lanes 2 and 3, respectzvely ‘A comparison of lanes 2
15 and 3 with lane 1 shows the induced expression of a
polypeptide corresponding to a molecular weight of ~54,00
daltons from JSC 308 t;ansformed with pABZ4C100 -3, which
is not induced in JSC 308 transformed with pAB24. This
polypeptide is indicated by the a;row.
20 Fig. 37B shows the results of the Western blots
of the insoluble polypeptidés'expréSSed in JSC 308
transformed with pAB24 (lane 1), or with pAB24C100-3 (lane
2). The polypeptides éxpressed from pAB24 were not im-
munologically reactive with serum from a human with NANBH. N
75 However, as indicated by the arrow, JSC 308 transformed L,/
with pAB24C100-3 expressed a polypeptide of ~54,000 dalton
molecular weight which did react immunologically with the
human NANBH serum. The othér=ihmhnologically reactive
- polypeptides in lane 2 may be degradatibn and/or aggrega-
30 tion products of this ~54,000 dalton polypeptide.

o/

IV.B.6. Purification of Fusion Polypeptide C100-~3
The fusion polypeptide; C100-3, comprised of SOD
at the N-terminus and in-frame C100 HCV-polypeptiQe_at the
35 C-terminus was purified by differential extraction of the
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This is the replacenent sheet Date: 1/12/94 -98 - the orientation of the
LEU2dgene is in the sane direction as the URA3 gene. [Insertion of the
expression was in the uni que*BanH site of the pBR322 sequence, thus
interrupting the gene for bacterial resistdfde to 5 tetracycline. The
reconbi nant plasm d which .contai ned the SOD- CL00 expression cassette,
pAB24C100-3, was transforned into. yeast strain JSC 308 , as well as into

th t st I : f
oiher yesst <trang TS oCoLLBs VERCo! B18! BiRUcaR TN YRl Y e e
i nocul ated into WB&c eFéstPO&YHEEFadanUagrGwprﬁés§9turat|on The culture

was i nduced to exprsss theTﬁgtkggggnpgbyyggbtggegcqhb@d3C1@Qs3k£@té¥§@M'1n
in YEP contalnlngel/ gg fégP?gﬁREfaPﬁ 8§P§PEHl OgﬁgéA%&P%h§cgenotype

MAT @ |eu2, ura
JSC 308, over5exgeessnbadoi.nt Secpbent IVeBadti vZher ygase weddscweraDRhen

results in hyperﬂgaear S§Sheﬁo§éﬁkaatzsnt OtR8 ﬂ?&l h¢ maRerdant hql \mand

significantly hi X resse rol.o rqtelns

Such protel ne ar LYSPRENHEE BALEAGTER ABBAUAS- PegRPd: CipOsicdsmt iR SaRBie-
of 308 has' bésg depodubde traStibn. &GSBSmﬂub;ﬂﬁeeﬁTﬁﬁ boadfert kentain-
conditi ons of thg udpgest Treaty, and has been assigned Accession No.
20879. The 2 ns and conditions_ for availability and access to the

deposit, andfor nalntenanzgeoye?ﬁé Héﬁ&?lFaérBrFRér§$w§5§§“FH6§éY ac-
specified in Sectbedihgf. o, Ndgahshaaensatoniabsing HAVyedsAs cellle suspehet e

CL00-3 fusion p°E¥8§pgég)g?Q§%9§8 %Hxé@ wQéB§§§1gQ1§s 3%9%% %%%?%g%e%5ﬂn a

anino acids of huma
derved fron1thes€§HPh@P|&338§$¥09)c6ﬂ95PﬁPh§9t39 PR is HEL, BE3 8aRind
mM dithiothreitol, and 1 mM phenylmethylsulfonylfluoride

15 (PMSF). An aliquot of the suspension (15 ml) was mixed
' with'an'equal volume of glass beads (0.45-0.50 mm l
‘diameter), and the mlxture was vortexed at top speed on a
Super Mlxer‘ﬁLab Llne Instruments, Inc.) for 8 min. The
homogenate and.glass beads were separated, and the glass
20 beads were washed 3 times with the same volume of Buffer A
as the original padked cells. After combining the washes
and homogenate, the insoluble material in the lysate was
obtained by centrifuging the homogenate at 7,000 x g for
15 minutes at 4°C, resuspending the pellets in Buffer A
equal to twice the volume of original packed cells, and
— re-pelleting the material by centrifugation at 7,000 x g
for 15 min. 'This'washingfprbcedure was repeated 3 times.
‘The insoluble material from the lysate was
extracted at pH 12.0 as follows. The pellet was suspended
30 in buffer containing 0.5 M NaCl, 1 mM EDTA, where the
suspending volume was eqqal 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 suspensxon was
35 centrifuged at 7 000 x g for 15 min at 4°C, and the super-
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-99- acid residues derived from C100 cDNA, and 5 carboxy- term nal am no
acids derived fromthe M52 nucl eoti de sequence adjoi ning the HCV cDNA
sequence in clone 32. (See Section |V. AIM3~- The putative amno acid
sequence of 5 the carboxy-term nus of this pol ypeptide, beginning at the -
penul timate Al a residue of SCD is shown in Fig. 36; also shown is the

nucl eoti de se encodi ortio t he po tid 10 IVBS
| denti ficati oﬂ“&"’t%n ‘pt i t f()‘f)%"gt 9% Hres Fc)ﬁ?%g%lge%nfl\ﬁ .

Associ at ed Ana:@;madﬂe@l OEllex § wE1m mtﬁmmy o spenaingdthennipl shi M
pAB24C100-3 iy arqasty i egﬂvml SQ ‘gﬁéﬁ%ﬁ{ g&g% é? af €6HCEko! O

size, and the I e enco |ed as an
NANBH- associ af'gg"‘é%ﬁpé’efﬁ Q’rﬂﬂhcﬁiflt}f%%lc?%t i 594 V\f‘? ¥erumfroma
human with schcmtchmTheatCJDm&m pol| g gt | TS, mmhlah &\%s expr essed as

described in Section IV
cells were transforned vmt ABZi WW% ef@rg wer e ?P%iuced to
express the h¥@dr Fodghid ined hy te‘?ﬁﬁfd!%!‘ﬁ)df pﬁ?%e Thqme;%%ﬁeﬂe&'@ast

cells in 1 nl suls dedei.r( Guffed A dqual AH o\ese:qonhﬁei eolf byhe origina!

trif t t |
tcﬁgmri/l ;g?ohgg ?‘f%p c%% dﬁh]v{a\/orqjuﬁe% soI %ﬁe%?]d vIQ%(/O'%‘&%SXI h‘d
gl ass beadd (Gfl-etﬁ Iti"iemw!@%t‘&ﬁ ml"ﬁféa skt MQ%rF%%W&'&f-“QGdSQ"-nM
Tris-HO, pH 9,000l x1yg liamlslrmfprww?ml hyrmlmumiupémee(d?wm and

L oo ort T SRR 1) pdls VMU co NS5, A reRp P RBCerBRET 1o 000

rpomfor 5 m n&ﬁ&é}‘tsan(?’w (ﬂ% Jiwere poslednutes in Laenm iNe/
SDS sanpl e buffer. [Seﬂ'tii&erp“ﬂdce(cﬂ&?é)) uzm«wmoos RetEPERANAEE-fold

fo el oot r dimoF Lo e, dndgTthe £ d#*ﬁéjﬁ?’éeéi%ﬁﬁ “hpbFefBfe: $he, o
the recovery of the polypeptide is greater than 50%.,

The purified preparatipn of fusion polypeptidei
was analyzed by polyacrylamide gél_electropho:esis accord-
ing to Laemmli (1970). Based upon this analysis, the

20 polypeptide was greater than 80% pure, and had an apparent
molecular weight of ~54,000 daltons.

IV.C. Identification of RNA in Infected Individuals Which
Hybridizes to HCV cDNA.

IV.C.1. Identification 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-

30 ized to the HCV cDNA 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.l.) using techniques described in

35 Manjatis et al. (1982) for the isolation of total RNA from
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" This is the replacenment sheet Date: 1/ 12/ 94 -100- pol yacryl am de
gels in the presence of SDS according to Laenmi (1970). Protein standards
wer e co-el ectrophoresed on“the gels. Gels containing the expressed

pol ypepti des were either stained with Coomedfl¥*brilliant blue, or were 5
subjected to "Western" blotting as described in Section IV.B. 2., using
serumfroma patient with chronic NANBH to determ ne the |nnunological

reactivity of the XPr, Iy

The resul %ls are sﬂgadn“xlﬁgb ggié? pa?@s&q,rf %A%%%?‘L'ﬁe r{yperﬂoéc?%ép\/\ere

stained with Coonﬁ?%YeAbr ifF-'IaF—'&ﬁPnBI ueThEFI?e ﬁ%cﬂmté-% WRAR iski{igctedto

JSC 308 trans- foeledtprophopdBisé oan@ fformallder Jé/%r 2(@ sl gale S ¥ wAS
N

t ransf or ned mnth 2 0 [ es and
3, respectively. QE ég&g?fé %ggfip ﬁ3t4§45§ E%* t he
i nduced expreséloﬁ18ﬂ2a)polEb@pﬂd&@qgﬁhiﬂigﬁﬁmﬁ%}ﬁﬁ:&awanaahuhgidm;qﬁnwxﬁh.

[err] 54,000 daltopadib2abéded3fgvt E:@lim‘ FroRd clidrie MB?(%GEO@& i [y i gheot
i nduced in JSC 308 tieogiforne Wi t h Eﬁsiiﬁ Thi s on tide is Hg?lcated

by the arrow. 20 P¥¢ de pegueacs 1k s 16 RERPARR % bl ots
of w‘e i nsol ubl e padipipbeded px:pbesse;dhe mcysemns ivsmrsf dravddated EaoaB24

(lan€ 1.), or wt818A52é@19933rsh§eqa&ledTh&t@pI%e RTIOGYGOR {dPm
pAB24 wer e not n h g 3 reac |v th serun1fronl% uman wth
NANBH. 25 Homé\‘?er“ségguﬁ AcBP H"‘éﬁ‘?ﬁe a Wit h
pAB24C100- 3 expreﬂybdxd;petypapﬂaée fofr [1<8r m]o&«rsom deﬂ%rimd esmll\ariomal ght
which did react i a r

S8HER I A%h g hloX ‘W/K}g :{% f’}!‘i t%edéﬁlgﬁrgatlon andom.zed

i nyrunol ogi cal |y reactive
l

| de
agyrega- 30 tion B?BBHEPQGM ¥g§| oM é'PF]l54 7%06"11&‘1‘( &
Purlflcatlon of . FpHi 605P0oDYR8pPEDSe 0100%3(ﬁﬂwﬁthnvmneuieqnmnalhumiﬂﬂcssa),

SO o s P08 ) PRSI0, L0 P (I AP Shohd
100 micrograms/m salmon sperm DNA which had been shear
by sonication and denatured, and 106 CPM/ml of the nick-
translated cDNA probe

An autoradiograph of the probed filter is shown
20 in Fig. 38. Lane 1 contains 32? labeled restriction frag-
ment markers. Lanes 2-4 contain chimpanzee liver RNA as
follows: lahe 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.
~ 25 38, the liver of the chimpenzee with NANBH contains a
g,f 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
30 HCV cDNA, could represent viral genomes and/or specific
transcripts of the viral genome |
- The experiment described in Section 1IV.C.2.,
‘infra, is consistent with the suggestion that HCV contains
an RNA genome.
35
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* Trade Mark -101- insoluble fraction of the extracted host yeast cells
i n which the pol ypeptide was expressed. The fusion pol ypeptide, C100-3, was
expressed in yeast strain JSC 308 transformed with pAB24Cl100-3, as 5
described in Section IV.B. 4. The yeast c&{ls were then |ysed by .
honogeni zati on, the insoluble materi al TH%he | ysate was extracted at pH
12.0, and C100-3 in the remain- ing insoluble fraction was solubilized in
buffer contain- ing SDS. 10 . The yeast |ysate was prepared

essentially agv.cadi ng mﬁwﬁm@i @i Hcf\i%’él:hved\ R’l@ﬁsin Cgei'uﬁUFP@rﬂ

sion was _prepgred D suspenaed oTutT o fer
A) cont ai ni ng=Z6—H £t
phenyl net hyl sul fonyl fI ucﬂnmiﬁ ac(imasﬁ)ere mmaw fxfor I"pastuiscpbelsl on (15

m) was nixed jwollaced HEM rmjwrﬁ&frgé ﬂ?@é@ NANEP- EQm g ameter),
and the m xturge was Vo tex, ]h‘gpeed on u er Mxer 'ﬂé %FLI ne

Instrument® PESCFiD fbyknat ‘Qﬂ'%s%e eto 1
separ at ed, antlt Ioef g:lras_gs.m ;timmw\mie mrmb&tedmc\letct&cidamevel une

hormgenat e, a?&:"?&’“‘%"ﬁ%ﬁ’? gt doers M S UG o %5 haENaR 20
centrifuging E &Gy fa M CROGE Bl yeast Spluyble RNAy The samples
resuspendi ng wletepdelnutnned Bhyf fh:ri]A.rﬂﬁ fcﬁqlﬂilm.trmt“ cfollowed| byeint

ori gi nal ﬁggqsl:'es ’f:%%dz rxggap%l&u&e té}f'ermmﬂh Wa%é's}\ t ;Mf&l—rg“ at

7000xg e was I epeat

hi'n
i nsol ubl e mat diterss F&ﬂtﬁ?@il% 'elg\&;)'%&t‘mﬂﬁ%an a’e“p?—ﬁ M OERTAF ofP oMM, . -
The pel | et vvauepespemhed 30 om Wit emlasmtnl (5 NELErS1 M€ cont aMhERFAL

ek o O URAE DR WA Sk hedt L B M HalE, B 5581 ke,
of 0.4 M Na pﬁggﬁggpewere incubated without enzyme ollowzng anuba-

15 tion, 230 micrcligers of ice-cold 2XSSC containing 2 ]
micrograms/ml yeast soluble RNA was added,. and the samples
were filtered on a nitrocellulose filter. The filters
were hybridized with a cDNA probe from clone Bl, which had
been-32P-labe1ed-by nick-translation. Fig. 39 shows an

20 autoradiograph of the filter. Hybridization signals were
detected in the DNase treated and control samples (lanes 2

" and 1, respectively), but were not detected in the RNase
treated sample (lane 3). 'Thue, since RNase A treatment
destroyed the nuclezc acids isolated from the particles, -

25 and DNase I treatment had no effect, the evidence strongly v,
suggests that the HCV genome is composed of RNA.

 IV.C.3. Detection of 'A_mglified HCV Nucleic Acid Sequences
derived from HCV Nucleic Acid ISeguences in Liver and

30 plasma Specimens from Chimganzees 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

35 primer oligonucleotides were derived from the HCV cDNA
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buffer, pH 12.0. After mixing, the suspension was 35 centrifuged at
7,000 x g for 15 mn at [err], and the super- * Trade Mark This is the
repl acenent sheet Date. 1/12/94 This is the repliacenent sheet -102-
Date: natant renoved. The extraction was repeated 2 tinmes. The extracted
pefl ets were washed by suspending themin ©1&M NaCl, 1 nM EDTA, using a
suspensi on volune equal to two volunes of the original packed cells,
followed by 5 centrifugation at 7,000 x g for 15 min at [err]. The Cl100-3

| d | Ui 1 b 2 h
bol ypept e | 1 UoRHCH. S R 60 SPILHLEogs Dipd! €51 Tofq il SPRec
packed cel |~ vol. U%QWQ wens lﬂﬁ-!@Q#ect ﬁ[@hmlmhqmﬁs eandhe

suspensi on was msé%‘i:hértn WVID ity fwmcb s 1 ;Q%b§< éhéoé é?oﬁi‘ﬂa@é J:ﬁﬁﬁ.]
The r.esul ting pell.et was ex.tracte nore étrre The resub éng
Yt PUE not

super- natants, WHi&PTEont™ SN W%"%r otr'é?i req-*ﬁ% ?)?5‘5%
purifies. C100-£ mduﬂmg,l&ﬁmlWQ@ﬁMShe i nsol ubl e-fraction of the

yeast honpbgenate, and the rﬁ;ﬂ cPf WMygﬁpiﬂ Q-l(?\? ﬂé&i’éﬁée&hé‘& Be% ,
fUsion

The purified pre aratlon ept) de was %%
pol yaeryl ani de g t*?ﬁ)ﬁf?@ﬂﬂe ?e(ﬁ. bgted fromg
upon this anal ysd&vdrhbxﬁi:sicdsymﬁotummm sdes Wit IBQIANBH £, and df hew

of RNAT 1 I i ect &40 SO e : Hurgirldoy > %‘?%wa&@*%”ﬁvﬁw“
| dentificati df otiRRAYWES e the, guagi @W’waﬁ!&%?%ﬂﬁ NP edpr
Hybri di zes to HCHesBNAdeWQﬁISHDﬁﬂunIl“uﬂ bf a chi npanzee which had
U Samples of RNA which were to be examined by the
' ampllfxcatzon system were also isolated from the plasmas
of two chimpanzees with NANBH, and from one control
15 chimpénzee, as well as from a pool of plasmas from contr§1
chimpanzees; One infected chimpanzee had a CID/ml equal
to or greater than 105,_and the other infected chimpanzee
had a CID/ml equal to or greater than 105.
: The nucleic acids were extracted from the plasma
20 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
W 25 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
30 containing 0.1% SDS. The resulting agqueous phases from
| each extraction were pooled, and extracted twice with an
equal volume of phenol/chloroform/isoamyl alcohol
[1:1(99:2)], and then twice with an equal volume of a 99:1
mixture of chloroform/isoamyl alcohol. Following phase
35 Sepa:atidn by centrifugation, the aqueous phase'was
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NANBH was shown to contain a species of RNA which hybrid- 30 ized to the
" HCV cDNA contained within clone 81 by Northern blotting, as follows. RNA
was isolated froma liver biopsy of the chinpanzee from which the high
titer plasnma was derived (see Section IV.A 1.) using techni ques described
in 35 Maniatis et al. (1982) for the isgdgdion of total RNA from -103-
mammal i an cells, and for its separation into poly A and poly A fractions.
These RNA fractions were subjected to el ectrophoresis on a _

f or mal dehyde/ agarose gel (1% wv), and transferred to nitrocell ul ose.
(Mani ati s et byought togp)finalrironnentration € ¢i2 (4rdavkeetaye i anded

Ceuence of he (uEIe MR L et e L pOR A Dy e e R O e
Tnsert i sol aVOduSnS SFhanSlms Ty BT LEALET HYGIe < pic ik weTe
transl ati on recesierpdity Rdtrererstrifyddticn isn et SW .41 16809Y at 38 K,

Hybri di zatio o1 T Jerr] in a solution containing 10% (w v)
Dext ran. sifi pk?g}tﬁg,%ogooon%&\iv/ vV dsﬂ:i%lrﬁ zed .for %}ge 750 Naé:]l 75 mM Na
g, n

citrate, 20 mM[err], - toon, tehthe) ey \¥hS L& um al burip
(BSA), 15 0. eh¥mpanseeripidsmaind :l2%doled quitsehyplhesmal i done 100

m cr ogr ans/ i I d&% | a%h I catd apd
denat ur ed, ar?&i?er'ri i%%tirg 0 \tg?e&rhc - mﬁ?ﬁﬁ‘%ﬁ%b‘? gﬁi‘y A

aut or adi ogr afR¥&LeTh &Y e PReqedtre S5 {hemenesii mad Sacchi 5(1987) .
contai ns , [ etils- ipriciedhvecdiges tarmrad idigguareidintuk cthiocyangte2- 4 contain

: oL, : oLt .
e BNREacHd, |0 Ao SR8 g LHGRAELOIT 813000
m crograms oRPFoEPIALORmANULES A (G 7 20 Bppendert migepfeget he
chinpanzee w th NANBH ©Qmttavenocrasicires o geriori stpophe agynthesiseost eONpol y
Aler) TV MECHee Pl bdhdbiU T Af141 dtas WepacbEa #Bdn" O
15 Plasma by the proteinase K/SDS/phenol method were further
purified by binding to and elution from S and S Elutip-R
Columns. The proceduré followed was according to the
manufacturer’s directions. '
The cDNA used as a template for the PCR reaction
2p Was derived iroy'the nucleic acids (either total nucleic
acids or RNA) prepared as described above. Following
ethanol precipitation, the precipitated nucleic acids were
dried, and resuspended in DEPC treated distilled water. /
Secondary structures in the nucleic acids were disrupted (;)
25 by heating at,55°c for 10 minutes, and'the samples were
immediately cooled on ice. CcDNA 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
30 transcriptase, and was in a 25 microlige;_;eactipn, using
the protocol specified by the manufacturer, BRL. The
primers for cDNA synthesis were those also utilized in the
PCR reaction, described below. All reaction mixtures for
~ CDNA synthesis contained 23 units of the RNAase inhibitor,
35 RNASIN (Fisher/Promega). Following cDNA synthesis, the
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to be from about 5000 nucl eotides to about 11,000 nucl eotides in size.
This RNA, which hybridizes to the 30 HCV cDNA, could represent viral
genones and/or specific transcripts of the viral genone. The experi nent
described in Section IV.C. 2., infra, its conidlstent with the suggestion
that HCV contains an RNA genone. 35 This is the replacenent sheet Date:
1/ 12/ 94 Thi s is the replacement sheet Date: 1/12/94

-104- 1V.C 2. ati.qn. of HCV Der Serum romlnfeted
| ndi vi dual s. - . Nuc g%ggggl h‘ %nge)\gterrgct q:le%gp} ked §9HM0
high titer chi npafiBBtRENBRNd quickidy Shidded lord iice Sect i on IV.A .

Aliquots (equivalent.to 1 niphef peRri Q‘b@%’tﬂ%'n%swrep [h,%(;i ?ses%ﬂl&i E.‘él_r};

aci ds were resusp n_2 oliters 50 nmVl He
and 16 m crogr ams%ﬁggggégg gSmﬁgﬁemkﬂﬂf"c%%aﬁpl W%d&eﬁwwkm-
boi ling for 55ni Blmes)fokkoept Ifpri vhelddditiiane offr denijegograh WE RNase A

treated with RNa / Y
Lrea e40vwmv| Hepesgaé\ ééaet%ﬁs beke! 8agacd gh'&g ik b Hl T’ af rgp M

DNase | in n'ﬂﬁ?ﬁ?zft 5§ rriv'lrhepggR HH-"?PS)‘-' oxBed: §IoTs PpIcys Jes e ut;l:.z-
i ncubated wit houtingzgmeeg:.ﬁehl ofi 33 Cmcabgc,linal 98°c230 m crol l ters of

i ce-cold 2XSSC cont ai ni ng 2pfkC I y d
the sanples were filtered onﬂg éggirhgggl ?Lfoggﬁ?l %y"%%egf‘ﬁeaﬁ\qa %ﬁk
hybri di zed with ESREREODS oNerer darivede fyom mPcﬁCNaem@eneqqemqe]s lizbel ed
by ni ck-transl at ieithefi glose Blnp\/\eloneZGGauer &dbﬁ@r 37 .of (irme fHOV *DNA

Hybri di zati on sug@% t I g4t h ted and contr

sagpl es (lanes 2 an I§":i}‘\"eris‘ggc P 31 ?6 é’? @Fgcts&?wnn ‘t’hgjﬁﬁasé' :

treated sanple (I ne‘%‘# Thﬁ%sPQFﬁé‘éeﬂ?Nasle Khﬁr égaunences of the two 1l6-mer
primers derived from clone Bl were: :

15 . .
| 5’ CAA TCA TAC CTG ACA G 3' I
. R and o |
5’ GAT AAC CTC TGC CTG A 3°.

20 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:
N | " '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 16-mer from
30 clone 36 and the l6-mer from clone 37b.

The PCR react;cn 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

35 labeled internal oligonucleotide probe derived from a
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destroyed the-nucleic acids isolated fromthe particles, 25 and DNase |
treatment had no effect, the evidence strongly suggests that the HCV genone
i s conposed of RNA. IV.C. 3. Detection ofgg\rplified HCV Nucleic Acid
Sequences derived from HCV Nucleic Acid Sequences in Liver and 30 Plasna -
Speci nens from Chi npanzees with NANBH HCV nucl eic acids present in liver
and pl asma of chinpanzees with NANBH, and in control chinpanzees, were

anpl i fied usi ¥@9defemE Ahey HAWE qﬂﬂwnﬂm@e doss mokevenhap PR prihersgue

described by SwekipcH fﬁact(ijoqg@ﬁixtu-rf?s %ﬁ'éﬁré&tﬂ@r\b‘fiﬁ%ﬁ RS1)er e

derived from ]tc?‘g& 25 and 3, 5- . sceﬁjences %%IP one f?ﬁ) or- ¢ oneahé%G and

37. The anpli gﬁﬁhc

Sout hern gFot aqugouss ipha s@s uﬂb@lmex@mmnwle cmwmegmtameﬁh a '

sequence fn [ WD e UL WO, [

Sa?rpl es of 5%@;@;3{@{‘??%% cguences to?%%fé%mmdgé)@f?{% aﬁ% ffé&atlon

system were i SOl h BH

and fromtwo sum:ilealtednt:q)aflamopﬁﬁresmlon|D18’bfallkclfik&\ igmséO tion

was by theRNﬁa\%d' n'smgtﬂa %@Rﬁi&d Fﬁﬁ%gt” deﬁfé.; b, ?%Séf gﬂg%
?ﬁ%ﬁh

Sanpl es of i'ch“wer e exam ned e “anp! i ca I 'on Si;qc
al so isol ated ﬁnsmhtsh@emeaml@cqm R sthf 192 I\NMH makecRiam one

contr ol 1&ochwanmemra¢sz\ual | xfrdy @mamhﬁeﬁaﬁmfmm COAt tRe

[Cgirﬁ)an;ﬁgsth =5t her q#%q}c@c |rrpanzezé§h a’q%ﬁe ualpgé g;ez; g;tteran

than [err]. Tﬁé'eﬁﬂé’lréldé-zécﬁid’@ hyhridizat ionmand ‘}!ﬁ% ngonditions| | ows.
Either 0.1 nl weteOthbse spleqitHiwd byaanb Imdresif doceréi neBiopadye of 1.0 (vt

1 2 TENE oot el e ATt B e Bl doe o280

15 of amplified HCV cDNA sequences were the following. When
the pair of PCR primers were derived from clone 81, the ]
probe was an 108-mer with a sequence corresponding to that
which is located in tite region between the seguences of
the two primers ‘When the pair of PCR primers were

20 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

25 nucleotides 1-186 of the insert in clone 36; and the 5'-
end of clone 35 insert overlaps nucleotides 207-269 of the \dJ
insert in clone 37b. (Compare Figs. 5, 8 and 10.) Thus,
the cDNA insert in clone 35 spans part of the region
between the sequences of the clone 36 and 37b derived

30 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

35 chimpanzees with NANBH yielded positive hybridization
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containing 10 m crograns/m pol yadenylic acid, and 25 incubated at 37 C
for-60 mnutes. After this proteinase K dlaﬁgtlon the resultant plasm
fractions were deprotelnlzed by extraction W TE (10.0 mM Tris-HO, pH
8.0, 1 mM EDTA) saturated phenol. The phenol phase was separated by
cenirifugation, and was reextracted with TENB 30 containing 0.1% SDS. The

resul ting aqueousresakes tbﬁmgihfg&h'tfi@hl %%q&%rn%eﬁogfe(ihea@ﬁﬁ@@ﬁé@tﬁ%e

t“ﬁce wi th an equﬁiGYOLH§ES§ﬁ ﬁ &8§F0r$8fh Iso%g%§9a|COG§FUre of

1(99:2)],"and t
chIorofornilsoany¥e§P€6héV81YF®Iwadsgtpka§9n350iepanmpammebp yielded

i;agtz ; 192 ugat 'Tﬁn tﬂegs'aueeuayabgaszwsoﬁhr&sluslttshe Thie) FGRIEE e sU1RY u@éee
I§ |

0
brought to a frna c%b%%%ﬁt?ﬁ?PgﬁggfeﬁpfrﬁpﬁgiAHEPaFEPeéﬁGdtﬁ@qﬁﬁﬂqéﬂ?%mnds
were precipitated by the adAnelysisf ofusheohucdeics acidanaind Rife from

preci pi t at ed nuclﬂesasldmslsorsees aee blﬁo“'r.‘h a%w g%%ﬁmé %ﬁﬁ%?ﬂﬁjg

rotor at 38 K, 5 fo m nut as err |t|on e above
high titer chi rrpa'ﬁ&%epﬁ !agﬁﬁ aR PFﬁe p&% E‘dc&SHPr 81 -p| Thea Plasmas Mers v
wer e_extract ed w fromOtwdcchimpanzeéspwiyhANANBH, c from wheomtaeddur e of

Ch Ki S

Chi ocyanat eagg?r?c'?lm‘%“g%ﬁfx edd poblel Blagas 36m Sbnircl GiANFARAR,
for 10 minutes atBeEh 9 |ﬁhﬂnNEﬂEQnHBPFmHFCFeﬂﬁgé“eenn“F%GiGb@&%4§ﬁBNﬁN|(N
to the synthesis wﬁicﬁ»#ﬁehdéﬂepEEI&leecteenltthanuhbewcaammﬁinﬁﬂddﬂx (¥

fron115 pl asma b | s nQl 0 r rifie
bi;:ndi ng to anﬁ"ﬁ?ut i on r(a;ﬁ] g@g&g{ag pngﬁ%g gi%d%dl' t&;}%‘c‘%jdure

foI “owed was accoffHHEE o t'ﬁ’éeﬂﬁnﬁ?aléﬂ-'&?ehagedpﬁéﬁt repeatabdyc oRtained as a

tenpl ate for 1%e s¥Fershctimes.

Iv.D. Radioimmunoassay for Detecting HCV Antibodies in ;
Serum from Infected Individuals
Solid phase radioimmunoassays to detect antibod-
20 jes to HCV antigens were developed based upon Tsu and
Herzenberg (1980). Microtiter plates (Immulon 2,
Removawell strips) are coated with purified poiypeptides
containing HCV epitopes. The coated plateé'are incubated
with either human serum samples suspected of containing
25 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
30 antigen are detected by incubation with 12SI--_labeled sheep
anti-human immunoglobulin. Unbound labeled ahtibody 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
35 the radioactivity in the well.

-
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20 was derived fromthe nucleic acids (either total nucleic acids or RNA)
-prepared as descri bed above. Follow ng ethanol precipitation, the )
preci pitated nucl eic acids were dried, and resuspended in DEPC treated
distilled water. Secondary structures i"310Pke nucleic acids were disrupted.
25 by heating at [err] for 10 m nutes, and the sanples were i medi ately
cooled on ice. CcDNA was synthesi-zed using 1 to 3 mcrograns of total

chinpanzee RNAf o | i Woi; s oA PES YR RYS).
to 100 microliters of p eST.S U S0-Teve
ypeptidgc SPETNANBicng

transcriptase, and was _ _qhee§P5E§@@H
speci fied by tihe rédonbislantebacBBria dBedescirebedf Gh sebpisnniesi.g . vere

th I tilized i.n.t P ti d i hed lLow. ALl ti
it ur o5 for | SORAERTICASS & 0BnChE,SACIIDARANS Br EOLLaRKaddERTRREAL. 35
RNASI N' (& slextrRcaiiogapf thel celingxtbArtsywikbsiusea,hdollowed7byr eacti on
m xtures Werec%&bhh&@gghbhyWQBBEniBaihﬁd tatidd BkBHhRge 2BIufnisChLY

chilled on'icg. Ihe PCR reactions were performed essenfially according to
the manuf act ur@M&"Firections (Cetus-Perkin- 5 Elner), except for the |
addi tion of 1 mcrogramThawBNacelds Thomr datitensofiecaltarei edreut in o

final volume obsladeNdelOlint 9bSm1TBe BER \o@?rvwegteme %B’Btﬁm}ig 8S01m
utiliz- ing a reginen of [err], and _[err]. Th riners for ¢ ynt hesi s
and for t P@ﬁl%oﬂcﬂeagpi§n97m€Pg 8eFiV£d°Fr§nth§Dﬂév PBNA - QelB8nces i n
ghthgg c;g3e3aﬂgedLonaiaé;_ﬁrgﬁhumazBib.OZCThethMixBE§e$wgaences of clones
seduenées of %EgikﬁéaggﬁﬂéF énggfg g §P§ 36f%@nu§?§9e g&wg§g§1¥gﬁg, CAA—J
TCA TAC CTG ABRI&SS waz quseendsanip LICRFRECIEtA(Y/Y) Sucrose
containing 0.05 M Tris HCl, pH 8.0, 1 mM
15 phenylmethylsulfonylfluoride (PMSF) and 1 microgram/ml
pepstatin A, followed by addition of 0.5 ml lysozyme (10 f
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-
20 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 5 ml of 0.01 M Tris HCl pH 8.0,
25 and the suspension centrifuged at 4,000 x g for 10 o
minutes. The pellet, which contained SOD-NANB. ,_,
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'FIOW'equilibrated
30 with Buffer A. Polypeptides were eluted with a linear
gradient of 0.0 to 0.3 M NaCl in Buffer A. After elution,
fractions were analyzed by polyacrylamide gel
electrophoresis in the presence of SDS to determine their
content of SOD-NANB. , ,. Fractions containing this
35 polypeptide were pooled, and dialyzed against 6 M urea in

fusion
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20 The sequence of the primer fromclone 36 was: 5° GCA TGI' CAT GAT GIA T
3' .. The sequence of the pripmer fromclone 37b was:.-25 5° ACA ATA CGI GIG
TCA C 3'. In the PCR reactions, the priner alrs consisted of either the
two 16-nmers derived fromclone 81, or the'I 1kesr from30 clone 36 and the
16-mer from clone 37b. The PCR reaction products were anal yzed by
separation of the products by al kaline gel electrophoresis, foll owed by

Sout hern bIottin chc§3&¥hmtpﬁggﬁﬁaégebggpékf|Eﬁ BICY-, cPNamsequences Wi th
a [err]- rfi)eled i.ntern nucleot| dérived froma This

is the replacene itdhiRgh TE&EP 19&% B). Th?ge glﬁﬁngQpFQEB%EnFa§hé8r
Dat e: : ljjﬁdfeu on a column of S- SéﬁhareseOHaeﬁ FlewHequd DilBrakiedh

does not overl-ap t X S

extracted with pﬁ%no rwﬁ(nande§§ﬁ?§%§%uc %l%fgg &Eﬁgcfwﬁfa?sﬁ from
t he aqueous phésegmci#ﬁ%%lqu dhdP- e*E‘hano-’I’ M Na€lpincBpffareB-5 Ehel érachépus
were col | ected bywegtdnd Ligndd Wy ﬁﬁE&&&ﬁyl&ﬁi&édgém dlé&tkb?ﬂof@&?é for

Al'iquots of the S§ | es were su el ectro i ne

agar ose gels. Si ng}@ Ry SRS MWQEGB 1anﬁg‘?éﬁﬁuSPBS?Pﬁéa%ﬁngfﬂg'
co- el ect r opHoranedvere tirekpd s as rml ecul ar 10 weight markers. After

elec rophoresis, the DNASIQméfEaﬁEﬂ at&006HheoECgOPDLNANBL Or ad Zet a

Probe" paper rehybridi zation and h atl and. wash,cendrti ons were
those speci 11 L (P DIRSRIEGHR Jasrr '{Jsﬁ*%ﬁa ¥ ehRetEPBBEERaL8Por ¢ he
hybri di zat i on- detptyagryizmige gels firdtMEVPresenceqaéns08 . weBasetieupon

fol | ow ng. Vhenéﬂ%%FEH&lfHLJx}iHE'ﬁ@%ﬁaﬁ@ﬁﬁoﬂeﬁb¥eﬂoiéoﬁh8h0ﬁﬁ%sﬁuréhe
probe was an 108-nmer with "a sequence correspondi ng to that mhlch i sl ocat ed

i nN\the regi on between the sequences of
IV.D.2. Purification of Fusion Polypeptide SOD-NANBBI.

15 The fusion polypeptide SOD-NANBSI, expressed in
recombinant bacteria as described in Section IV.B.2., wa
purified from recombinant E. coli by differential extrac-
tion of the cell ext:écts with urea, followed by
chromatography'on anion and cation exchange columns

20 utilizing the procedure described for the isolation of

fusion polypeptide SOD-NANB, , , (See Section IV.D.1.).

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

IV.D.3. Detection of Antibodies to HCV Epitopes by Solid
Phase Rad;oxmmunoassay
_ Serum samples from 32 patients who were
30 diagnosed as havxng NANBH were analyzed by
radioimmunoassay (RIA) to determine whether antibodies to
HCV epitopes present in fusion polypeptides SOD—NANB5 1-1
| and SOD—NANB81 were detected. _ :
Microtiter plates were coated with SOD-NAN85 1-1
35 or SOD-NANBgj;, which had been partially purified according
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‘the two priners. Wen the pair of PCR priners were 20 derived from cl ones
36 and 37b, the probe was the nick- translated HCV cDNA insert. derived f.rom
clone 35. The prinmers are derived from nucl eotides 155-170 of the clone
37b insert, and 206-268 of the clone 36jywert. The 3'- end of the HCV .
cDNAji nsert in clone 35 overlaps 25 nucleotides 1-186 of the insert in
clone 36; and the 5 - end of clone 35 insert overlaps nucl eotides 207-269

of the insert in clone 37b. &anpare 5, 8 and 10.) Thus, the cDNA
insert in clo¥® 8%c&igns FX- Ié‘glfbr? betmRsaeGHY slatu The aafayhe
cl one 36 and ¥&rededindadtadd pisi Mldowand 'i's useful as a probe for the

anplified sequences whi | se Anal.ysis of the

the liver specinens vvasaggcg‘r (ﬁ'#%# Iﬂﬁt eoqafbt aplr’t%‘}eo MGk Rl\éﬁo{ h
sets of prinmet® &h§ 9#65951'&“%%@-@1%&93_ I Jyer cﬁonm&glees.rsa) 125
chi npanzeess wmt naNBYBH L sh@&@:goaynt igv.e3 hxbrawh PN ( df for

anpllflcatlon uences he expect Si z 161 and 5 ucleot es for
81 and 36 and*%7 % ﬂe¥8égtl erPLQHﬂqgiﬁun (ynat :%ﬂﬂﬁ} & ded
negative hybr Rempaawed 1I'SSwips) . THhes primtee was anmrhatfﬁdam e:d when t he
experi ment wagyvieengdghed ihhae b iUE Shaflil S s (e W HIC 8] t‘%xex?‘”d wA

fromplasm was .al S0 accordi to, the ahov rocedur t|||2|n primers
and probe frofcdustengyas fﬁ@% \ﬁ&'ee a’iﬂ‘é"eg%tt T BES\BH,
froma com@® okcohtadhingafz62$% a‘a:d.qu)IXedQﬂ a(mﬁ oS ommqnte\{énmhwmanzees
Both of the lsas t aiped [ [ &%ﬁ

positive resmgygéllﬁ ie B'Eﬁd‘iﬁg t ass‘saz;@él%c c@ﬁ t%ﬂlf t%{a co;%r ot

pl asmas i el &é&’“ﬂé&aﬁp§é)r Qyula@’- ’-ﬂﬁ’e 100, micaplitare Pk ehehnginl o/
obt ai ned 15 sewvdutliohi o€SBSAViR BBRmiamhummmagﬁamduhaﬂlﬁﬁxﬂurxbdﬁll

Anti bodi es 'ntéﬁb@?ﬁEGQQ]EBEeqt%Qdﬂnd@@€E¥ﬂ€his incubation the BSA
15 solution was removed. The polypeptzdes in the coated
- wells were reacted with serum by adding 100 microliters 4%
serum samples dzluted/I :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 1 hr at 37°C.

20 After incubation, the serum samples were removed by
aspiration, and the wells were washed S5 times with BBST.
Anti-NANB, , , and Anti-NANBal bound to the fuiign
polypeptides was determined by the blnding of I-labeled
F* (ab)2 sheep anti-human IgG to the coated wells. : o/

25 Aliquots of 100 microliters of the labeled probe (specific g‘/
activity 5-20 microcuries/microgram} were added to each
well, and the plates were incubated at 37°C for 1 hour,
followed by removal of excess  probe by aSpiration, and 5
washes with BBST. ‘The amount of radioactivity bound in

30 each well was determined by countlng in a counter whxch
detects gamma radiation. '

_ The results of the detection of anti-NANB
and anti-NANB
Table 1.

5-1-1

81 in individuals thh NANBH is presented in

35
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Sol i d phase radi oi nmunoassays to detect antibod- 20 ies to HCV antigens
wer.e devel oped based upon Tsu and Herzenberg (1980). Mcrotiter plates
(I'mmul on 2, Renpbvawel | strips) are coated with purified pol ypeptides

contai ning HCV epitopes. The coated pl ates -ax¥3+4 ncubated with either human
serum sanpl es suspected of containing 25 antibodies to the HCV epitopes, or
to appropriate controls. During incubation, antibody, if present, is im
munol ogi cal ly bound to the solid phase antigen. After renoval of the
unbound material and washing of the mcrotiter plalgg)eCpnpl exes of hunan
anti body-NANBV 30 antigen are dﬁa‘dﬁdmbysflmup.aguan %ah;uu[ﬁ.rn] ihabet£dbe
sheep anti - hunan i munogl obul.i n. - UNadi8ndHAV bend: BV Hepatlitis Pacienes by
aspiration, and the plates are washed. The radioactivity in individual

wells is det erm nerg‘é‘;‘t:fg?:fgrmunt of ‘bound human anti-HCV anti bod% h
proportional to335 N Iadi oacti Vigadnasife well. This 1,];gq_el_rlepl RRE[EN
sheet Dat e: Th|s-T1r11nr71nn1nznnnn§-snee —rrre l/lﬁ#ékrf =it
-110- IV.D.l. Purifi (2&8t| on of FusiGhrofdcyNANS; avod0oD- NANB) &% ] . The faisdoon

pol ypept i de SOD- NANBJ err], expresdshronicr BANBh| [¥Bht bacteh’é as descr$~ble‘d
in Qegtion IV.B.1., was purlfledfﬁﬂﬁz‘ﬁgmﬁtﬁvﬁant E. coi¥l by
differential 5 extractigdn of the celyydexnafg! daair ea, iqjg owed by . ¢
chr omat ogr aphy €n ani on and cation m-p:@lmagen&usishunns xas foy3 ®%. Thaweds. 33
cells from1 K er of culture vveremmnspenuwln 10 M o036 26 (W V) 13.67

sucrose containing 0. Qi4M 10 Tris nd 0.4 m of 0.5M EDTA H
8.0 was added. After 3 ninutes at Efﬁ. re was g ri fuged ét a
4,000 x g for 10 minutes. The res R,uagcpa s} w suspepﬂ in 10 0
25%°(w' v) sucrose containing 0.05 M Tris HO , H .

4. 31 Chtomc NANB. 16.09 8.05
15 g, 321 Late AVH NANB, IVD 0.69 0.
‘Late AVH NANB, IVD 0.73 0.69
6. i3t AVH, NANB, IVD 1.66 1.96
| AVH, NANB, 1VD 1.53 0.56
7. 34! Chronic NANB, PT 34.40  7.8%
5 Chronic NANB, PT 45.55 13.11
0 o Chronic NANB, PT 41.58 13.45
Chronic NANB, PT 44.20 15.48
8. 35! AVH NANB, IVD 31.92 31.9%
*Healed” recent 6.87 4.45
 NANB, AVH
Y 55 9. 36 Late AVH NANS PT 11.8¢ $.79
W 0. 37 , AVH NANB, IVD 6.52 1.33
11. 38 .. Late AVH NANB, PT 39.44 39.18
12. 39 Chronic NANB, PT 42.22 37.54
30 13- 40 'AVH, NANB, PT 1.38 1.17
14. 41 Chronic NANB? PT 0.35 0.28
35
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15 phenyl net hyl sul fonyl fl uoride (PMSF) and 1 mcrogramim pepstatin A
foll owed by addition of 0.5 m |ysozynme(10 ng/m) and incubation at [err]. -
for 10 mnutes. After the addition of t¥=-1% (v/v) Triton X-100 in 0.05
MTris HJ, pH 8.0, 1 mM EDTA, the m xture was incubated an ad- 20 ditional
10 mn at [err] with occasional shaking. The resulting viscous solution
was honogeni zed by passage 6 tinmes through a sterile 20-gauge hypodermnic
needl e, and centr 88 at 13,000 x g for 25 minutes. The pelleted
\ ggCFn 5 m of;0.0d M Tris HJ pH 8.0 25 S&hq the

materi al was susl _52
suspensi an cent ri s . , =258 , -
cont ai ned SOD- NAYB[ aer | fusi on AerOt wANe, VI¥® di ssol ved gi,Rs5 nml  of 6 JM3yr ea
in 0.02 MTris HC1, pH 8.0, 1 nMdithiothreitol (Buffer A), and was ap-
plied to a cdl urk®-of3Q Sephar ose€PESRAE| MWERGET| | br at ed 03G4wi t h Buf Pef 1A,
Pol ypepti des werg, el,yted wth a Lige agent of 0.0 t0,Q.3 M Nadl, i
Buffer A After-le'e'l ljtwl on, fracti gkr{g’\;\agﬁ'a?jyzed by po}sy'a ryl am de IQE?_

el ectrophoresi s lign #8e presence chr&bfel cags,cpwi ne t heigr.sgont ent ofp. 32
SOD- NANB[ err]. . Fractions containing this 35 pol ypeptide were pool ed, and
di al yzed agai nst'% Rfurea in *Tr AYB- M8 0. 02" M sodiZdm38hosphat e ‘pidffat
pH 6.0, 1 di tyi ofghrei tol (Buf , : di al yzed sanp was ap- ,pliied
on a col urmn'vgf Sztbs_egzar ose* Fast tlglegwsgﬁgﬂl-lb?brat ed with gﬁk?er B, andl'zls

pol ypepti des el tled48ith a |ineanvs, gType et of 0.0 to A.30M NaCl ir0.8é¢ffer
B. The fractions were anal yzed by polyacryl am de gel el ectrophoresis for
the presence of *8oD*RANB[err], . "‘gﬁd T%@%propri ate frdc*tions we®e?4
pool ed. The fingly pggparation of pgeh) Me\FRetenk AVHPO! YPQPlgde Was eéa_rgisned,d
by el ectrophoresis on polyacryl anrrgged®l s I n the presence of -SDS. ased
upon this afalysis, the preparation was nore than 80% pure. |V.D. 2.

Purification of 28usPbn Pol ypept i A¥HS NB[ er r 0.68 0.64
ypepti QRS e, Trbe A 0.80 0.6
25. %2 Resolved Recent AVH, 1.38 1.04
Type A
ResZlved Recent AVH, 0.80 0.65
Type A
20 :
26. 53 AVH, Type A 1.85 1.16
: ResOlved Recent AVH, 1.02 0.88
Type A
27. sS4 - AVH, Type A 1.38 0.74
28. 55 Late AVH, HBV 0.58 0.55
25 . T
29. 6  Chronic HBV 0.84 1.067
30. $7 Late AVH, HBV 3.20 1.60 ./
31. S8 Chronic HBV 0.47 0.46
32. so! AVH, HBV 0.73 0.60
30 Healed AVH, HBV 0.43 0.44¢
33. ¢ol AVH, HBV 1.06 0.92
Healed AVH, HBV 0.78 0.68

35
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15 The. fusion pol ypepti de SOD- NANB81, expressed in reconbi nant
bacteria as described in Section |V.B.2., was purified fromreconbinant E. -
‘coli by differential extrac- tion of the celilyjsextracts with urea, foll owed
by chromat ography on anion and cation exchange colums 20 wutilizing the
procedure described for the isolation of fusion polypeptide SOD NANB[ err]
(See Section I1V.D.|I.). The final preparation of SOD-NANB[ err] pol ypeptide
was exam ned by el ectrophoresis on polyacrylam de gels in the presence of
SDS.” Based upon this analysis, the 25..preparation was nore than 50% pure.
IV.D.3. Detection of Antibodies to HCV Epi t opes by Solid Phase

Radi oi munoassay. Serum sanpl es from 32 patients who were 30 di agnosed as
havi ng NANBH wer e anal yg&geénRy radi oi munoassay (RIA) to deternine whether
anti bodies to H&V epinexyzhnpiesent in fusion polypeptldes SOD-NANBBeur] and
Sa}WWﬂeH]mmedaﬁmgﬁ Mcrotit diag ‘ e 38

or SOD-NANB[err] %¥ d been parti y BUrlfled accordlng ade I\/ark°
This is the replace eet Date: 1 |s t he rsbé%genent 0. gé
sheet Date: 1/ 12/ 94 -112- to ectlons 1 and |

respectively. The assuy.s 62dr e conduct avHasHEW | ovvs One hundr eddri crol i teg.73
ali‘qliots containing 0.1 to 0.5 nicrogHesdedi AGEDHINB[ err] or0SdD NANB 92
0.125 -- 5 M Na%bor at b%fﬂer pH 8. 3, v OgavM NaCl  (BBS) wa ded to 31
each well of a nlcrotl er plate (Dyna@ﬁgﬁ.ﬁnnvﬁoqﬁg,Rennvamelf gfrlps) 0:45

The pl ate was incubat ed atl4OC overnight in a hum d chanber, after which, :
the protein solution ‘s édeénoved and AYH,WHBBYs washed 3 timesOv2h BBS 100 79
containing 0.02% Triton X-100 (BBST). Hepded A e HBYon- speC|?r% bi ndi ng, 9-37

the—tel I's were coated"yngglbOV|ne Ser Whu, upv | 0.95 0.92
15 . Healed AVH, HBV 0.70 0.50
19. 66! AVH, HBV . 1.03 .68

Healed AVH, HBV o 1.71 .39

1Sequential serum samples available from these patients
IVvD=Intravenus Drug User

20 3AVH-Acuto viral hepatitis
4pT=post transfusion -

Y 25
—
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al bum n (BSA) by addition of 100 microliters of a 5 ng/m solution of BSA
in BBS fol |l owed by incubation at roomtel%erature for 1 hour; after this

i ncubation the BSA 15 solution was renmoved. The pol ypepti des in the
coated wells were reacted with serum by adding 100 mcroliters of serum -
sanples diluted 1:100 in 0.01M Na phosphate buffer, pH 7.2, 0.15 M NaC
(PBS) containing 10 ny/ ns 88én dmd Tabdebdt,i N idte ﬂermwmﬁdﬂ patgievedd S

nopi ration, | agbeoné¥sd 8 naVingiaNin et BTV v H ﬁo?rfyand
Ant i - NANB[ er r anbdbrdies ﬂﬁcemsldongp@n,sﬁemvd@mafemeféd

bi ndi ng of [emmgé gel e@dnd sob-Nangl. .sheep anti - human IgG to the coated
wel | s. %Ilquot ri O mcrol i.tefd of the |abel eg pr‘o speC|f|c

acti vi ty 5220 ni crocuri 8}'51 EF6gFAT) SREFD SRMRLSE, ¥ “hee '
pl ates were iwenganol equpddy] imswnologicalily iresst ive ety BODN

probe by aspi ratlaad 808- Sumshes 1@%@@%&1%6%0%%&&

YelrhmBdahp
bound in 30 ehth gﬁ ga Sgt ned %ecountl n% in count er whi detects
ganma r adi at i BASL¥p¥e, Q8 gﬁsglalo durte bRt £ % ANSg\R[cy 7] SERET v
ant i - NANB[ er r§ampleadfvonupasientis NanBer 20pr e§antam!ﬂ i1V Teextee posidEive

Trade Mrkg ¢old o-ﬁﬂhhe 1 Depaetnot @b Adp-Nanb %ﬁm “ghmgresoera of
NANB, HAV and_HBV Hegi\ é- Ii’at i entBs Pat i ent Req‘lere

S/'N Number  from pa » and ,regqtq 9%&#“81“1“
28[ err] bomrﬁus&omyalyp&p[tdde]s, whereas serum sampliesChfxomc NANB,

I VD lpdfients No. 2,14,C9,0Rna WANerd Y23 fold higher in the # (334
reaction to SOD-NANB. ,_, _than_td SOD-NANBg, . .These
15 results suggest that NANB; , , and NANBg, may contain at
least 3 different epitopes; i.e., it is possible that eaq‘h
polypeptide contains at least 1 unique epitope, and that
the two polypeptides s'hare at least 1 epitope.

20 1IV.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 patients
infected with HAV or with HBV and on sera from control
individuals. The assays utilizing partially purified SOD-

25 NANBg_,_, and SOD-NANB,, were conducted essentially as o/
described in Section 1V.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

30 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.

35

v

- -

i



2. 29[err] AVH[err] NANB, Spor adic 1.09 1.05

10. Chronlc NANB 33. 89 11. 39
Chroni c, NANB 36.22 13.67 3. 30[err] AVH, NANB
| VD 1.90 1.54 Chronic NANB; |VD 34. 17

3028 Chronic NANB, |VD 32.45 30.84 4. 31

Chroni c NANB, PT[err] 16. 09 8.05 15 5. 32[err] Late
AVH NANB, | VD 0. 69 94 Lat e AVH NANB,

0.68 6. 33[ERR] AVHT’}WEBIAH;?}“ t Nmasiliﬁaa"‘lge“ WisgBSNHm
NAMB, | VD determlirel immunolodicl redcf ARy of serum ffibmooontkALB,
PT 1 34.4 /.5 - . Q

45. 55 Qfd1Vﬁ3§ils &4)%5 230 ser&m_ pfl% %€ gﬁ%@ E%gh the
NANB, PT dod ¢ W@%‘%@{‘ERRPMY 2 YJARA-F?\NBOSWDVE
31.92 81lre¥actienissdn rcheerRIA (data not Gsliown). It i€ gosdifbbBe AVH

(0 a7 0 thag shg G KIged ST trom ypon cheld sqryn gonfygd

Late AVH NANB, PPriginated;diagy previouskp heen exppsed to HCVehronic NANB,
PT — 42. 22 37.54 30 13. 40 AVH, NANB, PT
1.35 - 1.17 14, 41 Chroni ¢ NANB? PT 0.35

0.28 35 This is the replacenent sheet Date: 1/12/94 This is the

repl acement sheeIVh&.&.- W_S 1-1-Runing theCoursefefence
S/'N Number NANBH Qrg@tSich. Anti-5-1-1 Anti-Si 15. 42

AVH’B, BT o 0.74 trie pregency At Anti-NANe, ) 1A%Fibﬂﬁf\|§sca‘rfg%8
5 49 1. 8he course of NANBH xnfectlon of 2 patients and 4
- chimpanzees was followed using RIA as described in Section

15 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,

20 show that with chimpanzees and with humans, anti-NANB. _, ,
antibodies were detected following the onset of the acute
phase of NANBH infection. Anti-NANBS_l_l-antibodies were
not detected in serum samples from chimpanzees infected
with either HAV or HBV. Thus anti-NANB antibodies

o - 5-1-1
25 serve as a marker for an individual'’'s exposure to HCV.
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18. 45 Chronic, NANB, PT. 0.52 0.32 19. 46
AVH, NANB 23.35 4.45 10 20. 47 .
AVH, Type A 1. 60 1138-21. 48 AVH, Type
A , 1. 30 0.66 22. 49 AVH, Type A

1. 44 0.74 23. 50 Resol ved Recent AVH, 0. 48 )
0.56 15 Type A 24. 51 AVH, Type A

0. 68 0. 64 Resol ved AVH, Type A 0.80 0.65 25. 52
Resol'ved Recent AVH, 1.38 1. 04 Type A Resol ved Recent AVH,
0.80 * .  0.65 20 Seroconversion in Seqy ﬂa &Af'ée AVH,
Type A 1"egaticis Patiencs 1@ Glus géngi" ;g';m 1.02

0.88 Tvpe A 2 Iyl ient/ 'S l A
vp 8. ample ﬁfld qﬁWF Hepatitis 58An:x-$ 1 ' 0.55 2& _

0.74 28. 55 ~shin Vi uus S/n
29. 56 Pat i@l oni c-HBV e . "
Late AVH, HBV 3. 2Tr180 1.%’8 31. 58 1.09 Chrmmoc
HBV 0.47 T*20§ 46 32. 59[ERR| R mey. s
0 73 0.%30 @G 0 . . ezl wii@al ed AVH HBV
0. 43 0.44 33. 601 : AVH, HBV 101y 1,068
0.92 Heal ed WM, HBY, 3% s 0.68 35  Pati.gnt 5 23
Ref erence . 72 Nang S/N Nurrbero
D agnosi s - Anti-5-1-4;4 Anti-81 34 61[ERR] 0.93 AVH, HB\.{
1.66 0. 61 Heal ed AVH, HBs4 0.63 - €35, 62 ERR}
AVH, HBV Champ 2 1.02 0. 73, jeal ed AVH H 0-41
0.42 10 16. 63[ERR AVH1  HBV 1. 2490 1.8,
.13 . 08 52
15 138 ;'34 13
Shimp 3 . : .01 -:
Y it :
s3 .
o b8 B
Chimp 4 -3 " §
_ ss NAND 112 11
20 140 §.60 132
Chimp § ' . 17.8} -
40 2.3 . 147
268 1.92 10
L 1.53 s
Chimp 6 -8 :
18 Hav 0.88 -
0.81
- 123 1.33 B
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Heal ed AVH, HBV 1.55 0.45 17. 64[ ERR] AVH, HBV

0.82 0.79 Heal ed AVH, . HBV 0.53 0.37 38. 65[ ERR] _
AVH, HBV 0.95" 0.92 15 Heal ed
AVH, HBV 0. 70 0.50 39. 66[ERR] AVH, HBV

1.03 0. 68 Heal ed AVH, HBV 1.71 1.39

[err] Sequential serum sanpl es avail able fromthese patients

[err] I VD=Intravenus Drug User 20 [err] AVH=Acute viral hepatitis

[err] PT=Post transfusion 25 30 35 This is thdlPepl acenent sheet Date:

1/ 12/ 94 This is the re Iacerrent sheet : . 94 _As seen in
Table 1, 19 ﬁt?s?“ er a {Rayg)agn s if RN LT

positive wit e F f

in SOD- NANBRgifp §nd SOD- NANBberr] 5 _ HAbIovvever tlhq-,-ser um sa-yrpl es
whi ch were p05| tfve were not ggually imrmnologically. reactgove wthgs

SOD- NANB[ err] and SOD- NANB[ eatb. Serum sanples from patiless No. 1 were
positive to SOD-NANB[err] baB9not to SOD-NANB[err].  Sal®m sanples from
patients nunmber 10, 15, and 17 were positive 10 to SCOD NANB err] but not to
SOD- NANB[ erthlmBeﬁum sanpl es_from patients RV 3, 8, 1 nd 12 cted
equally with both fusion pol ygeptides, whereas serum sa:&‘! fro tients
No. 2, 4, 7, and 9 were 2-3 f2 ?d hi gher in-the reactio 7SCDNAN err]
than to SOD-NANB[err]. These 15 results suggest that err] and

NANB[ err] ITB.thQﬁBtQ.I n at | ea.gt;OB di ffer ent engbopes i q.,,ul t is pessible

that ea 379 3.29 9
- 435 - o 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)/ g 1.26 8-100 (pool)
169 . : - : 9
223 0.52 10

*T=day oE 1n1t1a1 sampling

T




pol ypeptide contains at |east 1 unique epitope, and that the two

pol ypeptides share at least 1 epitope. 20 IV.D. 4. Specificity of the Sol% d
Phase RIA for NANBH The specificity of thggsolid phase RIAs for NANBH was
tested by using the assay on serumfrompatients infected with HAV or wit.h
HBV and on sera fromcontrol individuals.. The assays utilizing.partially
purified SOD 25 NANB[err] and SOD-NANB[err] wer e conducted essentlally as
described in SE¢tEon Py : i honad; Sexus bt

previ ously dqugqged as haV|ng HAV or HBV or fronllnd|V|duaIs who were

bl ood bank dorors.2= esults for sera from and HBV infecgted patients
are presented 30 in tablén LeTﬂEsﬁfAP€a§LFe§P§8¥5%FnémEEn§ ﬁlégeéﬁhens
from HAV i nf ecﬂm\paty eof sthenlOlGNANB epoﬂrypeptﬁ.dm WRYhi mmecmntl-
patients. &S SOpigs i fint % san?lgi‘Ss EHEF gSt?ﬁh@syb@tﬂeﬁAﬁaﬂos kﬁ]g\?d
|nnunolog|cal reaqilon W sLon es contai ni

epi t opes. "as].9”9#9E9¢U¢PuB?ﬁ§ YhEERMNBféFFP°§ﬁFFg8ﬁ1ﬁ&5r@§§& -
dstggg1ne|lnnnnﬁampgﬂtalhpcwiuhtyhefepﬁtupeieqnlﬁonhna alVIdmaES C?t
o serum t on

2 yiel ded p05|t|vé§§ ?2%% ?%%53?95§%99ﬁF§?§§LP359§§h w%fg &#F% §ag%ss¥dle
that the two BVA¥RgdpnprBol YBﬂPﬁﬁGﬁ1(ﬁEQeSQEFGﬁFséﬁpPeé)oﬂﬁslR&ﬁé@

previ ousl yl0eain cpeshible $@dpoio; | ¥heé. EttaBnﬂehtvuhyseEhN/ANBh:elth]e im-

Durin the p e n rr
antibgdies durin f%#%eéﬁﬁﬁigﬁgﬁeﬁgthﬁ ngtﬁgg Q??}R&g? gﬁFé &S& to
chi npanzees lpued LARhEPRER in gesum samplmessist absorbedvto the |n
addition the Matwyi-bowsd tpolippepride.t hRfpeeswashing tbsgemovel non- o/

ant | - NANBL o1 1 lg it 4 900 £y WEURE hEEef2His%aRl LABBEH RatlerTaY 2N 11

I nf ect ed chlnp 766
bound antibody is released from the bound SOD-HCV

polypeptide by change in pH, and/or by chaotropic re- I
agents, for example, urea. _
| Nitrocellulpse membranes containing bound SOD-
NANBS-isl were prepared as follows. A nitrocellulose

20 membrane, 2.1 cm Sartorius of 0.2 micron pore size, was
washed for 3 minutes three times with BBS. SOD-NANB5 1-1
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°c overnight. The

25 solution containing unbound antigen was removed, and the
filter was washed three times with BBS for three minutes N
per wash. The remaining active sites on the membrane were
blocked with BSA by incubation with a S mg/ml BSA solution
for 30 minutes. Excess BSA was removed by washing the

30 membrane with S5 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.

35
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The results, which are presented in Table 2, 20 show that w th chi npanzees
and-w th humans, anti-NANB anti bodi es were det ected foll owi ng the onset of
the acute phase of NANBH i nfecti on, Antl-NANB[err] anti bodi es were not
detected in serum sanpl es from chi npanzees J ry‘ect ed with either HAV or HBV.
Thus anti-NANB[err] antibodies 25 serve as a %r ker for an individual”
exposure to HCV. 30 35 This is the replacenent sheet Date: = This is the
repl acenent sheet ~ -118- Date: 1/ 12/ 94 Seroconversion in

Sequenti al Serum Sanpl es fr palijelainali $rRﬁI—immass an Gnuibouies wéidJ
intll _15A2t |19e_n Pat E?Bg/atedcﬁ n%ug%tt%.négc??% ¥ membrar actt%x{ﬂflnuw ‘the fusion

(SI'N) (nuppéypppt¢§e| withygerum from an ngividual with NANBBA\N®T 2
1.09 " 11R6u¥fs100After the zncubatxon, the filte¥rdYere washed4§5
$+208 5 thﬁﬁBW1th BBS, an% gylce with d1ﬁ§§&l.%glent£%3 Bound
34. 17 29gttb¢d@es were then eluted from each fidxerswith 5
S7$6Chiﬁp 1 elutlons of GQyHCl, at 3 mitthies per, elut;on YK pH of
23.6#2 gecﬁ}ﬁﬁteg was adjusted to pi 8.0 by cd&lecq$qq3each
1.00 5 21 eluate in a test tube containing 2.0l M&¥ris HA, FH 8

3-64 13 iaﬁmrecovery of the anti-NANB, ,_ q&&ﬁgathfter afffiﬁ&? 3
1. 44 205 5ghromatography is approximately 50%. g5 14 159
11}27 6 Chimp 4 The nitrocellulos®2 membranes contéiMing the

1.

bddnd viral antigen can be used several times without ap-
preciable decrease in binding capacity. To reuse the

15 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

20 Using Purified Human Polyclonal Anti-HCV Antibodies;
Hybridization of the Nucleic Acid in the Captured
Particles to HCV cDNA

N\ IV.F.1. The Capture of HCV Particles from Infected Plasma
25 Using Human Polyclonal Anti-HCV Antibodies
 Protein-nucleic acid complexes present in infec-
txous plasma of a chimpanzee with NANBH were isolated
using purified human polyclonal anti-HCV antibodies which
were bound to polystyrene beads.

- 30 Polyclonal anti- NANBS -1 antibodies were puri-
fxed from serum from a human with ‘NANBH using the SOD-HCV
polypeptide encoded in clone 5-1-1. The method for
purificetion was that described in Section 1IV.E.

The purified anti-NANB, , , antibodies were
35 bound to polystyrene beads (1/4" diameter, specular fin-
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6. 60
17.51
1.50
147 Y40
1.53
0. 85
106 41
1.33
Hepatiti.s
(SIN)
7 22
1.55

0

0.98
1. 27
-- 379
2. 77

1.25 132 83

-- 20 140
-- Chinp 5 ~-122- 0 HAV
4 25 2.39

r | 1.92 18 268
5 Chinp 6 -8 HAV

ish, Preqision Plastic Ball Co., Chicago, Illinois) by
anubatln% each at Foom ttem etr/atuQ:eB%vernlght with 10mh2%¢

i en
SRFHS4ISS (Rmicabigrsm/n Th horats HiEAeTes, FeRime s p
§n2) nl )Fadhlowing the overnight) incubation, theHbeads were 1.17

5 1%%shed once with TBST E‘[(50 mM Triigsg 6&:]15 pH 8. 0, 150

NaCl Qs 05% (v/v) (g‘w)epnv 20], apgl shen with phosphr;rt):e
13ufflered saline (PBS) containing L07mg/ml BSA.8 205

5 Chinp Sontrol bea'd%gglgere prepareél i&'ﬂﬁvldentlcal 1. 74\,)
fgsl@}prpm exrept that theypurified antl-Nm ; antibpdsg

8 111-118 (ODOQéé were replaced with total/huma?6- z.izﬁﬁzl'(qqo.@lb).xll@ﬁ

2. 05
0

0. 52.

1. 26 8- 1001 @%rea )usiigyg: the ant‘.:l.-Nli.NB5 1-1 ant:.bod?l.es. bound to beadm3 -

Zﬁ?/B Capture 0852HCV fromﬂl%ksé.% ectle)d c]n%.mggn%

was accomplished ad) follows. The plasma from a chimpanzee s
with NANBH used is desc¢ribed in Section IV.A.1l.. 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-NANB; , , antibodies, or with control
immunoglobulins. The beads were washed 3 times with TBST.

15

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 J
25 Ot S ' , a

HCV particles were captured from NANBH infected

chimpanzee plasma, as described in IV.F.1l. To release the '
nucleic acids from the particles, the washed beads were
inCubated for 60 min. at 37°C with 0.2 ml per bead of a
solution containing proteinase k (1 mg/ml), 10 mM Tris
HCl, pH 7.5, 10 mM EDTA, 0.25% (w/v) SDS, 10 micrograms/ml
soluble yeast RNA, and the supernatant solution was
removed. The supernatant was extracted with phenol and
éhlorqform, and the nucleic acids precipitated with
ethandl_overnight at -20°C. The nucleic acid precipitate

20
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*T=day of initial sanpling This is the replacenment sheet Date: This is
t he -repl acenent sheet -120-:I1V.E. Purification of Polyclonal Serum
Antibodies to NANB 5-1-1 On the basis. of the speci fic i nmunol ogi cal re-
activity of the [err]1 pol ypeptide with the z’:lj’ltl- 5 bodies in serum sanpl es
frompatients with NANBH a nmethod was deve oped to purify serum anti bodi es
which react im nunologically with the epitope(s) in [err] . This method
utilizes affinity chromatography. Purified SOD [err] pol ypepti de (see
Section |V.D. 1) mg goldeiceed byl Centrifugathion sudmied, ant dissclvedtins

such that the i hb?%@ I d t [ | i '

to [err] Antibo y ILn,serum s?wggg’tls%é@o%bé% Jﬁﬂ]ééﬂ%ﬁ?’é%ﬁ%{ﬁ@?@y
pol ypeptide. Af PBFLRdSHAGSAS, RIR% ihtained Jrm brads jeeatedd
unbound -mat eri al withhanti - gnt | lmd;ibcs:lire@ eandk w iitloredierdb welad$OD- HCV

pol ypeptide b /

urea. Nit roce)% PBRQgihggggtgg contai ni ng&g}ﬁ%w %gvs\%#iaeéﬁgégﬁé
follows. A nitr&eenitrgselinlase fiiters. 1 (ﬂh%eﬁjt](ﬁqxiﬁs wATe) hybyi c'}lJore
si ze, was washedwiigh & wumaeuhrd%e ﬁﬂdmruﬁdlﬁfé‘a mm\mﬁwﬁd to

t he \npnbr ane by | 40

tenperature for éﬂ%g'gritgd ct%far wdfuet% I%'s"Fl ncu at ed atﬁféS t%c\g/)%gnlf%
The 25 sol ution ssﬁparnpsg%mmeamncb&qu i%ﬁi’eﬂ-qfheafe filter
was washed t hreeedesb®sbéidt RnB8ectdlon e /i nut es per vvash "The renai ni ng

e o o1 o oo o0 AR BB S Ue h NG, EHEE Sonth e
. the nucleic acids from particles captured by beads
~ - containing ant;-NANBS 1-1 antibodies are shown in Fig. 40.
The extract obtained using the anti-NANBs 1- 1'antibody
_15- (A;:A,) gave clear hybridizatxon signals relative to thel
control antibody extract (A3,A4) and to control yeast RN
(B 2) Standards consisting of 1lpg, 5pg, and 10pg of
the purified, clone 81 cDNA fragment are shown in Cl-3,
respectxvely |
20 ' These results demonstrate that the particles
captured from NANBH plasma by anti-NANBs 1- 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

25 NANBH.
v . . &

IV.G. unological Reactivxty of C100 3 w;th Purified
Anti-NANBS 1-1 Antibodies - : :
The immunological reactivity of C100-3 fusion
30 polypepti@e ‘with anti-nanas_l_l-antibodies was determined
by a radioimmunoassay, in which the antigens which were
bound to a solid phase were challenged with purified anti-
ANBSQI;i anti?ggies, and the antigen-antibody complex
detected with I-labeled sheep anti-human antibodzes
35 '
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30 nenbrane with 5 times with BBS and 3 tinmes with distilled water. The
menbrane containing the viral antigen and BSA was then treated with 0.05 M
gl yci ne hydrochloride, pH 2.5, 0.10 M_ (CJyFKJ)for 15 m nut es,
followed by 3 three m nute washes with I!5 -12 1- Pol ycIonaI

ant i \NANB anti bodies were 5-1-1 isol at ed by i ncubating the nenbranes
containing the fusion polypeptide with serumfrom an individual wth NANBH
for 2 hours. THNe erm&rmhdmnlaat ireactiifrdtli bEeC$00e8 cpobypept fdd wases Wi th

BBS, and tw cg EH} 3 t,]hl ‘i‘i’xa‘ﬁab‘%r s&DBﬂgﬁg ant i bQﬂ{: Hvere t hen el uted

from each f||ter ut1 ons of t-3 mnu per elution. The
pH of the el uates vvas adfhgs fag 109 PHIXPBPSWEOT:FEQI'{’n‘ga-’eaﬁﬁﬁ"émﬁi&@cl n a
test tube contaidipuyiXi@dVasr deskEiibedHigd. SectoRervyE!lYy. (ﬁndhﬁ'més’éd [err]
ant i body afte I3 t hr QR |s r e

ni trocel [ ul gse 3%L€$gg%épdonta> EQQQ £ bo 3§§ ?égg?$ %1é%) OQwed

several tinmes N{Byuy_ ppiasplsé’(&tﬁ‘ﬁlsézﬁécPéésE“FhfbﬁﬁdﬁﬁgdWQW in To reuse
the 15 nmenbramgstidd av.Bhq .aandbadi sechava beep. gl yt psbpdrer by anes are

washed with BBS t.hree ti 3 mn t nsto n BBS 4
C. IV.F. The%s }}{hed oaf“rzgdf wst-uellegh??Bﬂ; e‘é?gﬁ ‘E"f%%’r& ‘50’%5. ng &
Purified Fﬂnnuﬂﬁ&ﬂqﬂhﬁﬂuﬂn-ﬁﬁFﬂlﬁﬂvlﬂnﬁlbodles Hybri di zati on of the Nucleic
Acid in the Captured Parddeclh%d&:@dHﬁYcQBMtéy Eliquéme éapééml HCV

iﬁ{fng?;sﬁg?g%%?ﬁﬁﬁtgﬂgﬁkﬁs”35228 Féggsggﬁﬁ En?xfaggﬁiﬂb N3 asma of
a chi npanzee \kicxateANBH figar, e pHs 8- ét,e@ 03BMgNpQL i (Baﬂ)rmmmctdﬁQIcﬁmmadch W
anti - HCV anti hediles bl Glicserateeupdate poynatyerh ?mﬁ@?dé‘z Removawell
Strips). The plate was incubated at 4 °c overnight in a
humid chamber, after which, the protezn solution was
_removed and the wells washed 3 txmes with BBS containing i
0.02% Triton x-IOO (BBST). To prevent non-specific bind-
ing, the wells ‘were coited with BSA by addition of 100
microliters of a 5 mg/ml solution of BSA in BBS followed
by incubation at room temperature for 1 hour, after which
the excess BSA solution was removed. The polypeptides in
the coated wells were reacted with purified anti-NANB. , ,
antibodies by adding 1 microgram antlbody/well, and
incubating the samples for 1 hr at 37 °c. After incuba- W,
tion, the excess solution was removed by aspiration, and
the wells were washed 5 times with BBST. Anti-NANB. , ,
bound to the fusion polypeptides was determined by the
binding of 1251 labeled F* (ab)2 sheep anti-human IgG to
the coated wells. Aliquots of 100_m1crolxters of the
labeled probe (specific activity 5-20 microcuries/
omicrogram) were added to each well, and the plates were
incubated at 37°C for 1 hour, followed by removal of
excess probe by aspiration, and 5 washes with BBST. -The
amount of radioactivity bound-in'each_well was determined
by counting in a counter which detects gamma radiation.
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30 ' Pol ycl onal anti-[err] antibodies were puri- fied from serum
froma human w th NANBH using the SOD-HCV pol ypepti de encoded in clone
5-1-1. The nethod for purification was thaézsescrlbed in Section I V.E. The
purlfled anti-[err] antibodies were 35 boun 0 pol ystyrene beads (1/4"

di anmeter, specular fin- This is the repl acenent sheet. Date: This is the
replacenent sheet .122- Date: ish, Precision Plastic Ball Co., Chicago,
I11inois) by i ncubat i ng eachet resnm-.tsensweltabu&mnemgghhw:@achm & of

antibodies (1 mc e f salin |, |

t he overni ght |naag@?|on hgrggggg ﬁg#g méggédledc W%fﬁéF tgbqﬂﬁﬁT qg
HC, pH 8.0, 150 NMNReC) | lmbslyo tb#vpuméesdzeptzbndxpnenm ISIanpm)dpha‘taé:le
buf f er ed saline (#BS) containing 10 ng/ M BSA. Control beads were prepared
in an-.identicaL fashion, except that the purified anti-NANB[err] antibod-
10 ies were replaced with total human i munogl obulin. Capture of HCV from
NANBH i nf ect ed chi npanzee plasma usi'ng th®abdei 3[err] antibodies bound to
beads was acconpl iuheso o} I Q ngee NANBH
used is descrlbediln Se%?lgﬁéi gEGCthgtg agnelpb 5‘@0&?&%?? E? e RANBY
i nfected chi npanzee plasma was i ncuB¥t Bad %BFm@“HGEF§°Xt 37C. with each of
5 béads ccated with either antl-NANB[err] anti bodies, or with control

i mrunogl obul i { The beads were washed 3 20 I'V. F.2.
Hybri di zat i on O - i id i htﬂeicgiafxgslﬁﬂl es 1o NANBV- cDNA

The nucl ei ¢ aci d =3 A¥ Based ' ho—f a0
anti-NANB[err] anti bodi es was analyzed for hybrldlzatlon to HCV cDNA
degi yed fromclongng, . _, 7332 6732 4954 4050 3051 57

15 Cl00-3 - 7450 6985 5920 5593 4096 67
The results in Table 3 show that anti- -NANB, . _ f
recognizes an epitope{s) in the C100 moiety of the C100-3
polypeptide. Thus NAN_BS_I_1 and C100 share a common
20 epitope(s). The‘results suggest that the CDNA . sequence
' encoding this NANBV ep;tope(s) is one which is present in
both clone 5-1-1 and in clone Bl.

IV.H. Characterization'df HCV

W © IV.H.1. Characterization of the Strandedness of the HCV.
Genome. : . _
‘The HCV genome'was'characterized with respect to
its strandedness by isolatxng the nucleic acid fraction
30 from particles captured on ant;-NANBS 1-1 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
35 chimpanzee plasma using polystyrene beads coated with
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HCV particles were captured from NANBH i nfected chi npanzee pl asma, as
described in IV.F.1. To release the nucleic acids fromthe particles, the
washed beads wer incubated for 60 mn. &126err] with 0.2 m per bead of a
solution containing proteinase k (1 ng/m), 10 nM Tris 30 HA, pH 7.5, 10
mM EDTA, 0.25% (w'v) SDS, 10 m crograns/ m sol uble yeast RNA, and the
supernatant solution was _renoved. The supernatant was extracted with

phenol and chl YPBPBPREXAL4egnantigNPNBg _acijd#ntidady @& desgribess inet hanol
overni ght at -28cfionThv.Futl.ei TheChndclede Aclidl eompoméntVfk the - 123- was

|l ected b i f tian, ' 1d . dissql i es, 7. 5.
bupl | cate i (PeEFLEDHE, k8. pfipRRedtE o® Hhe! R chbd deBda IR u igel .
from beads coattenwWiVhFagei - NAkBpete] ontheodsed ased genomisnmusileisads 5
fcolnt ai ni ng_r'ﬁOt@d:idiuaqmirmmgh_ebB' hﬂs\/\@lfﬁhﬁ.bht grifzégo gstnﬂ_ w'ftx{eomlddﬂtéage

ilters. e e i a - el-ed, ni.ck-transl ate
pr obe made frd%*%%eﬁgﬁ¥§§§%gxié§gcéﬁitg%ggneﬁf Fﬁn§F8&§'Sf&Lﬁ5?tﬁb ds for
preparing the §epdturnd HCYr cONA fyom clenei 81 42cpicogramsibewsi mlSection
VLG L utormlbosearensol nepsahadiitse.Conhy pilleorsowtity Bitadd io,
rom particles,c _be . I Nig i -
shownpi n Fig. %beRTheEE;{F%ggggoﬂfﬁlgﬁgﬁ gEi ﬁéufhgraﬂ‘éi"[tﬂﬁ P MLMYS | hody 15
[err] gavel@| e3trandsiadf-zainghessgnandedcDNai edonedt feoeoNCVOic DNAIs ;b ahe
extract [err] omiasowéed!t énti¥easkrbhi \clBhel 48b3nN@ar,danaCRsicsting of 1pg,

Ceapectively. 20 | P ¥he®hingle) Bt aAnIeHL RERERA, MeTen SISt BN o ot
capt ured fromeyhBHingathe BOVaaDNAsSALBPw clonast 8ilodi4dd ,c amidai2Scnwalti ¢ v/
aci ds which hydbudgli Zeaniit 8156k¥nglhiie! BDRRC22adhen?dd i PR Ul
evi dence FI?H g;ﬁ*é@ (Messing (1983)]. The MI3 clones were sequenced
to determine whether they contained the plus or minus
strands of DNA derived from the HCV cDNAs. Sequencing was
by the dideoxychain termination method of Sanger et al.
(1977). ' o . o
20 ~ Each of a set of duplicate filters containing
aliquots of the HCV genome isolated from the captured
‘particles was hybridized_with either plus or minus strand
probes derived from the HCV cDNAs. Fig. 41 shows the
autoradiographs obtained from probing the NANBV genome
25 with the mixture of probes derived from clones 81, 40b,
“and 25c. This mixture was used to increase the sensitiv- 1_)
ity of the Hybridization assay. The Samples in panel 1
were hybridized with the plus strand probe mixture. The
samples in panel II were probed by hybridization with the
30 minus strand probe mixture. The composition of the
”samples'in the panels of the immunoblot are presented in
table 4. '
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in these clones are derived fromthe etiol ogic agent for 25 NANBH. |V. G

| munol ogi cal Reactivity of CL00-3 with Purified Anti-NANB[err] Anti bodies.
The i mmunol ogi cal reactivity-of C100-3 fu3|q2730 pol-'ypeptide with
anti-NANB[ err] antibodies was determn ned by “& ‘r"adi oi munoassay, in which
the antigens which were bound to a solid phase were challenged with
purified anti- NANB[err] antibodies, and the antigen-anti body conpl ex
detected with [err]-label ed sheep anti-hurablenyi bodies. 35 This is the
repl acenent sheet Date: This is the replacenent sheet Date:

-124- The inmmnol-ogical reactivity of C100-3 pol ypeptide was conpared mnth
that of SOD-NANB[ err] antigen. Thefusion pblypeptlde C100- 3 wa® synt hesi zed
and purified as describkéinén Section IV.B.5. and in Sec- * tion
|V.B.6., respectively. The fusion polypeptide SOD- NANB[err] was

synt hesi zed and purified as described in Section IV.B.1. and in Section
IV.D.1., respectively. burified anti-NPE¥Bgenohenti bodi es were obtai ned as
described in Section IV.E. One hundred mcroliter aliquots containing
varyi ng amounts of purigled C100-3 antigen in 0.125M Na borate buffer, pH
8.3,._0.075M NaCl (BBS)“was added to eath~%Wel|l of -a microtiter Jlate
(Dynat ech I mul on*2 Renpvawel |. Strips). The plate was incubated at 4 C
overni ght in gghumd chaunber, after which ,the protein sobgk ogwas 15
removed and the wel | s washed-.3 times with BBS cont ai ni ng @6 riton
X-100 (BBST). To prevent non-specific bind- ing, the wells were coated
with.'BSA by addition &f 100 mcrolitess=ef a 5 ng/m sol gbNangaf BSA in
BBévonIomed by incubation at roomtenperature for 1 hour, after which

15 * is an undescribedfsample.

_ As seen from the results in Fig. 41, only the i
minus strand DNA probé hybridizes with the isolated HCV
~genome. This result, in combination with the result show-

20 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
~ 25 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. - '

30 IV.H.2. pDetection of Sequences in Cgptured 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

35 which hybridize to the HCV cDNA derived from clone Bl was
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f he excess BSA solution was renoved . The pol ypeptides in the coated wells
were reacted with purified anti-NANB anti bodies by adding 1 microgram .~
anti body/well, and O incubating the sanples for 1 hr at [err] After incuba-
tion, the excess solution was renpoved by aspiration, and 25 the wells were
washed 5 tines with BBST. Anti-NANB bowl@8to the fusion pol ypepti des was

determ ned by the binding of . | -1 abeled [err] sheep anti-human IgGto the
coated wel | s. Aliquots of 100 nicroliters of the | abel ed probe (specific
activity 5- 20 m crocyries wer.e_adde Q each wel | d the
plates were i nttb&t® Pt[EFPF nkﬁ&upg gw&&cﬂilﬂﬁmﬁﬁﬁc L8 &S

probe’ by-aspi rdeésonibeddif SBshéenwENhCBBSTexcipe aagntthef hyddiiddczatdidny

bound in each %5“655 gekﬁgﬁbaadoﬁ¥géﬂH$EbBQ1HQ %e%&%%kf%f@%‘@he e’

gana radi ati o *Tra sul t m*runofl ogl cal

reactivity of ThoBPUAtReRUPNRFRed THEi TRANALS, showed. sbes
NANB] er r ] m@thsé@eepuesfhyuradﬁzbddeShathesbdwmelﬂlTaHnidéd'ﬁﬂMttDNi

| mmunol ogi cal éfgﬁ%lVlty of C100-3 conpared to NANB[err] by

Radi oi munoassay RI A (cpnfassay) AG nq)

400 320 . 240 160 60 0 NANB 7332 6732 4994

4050 3051 Iﬁ?ﬂl@.Clﬁemalo-.7ééeween th69&5n-siQ%Qtura§5&&oteﬂﬁﬂif 67
The resul ts in, Tabl Sl i
t he C100 nnleggggﬁgéhgié
common 20 &fi tEpeeds ! : Gilonies s 3hcodi ng
this NANBV epitope(s) Is'raéecunb@heusnnve&euhsl of clones 141 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
15 polypeptide(s) in Dengue flavivirus (MNWVDl). The i
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 homeology, and _
the symbol (.) indicates a conservative replacement in the
20 sequence; the dashes indicate spaces inserted into the
sequence to achieve the greatest homologies. As seen from
the figure, there is significant homelogy between the
sequence encoded in the HCV cDNA, and the non-structural Y,
polypeptide(s) of Dengue virus. In addition to the homol- .
25 ogy shown in Fig. 42, analysis of the polypeptide segment s
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
30 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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both clone 5-1-1 and in clone 81. IV.H  Characterization of HCV 25 |IV.H. 1.
Characterization of the Strandedness of the HCV Genone. The HCV genone was
characterized with respect™o its strandedness by " isolating the nucleic
acid fraction 30 fromparticles captured=d29anti-NANB[err] anti body coated
pol yst yrene beads, and determ ning whether the isolated nucleic acid
hybri di zed with plus and/or mnus strands of HCV CDNA. Particles were
captured fromlﬂggl ( N
coated with This I's 1 . ¥

repl acenent sheet -126- Eﬂﬂ@ qvngsgqfuaﬁuﬂeggrprovddan:esnmﬂg[gngpestlng

anti body as desq.rnmmcvutﬁmtwnnéﬁ/ &eﬂectzhsenﬂﬁleissaél drsﬁrfaanent of the
parti-cles was rele

ed us henﬁﬁéﬁo scrl ? t
Aliquots of the %™ Ciagal & Bi 3ﬁuﬁe§%£§al &Rt CPB Yngy §°Bf wikithn
titer plasma |ﬁhQ§QndQ§¢!#hQﬂrﬁMrtMeCLuandeIVthkusandAIVeHnﬁropxpvxde
al i quots of denad 'd&héilkﬁilvﬁéfoﬂ%Cﬁ@ﬂeaséuﬁzcﬂhﬁﬂgﬁﬂﬁﬁ)v!@ﬁsa|éﬂdbkﬂkked

onto the same fllters The f rs were P>l abel ed m xture of

plus or mixture S rﬁ?RE;Q§F%9?a.%%so?°§|£ﬁY8fg?rﬁﬂﬂéd DNA cl oned from HCV
DNQ% the cDNAs were excised from clones 40b, 81, and 25c. The single
st de

d probes yiene £ ai y e'ggy fromclones 81,
40b, and 25c mnthlﬁhog§ sf bfopdLh SOTETt s in ML3 vectors

mpl 8 15 and gpl 9 [ Messi ng. IR 12¥dST t Tﬂ%‘ﬁﬁﬂiEFoﬁegtmﬁFeN§§H§eﬁE@GcFS
det erm ne mhethmmﬂMpanzzﬁnxdvad ¢omtpins detectablet HOWEDNAf (BHAHCY- ved:

fromthe HCV cDiWlina) SSEEEFid¥idRenzyme fragments of DNA isolated from
\/f 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 fro?
the infected chimpanzee liver. It also did not hybridize
to control blotted DNA from normal chimpanzee liver. In
contrast, in a positivé control, a labeled probe of the
beta-interferon gene hybridized strongly to Southern blots
'20 of restrict;on enzyme-digesteg 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
25 qninfected chimpanzee liver, and from human placentas.
o 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 hybridization mix). The DNA from
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-by ‘'the di deoxychain term nation nmethod of Sanger et al'.. (1977). 20 .
Each of a set of duplicate filters containing aliquots of the HCV genone
i solated fromthe captured particles was hybridized with either plus or

m nus strand probes derived fromthe HCV cDNAs. Fig. 41 shows the

aut or adi ogr aphs obt ai ned from probi ng t<180NANBV genone 25 with the m xture
of probes derived fromclones 81, 40b, and 25c. This m xture was used to
i ncrease the sensitiv- ity of the hybrldlzatlon assay. The sanples in

panel | were h r|d| h the l.us str rohe jg xture, anples in
panel 11 weret sg "‘(Yﬁrv\n HAKRE s’f?%cf‘ﬁ?%ze
m Xt ur e. Thew¢uhp P-labedied MVSErnﬂﬁesfnam idlonend 6 pilfug 81§ nchen Nt

are presentedﬁt§mtﬁgh§n pl%%enta %%é ﬁyﬂyfa}:ﬁ? with if?—labeled 6§Aahe 5
CDNA 81 4 from the beta-interferon gene. .After hybridization. the
undescri bed sbapks. wé&eS%l%hfeﬁomﬁde& st inigent) dor@litAononly. € he withisa

strand DNA QPE“Q%BH gbﬂ%?i%&l\%_ I"s%ﬁ'hat Iit(‘\h/%%norxq: 6 s result, in

conbi nati on € res genone 1°s senS|t|ve\£y
RNase and not DNase (Se& Sebﬂtérrwe@ Erﬁﬂ geneeDNA was prepapethms of

NANBV i s p05|aégergbgang?dHeuehgampgg_Qgtqbggyyldata from ot her
| abor at ori es concerni ng t-he physi cochem cal properties of a putative 25

NANBV(s), are consistent with the possibility that HCV is
10 IV-H.4. b. amplification by the PCR Technique

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
15 Polynucleotides derived from HCV cDNA from clone 81. i
- Negative controls were DNA samples isolated from
uninfected HepG2 tissué culture cells, and from presumably
uninfected human placenta."Positive controls were samples
‘of the negative control DNAs to which a known relatively
20 Small amount (250 molecules) of the HCV cDNA insert from
clone Bl 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,

25 the PCR amplification-detection system was also used on
the lsolated 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 Chirgwln et al.

30 (1981)

Samples of DNA were lsolated from 2 infected
chimpanzee livers, from uninfected HepG2 cells, and from
human placenta. One microgram of each DNA was digested
with HindIII according to the manufacturer’s directions.

35 The digested samples were subjected to PCR amplification
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a menber of the Flaviviridae. However, the possibility that HCV represents
a new class of viral agent.has not been elimnated.. 30 I1V.H 2. Detection
of Sequences in Captured Particles \Wich Wien Anplified by PCR Hybridize to
HCV cDNA Derived from O one 81 The RNA i n thbtured particles was obtai ned
as'  described in Section IV.HI. The analysis.for sequences 35 which

hybri di ze to the HCV cDNA derived fromclone 81 was This is the repl acenent

sheet Date: 1/ 12/9 Thi.s is er £ h ' 1 28-
carried out utilf né’e[tﬁgtﬁa? atf?p"i ﬁ““fepol afi:loén@g%% 'ﬁ%%gegag‘ﬂ%egﬁr bed
in Section IV.C Qessvrdmd tihatSeme.qur\f(ﬁ Zhd cexqaﬁwbetlm's thei regense

ol i gonucl eot i de @Qra'n‘é%‘i' t¥9d ey QJH% DN S eapipd B Pﬂné£§uéﬁ§ probe

showed t hat thea I|f|e bridized, with eriy
HOV GDNA probe. MOEA §r°m§4¥3fe CEahe, 41w a0 259 %ﬁ%&bﬁ o S84 Y8A
Dengue Fl avi vis uiV( ENBGWD1 Prdmedt ttive wmwam;mﬁmmt he

Combi ned ORF of I al NS cl 4i
t hrough 39 cont agr?ag%%%gntal @:ﬁm(%% lﬂélg T‘ﬁ; é’ﬁ?ﬁe&
pol ypepti de encol¥d e A&+ %I%ﬁf’e&‘q‘]&c‘éﬁﬁj é&m‘ﬁrﬁﬁ%y’-%?ﬁtt he

region of the nodsslated faomlTlone/ Bt i de(s) in Dengue flavivirus

( D1). The anal ysis us Wyt 1“?%191 \z,aé}g?

perforned on a conputer. ?qle res ts é‘;eﬂ:&lg)m in é)"a}gcv d@ﬁ%es were
synbol i A cRreseat dpafNAdmolaned Lre rq of | Ghimpanzees
conservat | ve repwiehnMANEH) samples Wmng ma dlasierograhs ab £ SPEEESRNA

nserted Lo { NGasRINRRIRCRATY Hifs i 8 {ﬁo#yﬁ&a@& eéSeiEEN 1y

fromthe figure, ere n
! as described in Section IV. ., except that the reverse

transcriptase was omitted from some of the samples as a
15 negative control. The PCR primers and probe were from HCV
cDNA clone 81, as described supra
The results'shqwed that amplified sequences
complementary to the ﬁCV'CDNA probe were not detectable in
the DNAs from infected”ehimpenzee liver, nor were they
20 detectable in the negative controls. 1In contrast, when
the samples, 1nclud1ng the DNA from infected chimpanzee
liver, was spiked with the HCV cDNA prlor to
amplification, the clone 81 sequences were detected in all
positive control samples In addition, in the RNA
25 studies, amplified HCV cDNA clone 81 sequences were
v detected only when reverse ;renecriptase was used,
suggesting strdngly that the reSults were not due to a DNA
contamination. )
_ These results show that hepatocytes from
30 chimpanzees with NANBH contain no, or undetectable levels,
of HCV DNA. Based updn'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
35 PCR. technique '
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sequence encoded in the HCV cDNA, and the non-structural polypeptide(s) of
Dengue virus. In addition to the honol- 25 ogy shown in Fig. 42,

anal ysis of the polypeptide segnment encoded ina region towards the 3'-end
of the cDNA al so contai ned sequences which_are honol ogous to sequences in.

t he ngue pol yner ase. O consequence” }42the finding that the canonical

d y- Asp- Asp (GDD) sequence thought to be 30 essential for RNA-dependent RNA
pol ymerases is contained in the polypept|de encoded in HCV cDNA, in a

| ocati on whichyy St cor@_,ﬁ,ergeygg.ﬂﬁ
shown. .) . 35. %? V. 4. HCV-L i ected
Ti ssue To tyé&ﬁgﬁ;4ﬂiuﬁgﬁﬁ+ﬁﬂﬁﬁﬂﬂﬂresults suggestlng that HCV-DNA is not
detectable in tissue fr(mh]arsanpslles destte vnsé*aMBIrhlnijhEBe HEBUL 1 60-3

I nconj uncti on E\i/?rét\%)\l t hoﬁeiéi ybqg:iﬁié/s Cthé‘l';ﬁt,:w} @ha?g'q%ige# F""&gr‘?\élnde

evi dence that S not taining vir sTTrepli

does not i (ﬂWﬂ?(ﬁI@$hQ§}4$dl%P Eﬁi&@k§¢liﬁcﬂ?$%@lP$GCEGu$%ClU°n
In order to deme.ranm)e, v&rﬁi raerhd%adﬁ}ec@efbﬂumngmpb | Y6h jeQat & B

det ect abl e H n enzyne fragnents of DNA

I solated from |s source %ft rn{# C#f‘gd and the blots probed vm‘l"ﬁ
P- 1 abel ed HCV cDNA Th@kakas tepatadeol thathe HCY a0 @el3 HOWVE E@R\ Wik e not
hybridi ze to galrdid e QA T 1En th@i&Qt&Shﬁﬁ'iﬁ?ﬁ?Z@@aEiH@rbuffér

" cont r ast? “tr%*ﬂ&é G S R LT e B WL S
gene hybri di zed )st rcdffl43 t(@ Siﬂjtqun‘ms/@b) ofas cpreparednjestypeior
di gest ed hunalt obladiaiiRin B th RSO VOHETE” HGL OGS OEHc b0 Fﬁ@ﬁe& o/
si ngl e copy of the)genifﬁ“éjhf¥¥%g é’mf§ﬁ€£2Y“bh ;weffe robe
solution was added to the plates, they were covered and
15 incubated for 2 hours at 37 C,_after which the solution ]
was removed by asp;ratlon.: 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
20 of the wash solution, 200 microliters/well of Postcoat
solution (10 mM sodium phosphate, pH 7.2, 150 mM sodium
chloride, OQI%'(V{#) casein and 2 mM :
phehylmeihyisulfohyifluo:ide_(PMSF)) was added, the plategg)
were loosely covered to prevent evaporation, and were al-
25 lowed to stand at room'temperature for 30 minutes. The -597
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. | . :
30  In order to perform the ELISA determination, 20
mlcrollters of serum sample or control sample was added to
a well contaxnxng 200 mzcroliters_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)
35 fTriton X-100, 100 micrograms/ml yeast extract). The
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DNAs wer= isolated fromthe livers of two chinpanzees with NANBH. Control
DNAs were isolated from 25 yni nfected chi npanzee liver, and from human

pl acentas. The procedure for ‘éxtracti ng DNA was essentially according to
Mani atis.et al. (1982), and the DNA sarrpleg1 re treated with RNAse during
theé isol dtion procedure. Each DNA sanple waS f{reated with either EcoRI, 30
Mool , or Hincll (12 mcrograns), according to the manufacturer's
directions. The digested DNAs were el ectrophoresed on 1% neutral agarose
gel s, Sout hern bIBﬂPéGSOWEGEnBSBbedLJahdséﬁcahdteheablBv?edfmntewbahours,
hybridi-zed with t RgtappwBREhatReN! 8RS e §»§§ er
cgn1n1 of hybri di tigg EXZ. R$h36§&§ f?o a%hggﬂfgg§hg rep?g%%%é%%'gﬁi t
Dat e: This is %ﬁg V@bﬁéc RER: anhed fb?g14°° microliters of wash buffer
-130- infected chippaspbetei beffenddnsalbhel { PBS) veontayhihgli @05 Wi theen

- | abel ed S I 1 .fyo unan cent a
was hybridi ied‘ﬁ-v%g?g@r The g RedSugRLP Herd trpsfel Oy th PG WEECRI AR £
hybridi zation, tR& BOBFBt AnhirhBunas HEGGTHRR cQRivgRLAt CoRtRinedntn 4 .s0lu-
with a sol ution cthoni 0Engrohd corfigade 144 Fient af 10 eiM] sddfum phosphate,

bet a-j nterf : : e o i b ton et al
(1087 ). 10 1V, HoATD A f'?ﬁa??%ﬁ%ﬁ%%‘e%@% Tl Y P o fine
det erm ne mhetherS?EﬁmEm%‘cﬁﬂ(ﬁ)bgﬁﬂﬁt ¢2ted| herserserwm chimpdhyReCNI ¢ h
NANBH, DNA wad0i solased(W/em theeh i 36,€0.60% WOV LotRinéfodd) PCrreatment

L A - i i 1
ol ynucl eot  des det vERE 1 EEUENFE oA o1 CHRE | S7R0cioR R Tohevathib  wer e
Dl\gg sanpl es i sol 2ERHCAE PR urAnd cthedvebbTvere seas hed twith celdls, bufiikr ; om
présumabl y uni nf eeh beh hwaina ddlcestidved FW'&é?’ﬁr&@ﬁﬁQ' STYed et SANT & St HY
the negative CO“t£&%u£¥“§ftébdKH‘ihé&%%“@%h{&bé%é)“%éb microliters of
15 substrate solution (10 mg O-phénylenediamine - ;
dihydrochloride per 5 ml of Developer solution) was added.
Developer solution contains 50 mM sodium citrate adjusted
to pH 5.1 with phqsphbric acid, and 0.6 microliters/ml of
30% H,0,. The plates containing the substrate solution
20 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. _ .
Ui ' ' ' The examples provided below show that the
25 microtiter plate screening ELISA which utilizes HCV c100-3
antigen has’a high.degrée of specificity, as evidenced by
an initial rate of reactivity of about 1%, with a repeat
feactive rate of about 0.5% on random donors. The assay
is capable of detecting an immunoresponse in both the post
30 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
35 implicated in NANBH transmission.
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20smal | anpbunt (250 nol ecul es) of the HCV cDNA insert fromclone 81 was
addedT In addition, to confirmthat RNA fractions isolated fromthe sane -
| ivers of chinpanzees with NANBH cont ai ned sequences conpl enentary to the
HCV- cDNA probe, 25 the PCR anplification-detection systemwas al so used on
the isolated RNA sanples. In the studiest3¢he DNAs were isolated by the
procedure described in Section IV.H 4.a, and RNAs were extracted
essentially as described by Chirgwin et al. 30 (1981). Sanples of DNA were
i solated from2 infecte L LYehSarm uQ| Ct S,
and from human Iacenta?Iﬁg%ﬂpﬁQ%ro %%%1%?s%g%ﬁg§»§#§é§'d?ggg?ggaﬁﬁﬁhb
Hindl 11 accor ARRFEBLAREORS AFACYEPLi s directions. 35 The digested sanpl es
were subjected to PCR anplification -13 1- and detection for anplified
HCV cDNA esseni4sl |y as described in Segt| V. , t the
reverse transﬁl:"%t'ase step was om tted.ﬂ#ﬂgnécﬂ%ﬁ?nﬁgéﬁg%rég be were
from HCV cONA ANGkHBA | and are descri bBatikodgcagainst HBcC.3.. Prior to
the anplificatAmii-HB$A@OSi tive control zntfbodp ayaiAstapBsAgP! € of each

DNA was "spi kegh. by the addition of 2 | eg of HCV i nsert .

i sol ated from™%ne 81. In order to de?@?ﬁ?hggaﬁeéhﬁ?rﬁmﬁng aﬁgnces ver 10
present. in RWBSAQ| ated fromthe |iverBepatibhigpBnsurfaget AnKANBA, sanpl es
contagning 0.4 :C{Fgransdof tpéag RNASnﬁ?gnégyépg}gg go'thetagﬁlifiﬁation
procedure g§s ally as described in Section® 3., excep a e
reverse...fﬁrgﬁgtriptase was omtted frgﬂ?gﬂﬂﬁisPP}iﬁ ¥anples as a 15
negative contrIdl/L The PCR prinmers and pnternaktienalounkity/tihrercl one 81,

as described gypra. The results showed fbat ag@PLabied sequences w/
conplenentary!&p t he HCV cDNA probe merﬁogoeeggggctable in

N : Sample size . _
15 Neg ' ' ﬂeqative'
ob . oOptical density |
Pos J Positive
s/COo Signal/cutoff
SD . Standard deviation
20 x : Average or mean
WNL Within normal limits

IV.I.1. HCV Infection in a Population of Random Blood CJ
Donors ' _
25 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
30 seen in Fig. 43, 4 samples read >3, 1 sample reads between
l 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
35 presented in Table 5. Using a cut-off value equal to the

i




the DNAs from i nfected chinpanzee liver, nor were they 20 detectable in-

t he- negative controls. |In contrast, when the sanples, including the DNA
frominfected chinpanzee liver, was spiked_g%%b the HCV cDNA prior to
anplification, the clone 81 sequences were ected in all positive control
sanples. In addition, in the RNA 25 studies, anplified HCV cDNA clone 81
sequences were detected only when reverse transcriptase was used,
suggesting strongiear hplus s seandasd deeiavionss tenasdhiplesnbari bdt cae.

These results shaw t h h N ai n
no, or undetect aojl 6%&#]%?%[){\#9&%&@&%%9{?% \é\%?kltﬁm gt’ugg(}g
HCV DNA i s preserfamplkes s(Qi4%8) el;@e¢h$dbé$0&\96951'939prgﬂpéheMep!&FQcyﬁe
In contrast, the @@Lﬁmlﬂm@t@é;ﬁ@&ﬁémtm SaﬁbléVsraiéﬂphﬁéw\éaS

Lendily et sctg t%'&ﬁ%h A9 Jncr B R Cun ks mich: St EBp0Repeatedny”

132.IV.I. ELISAH@!Q&xneuﬁdmpkESor oL \particulan iatagesﬁwis1ﬂbe3fnsthhat
Antigen Al sanplgsg Vﬁ[\f‘e @Qsﬁweshﬂgﬁeﬁ &Eﬁégftivérhtrﬁl saegyas

utilizes the HCV c100-3 . anti esj ze

descyibed in SectiHhFI9pE® eé%ﬁugﬁfrﬁﬁ%@ﬁamaghf%e?%&FH%Sep? VEoﬁPuﬁ fe
of house nonocl oAV BLISAUMan 1gG Plates coated with the HCV c100-3
antigen were pyepared as follows. A solution cont ai ni ng Coating buffer 10
(50MM Na Borate, pH 9.0), 21 niplate, -BSA (25 micrograns/ m), c100-3
(2.50 mcrograns/m) was prepared just prior to addition to the Renoveawel |
| mul on*| plates (Dynatech Corp.). After mixing for 5 minutes, 0.2n/well
of The solution was added to the plates, they were covered and

-
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15 incubated for 2 hours at [err] which the solution was renoved by
aspiration. The wells were washed once with 400 mcroliters Wash Buffer .’
(100 mM sodi um phosphate, pH 7.4, 140 nmM sodi um chloride, 0.1% (W V)

casein, 1% (W V) Triton x-100, 0.01% (WM3dhinerosal). After renoval 20
of the wash.solution, 200 mcroliters/well of Postcoat solution (10 nmM

sodi um phosphate, pH 7.2, 150 mM sodium chloride, 0.1% (wvVv) casein and 2
mM phenyl met hyl sul fonyl fl uoride (- PMSF)) was added, the plates were | oosely
covered to prevent evaporation, and were al- 25 I|lowed to stand at room
tenperature for 30 mnutes. The wells TRBEE Shen asplrated to renove the
sol ution, and |yophilized heating. The
prepared plates nay be s &R pouches. 30

In order to performthe ELISA deternlnatlon 20 nlcrollters .of serum sanpl e
or control sanple was added to a well containing 200 nmicroliters of sanple
di luent (100 nM sodi um phosphate, pH 7.4, 500 nM sodium chloride, 1 nM
EDTA, 0.1% (WV) Casein, 0.015 (WV) Thergsal {%(Wv) 35 Triton X-100,

100 m crogranms/ m yeast extract). The *Tk -133- plates were
seal ed, and incubated at 37 C for two houé 414 whi ch the solution wee
rennved by aspiration, J l,S r r rs of
wash buffer (phosphate bu?ﬁ e#gdm?al i ﬁgf('ﬁﬁs) conf aIULang &&#Ei{éﬁé 20).
The washed W@ |s were treated with 200 microliters. of npuse anti-human

| gG HRP conj ugate contained in a J@lijuiaiion of Ortho conjugate diluent (10
mM sodi um phosphate, pH 7.2, 150 gd{et¢dg'm cﬂﬁgt(h“ép%,( VIV) fetal baxtre
serum 1% (V/V) heat trsaﬁ?(i.horse gorum 1 nM [ergd 10 O. 05%1tk\V) TwasAs”

20, 0.02% (WYV) Thi nerosa Treafnment 0 was for~ I hour at 3AuZL)t he ToD)
solution was renoved by 4227 0.462 0.084 NA NA
6292 0.569 0.294 NA NA
15 6188 0.699 0.326 NA ua
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

20 4003 >3.000 3.000 WNL*++*  Negative
10/1056 = 0.95%  5/10%6 = 0.47% .

* Samples reading >1.5 were not included in calculating the Mean
and SD _ _ W
% ALT 2 68 IU/L is above normal limitcs. ' i
25  wwx pnci-HBe S 0.535 (competition assay) is considered positive. W
wwwk WNL: Within normal limits.

30

35
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aspiration, and the wells were washed with wash buffer, which was al so
repoved by aspiration. To determ ne the anount of bound enzynme conjugate,
200 microliters of 15 substrate solution (10 ng O phenyl enedi ani ne
di hydrochl oride per 5 ml of Devel oper solutjpp) was added. Devel oper
sofution contains 50 MM sodiumcitrate adjusted to pH 5.1 with phosphoic
acid, and 0.6 mcroliters/m of 30%([err] The plates containing the
substrate solution 20 were incubated in the dark for 30 mnutes at room
tenperature, the reactions were stopped by the addition of 50 '

mcroliters/m 4Nysyl buri Ifhn Ay deta m ned. The exanpl es
provi ded bel ow show t hat tﬁﬁl 5 - égcreenj ng ELI SA whi ch
utilizes HCV c100-3 anti geif®as S2amplfs elRvep shinRanzees were

evi denced by an testied witdt ehef HBA10043 BEISHOUtFds .ofvi tlhese r epeat

reactive rate gf 9 q&chggw . | S q‘?]mﬁ .
detecting an |531Tﬁgll§?‘§sa3%r?s§§ ?%%%Ph t he pos‘t& “a@tﬁ p.oaﬂéeao t %a&"%ted
infection, and dBAtRY Pfe FAGOF VifadPrasunably diutchingon Serainh, fob-
assay is capa]l?I eloi:ﬁdgt et iestablisheinprscedurd i ccdbstiovet idn thpthur -
rogate tests ftor ; e ' V. t tor
of gNKNBH, or f ro%ys\oﬁglrn g'teg'sﬁr?pﬁ@ya? %ﬂ?@ﬁ#?&%@%ﬁ& *é[]?‘gtdl.e%i/hr sz
This is the repl §ea%Eplsshdourppther chimpanzees, wers)| kntesied swbkh HAVe:

- 133- |A ETt he 10<agnde thdeec Wilttd HBY 0w Seduie édﬂtlﬂm P@éﬁtﬁlﬁw&;&\ﬁzé@%t ad Pf -
used: : | A ransr erase noi - C
ferent times ggffgzarlﬂﬁméw.

Ant i body agai nst _ Ant i body agai nst HBsAg HBc
Hepatitis B core antigen ABhegresults, which are sumparized PnhsTablecs,

antigen show documented antibody seroconversion in all chimpanzees
infected with the Hutchinson strain of NANBH. Following
‘15 the acute phase of infection (as evidenced by the ’

significant rise and subsequent return to normal of ALT
levels), antibodies te 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

20 1v.B.3., to be positivé'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. -

25
v.
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NA

HCV -

A group of
1,056 sanmples (fresh sera) fronrrandhﬁﬂbﬁood donors were obtained_from

The test

results

As 30 seen in Fig. 43, 4 sanples
read >3, 1 sanple reads between 1 and 3, Iwosanples r dagkobet westT 0.4 and 1,

and the regain- ing 1,046 safles 1548J <0 _4Bargith oveBareQ% oftii/bbse Bumgmg5

06/07/80

03/14/85

03/11/85

11/21/80

05/25/82

05/25/82

.05/31/84
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08/20/81
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. 03/18/85
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05/06/85
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.. 03/11/85

05/08/85
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12/16/80
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HCV ELISA. 10 15 Q 20 25 30. 35 This is the repl acenent sheet Date:
This is the replacenent sheet Date:

136 TABLE 5 RESULTS ON REACTI VE RANDOM SAMPLES 5 N

0.074 Cut-off: [err] SDJ[err] 0.419 (0.400 + Negative Control) 10 Initial

1051 0. 049*

Reacti ves Repeat Reactives -13eLr] Sanpl es
oD ALT* * HBc*** (1 U/ L) (OD) 4227 0. 462
0. 084 NA . NA 6292. 0.5 , 0. 294 NA
NA 15 - 6188 ©0.699 §§23L6.326 : NA 6157
0.735 ] 0. 187 NA E&ﬁ& ' %ﬁIE 0. 152
NA "NA 6397 - 1.567 -———4@§E§L§§§Bg-—-£§§ 30. 14
1.433 6019 >3. 000 >3. 000 'd) 46. 48 6651 >3. 000
>3.000 - 48. 53 1.3 6669 50856 | >3. 000
60. 53 1.16p 20 © 4003 >3. 000 . 3. 000
[err] Negative 10/ 1056 = 0.95% 5/ 1036ocuradioh 7% * SBogbes readimg >1.5
were not included in cal cul atif@t he 3kffan  __Dare _Dare UYL Taawsey
O Chimp 8  -0.007 0.00 117217230 11721780 15 liAv
0.000 0.00. - 12/16/80 130
0.008 0.01 02/03/81 8
100 0.000 ~ 0.00 | ~ 06/03 - 06/10/81 4.5
| Chimp 9  --- -  0/2/80 - — - BV
N 0019 0.05 08/22 - 10/10/78 -—--
U - - 03/11/81 s7
0.015 0.0 07/0t - 08/05/81 9
0.008  0.02 | 10/01/81 6
13 chimp 10 - -  gsnum - — ] m
' 0.0l  0.03 | 0n/21 - 05/12/82 g
0.015 - 0.0 09/0% - 09/08/82 126
0.008  0.02 12/02/82 9
0,010 0.02 01/06/83 13
Chimp 11 --- -- 05/12/82 --- - 1BV
20 0.000  0.00 : 01/06 - 05/12/82 1
e - . 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
O
. 25
30
35
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and SD ** ALT [err] 68 IUL is above normal limts. 25 *** Anti-HBc
[err] 0.535 (conpetition assay) is considered positive. *** WNL: Wthin
normal limts. 30 35 -137- 1V.1.2. q@ anzee Serum Sanpl es Serum
sanpl es from el even chi npanzees were tested with the HCV c100-3 ELI SA.
Four of these 5 chinpanzees were infected with NANBH from a cont am nat ed
batch of Factor VIII (presumably Hutchinson strain), fol- |ow ng an

est abl i shed prvcgddre i panedolll:alpaioaienolnfiddt idus Bwrae! £ e dormic t he

Centers for Qhﬁﬁgﬁeggnghrgla;lé§scontro|s four other chi npanzees were
I nfected wit h HBV. Serum sanpl es were obtained at
dif- ferent times afterAi gpded panelhgonsdisited ofhiZeh uavisyue raemp e, i n

Tabl e 6, shovegderusnat ed aablmeéxeserf%oaveb%aqndmaﬂ ls a2 o
i nf ect ed wit h_t he, Hut chi ns

Follomn cute phase
of infectidn 5?3318§|3858e rBF Pﬁ@ngbﬁ%?eE§ﬁP“F|§§§%1 :ﬁﬁﬁﬂﬁhcreturn
to nornmal of MANBHegarxjiersnt ibfeécsdions H€vac from implddioatist edrddss, i n t he

sera of the 4dqNihBsctabast gdrahicrapseete gﬁ%%%enﬁt?ﬁ g,%.nt Y evighs!y

been shown, as ussed.in I on Ve by “a
Vst ern analygggktgﬂﬁ'aﬁ ﬁlA‘MPEQEOHPFESFI°WbHégbﬂ Qﬁﬁﬁﬁkés
whi ch. had beerontfetsedandt bthiey disHB!eshuu@to&sldemhisﬂbanﬁﬂﬂuae ity in

the ELI SA1025238v2dedby b .t e ATRL2COFERheS HoPartilenit HelHekith 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 v/
panel for putative NANBH assays.. -
15 ' The entire panel was assayed twice with the
ELISA assay, and the results were sent to Dr. Alter to bf
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
20 duplicate samples. .
As shown in Table 7, 6 sera which were proven
lnfectzous 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. W
25 A sample from an implicated donor with both normal ALT -
levels and equivocal results in the chimpanzee studies was v
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
30 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
35
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This is the replacenent sheet Date: 1/ 12/ 94

-138- | NOCULATI ON BLEED - - ALT S/ Q0 . Date

(ruL) TRANSFUSED NEGATI VE CONTROL. 0. 001 PCSI TI VE CONTROL
[err] 0.401 Chinmp 1 - 0. 007 0. 00

05/ 24/ 84 9 NANB 10 -141- 0. 003
08/ 07/ 87 71 09/ 18/ 84 19. >3. 000 >7.48

10/ 24/ 84 Chinp 2 06/ 07/ 84

1. 507

05/ 24/ 84

0. 001

gégg -0.003 Ebﬂgxrmabb%[28ygﬁse four0§é§£ §Z scored né%atlvély with
0. 945 2.36 ‘the HCV ELISA. 08/ 20/ 84 13 10/ 24/ 84 Chinmp 3
0. 005 0.01 03/ 14/ 85 ~ 03/14/85 8 -- NANB
0.005 . .0.001 0.017 0. 04 04/ 26/ 85 205
0.006, 0.001s 05/ 06/ 85 14 1.010 2.52
08/ 2/ 85 6 20 Chi np 4 ~ -0.004 0. 00
03/ 11/ 85 03/ 11/ 85 9 0.003. . 0.01 03/ 11/ 85
05/ 09/ 85 0. 523 1.31 06/ 06/ 85 1.0574 3.93
08/ 01485 Chinp 5 -0. 006 0. 00 11/ 21/ 80
11/ 21/ 80 4 HAv 0.001 0. 00
12/ 16/ 80 147 0.003 0.01 12/ 30/ 80 18
0. 006 0. 010 07/29 -08/21/81 5 05/ 25/ 82
- HAV - 0. 005 0. 00 ~05/17/82 0.001 0. 00
06/ 10/ 82 - 0. 004 0. 00 07/ 06/ 82 10 0.290
0.72 10/ 01/ 82 30 Chinp 7 -0. 008 0. 00
05M25/ 82 05/25/82 Chinp 5 -0.004 0. 00
06/ 17/ 82 83 | - :
15
20
| 25
—
30
35
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-0. 006 0. 00 09/ 15/ 82 5 0.005 0.01 .

10/ 09/ 82 35 0. 005 0.01 , 10/ 09/ 82 -139- TABLE 6
CH MPANZEE SERI M SAMP' LES (Cont 'd) 5 | N%ﬁTI ON BLEED
ALT OD S/ CO DATE DATE (ruv)
TRANSFUS Chinmp 8 -0 007 - . 0.00 11/ 21/ 80 11/ 21/ 80
15 HAV 0. 000 0. 00 12/ 16/ 80
130 0. 004 0.01 : TABLE 702/ 03/81 8 10
0. 000 0. 00 H. ALPEROS paNBL 10481 4.5 Chinmp - 9
- 07/ 24/ 80 : - - HBV 0. 019
0. 05 . _ 08/ 22 - 10/10179 03/1 1/81 57 0.015
0.04 07/01 - 08/05/81 9 0.008 0.02
10/01/81 3 6 15 Chinp 10 05/ 12/ 82
- HAV 0. 011 -0, 03 04,21 - 05/12/82
9 0.015 0. G4 Pave yergp  IstResidg éﬁiw
0. 0'2 " 1) Proven lureem /5291 ANZEE TRAMSMISSION o 1) . 02'
01/ 06/ 83 fis Dgoure MREPRE™ 11 . 05/ 12 82
0. 000 0. 00 £B 01/06 - 05/12/82 11 06/ 23/ 8Z%
100 -0. 00310 O. 00 rG 06/ 09 - 07/0782 ¢-- -0.003,
0. 00 bk o E AT 9 -0.003 0. 00
12/ 20/ 82 By ég"t’f@“g?aﬁg "sEher epl acement sheet, Dat e: .
JJ + +
1]:] 4+ + :
C. Acure NANB; Post-Tx -
wit ' ‘- ' -
15 2) EoutvocatLy InFECTIOUS 8Y CittnranNzee TRANSHISSION
A. [upLicaten Donom witH Nommat ALY
cC ) - -
3) Acute HANO: Post-Tx !
JL Weex 1 - -
JL Weex 2 . - -
JL Week 3 - -
20 4) Disease ConNTROLS :
A. Prinary Biuiary Ciranosts
EX - -
B. AtconoLic HepatiTis In ReCOvERY
1B = -
S) Pepicreep Necavive CONTROLS
: DH - -
25 oC - W
Lv - o
M. - o
Ni - -

6) PorentiaL NANB “Antigens’
-~ JS-80-01T-0 (Isuipa)
ASTERIX (Trero)
30 Zurt? (ArnoLp)
Becassoine  {Treeo)

| I D N
| I B B
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This is the replacenent sheet Date: - 140-

V..l 3. Panel 1: Proven Infectious Sera from Chronic Human NANBH Carriers
A coded panel consisted of 22 unique sanpl g each one in duplicate, for a
total of 44 sanples. The 5 sanples were fT %}Droven i nfectious sera from
chronic NANBH carriers, infectious sera frominplicated donors, and

I nfectious sera fronlacute phase NANBH patients. In addition, the sanples
were from hi ghly pedi greed negative controls and ot her di sease controls.
Thi s panel was 125 WYy ded rent of Health and
Human Servi ces, tlonal | 13 paryl and.  The
panel was const r uct ed by D?heNQQﬁedﬁaﬁnQﬂ qpnazstgﬁ)ofutbfuneqniwbmsbd by

Dr. Alter as a qu@thWﬁE&ﬂﬁﬂﬁﬂt1aisd§“d¥'ﬁﬁhﬂ¥¥ﬁ§iéﬁ; (fbﬁﬁéked ANBHThe

entire panel aye t ISA e resu re
senlt topDr Al e?"(il‘t%gl équtctg'lec?gml#n ?“’%&%r‘??@’%ﬁ%@%hﬁ@m
Tabl e 7. Al t hougKampdesalife sogeoars alde trlauicmnuf to | the eecipiedt, and of
duplicates, the sBaiRl/alail el (ALMAINCE [ Un ¥ sindhle FALSUAILHS

sanples . As sho i,n Tahl e 7 serg Which were proven in
chi npanzee nodel \%m\‘lbérigns)t & }hﬁoﬁﬁq%e“ﬂ?e Aatinglided (vag apxer
corrésponded to bleedpl driagm fxrom the Mﬁﬂﬂﬂﬂshﬁebétﬁkéwttin§fﬂs¥ﬁhlVeTh@

this ELI SA. ZﬁAcaagal gst»ﬁqufé dihl rrpa tﬂé@hﬁ%m L'{{*.‘«,e

| evel s and equi voc zee studles Wel's non
in the assay. Pae h5P5§éFFaV%£%nﬁ§§$1ﬁ9mh¥ﬂu§9FKHQR¥RE9 with acute
NANBH wer e al so non- react IThe. re&Mltsamﬁhichxuneu;dﬁMHBiiﬁﬁfﬁnﬂﬁ&hle 8,

pedi"greed 30 neg e t S aHF&Q }wQ& Qﬁﬂ
bl bed donati ons 3??? tﬁg% %gklgﬁgg?hp atron, were on reac |ve |n %h n 3

ELISA.  Finally,%fodP 6pse °§a asseciasad, MANBH c orSamples from
positive in Q¥ atase AlABhere 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

20 samples were reactive. In addition, at least one antibody
positive donor was found in 7 out of the 10 cases, with
case 10 having two positive donors. Also, in case 10, the-
recipient’s pre-bleed was positive for HCV antibodies.
The one month bleed from this recipient dropped to border-

— . 25 1line 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,

30 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,

35 positive Anti-HBc, or both.
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assays devel oped by others, but these assays were not 35- -141-
confirmabl e. These four sanples scored negatively wth the HCV ELI SA. 10

15 . I 20 25 30 35 This is the replacenent sheet Date: 1/112/94 Thi s
is the replacenent sheet Date: 1/12/94 Date: . TABLE
7 H ALTER S PANEL 1: 5 PANEL - "1ST RESULT _ 2ND
RESULT 1) PROVEN | NFECTI QUS BY CHINP%X&EE TRANSM SSI ON A.  CHRONI C NANB
POST- Tx JF + '
+ EB _ + _ + 10
: _ PG : ' +

+ 8. | MPLI CATED DONORS W TH ELEVAT { BC

+ _ + JJ —_— +

+ BB DONOR/RECIPIENT NANB PANEL . + +C

ACUTE NANE;, POST-Tx WH

o P P
10
Recseiens ... Posr-TX
Case __Dowom PresLEco 3 Mowurs _6 Mowrns 12 Howrus oo
® Y0 ® YO ® Y0 M vy .  yo
15_ 1. - - 032 0.07 M2 0.3  >3.000 »6.9  >3.000 >6.9
2. ~= == 059 0.8  .050 0.12 LG8l 3.90 >3.000 >6.%
3. 4035 092 .09 0.0I .07 0.3  >3.000 >6.9  >3.000  >6.9
8. —~- == 065 0I5  .073 0.17 067 0.6 .27 0.5

S.  33.000 >6.9  .034 0.08 .09 0.2 >3.000 >6.95 >3.000 >6.%
20 5, >3.000 >6.96 .056 O0.I35 1.475 3.4  >3.000 6.9  >3.000  >6.96
7.  »3.000 >6.95  .038 0.08 .05 0.i3 >3.000 6.9  »3.000 >6.95
8.  >3.000 >6.95 .06f 0.18  .078 0.18 2.262 S5.28  >3.000 >6.95

9. >3.000 >6.96 080 0.19 W127  0.30 05 0.13 >3.000 >6.96
10. >3.000 »6.96 >3.000 >6.9%6 JSi7° 0.7% >3.000°° >6.96 >3,000°°* »6.96
25 >3.000 >6.96
* 1 monTH, ** & mONTHS, **® 10 nOwTHS ' | ~ .
Y
30
35
T



15 2) EOUI VOCALLY | NFECTI QUS BY CH MPANZEE TRANSM SSI ON A

| MPLI CATED DONOR W TH NORVAL ALT CC
- - 3) AGUTE NANB: POST-Tx JL WEEK 1

- - JL VEEK 2 -145-
- - - JL VEEK 3
- 20 4) DI SEASE OONTROLS A. PRIMARY BI LI ARY

CI RRHOSI S EK
- B. ALCOHCLI C HEPATITI'S I N RECOVERY HB TABLE 9

- ] - 5) PEDI GREED NEGATT VE CONTROLS DM _

- - Z2ALT AND HBc STAPUS FOR REACTIVE SAMPLES iN

) ) k/\L/ | H. ALTER PANEL 1

) o " ANTI GEN&EITS. 80- O T-O (1 SHIL.DA

] . ASTé&FN' ~ {\Ié .’r\lzgro} T*( NO_D) ke
- - Dok ZURTZ. AR

LU _“BECASSDINE  (TREPO) o

- -cage 3 -143- 1V. 1.4 Panglyrgal Dopor/ Reci pi e eglg@li\l‘liﬁy
The coded paneiS cons'csgéed_, of 10 unequivocal dorgeyi&s Pi ent cases osu_we
transfusion astbci at cdsd\BNBH, 5 with a total ofg1i8deaanpl es. Each Qive

consi sted of sanpl escede Jone or all the donors No@ §4¥81k8rd Pi ent, ive
serial sanples (drawoask 86, ‘and 12 nonths aft emoinains- f usi on) fronpg Rive
ecipient. Also incCaske® was a pre- bl eed, dr @8ievitedn the recipi enodd@b@{Fable
transfusion. The 10Cas»dd@ panel was provi ded INork¥l H Alter, fronpddicive

NI H, and the resultsCaser d0sent to himfor 'scor iNegmal Positive
15 . . '
Recxgtents
Case 1 . 6 mo Elevated Positive
12 mo  Elevated Not tested
Case 2 : 6 mo Elevated Negative
20 12 mo Elevated Not tested
Case 3 6 mo Normal Not tested***
12 mo Elevated Not tested®¥*
Case 5 6 mo Elevated Not tested
12 mo Elevated Not tested
~ 25 .
, Case 6 3 mo Elevated Negative
W 6 mo Elevated Negative
12 mo Elevated Not tested
Case 7 -6 mo Elevated Negative
12 mo Elevated Negative
30 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
35 10 mo Elevated Not tested

* ALT 245 IU/L is above normal limits.

** Anti-HBc $502 (competition assay) is considered positive.
¥*%* Prebleed and 3 mo samples were negative for HBc.
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The results, which are summarized in Table 8, show that the ELISA detected
anti body seroconversion in 9 of 10 cases of transfusion associ ated NANBH.
Sanpl es from 15 case 4 (where no serocopy$§§ion was det ected), consist-
ently reacted poorly in the ELISA. Two of the 10 recipient sanples were-
reactive at 3 nmonths post trans- fusion. At six nonths, 8 recipient
sanpl es were reactive; and at twelve nonths, with the exception of case 4,
all 20 sanples were reactive. 1In addition, at |east one antibody positive

donor was foung,ifl o Oﬁgé’é@fﬁaé&ﬁ?‘éfsgcw infgggfgaoihaﬁkgg; RMBKPEFLLEYE
donors. Also,”1n case , * tTve o HCV
anti bodi es. TiE2m@tesonth bl eed fromthis recipient dropped to border- 25
line reactive levels, wsafplés \Efok! RighefisR §eoupsvRete mofldot@dnont h

bl eeds. Geperall S/ 0. 4.1 L dered, posLiiVe. ;adh tQi s case
may represe t'é%ﬁﬁécﬁh?ré€i$$dﬁ°d?e€ﬁé8$ﬁﬁi5?ﬁﬁ§$vh*¥h¥?£§F$TﬁzogE$ and HBc
status for al |anm¢mactrme30ams’be$ yeretohtainednfres Bre S8Myarized in
Table 9. As shajendidd e doihénidy SBIO6Q' BEAKD! R&n¥ES OLE! | VEhbOkeklitts
surrogate markers andl‘éunév$ |£ﬂ%£e ggv ant1 body ELI SA."On the ot her
hand, the reciﬁﬁ%rﬂ%ﬁ S ( B | *to 12 nonths after transfusio
had either elevated ALT AsSshowntinctheitabibe, thebsamplesi wikh the
L Y o e Ao BB S (R
NANB PANEL 10 HE@USHR4ON, samples trom ihalvidiabecith siepated ALt
DONCR fRERgHFxive for BntiPHBS, scored Sis\NEhAtiEive, a value 12 . -,
MONTHS which is consistent with the value expected from clinical
data and NANBH prevalence in this group. The incidence of
15 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 thah high ALT or anti-core antibody when
compared to random volunteer donors.

20

25

30

35
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o S/CO o S/CO oD S/ CO oD S/ CO oD

S/ CO 15 1. e 032 0.07 .112 .26 >3. 000
6. 96 >3.000 >6.96 2. i ; 059 0.14

050 .12 >3. 000 >6. 96 2400 6. 96 3. 403

0..94 049 0.11 057 0.13  >3.000 >6.96  >3.000

>6. 96 4. .- .- 065 0.15 073 0.17 . 067
0.16 5. . >3.000 >6.96  .034 096 0.22 >3. 000

>6. 96 >3. 000 >6. 96 20 iﬁé&ﬁe—% >6. 96 056 0. 13
1.475  3.44 >3.000  >6. 96 >3 000 >6.96 7. >3.000  >6.96
034 0.08 056 0.13 > ' | 6. 96 8.
>3.000  >6.96 Toel | opreE f1¢ R §§i§ Sa@mggg%z . 5.28

>3. 000 7>6.96 9. >3 000 >6.96 080  0.19 1127 0.30
055 0.13 5 >3.000  >6.96 10 53.000 >6.96  >3.000 >6.96
317* 0.74 °  >3.000** >6.96 >3.000*** ~ >6.96 25

>3.000 >6.96 * 1 MONTH. ** 4 MONTHS. *** 10 MONTHS 30 DéstribBpiBirE 9 ALT
AND HBc STATUS FOR REACILVE SAME®eepIN H __ ALTER PANEL 1 5¥AntjODSanpl EReactive

ALT* HBc** Donors Case 3 . Nor nmal
Negati ve Case 5 - Elevated ALT . El evated 35 3 33.000 posij t jWesX
Case 6 _ El evat ed 1 0.728 ~ Positive Case 7
Not avail abl e10 Negat ive Case 8 Nor mal
Positive Case 9 Anti-HBc El evated 2% 5 23.000 )\,  20.82
avai l abl e Case 10 . Nor nmal
Positive Case 10 Elevated ALT, Anti-HBc Norqpl . 72: 12 >3.000 51.5%
Positive 1 5 Reipients Case 1 o 6 o 2.324 El evat ed
Posttive 12 no El evat ed - Not - testqd 0.939 .
15 _ . ' 1l 0.951 : i
: -1 0.906 '
Rejected Donors _ 25 5 >3.000 20.02
Donors with History 6f Hepatitis 150 19 >3.000 14.72
_ _ ' - 1 0.837 '
20 . . .1 0.714
| 1 0.469
Haemophiliacs. : S0 31 >3.000 76.0%
1 2.483
1 2.000
o/ 25 1 1.979
1 1.495
. 1 1.209
- 1 0.819
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Case 2 6 no El evated Negative 20

12 no El evat ed Not tested Case 3 6 nmo

Nor mal Not tested*** 12 npD El evat ed Not
tested*** Case 5 6 no El evat ed Not -
tested 12 no El evat ed Not tepigd 25 Case 6 3 no

El evat ed Negative 6 no El evat ed Negative 12
no El evat ed Not tested Case 7 6 no

El evat ed Negative 12 no El evat ed Negati ve 30
Case 8 6 nmo Nor mal Positive 12 no
El evat ed IV.1.6\otcdmed eak (peestudies Using G or AntE-eumt ed
Not tested Cai&moQ:l N A JTD S o ] Not
tested 35 a2 B+ err] 45

auand Antd A ' 3 ';L:cetltlon assay) s
consi der ed ositive ***Tﬁﬁ€¥&ﬁ§4k£V@E§ QP éﬁ&pﬁﬁfsﬂeﬂétéfﬂﬁhbﬁ?oﬁoﬁhkgﬁ
Thi s |stherepélac${3nt s@ge}ﬂ# 1 1. :Pa 'gl'hls I's the
repl acenent s e .antllgl ponoclonal -conjugate "1§6°°TH‘F9
Detern1natlonuﬂaﬂ«bbuaﬁnadlhynusnmqgmxﬁhek ihouptsangnemoﬂantbaalfronfﬂlgh
Jisk groups welgy éé)re&:Eby%ﬁls@gné%&htﬁéﬁterawfcisf%s&' vity to HCV
c100-3 antlgen. hese sanpl €s re o talq%gm;ron1 t nei er,
Communi ty Bl o Kﬁ%@ﬁ% {§° beRet 2EY ofRd g Fi $BALiPn Tabl e
10. As shoyg m@adtficuﬂe!hertnk&amﬁng studiescwéde hpghfermedactivity are

obt ai ned from henophiliacs (76% . In addition, sanples fromindividuals

W th eIevated ALT : _
.6.a. Serial Samples from Seroconverters .

Serial samples from three cases of NANB
seroconverters were studied in the HCV c100-3 ELISA assay

1s using in the enzyme conjugate either the anti-IgG f
monoclonal alone, or in combination with an anti-IgM
monoclonal, or using a polyclonal antiserum. The samples
‘were provided by Dr. Cladd Stevens, N.Y. Blood Center,
N.Y.C., N.Y.. The sample histories are shown in Table 11.

20 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.

25 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-IgG
was constant throughout. Dilutions tested for the anti-

30 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-

35 IgG monoclonal conjugate (1:10,000 dilution), or Tago
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and positive for Anti-HBc, scored 51%reactive, a value which is consistent
wi th the val ue expected fron1cI|n|caI data and NANBH preval ence in this

group. The incidence of 15" antibody to HCV was al'so hi gher in bl ood donors
with elevated ALT al one, bl ood donors posrtﬁﬁﬂ? for anti bodies to Hepatitis
B core alone, and in bl ood donors rejected for reasons other than high ALT

or anti-core antibody when conpared to random vol unteer donors. . 20 25 30
35 -147- TABL tridaut up

N ! DEong/'i‘égﬁw Hbﬁg g'a%'é ﬁQ@LWﬁﬁu@Bﬁ cﬁuo O%é?:‘ks%r?ll 206
1 0.728 Antl-BBéYEAOHal sonjugatgod 1:80, 0002@@%@%)&%? APeWInNR - HBC
33 12 >3. OQlee 14. Sthe'data iAdichtes that3dhiltial strong reactiv-

1 0.939 15

Rej ect ed Donors ity is detected in sampzlgs 1-4, g 81 frggo.ﬁ%l Jsz’bm‘%)?g%nors
with Hstory 8 thgaei epafiguratiops; the Tagp meiyclonal aptibgdies ( g37
20 ‘yielded the lowest sighals.0.714 1 = 0.469 Haenophiliacs

The results présented above show that all three
configurations detect reactive samples at the same time
after the acute phase of the disease (as evidenced by the

10 ALT elevation). Moreé#er. the results indicate that the
sensitivity of the HCV cl100-3 ELISA using anti-IgG
monoclonél-enzyme conjugate is equal to or better than

_ Q_; that obtained using the other tested configurations for

| the enzyme conjugate. '

15 |
20
— 25
30
35
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50 31 >3.000 76.0% 1 2.568 1 2.483 25

1 2.000 1 1.979 1 1.495 1 1.209 1 0.819 30 35 This is the’
repl acenent sheet Date: 1/12/94 This is the replacenent sheet Date:

1/ 12/ 94 -148- 1V.1.6 Conparative Studies Using Anti-IgG
or Anti-Il.gM Monocl onal Anti bodies, or Pol'y@n‘ghal Anti bodi es as a Second
Anti body in the HCV ¢c100-3 ELISA 5 ' The sensitivity of the ELISA
determ nati on which uses the anti-IgG nonocl onal conjugate was. conpared to
t hat obtai ned by using either an antiTABI® rdnocl onal conjugate, or by
replacing both with a polyclonal antiserumreported to be both heavy and
light chain 10 PESCRIRTIQNROF f SAMPLES FBOMJCEADDESTEYENEOPANEBL | V. | . 6. a.
Serial Sanples from Seroconverters Serial sanples fromthree cases of NANB
seroconverters were studied in the HCV c100-3 ELI SA assay 15 using in the
enzynme conjugate either the anti-1gG nonoclonal alone, or in conbination
with an anti-1gM nonocl onal, or usL‘Q a pol IYsC| onal: a_r‘llgi.serum The sa
were provided by Dr. C add St e SayiRe g dpeicHle o QT
sanpl e histories are showy in Table 11. 20 The results obtai ned
usi ng an anti-I1gG nonocl on'a#-'—anti'body-enzyrre conjugate are shown in Tabhe
12. The data shows that strong reactivity is initially detected in sanples

1-4, 2-8, and 3-5, of Caség"]_, 2, a’_fd/’l 1.0 | 91.7 12.9 40.0. -1.0
10 1-2 e 1.0 121.0 15.1 276.0 1.8
1-3° - 08 1.0 64.0 238 21l.0 0.9
1-4 11/19/81 1.0 7.3 333 15.0 - 9.9
1=5 12/15/81 1.0 - 50.5 21.6 71.0 \'Jx.o
Case 2
15
2-1 10/19/81 1.0 1.0 - 116.2 17.01 -1.0
2-2 13/11/81 1.0 0.8 89.5 46,0 1.1
2-3 (2/02/81 1.0 1.2 78.3 63.0 1.6
2-4 12/18/81 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
20 2-6 1/20/82 1.0 0.3 92.9 66.0 1.5
2-7 2/15/82 1.0 0.8 86.7 70.0 1.3
2-8 3/11/82 1.0 0.9 69.8 24.0 -1.0
2-9 4/21/82 1.0 0.9 67.1 $3.0 1.5
2-10 5/19/82 1.0 0.5 74.8 95.0 \./ 1.6
25 2-11 . 6/16/82 1.0 0.3 82.9 37.0 Go
Case 3 '
3-1 4/2/81 1.0 1.2 8. 13.0 -1.0
3-2 s/12/8 1.0 1.1 126.2 2360 0.4
30 3-3 $/30/81 1.0 0.7 99.9 471.0 0.2
3-4 6/9/81 1.0 1.2 110.8 315.0 0.6
3-5 1/6/81 1.0 1.1 89.9 273.0 0.4
3-6 s/10/81 1.0 1.0 118.2 158.0 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
35 3=9 11/11/8 1.0 1.0 84.6 156.0 0.3
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3, respectively. 25 The results obtained using a conbination of an
antt-1gG nonocl onal conjugate and an anti-1gM conjugate are shown in Table .
13. Three different ratios of anti-1gGto anti-lgMwere tested; the

1:10, 000 dilution of anti-1gG was constant ~&8hteughout. Dilutions tested
for the anti- 30 1gM nonocl onal conjugate were 1:30,000, 1:60,000, and
1:120,000. The data shows that, in agreenent with the studies with
anti-1gG alone, initial strong reactivity is_detected in sanples 1-4, 2-8,
and 3-5. The results obtained with the ELI SEABR X2 anti- 35 | gG nonocl onal

conjugate (1:10,000 dilution); or Tago . -149- poI ycl onal ~conj ugate
(1: 80,000 dllutlon)W‘ 08 0 A A BI£IgR0, 000 dil ution) _
are shown in Table 14. The d ONA CON UG Einitial strong reactiv- ity

is detected in sanples 1-4, 2-8, and 3-5 using all. 5 three configurations;
t he Tago pol ycl onal anti bodi es yi el ded the | owest signals. The results
present ed above show that all three configurations detect reactive sanples
at the same ti-ne after the acute phasgiiif the HMiKease A&Js evlddencédby the
10 ALT elevation). Moreover, the results indicate that the sensitivity of
the {0V c100-3 ELI SA using ant| -19G nsmEentashal - enzyme conj ugfe is equal to
or better than tohat obt-ai ned usi ng thggfl?ﬁr tested confi gug‘i ons for the

enzyme conj ugat e. 15 20 25 30 35 Thi e repI acenent sh Dat e:
1/ 12/ 94
1-1 08/05/81 80.0 178 37
| : 1-2 09/02/81 27M.0 154 32
— - 1-3 10/07/81  261.0 129 . 7
15 1-4 11/19/81 75.0 937 1.9
' 1-s . 1y15/81 710 >3.000 >6.30
Used? |
-l 10/19/81 17.0 058 0.12
272 11/17/81 .  16.0 .050  C.11
20 2-3 12/02/81 63.0 007  0.10
-4 12/1a/81 152.0 .059 0.12
2-6 01/20/82 66.0 051 O.1!
2-7 02/15/82 70.0 A3 0.29
-8 03/17/82 .0 1.867 3.92
2‘9. X - : 0‘/21/‘2 53-0 ’SION ’6-50
25 ' 2-10 0s/19/82  95.0 >3.000 >6.30
: : -1l 06/14/82 37.0 »>3.000 »6.30
~ Casg 13
~ . B 03/07/81  13.0 00 .19
- S B o S 0s/12/81 236.0 .064 A3
30 3-3 05/30/81  471.0 079 L1
3-8 06/09/8F  315.0 211 a8
3-5 07/06/81  273.0 1.707  3.59
3-8 08/10/81 158.0 ° >3.000 »6.30
3-7 . 09/08/81 8.0 >3.000 »6.30
3-8 - 10/14/81 180.0 >3.000 »6.30
3-9 11711781 158,00 >3.000 »6.30
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This is the replacenent sheet Date:

1/ 12/ 94

1]

-150- TABLE 11 DESCRI PTI ON OF SAMPLES FROM CLADD STEVENS PANEL 5 Date -
HBs Ag Ant i - HBs Ant i - HBc ALT Bilirubin Case 1 1-1
8/ 5/ 81 1.0 91.7 12 40 0 -1.0 .
1-2 9/ 2/ 81 1.0 121.0 274.0
1.4 1-3 10/ 7/ 81 1.0 64. 0 23.8 261. 0
0.9 1-4 11/ 19/ 81 1.0 @AELE 13 33.8 75.0
0.9 1-5 12/ 15/ 81 1.0 50. 5 27.6 71.0
1.0 Case 2 15 2- 1ELISA RES INED USINE ().NTI-I GL.aﬁld ANTI-IgM16. 2
17.0 --1.0 2-2 _ 11/ 17/ 81 1.0 0. 89.5
46.0 1.1 2-3 12/ oMQCLONAL cpN;rUGATE 1.2 78.3
63.0 1.4 2-4 12/ 14/ 81 1.0 0.9 90. 6
152. 0 154 2-5 12/ 23/ 81 1.0 0.8 93. 6
624.0 1.7 20 2-6 1,20/ NANB EL(SAs 1.0
0.8 . 92.9 66. 0 1.5 2-7 MonocLoNgLS 1 5/ glionocLonNaLs HlongcLonaLs
0.8 86. 7 70 0 1.3 2- 8 ::ﬁ ié?‘l?/ 82 'GG l: ég: 1. Uﬁ:}l i%x
0.9 69. 8 21/ gl 1:
0.9 67. 1 §“—L§ —hﬁ 2- 161- o 19/ 8 i—
0.5 74. 8 95. 1.6 25 2- 11
6/ 14/ 82 10 "1 9 'g‘lﬁéﬁ'ﬁ"‘ 82,9  cl0037 o 080" 7, 4@ 3
3-1 4/ 7/ 81 ' 1.2 . 88.4 13.0
S1.0 3-2 5/ 12/ 81 ey 1.0 193 1738, LY o
0.4 30 . 5/ 30/ 81 1.0
99. 9 471. 0 0. zLﬁgj | 3-4 6/ 9/81U
1.0 1.2 110.84 3ddredlst a0 0. 413-5 162 7/ 6/8Lg79
1.0 1%- 1 9.192 209308981 278 0.f9y3-6 Jar  8/10/ 6
1.0 .0 119-% fgbr/®t w1 0.f623-7 129 9/ 8/ 8pe3
1.0 1.0 111243 B8t 75 0.823-8 .88 10/ 14/,
1.0 0.9 10255  1788D 71 »>X0G 35 >3,00 >3,
3-9 11/ 11/ 81 1.0 7 1.0 : 84. 6 154. 0
0'3 Case #2
20 2-1 l0/19/81 17 .82 .045 .085
2-2 lir/8l .102 029 .030
-3 12/02/8f 63 .059 .03 027
2-8 12714781 152 .085 .081 .025
2-S 12/23/81 628 .082 .033 .032
26 01/20/82 66 .102 .062 027
2-7 0/15/82 70 .188 .068
25 2-8 03/17/82 28 1778 1.668 .
2-9 08721782  S3  »3.00 2.883 >3.00
2-10 05/19/82 95  >3.00 >3.00 »3.00 \’
2-11 06/14/82 37 »3.00 >3.00 >3.00
Case £3
30 3-1 0a/07/81 13 .193 .076 043
3-2 05/12/81 2% .20 $051 .038
3-3 05/30/81 A7l 132 .067 .052
3-4 06/09/81 315  .175 .15 .140
3-§ 07/06/81 273 1.33% 1.238 1.260
3-6 08/10/81 IS8  »3.00 >3,00 >3.00
3.7 09/08/81 8  »3.00 >3,00 >3.00
35 3-8 1071481 180  >3.00 >3.00 >3.00
3-9 11211781 158 »3.00 >3.00 >3.00
This Sheet Has Been



TABLE 12 ELI SA RESULTS OBTAI NED USI NG AN ANTI - | gG MONOCLONAL CONJUGATE

“‘|i||

SAMPLE DATE & ALT oD .S/ CO NEG CONTROL
. 076 CUTOFF T 476 10
PC (1:128) 1.390 CASB-#1 1-1 08/ 05/ 81
40.0 . 178 .37 1-2 09/ 02/ 81 274.0 . 154
.32 1-3 10/ 07/ 81 261.0 . 129 .27 1-4
11/19/81 75.0 - . 937 1.97 1-5 12/15/81 71.0
>3.000 >6.30 CASE #2 2-1 10/rABLIB 14 17.0 . 058 0.12
2-2 o 11/17/81 46.0 - 050 0. 11 20
2-3 12/ 02/ 8 ATNED YRl 1,. 12/ 14/ 81
152. 0 . 059 lm\'}sﬁf%%&@s 0BT, , FoF—C . 070
- 0.15 2-6 01/ 20/.82 66. O: "051 0.11 2 7
02/ 15/ 82 70. 8 139 0.29 2-8. 03/ 174, 24.0
1.867- . 3.92 2-9 04/ 21/ 82 53.0 ONAL TRSON
2-10 , 05/ 19/ 82 95. 0 ~ >3.000  >6. 30 /14/ 82’ 0
37.0 >3.000 >6.30 3 : 04/ 7/
3-2 (_ 10701 Wb, OV MY rgiwos_m 2" i
3-3 05/ 30/ 81 - 7 079 1 4 - 06/ 09/ 8
315.0 241 v é,i'p""" : 07/ 06/ 81 72;53273 0 2:2 1. 7o7j§§:
3.59 3-6 08/ 10#@11 .128) 158.0 >3. 000y,39¢6. 30 3-.¢ 154
09/08/81 84.0 >3. 000 >6.30 3-8 10/ 14/81_zz 180.0 21
>3.000 >6.30 3-9 Case #11/11/81  154.0 >3.000 >6.30 35 This
isQ/he repl acenent sheet : '
1-1 - 08/05/81 . 40 JA78 37 067 - .12 153 .23
1-2 09/02/81 78 JS4 .32 097 .18 .225 .34
15 1-3 l0/07/81 26l A28 7 0% .05 167 .26
1-4 11719781 75 937 197 3u .60 7933 L2
1-5 12/15/81 71 >3.00 »6.30 1.778 3.27 >3.00 § >4.59
Case #2 )
: 2-1 10/19/81 17 058 .12 .03 .04 .052 .08
20 2-2. C1217/81 a6 050 .11 018 - .03 .058 0
2-3 12/02/81 = . 63 007 100 020 .04 .060 A
-4 1271481 152 059 .12 .025 - .0S .059 .08
2-5 12/23/81 624 070 .15 026 .05 078 ol
26 01/20/82 ~ ‘68 Q051 .1t .08 ,03 .058 .08
2-7 02/15/82 70 JA39 29 037 .07 148 .2
. 2-8 03/17/82 2 1.867 3.92 .35 .65  1.929 2.l
U 25 2-9 108/21/82 53 >3.00 >6.30 .768 137 33.00 3.5
a 2-10 05/19/82 95 »3,00 >6.30 (.05 1.88 >3.00 >4.5
w 2-11,  00/14/82 37 »3.00 >6.30 .97 1.68 >3.00  >a.5¢
Case 13
3-1 oe/07/81 13 .09 .19 009 .09 .138 .21
3-2 05/12/81 236 068 I3 .080 .07 .094 e
30 3-3 0S/30/81 W73 079 .17 .00 .08 .44 .2
3-4 06/09/81 315 211 .4 .08 .06 . .25 A
3-5 07/06/81 y 753 1,207 3.5 .72 .50 1773 2.0
3-6 08/10/81 158 »3.00 >6.30 1.3a7 2.87 3,00 4.5
3-7 09/08/81 84 »3,00 »6.30 2.2 4.21 »3.00 >4.5
3-8 10/14/81 180 >3,00 »6.30 »3.00 »5.50 >3.00  >4.5
35 3-9 1711781 IS4 >3.00 »6.30 »3.00 »5.50 >3.00  >8.5
ThlsSheetHasBeen



Date: 1/12/94 This i's the repl acenent sheet Date: 1/ 12/ 94 TABLE 13
ELI SA RESULTS OBTAI NED USI NG ANTI -1 gG and ANTI -1 gM MONOCLONAL CONJUGATE

NANB ELI SAs MONOCLONALS MONOCLONALS MONOCLONALS 1 GG |: 10K

| GG |: 10K IGGI: 10K 1 GV | : 30K _184. GM | : 60K IGM | : 120K
SAVPLE DATE ALT oD 5}86 S/ CO oD
SSCO10 NEG CONTROL ) . 100

. 080 .079 PC (1:128) 1.083

1. 328 .197 CASE #1 1-1 08/ 05/ 81 40
ig?l Iv. I 6152 Sam les £800 RAndom Bloodosyo(ﬁ%tgl 274:61
162 ' 129 Samples fro%gagdgm blood denorsg g§ee Secxjon

. 312 1v. I 85) were screened0¥ol- HCV infectib?d 1®i%j the HCV

3.00 " ib?ggﬁsggxsg,l,}n Which>i. %Oamiﬁod%ze%gyg\f conjugate was oo

eithergan angd-IgG monogdpnal conjugate,)oF a polyclonalyzg
&Bﬁgﬁgﬂte The total nimber of samples Greened were 1002j

-1
-2
-3
g %éél% Sé fopgge polygggnal conjugate a%%éﬂe monoclonaq 032
2/
-8

ogenjngate, regpect;velmz A summary of the results of qj;_e7 2.7

15/82 10 sZQeenm i&88hown in Table 483 and the samgfl%6 ‘ﬁ%tnlb u5-41 2-9

03/17/8
04/ 21/ 82 eighs 355 ghoth in tne’Hissogram in FAPPag.00 , =
05/ 19/ 82 95 >3. OThe calculation3ofpthe average amgb standard o/
06/ 14/ 82 déviat8oflwas performed ekcQ@ding sample?&l(& e 73 30

I\)ONI\)I\)I\)NI\)V

g:% 8%5"({)5(?gl°ver2§65' i.e., %%3 OD values Wﬁ-}’gﬁ used for the Oggg
3-3 1% ,OGaBouBQt;o_ns4a;ilizinq t¥® polyclonal cagjugate, and . 1®

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,

20 the results also show that if the criteria of x +5SD is
employed to define the assay cutoff, the polyclonal-enzyme
conjugate configuration in the ELISA requires a higher
cutoff value. This indicates a reduced assay specxfxcxty\~)
as compared to the monoclonal system. In addition, as

25 depicted in the histogram in Fig. 44, a greater separation '\J
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.

30

35
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3-4 06/ 09/ 81 315 175 . 155 . 140 3-5

07/ 066/ 81 273 1.335. 1.238 1.260 3-6
08/ 10/ 81 158 >3.00 © >3. 0055~ >3.00 3-7
09/ 08/ 81 84 >3. 00 >3. 00 >3.00 35
3-8 10/ 14/ 81 180 >3. 00 >3. 00 >3.00 3-9
11/ 11/ 81 154 >3. 00 >3. 00 >3. 00 TABLE 14 ELI SA
RESULTS OBTAI NED USI NG POLYCLONAL CONJUGATES 5 NANB ELI SAs MONOCLONAL
TAGO JACKSON | : 10K | : SOK TABLE 15 | : 80K SAMPLE DATE
ALT .00 SSCO oD S/ CO oD . S/ CO NEC CONTROL -
. 076 . 045 COMPARISON I6P T ELISA OONFIGUFRRIGNE -
. 476 545 — . 654.PC (1. 128).
1. 390 5757 TESTING SPMRLES\BECH RAKBAM BLOOD DONG 05/ 81 40
178 .37 . 067 12 ~ 163 .23 1I-2 ___09/02/81
274 154 . .32  .097 .18 . .225 .34 15
1-3 10/ 07/ 81 261 - .129 .27 . 026 .05
167 26 1-4 - 11/19/ 81 75 .937  1.97 . 324
.60\  .793 1.21 1-5 . 12/15/81 71 >3.00 >6.30
1.778  3.27 lo>3 00 >4.59 CASE #2 2-1 10/ 19/ 81 17
. 038 .12 . 023 .04 couJucA@EZ - . GOLYCLONAL  ANTI-Ig@- HONOCLONAL
11/ 17/ 81 46 050 .11 01§J‘ 33 058 09
2-3 12/ 02/ 81 63 047 R 020 04
. 060 .09 2-4 . 1NbdbeBof samples52 1073059 10581 . 025
. . 054 .08 2-5 2/ 23/ 81 0 .15
0% o5 074 avgrags (x}2/25180 0,003 0,a0240 00
11 .018 1503 . 058tandard dggapiqn (SD) 039933, g2 0.07427 7
. 139 .29 . 037 .07 s gp .146 .22 2.8666 0B/3%14 82
24 1.867 3.92 . 355 .65 - 1.429 .19 25
2-9 04/21/82 CHUE-OFF ?? P 00*’-1.- >6.3d?-55913 748 04206 >3.do
>4.59 2-10 ~...05/19/82 95 - >3.00 >6.30 1.025 1.88
>3. 00 >4.59 2-11 06/ 14/82 37 >3.00 >6.30 . 917
1. 68 >3. 00 >4.59 CASE #3 - |
20 -
Y 25
—
30

35
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3-1 04/ 07/ 81. 13 . 090 .19 . 049 .09 . 138

.21 30 3-2 05/ 12/ 81 236 . 064 .13
. 040 .07 . 094 .14 3-3 05/ 30/ 81 471 . 079
17 . 045 .08 . 144 .22 3-4 06/ 09/ 81 315 - .
211 .44 .085 .16 . 275 42 3-5 07/ 06/ 81 273
1.707 3.59 .272 .50 1. 773156= 2 71 3-6 .08/ 10/ 81

158 >3.00 >6.30 1.347 2.47 >3. 00 >4.59 3-7

09/ 08/ 81 84 >3.00 >6.30 2.294 4.21 >3. 00 >4. 59
3-8 10/ 14/ 81 180 >3.00 >6.30 >3.00 >5.50 >3. 00
>4.59 3-9 11/ 11/ 81 154 13.00 >6.30 >3 00 >5.50

>3. 00 >AV59J .35 Dtiection | FeTs g 2 NANBEG P :

t he repl acenemiropheetvarl’ Iaagq;eo ik ,_9:’131 \Lét:tbns Sarrpl es from Random
Bl ood Donors Sanples Tr a?om bl oéi%o or;sg;_'S'" Section wer e
screened for HC\r;pl nf ecti (ﬁ#’qu ﬁ?d" t‘?‘\%’ e ﬂ‘f@\ec+%dvxﬁ?cﬂ;Yﬁ

ant i body- eﬁzympﬁﬁdawakmthdﬂgﬁlmmm wern¢ugate, or a
PA ycl onal COW'&% i'ﬂ”'fi-xﬂﬂﬂté{d HEP Vedts SASHE %ﬁéﬁ@&l%iﬂﬁé & KIAng .
1056, for the _pal conH%ate a‘fs{ he, nonocl 012‘2 con at e,
respectively. esﬁ%’&rﬁ?&ﬁ}' SqG el L¥1Reni ?Et sHaah the
Tabl e 15, andHCNe Ca0pi ke atitsigarhwas iused as thevscreening hastbgeanin Fi g
excl Ui ng S Ss HUSAT LAes PLl SNAS SUUIE Erof 8 Sl B8 pRELOnEEd
used for t@ %&Hllﬁ %or@%%ﬂfﬂ* 'rfédlpﬂﬁﬂljc?%ml %@a{\'/ ahélglflOSI ~,
for the antl-pgﬁcmmeom td!!anqmae- As seen in Table 15, when t he o/’
pol ycl onal conjugate was used, the average was shifted from 0.0493 to

0.0931, and the standard devi ation was_i.ncreased fromO0.074 to 0.0933.
Moreover, 20 the results al so showthzﬂ—&—&ﬁ_ criteria of x + 5SD i s

enpl oyed to define tSeracomvensiur Fréguer ies ofol -Rmei+se100-3 ’

15 Among NANBH Patients in Different Countries
Country The Netherlands Italy - Japan
No.

20 Examined 5 36 26
No. .
Positive 3 . 29 19 ~

25 % ’
Positive 60 80 73

IV.K. Detection of HCV Seroconversion in Patients
30 with "Community Acquired" NANBH
Sera which was obtained from 100 patients with
NANBH, for whom there was no obvious transmission route
(i.e., no transfusions, i.v. drug use, promiscuity, etc.
were identified as risk factors), was provided by Dr. M.
35 alter of the Center for Disease Control, and Dr. J.

cet Has Been laced
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conjugate conflguratlo I n the ELISA requires a hi cutoff value. This

i idi cates a reduced assay specificity as conpared to the nonocl onal

system. In addition, as 25 depicted in thg blstogran1|n Fig. 44, a
greater separation of results between negatlve and positive distributions
occurs when random bl ood donors ‘are screened in an ELI SA using the anti-|gG
nonocl onal conjugate as conpared to the assay using a commercial polyclonal
| abel . 30 - 155Pienst #9190 f CinprRrsONndreTedt. | SATHENE GaRpllee\were 5

TESTI NG SAMPLES Fiehe&neBys Bh D@&J@RSSA;Q&%W?AIE describe d"?n G
ANTI -1 gG NI»KILC»@¢ éJacgggségﬁégggrtgeoaggpsgigss antlgenléas “5#5h@§?§$g&

Aver age (x)
devi ati on (SD) gcpeening antjgenqartsched to the microtiter pla4@@t The

0.3714 CUT- O:FS(5re°§ixh§)showed 9h5§9§f the 109 439%29;&?1%% 3§sT%'o%ta%ned

t he repl acenent sheet g€ his is acene

1/ 12/ 94 ntibodigs ?’%‘5 reEﬁFsét LBmuBe L pRYCaLAC WhEDr Shen HGY GG
Patients froma \Aramtigeh. Geo rabhical Locations :

: The results described above suggest that
e - "Community Acquired" NANBH is also caused by HCV.
.10 Moreover, since it has been demonstrated herein that HCV
is related to FlaVivi:uses; most of which are transmitted
by arthropods, it is suggestive that HCV transmission in

O the "Community Acquired" cases also results from arthropod
transmission.
15 - | | : .
IV.L. Comparison of Incidence of HCV Antibodies and N
Surrogate Markers in Donors Img;;gated in NANBH
Transmission ' ! -

A prospective study was carried out to determine
20 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,

N\ 25 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 radioimmunocassay as
described in Section IV.K. The results of the study are

30 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
35 serum (column 4); and the surrogate abnormality of the

_

- i



Sera from patients who were suspected to have 5 NANBH based upon el evat ed
ALT | evels, 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 screeningiggtigen in the mcrotiter plates.
As seen fromthe results presented 10 in Table 16, the RIA detected
positive sanples in a high percentage of the cases. Table 16 Seroconversion
Frequenci es for Anti-cl100-3 15 Anong NANBH Patients in Different
Countries CourlaRPT (GRLWER e} | EMHsOr -- means neg fested) (ALTJégan No. 20

Exam ned elérvated transammase, andOANTI-HBc is anff-8BrePositive
3 - . ant 19 .25 % Positive 60
80 ‘Ff‘?’() K Det ecti on: of HC,\/ Seroconversion in Patients 30

with "Comunity Acquir edPheusesples oinnTakleal? cdemenstiratenthad phei HAVs
with NANBH,g f @nﬁ’ﬂf&’ﬁ? h.%@t V\ﬁ lﬂ@r@bdd:@hlﬁaté afh nﬂﬁﬁé@ﬂlﬁguiﬁf@:t@d bl8od

t ransf usi ons, Y scu ntifjed IS
factors), dpq"bc\’ﬁ W 3%"‘55 ?%?tﬁfm?ﬁge ﬁ?ﬁg fork%f'geﬁggé 3%
Control, and men ;patienqswhmdemhgped NBNBH' synptomsstegted phestive
sanpl es were %F%&?@i%\ﬁ&ﬁi‘iﬂd\y%é?&éﬁbéi‘sﬁéndeséf'Qﬁé 17 Saspeeecy
IV.D., except {hat the HCV. c100:3 scrggg n% antigen
attached to t HPNR%S ot (RATIQRYGsT rec 2@@ &’agﬁgfgnghgﬁgﬂ EWe: d4£ EBREnto0
serum sarrpl(bs,il‘&i\ciﬂumlmeshqumdheﬁ béingrNANBHdcanmievB)gi Sawegewi t h

the HOV c100- ghefti e orént oty Saftespoabes, 2BANC1SWEECBbrtl# ine

"+ Communi ty AC%UI rietdive’\lANa%\% theresgore equivgca (donor for patient 1). \J

In contrast, usxng the elevated ALT test 6 of the ten
donors tested negative, and using the anticore-antibody

15 test 5 of the ten donors tested negative. Of greater
consequence, thongh, in three cases (donors to patients B,
9, and 10) the ALT test and the ANTI-HBc test yielded
inconsistent results.

20

25 | S O

30

35
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10 Nbreover since it has been denonstrated herein that HCV is related to
FIaV|V|ruses nest of which are transmtted by arthropods, it is suggestive.
that HCV transmission in the " Communi ty Acquired"” cases also results from
arthropod transm ssion. 15 IV.L. Conparison c&fisiguci dence of HCV Anti bodi es
and Surrogate Markers in Donors Inplicated in NANBH Transm ssion A
prospective study was carried out to determ ne 20 whether recipients of

bl ood from suspected NANBH posi.tive donors, who devel oped NANBH,
seroconverted to anti-HCV- antibody positive. The bl ood donors were tested
for the surrogate marker abnorrglr®ids whigh are curregtly used as [arkers
for NANBH i nfection, i.e., elquee ALT d egelcs, 1 28 andot ke esahce| of
anti-core antibody. In addigiang Thd dhofs Tet e”aIB o™ &t d‘fo’r‘ t he
presence of ant|$HCV anti bod e & She determ nation of the presence of
anti-HCV anti bodfes was det gm ugin r adi | gmyno@ssay, a descrlbed in
Section IV.K  The results E‘- %gdettdy%a?; %) gre-semté.d% 2T I® 1f7, which
shows: the patient nunber #eol um 2) t:he presence of anti-HCV antipodi es
in patient serum (col umm - the nurmper of donations received by the
patient, wth each donati ghgh Q frgmg different nor- (colunn 3)} the
presence of anti-HCV anti t%g eS:ﬂanc nor 35 _serum §0I um 4) and I he
surrogat e abnor{BaI ity of e TS 8s|thdr 3pl8aq§er’rﬁntm she&t Slaﬁe 1) 12/ 94
This is the replacement shed ﬁb@qg 1ﬂh donor
(col um 5) (NT or -- neans” got ¥ @st eq) (ALT |s el evat ed transam.nase, and
ANTI -HBc is anti-core antivwedy). The resutts in Table 17 denonstrafe that
thQ,ﬁCV 5 antibody test is@bre ackudate in detecting infected bl ood

15

18
18
13
18
16 .
11
15
20
5
15

Table 17
No. of
Donations/Donogs

. 20

Anti-HCV
Seroconversion

yes

. yes
yés
no
yes
yes
yes
yes
yes
yes

DEVELOPMENT OF;ANTI-HCV ANTIBOD ag
in Patient

RECEIVING BLOOD FROM DONORS SUSPECTED OF

N M e W O ~ o

10

*Same donor as anti-NANBV Positive.

Patient

30

35
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donors than are the surrogate marker tests. N ne out of ten patients who
devel oped NANBH synptons tested positive for anti-HCV anti body
seroconversion. O the 11 suspected danigps, (patient 6 received donations
fromtw different 10 individuals suspected of being NANBH carriers), 9
were positive for anti-HCV anti bodies, and 1 was borderline positive, and
therefore eqU|vocaI (donor for patlent 1). In contrast u3|ng the el evated

m@%@%&rﬁ%@?r‘&g@ddﬁ%rv&f great er

consequence ) ,_' QOTTQ and 10) the ALT
test and the Re@kengpe 3:LEL _SEgNENCES (s 20 25 30 35
[ERR] This is the repIawheenesshestpBaBentéﬂl%h@ta ihrshssuggest that

repl acenent sfegt ; OFIQ@EQi{Hs/ é&%ﬂag\f—%.kep‘%&xts' A1 1¥0s U o

HCV cDNA Séquences ng fron1Cbnserv
Regi ons of FlfQFvFioBingURFRatagterdzedTHEV, cONA §eﬂ‘&’€rﬁ5ed’t§|}ﬁr7d-ng whi ch

suggest that tkd PeRatéthnigueysand primers deriveds from ele xretjiolsegy for

e ers dor i WEREPRLhE: Hohbdr BN anElTaETD §%’§§P§‘.§§ga#ef giﬁ?%%nce
flavivi ruses. Genarsailyy, ongeosi thRe PFAMEESs iiss desdvedy friomma, def
10 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'Ln the §5’-~
15 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 Ere derived from the
20 conserved sequences within these_flavivirns 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 J
25 flavivirus probes and the correspondingﬂﬂcv genomic _
sequence. Therefore a strategy which is similar to the o
one described by Lee (1988) is used. The Lee procedure
- utilizes mixed oligonucleotide primers complementary to
the reverse translation products of an amino acid
30 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
35 flaviviruses, including Dengue-2,4 (D-2,4), Japanese
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10 Hov genom c sequence, and the other primer which flanks a region of
unsequenced HCV: pol ynucl eotjde is derived froma conserved region of the
flavivirus genome. The flaVvirus genones are knowh' to contain conserved
sequences within the NSI, and E polypeptldé% Whi ch are encoded in the 5'-
15 region of the flavivirus genone. Correspondi ng sequences encodi ng t hese
regions. |ie upstream of the HCV cDNA sequence shown in Fig. 26. Thus, to

T ror s aro dos) RGphal el\éecb erl ve fro%ﬁétgib‘gorconssﬁ genggg wgggtﬁeﬂp

priners are designed which are sequen
within these flavitF4SudWbiypdhe M“‘%é"mr nEFem gtke gaes ved
from an upstreanmpmdnﬂemiuodgunvbdxﬁéqughgé gg»ﬁhségcg?§§ ehet he
degeneracy of th , éP e ms

bet ween the 25 f:aén&?l\(/éleraus pr obes andqq'r?te COrT onvm"h ngn?g the

sequence. Thér eFOnSexved sequenge (!139'9!3?:97911&71:!2?9116‘@@‘ dtound binl the E
Lee (1988) | s uspaotelne ofe®-{¥, 0By &Ry idrid WN M @ik He 00 el v | Hifxture

prinmers corrplerre ar gl I transl ation products of an amino acid
30 sequence; the g’eqé@ngeslﬁ%ﬁret%%pfﬁ%& f‘??r GNP L RRANRNCR et E
codoq_degener acyProtedne W%mmﬁ-%ﬂm&pmmmwﬁr-tyr-
primer m xes arem&ﬁer%hadasb@‘e&@v@a tfrOnR IPHEL ﬁ&ff) k &Snd i 2

Encephal i U1 s 10« HGHSEGp 190 pkRaths, 31 I e

N5 r (Ehe VN}-’-rd The
primer mxture dBEFiRey miztugee ($9st3 Jupdier mmmmm smtmermueiol &ed;\)end:é

based upon the agrgosaeieyssdwdiich leyﬁ"'ﬂ’ dy twl é)éq nlm@? o0y

JEVVE and i STaRRRERpriea. iR, Eak R peey %é:g?eo;u e FolnsFF e

conserved sequendddi WNE pwbpeindivxdual primers whxch form the mixture in

phe-asp-gly- 85p-sec3t yrel BABWANENIPAGASASS" I/ dddition to the varied
sequences derived from conserved region, each primer in i
each mixture also contains 2 constant region at the 5'-end

which contains a sequénce encoding sites for restriction
enzymes, HindIII, MboI, and EcoRI.
20 - The downstream primer, sscShZOA, is der;ved from
. a nucleotide sequence in clone 5h, which contains HCV cDNA
with sequences with overlap those in clones 14i and 11b.
The sequence of sscShZOA is

~ 25 5’ GTA ATA TGG TGA CAG AGT CA 3'.

Ah alternative primer, ssc5h34A, may elso be used. This

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

30 restriction enzyme site, thus facilitating cloning. The
sequence of ssc5h34A is '

"5’ GAT CTC TAG AGA AAT CAA TAT GGT GAC AGA GTC A 3'.

35
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ileu, and is derived from phe-gly-asp; the conserved 10 sequence is .
present in D-2, JEV, YF, and WN. The third primer m xture (5'-3), is based
on the am no acid sequence arg-ser-cys, which is part of the conserved
sequence cys- cys-arg-ser-cys in the NS1 protein of D-2, D4, JEV, YF, and
WN. The individual priners whi ch formik m xture in 15 5 -3 are shown in
Fig. 45. 1In addition to the varied sequences derived from conserved

regl on, each prinmer in each mxture also contains a constant region at the

5 -end whi ch cont ai ns aﬁﬁqm ﬁacacarn,g ﬂu&? Py iﬁﬁiéfi*cﬁbsﬁ‘% R s

H| ndl 11, Mol , a o] he do st ream

derived from RBY g@lgg't aé'e' delr?(,ses)i'n’rﬁ \ﬁh‘f"cI‘F ’g\&% 1¥85 cDNA

with sequencedeﬂ:u'libederﬂm[i.adﬁ(m aln of X988) Jlbxcaept thmt Ttiee seqnphsee of

$SC5h20A is 2§or the cDNA i d{ﬁﬁh% TFonAew glﬂ-n e}? @Mﬁ&é‘ét've
e use errve rom

primer, ssc5h34A, nmay a 'S priner |s sequence
in clone 5hg &r¥®fnm &% qﬁsﬁ%r&’hl% R f Gk atoF Her hhi ch
create a 30 rparticliesn isciwted ifrom tHQWG .ifmdtécatcmnnp&mélwerﬂihe as

sequence of sggaRitel 15 SGNE(GIC VA A A S J1¥ CTnenhB G180

3'. 35 This is e repl acement 's He replacenen
-162- Date: 1FSPEF’9$1PW§ BoR Aess ﬁiﬁ-‘im‘t‘h imstherifizsy wourdrobed by

SiiggiB et al. amB3Q¥icaticw r(:oa(twutacas,semd 23%Ccps sinses i tiee surteefethel
|(nf ec% edexggPhﬁéﬁg%eUgi e%‘éﬁt %nn esanﬁ%ﬁ &g%%%ﬁéf%tﬁéréﬁf%r from
viral particl aycilegtides i and H@&ﬁ%f@«t@ mifmatches ur#°§%°‘d%§cri€)eb
in Section |VgécEh34hn .L%ddﬂsfdd),n,tﬁd"lesdﬁ%nm sequences not derived
from the HCV genome tend to destabilize the primer-
template hybrid. After the first round of amplification,
the annealing conditions can be more stringent (0.066M :
NaCl, and 32 °c- 37°C), since the amplified sequences now !
contain regions which ;are complementary to, or duplicates
of the primers. 1In add__it'ion, the first 10 cycles of
amplification are run with Klenow enzyme I, under ap-
20 propriate PCR cond:.t:.ons for that enzyme. After the com-
pletion of these cycles, the samples are extracted, and
run with Tag polymerase, according to kit directions, as
furnished by Cetus/Perkin-Elmer. \.J
After the amplification, the amplified HCV cDNA
25 Sequences are detected by hyb:idization using a probe
derived from clone Sh. This probe is derived from
sequences ubstteani of those used to derive the primer, and
does not overlap the sequences of the clone 5h derived
primers. The sequence of the probe is

15

30 . '
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'.

35
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condltlons are less stringent in the first round of anmplification (0.6M
NaC-, and [err]), since the part of the 10 primer which will anneal to the
HCV sequence is only 9 nucleotides, and there coul'd-be ni smatches.

Mor eover, if sscb5h34A is used, the add|t¢ghgl sequences not derived from
the HCV genone tend to destabillze the - tenplate hybrid. After the
first round of anplification, 15 the annealing conditions can be nore

stringent (O. 3§E&L acC ax {gé;ii 133,F cg &Q -!|f|-d-seou3nceg now

contain regio e I LD : REr'S.
In addition, the first eeueyﬂi. géé LE ' iﬁ-ﬁ!!i*éﬂlu 6N Wi th Kl enow

enzyne |, under ap- 20 |%f)ﬁ=f @t e F %%lpg@ Péa%@%tf?&ﬁyf?ver kgﬁlat he

com pIetlon of these ¢ re extrac run_ w
pol yner ase, add@® cﬁWH@%Q %H‘?’Bzc‘!‘ﬂﬁft the HGCY ¢B¥Aglbbrary in Section

Cet us/ Per ki n- Vi, 1. was created. Mﬁertémf@w&@a&te&uﬁe%mlIfled
HCV cDNA 25 s%% ences are det cteqvg atlgn u3|gg g probe derived
from cl one 5h. @jiﬂﬁ ech 4m exceRbsEoised
to derive theqmwsnaxfﬁenhntxsbuune(nmﬂﬁhﬁ)RMR,ssmweﬂmes afptimet! bage8h

GoT con Cac ok P BEFHEERE aey Rl fn SoRe IR ENR R AT oo

GC 3. 35 Isgquence off cthe @riMeH®ASDNA Library fromliver of a
Chi npanzee with infectious NANBH An HCV cDNA library was created fromliver

from the chinpanzee fromwhich the HCQV cDNA library in Section IV.A 1. was
created. The technique for trdRS RFT H%GMQ{F%WT%% sinmilar to that in
Section |V.A 24, except for this different source of the RNA, and that a

Dhtrience-or Y arer abacol Gnd e o€l 80%addbee s2o - T
verlapping HCV ¢DNA in clone k9-l to cDNA

in clone 1ib

4>

~ Clone k9-1 was isolated from the HCV cDNA
- library created from thesliver of an NANBH infected
chimpanzee, as described in Section IV.A.25. The library
was screened.for'clones'which'overlap the sequence in
clone 1llb, by using a clone which overlaps clone 11b at
the 5'~terminus, clone lle. The sequence of clone 1llb 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
w 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 c¢DNA in clone 14i,
described supra..

" The nucleotide sequence of the HCV cDNA 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

"IN




5" CIG GCT TGA AGA ATC 3 '. IV.N. 2. sol ati on and nucl eoti de sequence.
of overlapping HCV cDNA in clone k9-1 to cDNA in clone |l b d-one k9-1 was

i solated fromthe HCV cDNA library created fromthe liver of an NANBH

i nfected chi npanzee, as described in Section IV.A 25. The library was
screened for clones which overlap Lhekggguence in clone |Ib, by using a

cl one which overlaps clone Il b at the termnus, clone Ile. The sequence
of clone Ilb is shown in Fig. 23. Positive clones were isolated with a

[requency Obminbfla8ie0dteoddd chitleaehd Aol Irl s £l ccted Lo

further stu e over g % nat ur e I.n clone k9-1, to
the 5'-end of t he HOVIBBNHCYe §ONA: S8y encs %RSQ&%PQKiﬂW rﬂﬁftﬂﬁﬁﬂcﬂnng t he
C} 028 \t/)\n th giegaed @ithbthosh %flda:thteerctwm JE¥U e am; ﬁé@wt sequence
0 ase S correspaonds to alrs a e er.m nus
of the riov SR HY CEB. ETERER GC Commpat tE, BV ¥ St iR oo
t he HCV ch\HSi-iobet;aéni:Ieohe(ilngn@ﬂa@eld DS o 2w rumenhejssefq}zet‘me tshodwm ques

descri bed s Thg se n ﬁ?&(ﬁﬂﬂa| overl ap
with the H cg&ﬂ‘.i ggFi g% 6?:% sii%% S ’r?ei’i:é I acerren? eet Date:
1/ 12/ 94 kA3 Bequieaceeindc &henaminsetadids encoded /therein is shown o/ .
Date: am nojacepdg,eq9Qded therein are shown in Fig. 46. The HCV cDNA

sequence in cloné k9-1 has been ali mnth those of the clones described
in Section IV.A 19. t&her 8ga0ence, § B¢Lds ARGRERD i1 Fh%e Kko-1 -
sequence bebMgrpbiond ofp HCVeIDNN smmsdqu@m st\has rbdery).calibaredie

comosi te HeYeRTMe b dsREbiIGy a5 sk b THIEWE A diiFasHl 19g 201 00

encoded t he
Dengue virus, desctibed supra., with regpect to the

profile of regions of hydrophobicity and hydrophilicity.
This comparison Showéd that the polypeptides from HCV and
Dengue encoded in this region, which corresponds to the i'
region encoding NS1 (or a portion thereof), have a similar
hydrophob1c/hydrophil1c profile.

The information provided 1nfra. 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 librarieé using
polynucleotide probes based on the HCV cDNA probes _
described infra., screening the libraries for clones U
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 deScribeduin 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.
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The sequence of the amno acids encoded in the 5 -region of HCV cDNA shown
in kig. 47 has been conpared with the corresponding.regi on of one of the
strains of Dengue virus, described supra., with respect to the profile of
regi.ons of hydrophobicity and hydroph|I|C|ty Thi s conpari son showed t hat
t he pol ypeptides from HCV and Dengue encodeqb _this region, which
corresponds to the region encoding NS1 (or a“portion thereof), have a
sim | ar hydrophobi c/hydrophitic profile. The information provided infra.
allows the identification of HCV stralns The |solat|on and
characterization of other HCV st <Acz . M| by isolating the

nucl ei ¢ aci ds from body comwmmmm cmﬂttﬂw v&ﬁiu@aﬁéﬁﬁﬁta@{&?&' ng

CDNA libraries u n I | dé d.on the HCV cDNA p

descri bed infra. 8l ggrlgggﬁ he g‘g'l i g‘ra%: ?@3@ 0’13‘{ otrfe's‘]t:d'}ﬂea? ?1 ?—Iﬁ/toc‘%%h
sequences descri BEe ther £°, 19”6—"@0@51*1%1@‘1%6% ayA\de ruged rﬁpmavhe

i solates withS hdesiyAsodepeobesd foif ithe BRI YE IHIRP MICAIRY ddiRdS! 1l

or in the viral i tored . for cross-reactiyity
utilising the pog gq?I de *ggdp%%% A é’s%&ﬁﬁ@"%ﬂ%ﬁ rgevﬂ'ﬁ%‘x
fit within the pﬂﬁ&#ﬁ@eH§Vbnuﬁ¢$lcascd65bdmbedanweﬂamplﬁﬂruhemxmabectlon
supra., are readsyythdest frb&@t@.ong hefm&tm}s ¥dd Vil ®didening
stralns wi-l | be obvious tg ski.l he art ase, uqﬁv% g :
i nfor mati on provPERETARPe ﬂr ﬁH&§Fﬂ|£ ‘&&ﬁ &b REEAEL iof
the various i thet ageots dnsahhibdthagemirqiasem;caﬁdmtxm dellb ayl e
of which are thesfgtbfib)ntind SRenHEVnolRAS st difs USathd Gicy i Bliist &bk e

probés for the de i on_of CV nucl.ei.c aC| n .sanp
dert¥ed from t hePE fas B ﬁsgaetfb'ldé'%&em%lvé?laﬂ%l it agids in
exanpl e, cheni cahumgnsheand tbusti may setivey asaya damisdarsalliagnesisaf ng

prograns for antjevi §Ake@t$Bhs: hohgﬁh%5n1ne the effect of

15 In addition to the above, the cDNAs provided i
herein provide information and a means for synthesizing
polypeptides containiﬂg epitopes of HCV. These
polypeptides are useful in detecting antibodies to HCV
antigens. A series of immunocassays for HCV infection,

20 based on recombinant polypeptides containing'HCV epitopes
are described hereih; and will find commercial use in
diagnOSing HCV induced NANBH, in screening blood bank
donors for Bcv-caused .infectious hepatitis, and also for
detecting contaminated blood from infectious blood donors.

U 25 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 - :

30 ‘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
vageines. However, the antibodies produced as a result of
immunisatien with thefncv.poiypeptides are also useful in

35 detecting the presence of viral antigens in samples. Thus,
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10 the agents in inhibiting viral replication in cell culture systens, and
ani mal nodel systens. The HCV pol ynucl eoti de probes are also useful in°
detecting viral nucleic acids in hunans and t hus, nmay serve as a basis for
di agnosi s of HCV infections in humans. In addition to the
above, the cDNAs provi ded herein prOV|de | é ormati on and a neans for

synt hesi zi ng pol ypepti des cont ai ni ng epltég s of HCV. These pol ypeptides
are useful in detecting antibodies to HCV anti gens. A series of

i mmunoassays for HCV infection, 20 based on reconbi nant pol ypept i des

congal ni ng HCVﬁﬁgyt MAGS bar QstéesB @ bﬁj; r@ig\,p@ujbl ,d/hbdn Ldg;q{@pmr?rm al use
in |agn03|ng in _scree 0 an s for

HCV- caused i nf 8%7’8%%?%&% shemie ﬁj'et g'&ﬁ r’?d“c’o i % HRPH R4
fron1|nfect|ousawleéaodbnomgedQ$dTMQnmﬁqﬁ the|qﬁﬁt:an9IoﬁﬂanxiEnmraﬁlI|ty

t f SHex éggga &d8ed In
:igdlrr?lnl)norl he EESnQE ?ﬁgg&gﬁﬁdﬁﬁiﬁﬁﬁ HCVéc di sl;: ose d’f}élféal nwii
have utilit ggéﬁﬂ@écpé Ure. SV RSyt Y May 3R bgpsed for Ty,

pol ypepti des dpasse&ef dmmuniod he@d pyLNand uesldiagndaa aimx/e:msécbdi re
al 5o usef ul 1 0R118ivingd chl aelB el kAivarar Hiltoddly) "B iR Stbod™

anti - HCV vacci nes antlbodles pr
i muni zat i on mPPH°FﬁeaHéVr&ﬁ tistes Afathe ﬁﬂ"?rﬂ%ﬁi%ﬁieﬂﬂ?#ﬁﬂ@%e
presence of vuaat;boaﬁgsnislunsamMﬁnitjﬂuhzoﬁEuoqn&phyttﬁrrﬁﬁéacenent

sheet Date: / hi : 2/ 94 t hey
may be useéot056}§fgé OE I‘:’Zuctlon 5§Eﬂasﬁ%gf&%e ¢

I g% I n. chen1ca
systenms. The aBPFlﬂeﬁdaN@FBGdﬁég Q PIREATAF1IONE MAY jbecjw/

of anti-viral Gsed inagastines scmvlu;-,prtﬂ@r Por Vibed ¢HN5e ML d Bsdse
tested 5 in tiggugysu'eby @neY He¥diopmEHt JBecdl 5Pt dSé%fems in
which HCV replicates. | |
15 Cell culture sysfems containing HCV infected ’
cells will have many pses. They can be used for the
relatively large scale production of HCV, which is
normally a low titer virus. These systems will also be
useful for an elucidation of the molecular biology of the
20 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. 1In addition, HCV

permissive cell culture systems are useful for the s/
production of attenuated strains of HCV. W
25 . Fbr convenience, the anti-HCV antibodxes and HCV

polypeptides, whether natural or recombinant, may be
packaged into kits. |
The method used fcr isolating HCV cDNA, which is

comprised of preapring a cDNA library derived from

30 jinfected 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

35 applicable to the isolation of cDNAs derived from other
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passive immunot herapy, and to di agnose HCV caused NANBH by allow ng the
detection of viral antlgen(s) in both blood donors and recipients. Another
'|nportant use for anti-HCV'antibodies is in afflnlty chromat ography for the
10 purification of virus-and viral pol ypéfaﬂ'des The purified virus and
viral polypeptide preparations may be used in vacci nes. However, the
purified virus may al so be useful for the devel opnent of cell culture

systems in whichy QQE fifﬁ:ﬁiz éier:.zed diseag‘aJasfﬁgéxlgteecFyﬁﬁe i¥s which

containing HCV I'n ecte have nmany uses can
the relatively #§¢g€°§E§F§e§rBéuétESNQEﬂCHGPNRHﬂQﬂ$|s Sval 4% tUrn ow

titer virus. Taeﬁtds!éhamaoWilsblaﬁti@nbanuseflw:afcctrezqrzaahwctanlmsé t he

nol ecul ar biolo of the 20 _ vi,rus, _and le t Q. th eIo
anti-viral-agengé.en 8% to ALABRoSTAF. %ﬁﬁﬁt Qﬂﬁﬁag ééf these
screeni ng for thbhetfd¢ae;seﬁasspcdamaﬂ agents. In addltlon,. HCV *

perm ssive c€ll culture systens are useful for the production of attenuated
strains of HCV. 25 For conveni ence, the anti-HCV anti bodi es and HCV
pol ypepti des, whether natural or reconbinant, may be packaged into kits.
The -met hod used for isolating HCV cDNA, which is conprised of preapring a
cDNAVTibrary derived from30 infected tissue of an individual,. in an
expression vector, and selecting clones which produce the expression
products whigh react inmunologically with antibodies in anti body-
cont ai ni ng body conponents from ot her ‘i nfécted individuals and not from
non-infected individuals, may also be 35 applicable to the isolation of
cDNAs derived from ot her her et of ore uncharacterized di sease-associ at ed
agents which are conprised of a genom c conmponent. This, in turn, could

| ead to isolation and characterization of these agents, and to di agnostic
reagents and vaccines for these 5 other disease-associated agents

15 _ o . . : | '
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10 20 25 30 35 This is the repl acenent sheet Date: © 1/ 12/ 94 Thi s.
is the replacement sheet Date: 1/12/94 -168- CLAIMS 1. ° A
pol wpeptide in substantially isolated form conprising a contiguous sequence
of at least 10 am no aci ds encoded by the genone off & icedus ( HCV)
and conprising an antigenic determ nant, wherein HSJ' jﬁ zed by:
(i) a positive stranded RNA genone; (ii) said geno open
reading frame (ORF) encoding a polyprQtgigy and (iii) said polyprotein
conprising an am no aci d sequence having at |east 40% honmol ogy to the 859

am no acid sequence in Figure 14. 2.  orafMipl ypeptide according to claim1
wherein said pol yprotein conprises an"am no aci d sequence having at | east

60% horol ogy to the1859 A”me@%ip%i%%qli@ﬂ%ﬂstdﬁﬁlﬂﬁylﬁs&latedAform_

pol ypeptide according to claim1 or 2 conprising at |east 15 am no acids.
4.’ A pol goeptrigiéngcaocontdguousnsegiernde (df au et 0l €l i ilo paepased
by reconbi nant DNA expression. 5. A pol ypepti de according to any one of
clainms 1 toecpdedabgdthe geaomealofshepatdsitis € virus p(HGPEdnde
according.to any one of clainms 1 to 5 wherein said contiguous sequence -
found i rb Figompriging. an antjigepispdederadicanti nyhereiry Hee $ cl ai ns

characterized by:
(i) a positive stranded RNA genome;
(ii) said genome comprising an open reading frame (ORF) W
encoding a polyprotein; and ;
10 (iii) said polyprotein comprising an amino acid sequence
having at least 40% homology to the 859 amino acia ’
sequence in Figure 14.
2. A polypeptide according to claim 1 wherein
said polyprotein comprises an amino acid sequence having at
15 least 60% homology to the 859 amino acid sequence in Figure

14.
o’

3. A poiypeptide according to claim 1 or 2 _
comprising at least 15 amino acids. ~
4. A polypeptide according to any one of the
20 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

25 14.
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to 5 wherein said contiguous sequence is found in Figure 47. - -169- 8.

A pol ypeptide according to any one of clains 1 to 5 wnerein said
contiguous sequence is encoded within the |anbda-gtll cDNA |ibrary
deposited with the Anerican Type Culture Coll ection (ATCC) under accession
no. 40394. A pol ypeptide according to any one of c ains 1 o 8 wherein said
contiguous sequence is froma nonstructural viral protein. 10. A

pol ypeptide according to any one of claim 46208 wherein said contiguous
sequence is froma stryctural viral protein. 11. A polypeptide in :
subst anti al Iy isol at ed /Ffor PAWRSEYRERRIGR AGeordivn o any one of Flgimesl
1, 3 to 32, 36, .46 and 47, or whose sequence is encoded in a_pol ynucl eoti de
sel ectively hyBPigiggﬁFg%ﬁiﬁ? (?ﬁﬂﬂﬁéhﬁﬂﬁxﬁQQHPQEFs%%mﬁ°?ﬂdah9 Bhguse
Figures 1, 3-3%9 36, 46 or 47. 12. A pol ypeptide according to any of
clains 1-11 wheréin the pol ypeptide is fixed to a solid phase. 13. An

. <av Kit g > : h folaios 1
to 12 in a sui table conrarni PURbUlt s HERAN £o My e 3t s TatRral

. bst ant Lal . ¢ : : 1 .

W thya, phar bactat Poal iy At Sateh e it SN Hs iiled Suitnlh Ehng
t laim 14 kel gt | 3 ég%tggyﬁ

fgr Cdglt ?ct i naugﬁniggglaglt%aﬁ)g?eﬁgbat | ty?;cfe Vi %ésdowq(%%tl - an?lfgég% ,
wherei n HCV i scaheuge! eollaeetivn (ATRd)S drter UEASIEIN beiodB €

1/ 12/ 94
9. A polypeptide according to any one of claims 1

N to 8 wherein said cohtiguous sequence is from a
10 nonStructural viral protein, _ |
10. A polypeptide aécording 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 ahd 47, or whose sequence_is encoded in a
) _poljnﬁcleotide selectivel?_hybridisable with the
K./ polynucleotide as shown in any one of Figures 1, 3-32, 36,
| .46 or 47. B
20 12; A polypeptide according to 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 composition ccmpriéing a polypeptide in
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This is the replacenent sheet Date: 1/ 12/ 94 -110 (1)

a positive stranded RNA genone; (ii) said genone co r|S|n readrng
frame (ORF) encoding a polyprotein; and (iii) said p |S|ng
an am no acid sequence having at |east 40% honol ogy t acid

sequence in Figure 14., which i munoassay conpri ses:

pol ypeptide conprising an antigeni c determ nant bindable by sald anti - HCV
anti body, wherein said antigenic deterp t_conprises a contiguous am no
aci d sequence encoded by said genone; (b) 1ncubating a biological sanple

with said thh&%Hﬁ%lﬁ@%sﬁq&é'%tMo?éiﬁ%’ t8rahPeohar Bgt bgalﬁE

anti body-antigen conplex; and (c) detecting antibody-antigen conple

conpri sing 3aitd RQl WisMd deithl & - prﬂmmm@fésmyas&eégtasléOeszbapﬁbﬁQ
wherein said polypeptide is attached to a solid support. 18.

i mrunoassay of cl ai msl6 @& viacoirs atompos Dt bow | HEGyYradhyg ots emaﬁzineus are
detected by incubating the conplexes with a | abel'ed anti - hunman

i mmunogl obul i n anti hedy. AlSomplsitiomasssaydhg ctai cldBmwher ernlsaid anti -
human i nmunogl obul i n anti body is enzyne | abel ed. 20. An i Mmunoassay

accordi n§ t substamrtd adflyclas e xsinke foretdescnibedd pol yprotein conprﬂsé
an am no acid sequence having at |east 60% honology to the 859 am no acid
sequence in Figure 24. 2An immunnﬂﬁﬁﬁmségra%%%ﬂ@tEQGt%n§ﬁ9°dﬂeaGﬁiOB&inB

-171- 16 t.o 20 wherein the cont| uous sequence is at least 10,
hepatitis C virus (anti-HCV antibody), wherein HCV is

characterized by: | | w
(i) a positive stranded RNA genome; |
10 (ii) said genome comprising an open reading frame (ORF)
encoding a polyprotein; and | i
(iii)'sﬁid polYprctefn”COmprising an amino acid sequence
having at least 40% homology to the 859 amino acid

sequence in Figure 14,

15 "which immunoassay comprises:
(a) providing a polypeptide comprising an o
antigenic determinant bindable by sﬁid anti-HCV antibody, o

wherein said antigenic determinant comprises a contiguous
amino acid sequence encoded by said genome;

20 - (b) incubatiﬁg a’biolégical sample with said
polypeptide under condltlons that allow for the formation
of antzbcdy-antlgen complex; and

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

25 18. An immunoassay according to claim 17 wherein
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am no acids. 22. ‘An i mmunoassay according to any one of clainms 16 to 21
wher-ei n the cont.iguous sequence is at |east 15 am no acids. 23. An

i mmunoassay according to any one of clains 16 to 22 wherein the contiguous
sequence is found in Figure 14. 24. An i mmunoassay according to any one of
clainms 16 to 22 wherein the contiguous sequence is found in Figure 47. 25.
An i mmunoassay according to any one of clains 16 to 22 wherein the

conti guous sequence is as shown in any one 8FlFrgures 1, 3 to 32, 36, .46
or 47, or whose sequence is encoded in a polynucl eotide sel ectively

hybri di sabl e wi%t4 @M?ﬂﬁé@%o%?détﬁéﬁﬁé\/\%"i A &fyidnsuppantgures 1,

3-32, 36, 46 or .47. 26. An_inmunoassay _accqrding to_any qone of clains 16
to 25 wherein said cont%%Uou@nséﬂﬂEHEEsggyeﬁéoﬁéagWiﬁﬁi#ﬁ. t§3id

CDNA library depgsited with.the Arerican Type Qulture |1 ect i n (ATCC
under accessicn#ﬁﬁkb%%%giﬁgﬁqgn ﬁﬂmPhﬁﬁﬁﬁaégﬁyggﬁéﬁFﬁpn_yt&q5€%45ﬁPQﬁghe
clains 16 to 2. wherei i g cont L Quol epce_is.trom a.nonst.ructura
vi ral protein.qﬁﬁgggﬁ*Qﬁig%g%sga%éggggédgﬁggfgggﬁy &H@QBP9&4§ N6 to 26
wherein sai & cQqffg .sequence is froma structural viral protein. 29
An i gnunoassay according to claim 16 substantially as hereinbefore
described. This is the 3gpl agR BRhusbaekal2be: c14ih2h 84 S & ‘e
repl acenent sheet Date : 1/12/94 " _ agé c};i#Z&? gaéfgﬁ n%ﬁ%ﬁﬂn f'ed
pol ypepti de formuifn | fimlifod IOLAPASANt PhodPY i8NEneime! 2abR1E@.t 0 29
wherein the pol ypeptide conprises an antigenic’ determ nant bindable by
21. An immunoassay according to any one of claims

— 17 to 20 wherein éaid polyprotein comprises an amino acid
10 sequencé'having'at'léésﬁ 60%'hoﬁoidgy to the 859 amino acid
sequencé.in Figuré i4.   : ,
22. An immunoassay according to any one of claims
17 to 21 wherein the contiguous sequeﬁce is at least 10
amino acids.
15 23. An immunoassay accbrding to any one of claims
17 to 22 Whereih the'cohtigﬁous seguence is at least 15
N amino acids. .' | -
i\, ' 24, An'ihmunoassay écgording to_any.one_qf.claims

17 to 23 wherein the:contiguous sequence is found in Figure
20 14. |
25. An immunbassay according to any one of claims
17 to 23 wheréin the éontiéﬁous.éequence is found in Figure
- _ _ A .
26; An'immﬁnoassay éccording to any one of claims

25 17 to 23 wherein the contiguous sequence is as shown in any

N.45182 GB - Oct 91.
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an anti-HCV anti body as defined in claim16. 31. A pol ynucl eotide in :
substantially isolated form conprising a conti guoss—segquence: of nucl eoti des
whi ch is capable of selectively hybridizing to the 9608 f _hepatitis C
virus (HCV) or the conplinment thereof, wherein HCV i TANWWoy: (i)
a positive stranded RNA genone; (ii) said genone con'amﬁﬁmm #h r eadi ng
frame (ORF) encoding a polyprotein; and (iii) said p i

an am no acid sequence having at |east 40% honol ogy to the 859 ami no acid
sequence in Figure 14. 32. A polynucl eotl®® -according to claim 31 wherein
said polyprotein conprises an am no acid sequence having at |east 60

honol ogy. t oonecfsFighines doi 3@ Syiehca3Gm 48 QK et 4. 0B3Wvhos@ sequence

pol ynucl eoti de accaording to cl.aim 31 or, 32 wherein said conti guous sequence

i's at | east 150°RGOPLE: ildled PPLYNUGE aRRidR SURTEAVELY AYPFIALS2REGI m 32
wh [ id, ' : ] t | t 15 | eotides,.35. A
Dol ynucl oot PAERAEEE: BOTY T Lot 1S A%, AHG L 4PY RS (rb ELduERBNLe i s at

| east 20 nuglegtides. ,36. - ol ynucl eoti de according to any one of clains
31 to 35 mh?cﬁgvsqg'Dﬁi §5i9ﬂﬁcleotide. -173 - 37. A pol ynucl eoti de

A pol ynutl eot 1 a6 acedrar A amibdshely Ay o kP Nl GE PELASRS T

phase. 39. ,. r ghe rq ; - ' COL A tgq one

phase: 39, 171l QRe bR YU s SIS UL ERUALE P ehgbRdal 1 BRI

gbtiﬁogp;L?Fgglgaﬂﬁbéﬂ@@r%ﬁdﬁﬁ%l%%ﬂ¥%f¥¥&&§8§§kéé’ﬁ&%hoﬂﬁeoimékﬁbﬁﬁ 3l to
Type Culture cOlleétion (ATCC) under accession no. 40394. o/

28. An immunoassay acpording to any one of claims
10 17 to 27 whefein said contiguous sequence is from a
nonstructural viral protein. i
29. An immunoa;say accbrding to any one of claims
17 to 27 wherein said céntiguous sequence is from a
structural viral protein. |
15 30. An immuho#ssa? accqrding.to claim 17
substantially és.heréinbefore described. o
31. An immcbilised polypeptide for use in the
immunoassay of any one of claims.17 to 30 wherein the
polypeptide comprises an antigenic determinant bindable by
20 an anti-HCV antibody as defined.in.claim 17.
| 32. A polynucleotide in subsﬁantially isolated
forﬁ comprising a contiguous sequence of nucleotides which
is capable of selectively_hybridizing”to the genome of
hepatitis C ?irﬁs (HCV) of the compliment thereof, wherein
25 HCV is characterized by:

2
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container. 41. A polynerase chain reaction (PCR) kit conprising a pair of
pri.mers capabl e .of primng the synthesis of cDNA in a PCR reaction, wherein
each of said prinmers is a polynucleotide according to any one of clains
31-36. 42. - A PCR kit- according to claim4l further conprising a

pol ynucl eoti de probe capabl e of selectively hybridising to a region of the
HCV genone between and not including the HCV sequences from which the
prinmers are derived. 43. A net hod of perfd73i mg a pol ynerase chain
reaction wherein the prinmers are a pair of polynucleotides according to any
of clainms 31 to 36(1)44a P°$@ﬁé¥ﬁo§trénda§sBgﬁngGROM&nple for the presence
or absence of HCV. F %nucleotldes conprising: (a) - contacting the sanple
with a probe conpri¥thgsaid pSP?ﬂ{‘JEI €8PPE& SARG0RA eReno raadifke f31ang a(GRF 131

to 39 ‘under conditions.that_al ?M/the sel ective hybridisation of said probe
to an HCV polynucl%ﬁﬁ?%%n%r tRB ?ﬂthP%thénPeplacenent sheet Dat e:

1/ 12/ 94 Th
V138 comli ment () 6 $1$ §5§§ ib. ChErigine da e@ﬁrwgw sequence

ol ynucl eotigle du nucl tide
gncgd./ng a £I ypegi%dﬁ?g %égt 8{%@%%3 § §h§ ggyA 3@ sasc@tﬂﬂence
of at |eas am c y e genone o epatitis

f at | t 10 %§E€62n|c§§ §g§grg 14N f h tit C virus (HCV)

and conprising an etefm nant, wherein HCV is characterized by:

(i) a positive strandedsfNA ﬂeﬁSI?nuélébtiaedaQEBQEﬁn%O%r c3iaish &% UWHdkein

reading franme (ORF) encoding a yprotein;
said polyproteln comprises an amino acid sequence having at

— least 6o% homolegy ﬁe the 859.amino acid sequence in Figure
10 14. | | | | -
34. A polynﬁcleotide accordihg.to claim 32 or 33 ’
wherein said contiguous,/sequence is at least 10
nucleotides. | |
| 35. A polynﬁcleotide according to_claim 34 wherein
15 said COntigﬁous eeqﬁence is at.least 15 nucleotides;
36. A poiynucleotide according to claim_35 wherein
— : said contlguous sequence is at least 20 nucleotldes.
L,; 37. A polynucleotlde accordlng to any one of

‘claims 32 to 36 which is a DNA polynucleotide.
20 38. A pelynucleotide“according fo any one of
claims 32 to 36 whlch is a RNA polynucleotlde.
39. A polynucleotlde accordlng to any oﬁe of

claims 32 to 38 fixed to a solid phase.
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(ii1i1) said polyprotein conprising an am no acid sequence having at Ieast
40% honol ogy to the 859 am no acid sequence in Figure 14. 46. A DNA

nucl eoti de according to claim45 wherein * sai d pol yprotein conprises an
am no aci d sequence having at |east 60% honology to the 859 am no acid
sequence in Figure 14. 47. A DNA pol ynucl eoti de according to claim45 or
46 wherein said contiguous sequence encodes at |east 15 am no acids. 48.

A DNA pol ynucl eotide according to any one of clains 45 to 47 wherein said
contiguous sequence is found in Figure 244 49.. A DNA pol ynucl eoti de
accordi-ng to any one of claims 45 to 47 wher ei n sai d conti guous sequence is
found in.Figure 47.490. A Rrpke MM%EMHQQ§RHXR9$u§x9QﬁYEPQlﬁQ#@d%ne of
clairnms 45 to 47 wherein said contEsuous se uence i s encoded -175, -

within the F%ﬁBH§1§BIF°cBNK RS ?&t??tﬁﬂ??ﬂﬁﬁl?ﬁﬂquiéng

Cul ture Col| ect CC de acce55|on no. 40394. 51. A DNA
polynucleot?déeg §%§iﬁ hﬁbéﬂy one of Figures 1, 3 to 32 36 46 or 47, or
whose sequence is s éect bri.di sabl e wiith the eot de_as shomm
'n any one of Figur8 §S§¥_f CRERHAS4ng o POLYHINRICati R JRFeRe)

froma E%ns%%@ifa?&ﬁ §6, §09, Bl RS20 fh{ﬁ"ﬁ%‘?}“@ﬁ%ﬁgﬁﬁf‘ng k

any one of FE e$8 to 51 mhereln sai d contiguous sequence is froma
structural V|ra protein. 54. A reconbi nant vector conprising a coding

sequence whi ch conpagsesAapgNngggng@ﬂyyﬁ(¥§gggggﬂh(§bﬁf)ﬁ@y one of
clainms 45 to 53. _ -
comprlslng a palr of prlmers capable of priming the -/
synthe51s of cDNA in a PCR reaction, wherein each of said
10 primers is a polynucleotide according to any one of claims
32~=37. | | ’ |
43. A PCR kit eccording 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 HcvﬂseQuences from which the primers are
derived. o | R | \J
44. A method of performing a polymerase chain \)
reaction whereln the prlmers are a pair of pelynucleotides
accordlng to any of clazms 32 to 37.
20 45. A method for assaylng a sample for the
presence or absence of HCV polynucleot;des comprising:
(a) contact;ng the sample wzth a probe comprising
a polynucleotlde 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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55. A host cell transfornmed by a reconbi nant vector according to claimb54
wher-ei n the codi.ng sequence is operably linked to a control sequence
capabl e of providing for the expression of the coding sequence by the host
cell. 56. A met hod of producing a reconbi nant HCV pol ypepti de conpri sing
I ncubating a host cell according to claim55 under conditions that provide
for the expression of the coding sequence. 57. An anti-HCV anti body
conposi tion conprising anti bodies that bindyggid antigenic determ nant of a
pol ypepti de accordi ngto any one of clainms 1 to 12 which is (a) a purifie

preparation_of dhdsedOnd € i H$bES; &hd(b) a monocl onal anti body '
conposition. This is the replacenent sheet - This is the replacenent sheet

Dat e: 1/ 12/ 94 (b) detectind7ényS5Bolynicleopddet daplaxes ding to
cl aim57 wherein the anti-HCV anti bodies are fixed to a solid phase. 59.

An i munoassay denpiicsing ssaid gprapei - HCV anti body conposition according to
claim57 or 58 in a suitable container. 60. An i mmunoassay nethod for
detecting an HCV anti ge¥fi n & B¥Appelyovupieotide enpodingyirdpedyPerfide,HoV
anti body conposition according to claim57 or 58; (b) incubating a sanple
withsaid afti WhdehRol¥rePtite 03PRPELS@Adar COBRATUPYRS SERRENSE &F RASr t he
formati on of an anti body-anti gen, conpl ex; and ég% detecting said , .

ant i body- ant i giRasHt @ @RRPr2cidg enecded; bycthengepeme of hepatitis C

I mmunoassay according,to claim®60 substantially, as herehg?efone descri bed.
62. A pol ypepthtdt® CQL%Y] s?‘?%] %°%Bﬁf’?bﬁgu§ns§éﬁéﬂ8818f IR ani no

gﬁ{i’;eﬁ{‘goggﬂe%;g%&wigfcﬁsps‘&'e;&fzgdvgws (HOY comrising an
(i) a positive stranded RNA genome; '

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

15 | 47. A DNA nucleotide according to claim 46 wherein
said polyprotein comprises an amino acid:sequehce having at
least 60% homology to the 859 amino acid sequence in Figure

\— 14. |

48. A DNA polynucleotide according to claim 46 or
20 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 séquence_is found
in Figure 14. .

25 . 50. A DNA polynucleotide according to any one of

. [
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wherein said contiguous sequence is fused to a non-HCV am no acid sequence,
and wherein HCV is characterized by: (i) a positive stranded- RNA genone; *
(ii) said genone conprising an open reading frane (ORF) encoding a

pol yprotein; and (iii) said polyprotein conprising an am no acid sequence
having at | east 40% honol ogy to the 859 am no acid sequence in Figure 14.
63. A pol ypeptide according to claim62 wherein said polyprotein
conprises an am no acid sequence havi ng gt -177- least 60% honol ogy to
the 859 ami no acid sequence in Figure'li.GGI. A pol ypeptide according to-

cequence. = ¥8°EE] §aSab WBeRREY, aRty FoRhig R BRI AL o dd O
non- HCV am {10 gfidr-s€gyence conprises an anmino acid sequence from
bet a- gal act osi dase or super oxi de di snut ase. 66. A pol ypepti de accordi ng

to claim62 or 63 vwhgrei g pRK BQ&yH%l%@t’l@leaﬁ'déo&%W% GEHPdrRE So
particle-formng protein. 67. A" pol ypeptide according to cl'aim 66 wherein

the particlerdDhsi #6 £6048i Wheeehi saideodtiguoud BdduifcdNid fcodda A
pol ypepti de according to any one of clains 1 to 12 or 62 to 67 for use in a

met hod o8 nmkiminathe- HeWbaatghadi eDNAh1dbreayn deptss itkd v Stertng t he
pol ypeptide to a mammal in an anount sufficient to produce an inmmune

response. GOmeridano¥Typei Cudtucengolliect innp (ATC)t wter Grcksyidm moy one
of claims 62 to 67 mxed with a pharnaceutlcally accept abl e excipient. 70.
A pol ypepti4ie3gaécording to claim1l _
52. A DNA polyhucleotide as shown in any one of O
Figures 1, 3 to 32, 36, 46 or 47, or whose sequeﬁce is |
10 selectively hybridisable with the poIYnuélectide as shown
in any one of Figures 1, 3 to 32, 36, 46 or 47. 1
53.° A DNA polyﬂuCleotide according td any one of
claims 49 to 52 wherein said contiguous sequence is from a
nonstructural viral protein.
‘15 54. A'DNA polynucleotide aécdrding to any one of
claims 49 to 52 wherein said contiguous sequence is from a ;;
structural viral protein. e
55. XA 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 segquence is
- operably linked to a control segquence capable of providing

for the expression of the coding séquence by the host cell.

25 .~ 57. A method of producing a recombinant HCV

‘This Sheet Has Been Re \
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substantially as hereinbefore described. 71. An i mobi | i sed pol ypepti de
according to. claim 30 substantiall'y as'hereinbefore described. 72. A
pol'ynucl eoti de according to claim 31 substantially as herei nbefore
described. This is the replacenent sheet Date: 1/ 12/ 94 This is the
repl acenent sheet -178- 73. A nethod for assaying a sanple according to
claim44 substantially as herei nbefore described. 74. A DNA pol ynucl eoti de
according to claim45 substantially as herel@Before.described. 75. A
reconbi nant vector according to claimb54 substantially as hereinbefore
descri bed. 76. POLYBRREi1de | conmprisimggineubatiingss bobtt eelilaklcgoading to
her ei nbef ore descr, bed, 77 A et hod of groducing a reconbi nant HCV
pol ypepti de acé@ﬁ)‘i%gsq Frder repditicranthat| pravider §pabsher expressiiend.
78. A HCV ant], conposition according to claimb57 substantially as
ggq&%% 53%P9 ¢

her ei nbefore dé E%?tion according to claim&69

SubsLant ol LY, 25 Moo T O SELLREC avtuhodfocomSReRTob, S35 ng
o S S, ATddf SRR D ARELNGR L ORBRRRO L
mamal in an a%@#ﬁpéﬁéf&éﬂéﬂEoféaﬁﬁC@@CQhQ”QAE“HPeciSEBS”ieto 12 which is
(a) a purified preparaﬁion of polyclonal antibodies, or (b)
a monoclonal antibody composition.
59. A cdmposition”aCCOrding to claim 58 ‘wherein
10 the anti-HCV antibodies are fiked t6 a solid phase.
60. An immunoassay kit comprising an anti-HCV ;
antibody composition:acdbrding to claim 58 or 59 in a
suitable container. |
6l. An immunoasséy.method for detecting an HCV
15 antigen in a sample comprising:
| " (a). pfoviding an anti~HCV antibody composition
\\/ according to claim 58 or 59;
N (b) incubating a sample with said anti-HcV
| antibddy compositién under conditions that allow for the
20 formation of an antibody-antiéén complex: ahd
(c) .déteéting.saidﬂanﬁibody-antigen complex
comprising the anti-HCV'antibody.
| 62.. An immunoassay 3cgordihg to claim 61
substantiélly és hereinbefore described.

25 63. A polypeptide compriéiﬁg a contiguous sequence
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70. A conposition conprising a polypeptide. according to any one of clains
63 to 68 mxed with a 10 pharmaceutically acceptable excipient. 71.. A
vacci ne according to claim70. 72. A method of growi ng hepatitis C virus
(HCV) conprising providing cells infected with HCV, and propagating said
cell invitro, wherein said HCV is 15 <characterized by: (i) a positive
stranded RNA genone; (ii) said genone conprising an open readi ng frane
(ORF) encoding a.polyprotein; and (iii) said polyprotein conprising an

am no acid sequence 20 "~ having at I~eds® 40% honol ogy to the 859 am no
acid sequence in Figure 14. 73. A nethod according to claim72 wherein
sai d pol yprefeat &8aFEi 38samingnidfd dsciepcRdaie e theyigrpere |@bist 60%
honol ogy to the 859 ami nq acid:sequence in Figure 25, 14. N. 45182 (B - Cct
91. hepatitis C virug,(HQV9 Qomprdfiante haniigqnic defarninane
repl acenent_ sheet Date: - 18Q - 74. A nethod acgordj to clai 2 or 73
Whor of 1 sai tREERLD B85 FOBLIaHplS, saauEnce 1" hied o o fiodrtYoq

according t i m r er ei i d . cell ri,s e | .5
76, mot rominBcBr AR genbdnkly o Rnd idrath, B A aeiih it aes e )
are hepagocyte r ESey iag}ﬁl M according to claim
substan?%ally Zé h8?§?%§2929e§&§§§3ﬁ53 : . ﬁgfnnnbilised pol ypepti de
according‘to cak i 33 4enid t@@ﬂgyd N Rid L afedioPy A
polynucleotidekggggégﬁﬁgaf§_?%ainr Zﬁiﬂﬁfanﬂégly as héggin eforg )
described. 80.enlfolBhgod bRLyRTRAiIHNG armppl e according to
(iii) said polyprotein comprisiﬁg an amino acid seguence \-J
having at least 40% homolégyﬁto the 859 amino acid
10 sequence in Figure 14.

J

said polyprotein cdmpfiées'an amino acid sequence having at

64. A polypeptide.éccordiﬂg to ciaim 63 wherein
least 60% homology to the 859 aminc.acid sequence in Figure
14. o
15 65. A polypeptide according to claim 63 or 64
wherein said non-HCV aﬁino acid sequence comprises a signalL‘/
sequence. | | | U
66. A polypeptide acéordinq ﬁo 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 td claim 63 of 64
wherein the non-HCV amino adid seguence.comprises_a
particle-forming proﬁein. | -
25 ' 68. A polypepfiée according to claim 67 wherein
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cl ai m 45 substantially as herei nbefore described. 15 81l. A DNA
pol ynucl eoti de according to claim46 substgntrally as herei nbefore ,
described. 82. A reconbi nant vector according to claim55 substantially as
her ei nbef ore described. 83. . A host cell according to claimb56 20
substantially as herei nbefore described. 84. A nethod of producing a
reconbi nant HCV pol ypepti de according to claim57 substantially as

her ei nbef ore descri bed. 85. :<:/A HCV anti boedy 1genpositi on according to claim
25 58 substantially as herei nbefore described. N 45182 GB - Cct 91. -
181 - 86. A coripesparbicieefodmipgt protaiim tompaiisesnthiegidtitiss B surface
her ei nbefore described. 87. - A nethod according to claim 72 substantlally
as herei nbef or camfetgenbed. N. 45182 GB - COct 91. S Thi s
is the repl acenent sheet

69. A polypeptide according to any one of claims 1
to 12 or 63 to 68 for use in a method of making anti-HCV

5 antibodies which comprises administering the polypeptide to

~ " a mammal in an amount sufficient to produce an immune
respohse. | | |
. 70. .A composition comprising a polypeptide
N according to any one of claims 63 to 68 mixed with a
10 pharmaceutically acceptable excipient.
71. A vaccine according to claim 70. !
72. A methqd of growing hepatitis C virus (HCV)
comprising providing_ceils infected with HCV, and
prop&gating said ¢ell in vitro, wherein said HCV is
15 characterized.by{
fi) a positive_stranded RNA genome;
\\/ (ii) said genome comprising an open reading frame (ORF)
i~/ _ enéoding é polyprotein; and

(iii) said polyprotein comprising an amino acid sequence
20 having at least 40% homqlogy to the 859 amino acid
sequence in figure 14.
73. A method according to claim 72 wherein said
polyprétein comprises an amino écid sequence having at
least 60% homélogy to the 859 aﬂino_acid sequence in Figure

25 14.

N.45182 GB - Oct 91.
-

TR g



.= 180 =~
74. A method according to claim 72 or 73 wherein

said cells comprise primary cells.
75. A method accotding to claim 72 or 73 wherein

said cells comprise a cell line.

-~
5 76. A method according to any one of claims 72 to‘u)
75 wherein said cells are hepétothes or'macrophages.
77. A polypeptide according to claim 1
substantially as hereinbeforé"desorioed. W

78. An immobilised polypEPtide occordino to claim
10 31 substantialiy as hereinbefore'oescribed. |
79. A polynucleotide according to claim 32 ’
substantially as héreingéfore described.
80. A method for aséayiné a sample according to

claim 45 substantially as hereinbefore described.

15 81. A DNA polynucleotide according'to claim 46
substantially as hereinbefore described. \‘/
82. A recombinant vector according to claim 55 R
: N

substantially as hereinbefore described.
83. A host cell according to cloim'ss
20 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

25 58 substantially as hereinbefore described.

—_—
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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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