.COMVBI NATI ONS OF HEPATITIS C VIRUS (HCV) ANTI GENS FOR USE | N | MMUNOASSAYS
FOR ANTI - HCV ANTI BODI ES 10 Description Technical Field Thepiesend S
invention is in the field of 15 i nmunoassays for HCV (previously called
Nok-A, Non-B hepatitis virus). Mre particularly, it concerns conbi na-
tions of HCV antigens that permt broad range i munoassays for anti-HCV
anti bodi es. 20 Background The di sease . known previously as Non-A, Non B
hepatitis (NANBH) was considered to be a transmi ssible disease or fanily of
di seases that were believed to be viral-induced, and that were
di stingui shable fromother 5 forns of viral -associated |iver di seases,
I ncl udi ng that caused by the known hepatitis viruses, i.e., hepatitis A
virus (HAV), hepatitis B virus (HBV), and delta hepatitis virus (HDV), as
well as the hepatitis induced by cytonegal ovirus (CW) or Epstein-Barr
virus (EBV). NANBH 30 was first identified in transfused i ndividuals..
Transm s- sion fromman to chi npanzee and serial passage in chinpanzees
provi ded evi dence that NANBH was due to a transm ssible infectious agent or
agents. Epidem ol ogi c evidence suggested that there may be three types of
NANBH: 35 ad&ﬁ&ﬁu&ﬁdﬁse&dﬁgbﬁ F»iﬁ% ¢ WIS PAEYS ANTAYENY eral |y
transmtted spora occurring {commnit -2- acquired)
type. Howe 22 22y EOR ANTE 2HCV AR sre
NANBH had been |dent|f|ed and cllnlcal dlagn03|s and i dent i fication of
NA had been acconpllshed primarily by exclusion of other viral markers.
Ao the nmethods used to detect putative NANBH antigens and antibodi es
were agar-gel diffusion, countEEEEEHEEEEEBtrophore5|s i mmunof | uor escence
oscopy, i nmune el ectron. m cr oscopy,

Technical Field
- The present invention is in the field of
15 immunocassays for HCV (previously called Non-A, Non-B

_hepatitis virus). More particularly, it concerns combina-
tions of HCV antigens that permit broad range immunoassays
for anti-HCV antibodies. ' '

20 Background
The disease known previously as Non-A, Non-B

hepatltls (NANBH) was considered to be a transmissible
disease or family of diseases that were believed to be
) viral-induced, and that were distinguishable from other
\45 forms of viral-associated liver diseases, including that
caused by the known hepatitis viruses, i.e., hepatitis A
virus (HAV), hepatitis B virus (HBV), and delta hepatitis
virus (HDV), as well as the hepatitis induced by
cytomegalovirus (CMV) or Epstein-Barr virus (EBV). NANBH
30 was first identified in transfused individuals. Transmis-
sion from man to chimpanzee'and serial passage in
chimpanzees provided evidence that NANBH was due to a
transmissible infectious agent cr agents. Epidemiologic
evidence suggested that thers may be three types of NANBH:
35 a water-borne epidemic type; a blood-borne or parenterally
transmitted type; and a sporadically occurring (community



radi ol munoassay, and enzyne-|inked i munosorbent assay. However, none of
t hese assays proved to be sufficiently sensitive, specific, and

reproducible to be used as a diagnostic test for NANBH. In 1987, scientists

at Chiron Corporation (the owner of the2present application) identified

first nucleic acid definitively linked to bl ood-borne NANBH See, e.g., EPO
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res'dueﬁe£éf1bé%(Hhégéﬁﬂf%é{%é“@g&gdppﬁbﬁioﬁ "ﬁ&V-ls a Flavi-like
virus, with an RNA genome. - - ' ' L C
_ Us Patent Appllcatlon Serial No. 456, 637 (Houghton
et al), incorporated herein by reference, describes the
preparation of various recombinant HCV polypeptides by
expressing HCV c¢DNA and the screening of those polypeptides for
immunological reactivity with sera.from'HCV'petients. That
limited screeningushowed_that at least five of the polypeptides
tested were very immunogenic; specifically, those identified as
5-1-1, C100, C33c, CA279a, and CA290a. Of these five '
polypeptldes, 5-1-1 is 1ocated in the putatlve NS4 domain; C100
~spans the. putatlve NS3 and NS4 domalns, C33c is located w1th1n-_
the putative NS3. domaln and CA279a and CA290a are located
within the putatlve c domaln - The screenlng also showed that
no single polypeptide tested was 1mmunologlcally reactive with
all sera. Thus, 1mproved tests, whlch react with all or more
samples from HCV p031t1ve 1nd1v1duals, are des1rable

- EP-A- 445 423, filed on 22nd December 1990 and
published on 1lth. September 1991 and which includes a GB _
designation describes immunoassays for HCV. EP- A-445 423
describes the use of the C100-3. recomblnant yeast/hepatltls C
virus SOD fusion polypeptide (disclosed in EP-A- 318,216) = |
together with a polypeptide selected from the group consisting
of, inter alia, pl, p35 and p99. The peptide pl corresponds to

-



Lys and 11 is Asn), p35 corresponds to am no acid residues 35 to 75 of
Figure 1A, and p99 corresponds to residues 99 to 126 of Figure 1A

Di scl osure of the Invention<Applicants have carried“out additional
sekoFogi cal studies on HCV antlgens t hat- Zonfirm that no single HCV

pol ypeptide identified to date is i munol ogically reactive with all sera.
This | ackanfine siciglx yesiduan o Hth ¢f Khoveesihl ywheze prsifiion 9| is

sera fromiadingdyal S.Ls)MpIAh)H wyc&@réwanagteo ainmo beid rxsusiﬁ@§tsa| n

variation i n_HCV opes,_ .varia
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the di seaeé. Filgam!} addi tional studies have al so enabl ed applicants to
identify qu’ellwdx@%pftﬂ@im,ﬂm that provi de nmore efficient det ection

of HCV anfibodles than_any. Si t t
of this invention is % g‘r‘?‘@aﬁ’g% f&?léﬁi@ ?/lé{ri%g&?h%%) )é’e

sequences sntlmd:.ms om HTe gndigens Hm%t nﬁ@l@fb{imcﬁ AEcHP SiMcHESs )
reconbi na Sdé)rhdérmmPiéd 768l @dréhes Sﬂihfn'aﬁ616§1&aS.OJyt d.»erattrive with

sui tabl e tectl b f

epi t ope s I‘F@é"a\"ro ](H?%r%frln o?nﬁﬁfé%lgg%%?t “Qha_ bJ)S § !scraiz)nd
epi t ope seqlmmaﬂr]cynmm wibiiai 1 bf sexa ﬁmmpé 354- di n
st (1) e M3 di%mlih@értiiﬁlﬁ%@oé&iaéﬂﬁeta stira)in mmmm HOV the
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domain i sto(-imdat\nsiuﬂ% atdgéon *oarmfélm/uposﬂgpépeh'nm&h ) a2 &bnai n
of the HCYHolsHLiLd n; or (| ii) the NS5 domain of the HCV poI yprotei'n;

rein th -
el EhStt[‘héchﬁb o TR POl e S BT o AT £ g EetBipt.de
p35 with @yylibantsrnpFmﬁgmtmipggomb;natlons of HCV antigens th
provide more efficient detection of HCV antibodies than any
single HCV polypeptide.

Accordingly, one aspect of this invention is a
combination of hepatitis C virus (HCV) epitope sequences in one
or more polypeptides made by chemical synthesis or recombinant
expression, immobilized on the surface of a solid matrix
suitable for detection of HCV by immunoassay, comprising:

(a) a flrst epitope sequence from the C domain of

_the HCV polyprotein;

(b) a second epitope sequence from a second

. domain of the HCV polyprotein which domain is: .

KJ’ (1) the NS3 domain of the HCV polyprotein;
(ii) the NS4 domain of the HCV polyprotein; or
(iii) the NS5 domain of the HCV polyprotein;
and ' '

(c) a third epitope sequence from a third domain of

the HCV polyprotein which domain is:

(1) the NS3 domain of the HCV polyprotein;

(ii) the NS4 domain of the HCV polyprotein; or

(iii) the NS5 domain of the HCV polyprotein;
wherein the third domain is different from the second domain;
with the proviso that the combination is not the peptide pl with
C100-3, the peptlde p35 with ClOO 3 or the peptide p99 w1th
C100-3. :



C100- 3. I n one enbodi nent, the conbination of HCV epitope sequences S

in the formof a fusion protei.n conprised of the epitopes. 1In an y
alternative enbodi nent, the conbination of epitope sequences is in the for
of the individual epltopes bound to a edmmon solid matrix. In still anotﬁb#

enbodi nent, the.conmbination of epitope sequences.is in the formof a
m xture of the |nd|vquqneepmbogemenAnothsrc@mhynauﬁonrnflmmﬁnepnnops a

met hod feuqdleteski 0 At LRAJEBSm! B£HEY Fud sor BIPBY @&ﬁg fQQHOBSnEh
suspected Of containing said anti bodi es coqpr|3|nq con act| ng sail 3

conponerfPiFeREBhe ABOGE- BAEEFNBEEVELRBPRSIMSR baetseau@ﬁces
under C%@i&cbpéssé&aénﬁééﬁhb ant thedyozn b&fertrresea&idmwaldepseb ée the
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sinultanﬂmmstqmbinaemunnbfaépytopaoebqueag@anlsﬁlnrmherﬁmmmloﬁ as a kit
f or Car@ﬂi&hf@toﬁntﬁé ngigidq iegk&gg gtlbodles to HCV in a mammal’i an

body conponent ~suUSpec con ain ald anti bodi es conprising in _
packaged combi nat i onAl(l%\f}hers%@Ee@anfnﬁbﬁohnmenﬁwnemﬂ cpanethodnfex; (b).

st andar soQiit Sho' R8EBbAIC8No( By 1hNB! hidiiadiihd Wodd' chPengHE L he

assay. Brief Descrl tion of the Draw ngs . n the draw ngs; Figure 1 is the
nucl eot i SHEReGERR cRL oFOPRBIRERE §§ﬁ§ea&ﬁ&bgﬁﬁeﬁuﬁﬂﬂ9¥&$%ﬁ@ ¢eRtagEipgy

pol ypr otgdid %h@oﬁﬁbﬁénﬁcwﬂtheﬁhénaboﬁ?&G-%@ﬂ:zﬁ)béchGc&ﬁﬂ:sﬁaﬁiéﬁndf HCV
Figure 2 is a sc

putati ves %W?\ss%&ua%ﬂgeﬁd@n SF%nngaﬁgémss %%u%n%eer%]‘tﬂ"’g‘%&%dls’bow"get h?
reaction and detecting the presence of immune complexes of said
antibodies and said epitope sequences. . o
Said body component may be contacted with a panel
of HCV epitope Sequences simultaneously. or eequentially.~f
‘Another aspect of the invention is a kit for
carrylng out an assay for detecting antibodies to HCV in a
mammalian body component suspected of contalnlng sald
antibodies comprising in packaged comblnatlon
' {a) said combination of HCV epitope sequences,
(b) - standard control reagents,.and '

(¢}  instructions for carrying out the assay.
Brief Description of the Drawings

In the draw1ngs

Figure 1 is the nucleotide sequence of the cDNA

sense and anti-sense strand for the HCV polyprotein and the .
amino acid sequence encoded by the sense strand.



-5 Modes for Carrying Qut the Invention Definitions "HCV antigen” intends a
pol ypeptide of at |east about 5 am no acids, nore usually at |east about 8
td 10 10 anmino acids that defines an epitope found in an isolate of HCV.
Preferably, the epitope is unique to HCV. Wien an antigen is designated by
an al phanuneric code, the epitope is fromthe HCV domain specified by the
al phanuneric. "Synthetic" as usedsgo characterize an HCV 15 antigen intends
that the HCV antigen has either been isolated fromnative sources or
man- made such as by chem cal or reconbi nant synthesis. "Donains" intends
t hose segnents ofFigereiC¥ psl ppschematimvwt i hhei gmim adidh general ly

corr espth ik d G f hfigﬂl»ét P.}’%h?%{ii]‘ﬁ,v‘{'{% PifaRops! Womdil &f ofgbns of HCV.

Donai n I 'gnati ons_genera convention used to name Flavivira
proteiHEV'RR4XREE@+8ﬁs of the domains shown in Figure 2 are only

approxi mate. The designations "NS" denotes "nonstructural” domains, while
"S" degpt-s the envel ope don%in and " C'=denotes the nucl eocapsid or core
donBi nModes; for Carrying Qut the IAVEALION ootide in which the HOV
antigen(s) are part of a single continuous chain of am no acids, which

chain ¢pasiatjegsur in 30 nature. The HCV antigens may be connected
directry'TTr1§n§$iother by peptide bonds or be separated by .infervening
ani no aci d sequencdSV #ﬁ%lﬂﬁﬂ"oﬁ"ﬁ(ﬁ R iR Yﬂﬁgt&%fo "c‘grﬂ%i iue%ﬁ no acid
sequenat e B eafinot &cli¥, fore usuallpra@vnleabitd abmut X8 taoitkhds a solid
condri Sms hedfs PRAE B4Ry oAl dfEine eblBa' Io! ah ARIPERE'GE. ( (ch
gi*hyqﬁﬁﬂuﬂﬂRreésnmleonthB epitope is ung@uel tenHEHy MheRnaht" intends
41 Ui @ri¥igen is designated by an alphanumeric code, the epitope
is from the HCV domain specified by the alphanumeric.
"Synthetic" as used to characterize an HCV
15 antigen intends that the HCV antigen has either been
isolated from native sources or man-made such as by
chemical or recombinant synthesis.
"Domains” intends those segments of the HCV
polyprotein shown in Figure 2 which generally correspond
20 to the putative structural and nonstructural proteins of
HCV. Domain designations generally follow the convention
used to name Flaviviral proteins. The locations of the
domains shown in Figure 2 are only approximate. The
o designations “"NS" denotes_"nonstructural" domains, while
kZS "S" denotes the envelope domain, and "C" denotes the
nucleocapsid or core domain.
"Fusion polypeptide"” intends a polypeptide in
which the HCV antigen(s) are part of a single continuous
chain of amino acids, which chain does not occur in
30 nature. The HCV antigens may be connected directly to
each other by peptide bonds or be separated by intervening
amino acid sequences. The fusion polypeptides may also
contain amino acid sequences exogenous to HCV..

35



ti ssue of a mammalian individual (e.g., a human) that com nonly contains
anti bodi es produced by the individual. Such conponents are-krewnv+#-~the art.
and include, without limtation, blood, plasma, serum spinal fluid, IynnnJ
'10 fluid, secretions of the respiratory, intestinal or genitourinary
tracts, tears, saliva, mlk, white blood cells, and nyel onas.
“I'munol ogi cal Iy reactive" neans_that the antigen in question will react
specifically with anti-HCV 15 %leody commonly present in a significant
proportion of sera fromindividuals infected with HCV. "I nmune conpl ex"

i ntends the  combicRgimon PR ‘mdELPRE eiheemet wheib iy apbaPody binds to an
epi tope.on an anti gen. nbi nat1 ons of /ﬁ%ﬂé&gﬁ Figure 2 shows the
mﬂeuvbécﬁoﬁﬁ?nénGPWH4¥Q*3ﬁQXH%Eﬁbgﬁpﬁ °fh§ﬁﬁ) B rom whi ch the

ant i gposypepdide cmprdsedait cmsvdanugeanse ar@ boyrd EyyaNs8rifS4, and 25

el e ein of HCV. It
extenad13 P§ RBﬁbQﬁl%é&mdﬁ%r&gfé‘?%ﬁ ég rot I N tlg‘pappr %’ﬁ%taél y amno acid
120 of Figure 1. Mﬂﬂﬂ&ikﬁﬂnﬁ?ﬁY&°@@PPE?@& "t drgEmde @ helyidi 88 envel ope
pr ot et s s8800B0SS mammalianBind xv{dhadr peeign,, aﬂdumaﬁp thatewof-t 0 extend

domai TOBLPcRRBCALAS AT RS - aAPRRCABYA Hs 0 A SAMHALAc: d 1640 and i s

beI|eSndhtcompouanhsnauduknowmjLprbheaset'Hnd[%ﬂﬂlnﬁajnwekheuus fromthe

term 0 290p5q Th ction of the
Qﬁg pjr?g!tﬁéle%t:%% %%S{Vm)ﬁlg?é'ﬁ%g ?lg%e F| Hﬂ, t he, ?\gfﬁc’iﬁorrgl n extends from
ut fluidy. s&ﬁFﬁG%ﬂﬂﬁjquﬁﬁ?cF?ﬂBLEﬁH°5VﬂJﬁ?ﬁﬁﬁ e?h and is believed

to degéngtolieinaryl: vrEons) aseard hesamuar;cmﬂho,\mwhita bloedl is the - ‘v‘
sequeggfls' and myelomas.

"Immunologically reactive” means that the
antigen in question will react specifically with anti-HCV

15 antibody commonly present in a significant proportion of
sera from individuals infected with HCV.

* Immune com?lex" intends the combination or ag-
gregate formed when an antibody binds to an epitope on an
antigen. B

20
Comblnatzons of HCV Ant;gens

Figure 2 shows the putative domains of the HCV
polyprotein. The domains from which the antigens used in
the combinations derive are: C, S (or E), NS3, NS4, and . _QJ

25 NS5. The C domain is believed to define the nucleocapsid
protein of HCV. It extends from the N-terminal of the
polyprotein to approximately amino acid-120 of ‘Figure 1.
The S domain is believed to define the virion envelope
protein, and possibly the matrix (M) protein, and is

30 Dbelieved to extend from approximately amino acid 120 to
amino acid 400 of Figure 1. The NS3 domain extends from
approximately amino acid 1050 to amino acid 1640 and is
believed to constitute the viral protease. The NS4 domain
extends from the terminus of NS3 to approximately amino

35 acid 2000. The function of the NS4 protein is not known
at this time. Finally, the NS5 domain extends from about




-of the HCV1 isolate. It is expected that the sequences of 5 other strains
of the bl ood-borne HCV may differ fromthe sequence of Figure-%;- -----
particularly in the envel ope (S) and nucl eocapsi d (‘C) domains. The use of
HS\V-ant i gens havi ng such differing sequences is intended to be within the
scope of the present invention; provided, however, that 10 the variation
does not significantly degrade tbg_in}“nunological reactivity of the
antigen to sera from persons infected with HCV. In general, the HCV
antigens will conprise entire or truncated domains, the domain fragnents

bei ng dRinbeadiilly 20UE K dehé 0én@NbirgNeCigal yréte@ss akul ligd in the art.
The |ﬁglytdual HCV .hﬁgnshused Iﬂ thi combi nation will preferably

conpr i fﬁgepmﬁﬂuéggﬁ ntPPo¥+FBH PPLEMELRARE vortion primarily
responsi bl e for the isequenogi showneant Piigurefl the pbeypeguietee of the
st at ed, dogRLNychA A dNfe&aser Pl 1L Ne el Tl %ﬁét'éh@@&éb@ﬁ@%@# the C
dommin antigen conprise a nmajority of-the entire sequenc€ of the domain
The arPther gezadng f che (Rieodxharpnre HCY m:a)c,hg Sepafrpauithe v

prg; erseduenbe SflFmMjur @ni{gpaﬁﬁieﬁgﬁmgy ﬂmcih!éi_?_éniréﬁogﬁdr(ﬁﬁgfﬁﬁd3 b dorm
subdongj . rm nal . of, 0 his. rophohi ¢ subdomai n
extenggue}%%cég%ﬁgd(tr@[ era?é%hﬁ%b a@Pg %5 ?’?‘ %ﬁ%ogﬁgfgg?%%gfuﬁggure 1.

The HGuaht dgéferdng reagquerslessie Ensepdeds to be awithinp&hei cul arly

pref ergg Sagu e : Re -h § C |i n be i ncl uded
i n, 30 %Egpg gqrr%@fr?e gj;genfi?mégé}:?’_eg.' k re]tl.fegrt?'edﬁﬁl‘gg9 orfraitﬁnt igen is
t P ant seﬁaageitgm( Q%%‘?ﬁﬁé?%%ﬂ#&&#&yn&md%ms &B~ds 1192 to 1457

of Fi gmunologAcarlefmsdacti Wy anfi ghe antEhdh Wo chermprome pea®ons aci ds

1569 t f i, Qur . A 35 preferred NS5 antigen conprises am no acids
2054 tg“é%gieg 4;%§L€?%3 The HCV antigen may be in the formof a

pol ypepti de conpddedenarakb; ythe FCV amtig@ens #wikhuepwprise
entire or truncated domains, the domain fragments being

15 readily screened for antigenicity by those skilled in the
art. The individual HCV antigens used in the combination
will preferably comprise the immunodominant portion (i.e.,
the portion primarily responsible for the immunological
reactivity of the polypeptide) of the stated domain. 1In

20 the case of the C domain it is preferred that the C domain
antigen comprise a majority of the entire sequence of the
domain. The antigen designated C22 (see Example 4,
infra), is particularly preferred. The S domain antigen

, , preferably includes the hydrophobic subdomain at the N-

KiS- terminal end of the domain. This hydrophobic subdomain
extends from approximately amino acid 199 to amino acid
328 of Figure 1. The HCV antigen designated S2 (see
Example 3, infra), is particularly preferred} Seguence
downstream of the hydrophobic subdomain may be included in

30 the S domain antigen if desired.

A preferred NS3 domain antigen is the antigen
designated C33c. That antigen includes amino acids 1192
to 1457 of Figure 1. A preferred NS4 antigen is C100
which comprises amino acids 1569 to 1931 of Figure 1. A

35 preferred NS5 antigen comprises amino acids 2054 to 2464
of Figure 1. '



_or it may contain sequence exogenous to HCV (i.e., it may be in the form of
a fusion protein that includes exogenous 5 sequence). In the case of
reconbi nantly produced HCV anti gen, producing the antigen as a fusion V

“protein such as with f?dip r i cammonl y- owned
U S Pat. No. 4,751, 1?8% h%,{ﬁfé,? m§Y8$§ ggBttg%d %Pr& gata Appl i cation
Serial. No. PRAYERELide |qamposer RRtively of HCNe aiinq dsideseghienkech are
i ncor por at ediherteimay Wortta ite s¥qiEnex peesgenous! t8OHCVal(pha-f,agk0nagnd

oL AUl LN Ot el i) Y A £8R S EDECLAY Ehat! (REILARS gagggg.éu%f

I ncrease the water solu . Fusion protein t he
al pha- f act orSSGRERAR Jqui t:ﬁ‘h trtt%l%f%r 1BeC‘BF‘B&Q§§‘§&YbPrPﬁ@CGQpH6¥S| on host

to renove tﬁdﬁ@ﬁplmﬂmﬂaymmntﬂgehaasaat dusiiona protedin echy Hsem

however %ﬂ“'é 'd’haf LESA&!&- dﬁg‘;ﬁdﬁ‘ gﬂﬂ:fhxﬁ ?L‘Te%p'c%@%n'ﬂr é@%r the

comnbi nat i on O]T antl ens e pI‘O usi on I nst ance,
a conti nuoud S-adtant N 32, €§3cN°C160 84Qd 098 mag BeS:
construct ed,pad orx;q:mmaxﬁn WﬁBJ aabvessor 5807 $iQed 7 AaRLeLs 13 FYsi on

protel 1.0 (AR fSitiodhil 01 B 698" ShEBRRBL AN ALEISNS

The HCV antigen nvention are pr uce Feconbi nant |y
or by known dﬁﬁq@%mm@aw%yﬁ@mesﬂphwéﬁcm ams\vrbdquitiizo be

i sol ated frcsdion e'itm H%mn&ﬁéwrthél aevedi oF %fxblrl&lsts)ion and/

Wen pr oduced tec“”' st he e ot o PEPLC R e SnE" Boti gt PElBon ~°
constructi n@mmm% qﬁem]talém-éa@mpnganﬁaub@mmm fasgdons siren
vectorsastryﬁcés%a hasd SQldessSLEH RSsBatberemovieadle, i nsect, or 5 Q

(rararrprr}*rg;iag.n XSII ?;ﬂd ex ress suc%ﬂh\@ tgagycgczi_ug_% tahese%rll:teltq_en may be
system, however, whlle ublqulttn fusions remain in the
cytoplasm.

Further, the combination of antigens may be
produced as a fusion protein. For instance, a cohtiri;io_us
fragment of DNA encoding C22,'C33C;’C10b'aﬁd Sz.mey'be
constructed, cloned into an expression vector and used to
express a fusion protein of €22, C33c, C100 and S2. |

Preparatlon of HCV Antigens :
30 _ The HCV antigens of the J.nventlon are preferably
produced recombinantly or by known solid phase chemical

synthesis. They may, however, also be isolated from dis-
_sociated HCV or HCV particles using affinity
chromatography techniques employing antibodies to the

35 antigens.



be desirable to express the antigen as a fusion protein to enhance
expression, facilitate purification, or enhance sol ubility.- Exatpl-es- of
specific procedures for prodlucing 10 representative=HCV antigens are
deSeribed in the Exanples, infra, and in parent application Serial No.

456, 637. Fornul ation of Antigens for Use in |Inmunoassay The HCV anti gens
may be conbi ned by producing 15 theghnin the formof a fusion protein
conposed of two or nore of the antlggns by i mobi | i zi ng them i ndividually
on a common solid matrix, or by physically m xing them Fu- sion proteins

of the antigen- mywﬁbspod}%dmlﬂa y22dceibibid daindiqabsd mitrix
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i gens The HCV antigens may be enployed in virtually any assay format .
that enpl oys a known antigen to detect 5 antibodies. A conmon feature of
al | of tI2EWUAATH0H of * : pej ¢ aEs@yh the body

conponent The HCV antlgens may be combined by producing
15 them in the form of a fusion protein composed of two or
more of the antigens, by immobilizing them individually on
a common solid matrix, or by physically mixing them. Fu-"
sion proteins of the antigen may also be immobilized on
(bound to) a solid matrix. Methods and means for
20 covalently or noncovalently binding proteins to solid
matrices are known in the art. The nature of the solid
surface will vary depending upon the assay format. For
assays carried out in microtiter wells, the solid surface
Lj will be the wall of the well or cup. For assays using
25 Dbeads, the solid surface will be the surface of the bead.

- In assays using a dipstick (i.e., a solid body made from a
porous or fibrous material such as fabric or paper) the
surface will be the surface of the material from which the'
dipstick is made. 1In agglutination assays the solid '

30 surface may be the surface of latex or gelatin particles.
When individual antigens are bound to the matrix they may
be distributed homogeneously on the surface or distributed
thereon in a pattern, such as bands so that a pattern of
antigen binding may be discerned. _

35 Simple mixtures of the antigens comprise the

antigens in any suitable solvent or dispersing medium.



suspected of containing HCV anti bodi es under conditions that permt the
antigen to bind to any such antibody present in the conponents> Suedr>
conditions will typically 10 be physiol ogic tenperature,  pH and ionic
"strength using an excess of antigen. The incubation of the antigen with t
specinmen is followed by detection of inmmune conpl exes conprised of the
antigen. Design of the imunoassays is subject to a great 15 deal. of
variation, and many fornmats are=fwn in the art. Protocols mayj for
exanpl e, use solid supports, or immunoprecipitation. Mst assays involve
the use of |abeled antibody or polypeptide; the |abels nmay be, for exanple,
enzynatlc quorescent chen1|un1nescent radlo- 20 active, or dye

A | g@nshe i mmune conplex are

al so_known; examhé!Sn@f/ &Bt‘iaeﬁ%en%‘iﬁw éﬁﬁpmyeal khzeibiteidinyand avidin,
and enz ne | abel |ated |nnuno§$sa gch as ELISA assays. 25
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The i Fhﬁﬂ‘f’lﬂyrﬁ 2 1980 AT or i n a
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sanpl e, and pr'Oﬁesfggeg?cthgnlmmunoassays is 'subject to a great

15 deal of variation, and many formats are known in the art.
Protocols may, for example, use solid supports, or _
lmmunopreCLPLtatlon_ Most assays 1nvqlve the use of
labeled antibody or polypeptide,'the'laDEIS may be, for
example, enzymatic, fluorescent, chemllumznescent, radlo- '

20 active, or dye molecules. Assays which amplify the
signals from the immune complex are also known; examples
of which are assays which utilize biotin and avidin, and
enzyme~labeled and mediated immunoassays, such as ELISA .
assays. | ) BERE . - | ,&Jf

25 The immunoassay may be, without'limitatlon,'xn a -
heterogenous or in a homogeneous format, and of a standard
or competitive type. 1In a heterogeneous format, the
polypeptide is typically bound to a solid matrix or sup-
port to facilitate separation of the sample from the

30 polypeptide after incubation. Examples of solid supports
that can be used are nitrocellulose (e,g,;'in-membrane'ér
microtiter well form), polyvinyl chloride (e.g., in sheets
or microtiter wells), polystyrene latéx-(e.g., in beads or
microtiter plates, polyvinylidine fluoride (known as

35 Immulonf), diazotized paper, nylon membranes,  activated
beads, and Protein A beads. For example, Dynatech




.of bound antibodies. Both standard and conpetitive formats are known in the
art. In a honogeneous format, the test sanple is incubated with'the
conbi nati on-of antigens in‘solution. 10 For exanple, it may be under
conditions that will precipitate any antigen-anti body conpl exes which are
formed. Both standard and conpetitive formats for these assays are known
inthe art. In a standard format, -fthe anount of HCV antibod- 15 ies forning
t he anti body-antigen conplex is directly nonitored. This may be
acconpl i shed by determ ni ng wpet her | abel ed anti-xenogenic (e

ant i - hubamplent i Bo®r lowmpkdrh 2eWd§FOLdtET Plabpe OF Qn?ﬁd#DFQunlbodles
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antlbod Qrge&“ﬁ£§f¥gﬁﬁﬁﬁseh8ffgg qiﬁawgrlggetgmgggeégl5ﬁnpet|ng

antl%od are any o t echni ques, dependi ng on

t he forﬂ‘ﬁt boppd @m:mm;dlem abBPEh ﬁ@ém%ﬁ!@scmp?ﬁétwﬁpl ex may be
det ect efopmbits Qramnﬂawﬁelﬂftﬁgtaanogenelc g conplexed with a 30 | abel,

(e.g., an enzyne bel),. In an |nnu I pit r Iutlnatlon assay
format the react|$% Q&Eﬁﬁ?ﬂ%°ﬁ&v t@%degﬁe Sﬁﬁgl forns a.
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Conblnaassays are known in‘“the art.
' In a standard format, the amount of HCV antibod-
15 ies forming the antibody-antigen complex is directly
monitored. This may be accomplished by determining
whether labeled anti-xenogenic (e.g., anti-human) antibod-
ies which recognize an epitope on anti-HCV antibodies will
bind due to complex formation. In a competitive format,
20 the amount of HCV antibodies in the sample is deduced by
monitoring the competitive effect on the binding of a
known amount of labeled antibody (or other competing
ligand) in the complex.

Complexes formed comprising anti-HCV ant;body

K,ﬁs (oxr, in the case of competetive assays, the amount of
competing antibody) are detected by any of a number of
known techniques, depending on the format. For example,
unlabeled HCV antibodies in the complex may be detected
using a conjugate of antixenogeneic Ig complexed with a

30 label, (e.g., an enzyme label).

In an immunoprecipitation or agglutination assay
format the reaction between the HCV antigens and the anti-
body forms a network that precipitates from the solution
or suspension and forms. a visible layer or film of

35 Pprecipitate. If no anti-HCV antibody is present in the
test specimen, no visible precipitate is formed. '



tion of antigens (either already bound to a solid matrix 5 or separate
with reagents for binding themto the matrix), .control antsloedy vesss
formul ati ons (positive and/or negative), Iabeled ‘anti body when the assamhg
_format- requires sane and signal generating reagents (e.g., enzyne

substrate) if the | abel does not generate a signal dlrectly I nstructions
10 (e.g., witten, tape, VCR ROM etc.) for carrying out the assay
usual ly will be included in thetkit. The foll ow ng exanples are intended to
il- lustrate the invention and are not intended to limt the 15 invention
N any manner. W diciGuisREL ehpied iy nw@r?séﬁsga@vﬂntngen ockI
contajns_a seg&encgﬁi the NS3 doga Speci fical | tg cludes am no
aci dthe1§9rm) E95 JifR in LRRFE WARSRRYH rod &d. Fﬁ bacteria as
a fusidd powrmallynddntaimnisusepaxate dnnuﬁxnerssxﬁy aembdanlkews. The
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TAA &6htedl %@xmay‘\TfToﬁiﬂ&BBné ttllw aantOst e atmOquI ds

ot | EAPRisE SptABa sERGh ﬁh%oﬂ“?ﬁxc?a%éﬂ“? 2SRES FEmboapo10 £ col
cel | sigmad gemananwnguxquenmasee go reRpzyme Substoatas pfotben conprised

of SEhhat HB%sNﬂéﬂrBéﬂétéﬂQ é”si EE @%%édﬂ@?fﬂ“IﬁE%&@étEBﬁsC'ter”‘”US
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cul t the aEshalye usuaklyorwihl sbe Thactatled we!:rgidvmtto an O.D. of 0.3, IPTG
was added to yleld a fi-nal "5 concentration of 2-mM and gromﬁh'continued

until the
The follow;ng examples are lntended to 11-_

lustrate the invention and are not 1ntended to llmlt the
15 anentlon in any manner.

Example 1: Synthesls of HCV Antigen C33c
- HCV antigen C33c contaxns a sequence from the
NS3 domain. Specifically, it includes amino ac;ds_L;SZe _
20 1457 of Figure 1. This antigen was produced inebaeteria
~as a fusion protein with human superoxide diemﬁtaSe'(SOD)
as follows. The vector pSODcfl (Steiner et al. .(1986), J.
Virol. 58:9) was digested to completion with EcoRI and

BamHI and the resulting EcoRI,BamHI fragment was llgated o L;"

25 to the following linker to form pcflEFs

GATC c'rc; GAA TTC TGA TAA
GAC CTT AAG ACT ATT TTA A

30 A cDNA clone encoding amino acids 1192-~1457 and having
EcoRI ends was inserted into pcflEF to form pcflEF/C33c
This expression construct was transformed into D1210 E.
coli cells.

The transformants were used to express a fusion

35 protein comprised of SOD at the N-terminus and in-frame
C33c HCV antigen at the C-terminus. Expression was ac-



_cells attained a density of 1 OD., at which tinme they were harvested by
centrifugation at 3,000 x g at #40C for 20 m nutes. The packed cells can be
stored at [err] for several .nonths. 10 “=kn order to purify the
SQD:; C33c pol ypeptide the bacterial cells in which the pol ypeptide was
expressed were subjected to osnotic shock and mechani cal disruption, the

i nsol ubl e fraction containing SOBXFB3c was isol ated and subjected to
differential extraction with an al kaline- 15 NaCd solution, and the fusion

pol ypeptide in the extract purified by chromatography on colunns of
S- Seph&mompl kghed Spphapcud ating driﬂ% rekt @ fclurdguBnaidh fe@RtdsRot i ¢ shock
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and subjected to differential extraction with an alkallne-
15. NaCl solution, and the fusion polypeptide in the extract
purified by chromatography on columns of S-Sepharose and
Q-Sepharose.
" The crude extract resulting from osmotic shock
and mechanical disruption was prepared by the following
20 procedure. One gram of the packed cells were suspended in
10 ml of a solution containing 0.02 M Tris HCl, pH 7.5, 10
mM EDTA, 20% sucrose, and incubated for 10 minutes on ice.
. The cells were then pelleted by centrifugation at 4,000 x
g for 15 min at_4°C. ~After the supernatant was removed,
(~25 the cell pellets were resuspended in 10 ml of Buffer Al
(0.01M Tris HCl, pH 7.5, 1 mM EDTA, 14 mM beta-
.mercaptoethanol [BME]), and incubated on ice for 10
minutes. The cells were again pelleted at 4,000 x g for
15 minutes at 4°C. After removal of the clear supernatant
30 (periplasmic fraction I), the cell pellets were
resuspended in Buffer Al, incubated on ice for 10 minutes,
and again centrifuged at 4,000 x g for 15 minutes at 4°c.
The clear supernatant (periplasmic fraction II) was
removed, and the cell pellet resuspended in 5 ml of Buffer
s A2 (0.02 M Tris HCl, pH 7.5, 14 mM BME, 1 mM EDTA, 1 mM_
PMSF). In order to disrupt the cells, the suspension (5



S mn on ice; the vortexing-cooling procedure was repeated another four
.times. After vortexing, the slurry was-kir-tered through a scintered glass
f.unnel using | ow suc- tion; the glass beads were washed two tlnes mnth oo

Ser
Buffer A2, a t d h

nsol ubl & frgﬁllg‘ﬁnéﬁ t%%g g Dgﬁér itliv\ggagio-l |r§c]?t a5, “?e?ﬂ‘?‘?f%b%tﬁ on at
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at 4 C, and meiciHeNdEdle Sihes: NAEeBE. vdltexing, the 'élu&f ed® purify

SOD- C33c on S har ose* _th pernatant fractio mas d to a final
concentrat i o? gf%oﬁcg tg}f %‘o%lv‘f"'rﬂ‘ Zﬁs‘f u I‘$ SEWEI IOYMFEDTA.
“This fracti ofigas tthen gab;ﬁs dulead,\Sawe:el hmrﬁheﬁ Swﬁephmerssenﬁ:&stsd:ﬁm( 1.5 x

10 cm whi chabad abﬂﬁrhrﬁél%il@fééédaﬂﬁtbagﬁesBEBInﬁlng (0. 05M Tris HCL, pH
i,on e.col um, was washed with

7.5, 14 BVE, 1 nME Af t p
two col uw vol urres of %E} etngp fuq“ﬂg %FB f'ﬂf‘oﬂﬁhtﬁ‘ﬁdc\ﬁé’é?ﬁ RISV e
col | ect ed. ¢nleqnedzhxeQﬂntqmﬁm@atlon ahd20a9600 wag foﬁ/nﬂrmlnuuk

col I ected er@t'OW%éﬁﬁdféwiﬂe ﬁftﬁrﬂérmﬁosuffekdﬁﬁt' f%?%) nded in
containing S uots of the fractions were an l'yze
electrophoregDéég ﬁuﬁ%&ﬁh YRF3teht de gel's containing SDS fol | owed by
stai ning wth Coonassi & frmctidmecénteindng S0D-aB3e wasl asdllsrdy sk ern
glog 3 gswg %Bea&}ds%q%g r%.%‘ééﬂéﬂabpsa‘m&g?g €3 ERECEWRRRAAIANIGY (2
¢ mere)pg%d NaCl (2rﬁ% to yleld a ?lnal concentration of 20 mM
each, vortexing the mixture for 1 mlnute, centrlfuglng it
20,000 x g for 20 min at 4 C, and retalnlng the super-
natant. _ _ _ -
20 In order to purify SOD-C33c on S-Sepharosef.the'
supernatant fraction was adjusted to a final concentration
of 6M urea, 0.05M Tris HC1, pH 7. 5, 14 mM BME, 1 ‘mM EDTA.
This fraction was then applled to a column of s- Sepharose
Fast Flow (1.5 x 10 cm) which had been equll;brated with
. 25 Buffer B (0.05M Tris HCl, pH 7.5, 14 mM BME, 1 mM EDTA).
After application, the column was washed with two column
volumes of Buffer B. The flow through and wash fractions °
were collected.. The flow rate of application and wash, ;;
was 1 ml/mln, and collected fractions were 1 ml. In order
30 to identify fractlons containing SOD-C33c, allquots of the
fractions were analyzed by electrophoreSLS on 10%
polyacrylamlde gels containing SDS followed by staining
with Coomass;e*blue.~ The fractions are also analyzable by
Western blots using an antibody directed against SOD.
35 Fractions containing SOD-C33c were pooled.

.* Trade Mark



.Further purification of SOD-C33c was on a Q Sepharose-colum (1.5 x 5 cm
which was equilibrated with Buffer B. The pool ed fractions “contarn =
S@ED- C33c obt ai ned from chr gmat ogr aphy on S- Sepharose was applied to 5 the
columm. The col um was then’ washed with Buffer B, and eluted with 60 m  of
a gradient of 0.0 to 0.4 MNaC in Buffer B. The flow rate for application,
wash, and elution was 1 nm/mn; cql jgcted fractions were 1 nm. Al
fractions from the Q Sepharose col urm were anal yzed as 10 described for

t he S-Sepharose colum. The peak of SOD- C33c eluted fromthe colum at
~about 0.2 M Nad . iﬂietﬁa} Ba34 filterti il &£ 0SODAE 3QcSe@zararsea CR+ UM was

greater as, | | st am de
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vect or . O3dc RERatedl frogatthen asfludioateabputf Qr Red MaGig as tenplate the

wegtor [err] IS [ t | . pS3-56,
which is a 35 BR3§§ derlb\?-gﬁsvée onjfﬁ %ﬁﬂegﬂﬁegsc?#%%%te which is
conpri s&PHImR h\gaﬁDHQPG&ﬂﬂ% tha %"as? rBHﬁf"er as judge

analysis on the polyacrylamide SDS gels and immunoblot
15 using a monoclonal antibody directed against human SOD.

Example 2: Synthesis of HCV Antigen C100
: HCV antigen C100 contains sequences from the NS3
and NS4 domains. Specifically, it includes amino acids
20 1569-1931 of Figure 1. This antigen was produced in -
yeast. A cDNA fragment of a 1270 bp encoding the above
amino acids and heaving EcoRI termini was prepared.

The construction of a yeast expression vector in

. which this fragment was fused directly to the S.

\_25 cerevisiae ADH2/GAP promoter was accomplished by a
protocol which included amplification of the C100 sequence
using a PCR method, followed by ligation of the amplified
sequence into a cloning vector. After cloning, the C100
sequence was excised, and with a sequence which contained

30 the ADH2/GAP promoter, was ligated to a large fragment of
a yeast vector to yield a yeast expression vector.

The PCR amplification of C100 was performed
using as template the vector pSB-SSCloom, which had been
linearized by digestion with Sall. pS3-56, which is a

'35 pBR322 derivative, contains an expression cassette which
' is comprised of the ADH2/GAPDH hybrid yeast promoter



-16- upstream of the hunan superoxi de di snutase gene, and a downst r eam

al pha factor transcription termnator. The oki gonucl eot i de*priiteY < “dsed for
the anplification were designed to facilitate cloning into the 5 expressggh
vector, and to introduce a translation termna- tion codon. SpeC|f|caIIy,
novel 5'-Hind||| and 3'-Sall sites were generated with the PCR

ol i gonucl eoti des. The oligonuclepg+de containing the Sall site al so
encodes the double term nation codons, TAA-and TGA. The 10 ollgonucleotlde
containing the Hindlll site also contains an untransl ated | eader sequence
deri vetP$tERRRhef p§hpcbugame sunexextde | dghennsasey agnaramdod the AUG
codon.ddines ptean3ehphE §ators tiaftsPept DynHeklraihayt Hol | and (1980) and
by Kni skern et . R286 he .é§§Prlner 15 seguences used for the direct
expr essi on of C nyc. ROHNREE ¥FE IZNESAA TGG CTC ACT
TTC TAMPIGE bRt bon WeLeAGesEhr®d Ao facilitate cloning into thed 5' GAG

oL TExgidsdn Code 6, i e Adtodducd a gﬁ@@a‘ﬁi%n%éﬁﬁa- 25

Am@ification b uti i zing t e priners ,

Cet us-Peki TP r SBRCF&ﬁtlcad-ﬁd’r\/\dso f%rﬂgélngééér Gi'ﬁb IoSakl

manuf axitesrwerdi gentraned w‘ﬂtm Rﬁﬁ%mnémgenmaeo&%d%gzl elsmsé 921 C I_or a
m nut ([N u the fipa |ncu a- tion
s s yiolucbafulle Mbitaiking e SH1E LIRS, 1100 Yhaodi® ot

overm%ﬂﬂblﬁﬁt%@manptmﬂncapdmmsﬁtﬂAEKEBQrBGAQtsmhgwadlgested mnth H ndl I |

and Saligdiec18beider ednthidlinkg kHd Hmdi)ytl Eied lans% %ra esis on a
ge*? d thg elug g Bu | fi.ed product wa ateg with | ar ge - HndlII
fragment CH-pERE23 ieBF&ErSEHH%ﬂﬁ%u ?gc tf? HQRRﬁ%lnarrts U

corrpetgﬁneHBimuceeﬂnmedlartedyf mpaarteam hof the 'AUG codon. The
PECO63GAPDH gene is descrlbed by Holland and. Holland
(1980) and by Knlskern et al. (1986). . The PCR primer
15 Sequences used for the direct-exp:essioh-of Cl100m were:

5' GAG TGC TCa AGC TTC AAA ACA AAA TGG CTC
ACT TTC TAT CCC AGA CAA AGC AGA GT 3°

20 | and

5’ GAG TGC TCG TCG ACT CAT TAG GGG GAA
ACA TGG TTC CCC CGG GAG GCG AA 3°.

25 Amplification by PCR, utilizing the primers, and
template, was with a Cetus-Perkin-Elmer PCR kit, and was
performed accordxng to the manufacturer s directions. The
PCR conditions were 29 cycles of 94° C for a minute, 37 c
for 2 minutes, 72 ©c for 3 mlnutes, and the final incuba-

30 tlon was at 72°C for 10 mlnutes The DNA can be stored at
4°c or -20°c overnlght '

After amplification, the PCR products were
digested with HindIII and Sall. The major product of 1.1
kb was purified by electrophoresis on a gel, and the

35 eluted purified product was ligated with.a large sali-
HindIII fragment of pBR322. In order to isolate correct



. the reconbinant vectors, and after cloning, the desired reconbinants \were

7 e S ayaw

- identified on the basis of theTpredicted size of Hindlll- *Sat1™ ragnents
exci sed fromthe cl ones. 5:.One of the clones which:contained the a

Hindl I1-Sall frag- nent of the correct size was naned pBR322/ C100- d.
Confirmation that this clone contained anplified CLO0 was by direct
sequence analysis of the HindllIl-SahL fragnent. The expressi on vector
cont ai ning C100 was 10 constructed by ligating the Hndlll-Sall fragnment
from pBR322/ C100-d to a 13.1 kb BanHl -Sal | fragment of pBS24.1, and a 1369
bm Bantretbmbihantsagrespatenti HBhQ 1t belABHWex@Ftpansformed WigH atter

fragne S 5 ) ve rqabg jg@scribed in
com’ﬂ)nqu.'hé rQEé B%g,t Q’I?‘%‘?BOgé? Feg 19 J%d% Ehgheé%\gap/ GAP

pr onot eFe‘F?’aBﬁBﬁPt\ﬁ/ag’e(ﬁﬁ AdaRtbiie gB§tt6’l‘l’—‘ Hagie oEctBE pR F/X@% ndl ||
w th Hgizél ofnHiBaTI- fedlDvetla eﬁuslﬁuﬁﬁsédlf&oﬁhehéSﬁ&ohﬁsfragant on

| HB101 cel 0
vty SREGEC EhelEatne errbr#ﬁ[%o{xé%g%?e R AR g C R,
2464 bpnqmﬁgqﬁnthsna:oa:mtl shze rvgaenamgsh MBR 322 éﬁrﬂiﬂo and Sal |
di gest i@aneirhael%%@&ﬁ/%ﬁﬁé SclofBecehtiaithed Qﬂ§ L epieact1pocwdy nant

vectors was,naned pCLl00- d#3. order _t 0. expr.es 0 onpet ent cel |l s of
CaccharBHy ALEaEE, SRameRse. [ne Y abs 50 e Higst 1 2881 S ERROTeNESS popa. 3

prcl-407[cir-03) umweéxpuéésimﬁdvectbrtbaanimsngom*OGCWas pCl100 d#3. The

f t ] f t
30 b - PResEhrad By X GEERG e hE g Sa P e LR EhE Bk e T
Leu , uPBRAZEYGHOR ch tooayl 1R ekht BamHATSdrl 2@%“%&@ PR 24i-tlor of
Yeast Exhaast 1Bept«bﬂed\£a{mh¥£f’nce&hgm@m o?c%ﬂiilﬁﬂﬁg whe apwUl at ed

wh ek BLekies’e! TN £Rofuk CamRN, U dELHIRRY SHLae Yo 9O
164,556). The pBS24.1 vector is described in commonly
15 owned U.S.S.N. 382,805 filed 19 July 1989. The ADH2/GAP
promoter fragment was obtained by digestion of the vector
PPGAP/AG/HindIII with HindIII and BamHl, followed by
purification of the 1369 bp fragment on a gel.
Competent HB10l cells were transformed with the
20 recombinant vectors; and correct recombinants were identi-
' fied by the generation of a 2464 bp fragment and a 13.1 kb
fragment generated by BamHI and Sall digestion of the
cloned vectors. One of the cloned correct recombinant
vectors was named pCl00 d#3.

(25 - In order to express C100, competent cells of
Saccharomyces cerevisiae strain ABl122 (MATa leu2 ura3-53
pPrb 1-1122 pep4-3 prcl-407{cir-0]) were transformed with
the expression vector pCl00 d#3. The transformed cells
were plated on URA-sorbitol, and individual transformants

30 were then streaked on Leu plates.
Individual clones were cultured in Leu , ura”
medium with 2% glucose at 30°C for 24-36 hours. One liter
of Yeast Extract Peptone Medium (YEP) containing 2%
glucose was inoculated with 10 ml of the overnight
35 culture, and the resulting culture was grown at 30°C at an
agitation rate of 400 rpm and an aeration rate of 1 L of




-18- air per 1 L of nediumper mnute (i.e., lvvnm) for 48 hours. The pH of
the nmedi-um-was not controlled. The culture was grown in a: Baobboustréess

f er ment or manuf act ur ed by New Brunsw ck Science Corp. _Follow ng
fermentation, the 5 cells were isolated and anal yzed for CLO0° expreSS|on
Anal ysis for expressed Cl00 pol ypeptide by the transfornmed cells was
performed on total cell |ysates aq@tcrude extracts prepared fromsingle
yeast colonies obtained fromthe T plates. The cell |ysates and crude
10 extracts were anal yzed by el ectrophoresis on SDS pol yacryl am de gel s,

and by J¢stgen bl gt &f I.@almﬁt rnnbirﬁiée“@i@eprohw tﬁbf appi t pol ycl onal
anti bodi es d|re§é alns h CD- C100 B gyg ﬁ i ressed in. yeast.
The exg'é?:‘f’é si eoP “Fd:i’;}ﬁ%p‘ﬁ%e PL SBRtER naBRids. By gel
anal ys|®lmrexpassgcdwpollypaot3mmgh fermentde. ﬁiamﬂ:adtwrediybjfcal

met hOdSN?‘?”?Pﬁfzé@EEﬂ %E?Jen c?g%essféilgnaokél%ﬁ@dﬁ%fhese xgée in

t ot fron1£ru e“extract resul ts
suggestCehbe ?ﬁ%eekﬁpé§§6@ analyxed n&}08e SXPFRSFI - Exanpl e 3:

ExgreSSIOH of HCVaAal e Q? Q%ﬂﬂiég?ésssm éEOOOpbgypeptgﬁ§1 Sehﬁrgnggge ?5
ro of the m.no.acl ds o
FYgurgnTRéﬁﬁgfﬁﬁggg lFoWﬁﬁu?e §$W€ t % £§§L#h§2&§ a%?%n 2A%%ct or
encodi rerude extpacypepca@angdjﬁnnm|ssn@&errsesgncpdqpxga was anal ogous
o thatowegthar kbf %ﬂeewues ¥ ¢ hen£100100h YRR undisspsabed i n

% le 2. The te Iate reactlon was t vect or pBR822/P|I4a,.
whi'c IﬁﬁF{EﬁﬁsIV SrP?é&YEF ?ﬁFWﬁ?hoFFﬁBFIPn PB%a is a cDNA clone
t hat ermpmbpaceplamide ¢gels %3538 Western blots. The Western W

blots were probed with rabbit polyclonal antibodies
directed against the SOD-C100 polypeptide expressed in .
yeast. The expected size of the C100 polypeptide is 364

15 amino acids. By gel analysis the expressed polypeptzde
has a MW of 39.9K. _

Both analytical methods demonstrated that the

expressed C100 polypeptide was present in total cell
lysates, but was absent from crude ‘extracts. . These

20 results suggest that the expressed C100 polypeptlde may be
insoluble.

Example 3: Expression of HCV Antigen S2
HCV antigen S2 contains a sequence from the QJ
25 hydrophobic N-terminus of the S domain. It'includes amino :
acids 199-328 of Figure 1. | | o
The protocol for the constructlon of the expres-
sion vector encoding the S2 polypept;de and for its
expression in yeast was analogous te that used for the
30 expression of the Cl100 polypeptide, descrlbed in
Example. 2. :

The template for the PCR reaction was the vector
PBR322/Pil4a, which had been linearized by digestion with
HindIII. Pil4a is a cDNA clone that encodes amino acids
35 199-328. '



.-19- The oligonucl eotides used as priners for the anplification by PCR of
the S2 encodi ng sequence were the following. 5 For the 5'-regren-ofv~the S2
sequence: 5 GAG TGC TCA AGC. TTC AAA ACA AAA TGG GGC TCT ACC ACG TCA CCA
ARG-ATT GCC CTA-AC 3!; and ‘10 for the 3'-region of the S2 sequence: 5 GAG
TGC TCG TOG ACT CAT TAA GGG GAC CAG TTC ATC ATC ATA TCC CAT GOC AT 3'. 15
The primer for the 5 -region intrgggces a Hndlll site and an ATG start
codon into the anplified product. The primer for the 3'-region introduces
transl ation stop codons and a Sall site into the anplified product. The PCR
condi tions were ZQheydlﬂbdﬂuémeﬁxidesauaﬁdnannpx1¢ers]fbmrthanrunes 72C
for 3 | C t Lgn { 10, The

i priEapalichity R OE bhE: 59" sifivdind Hoduthbe BePdltits.

purifi fRPlIPwipgrified frag- nment was Ilgated to the | ar ge fragnent
obtalned fron15 pBR322 digested with H ndlll and Sall fragnent, vyielding
theﬁp BR322/ S2d. Ligatj.on g the 413 bp Hindlll-Sall S2 fragnent

' t ﬁ 5 exB BIe9Lan Rand énﬁﬁFWﬁWﬁaJnlng t he ADH2/ GAP pr onot er,
and with theskasgs BaCHTC3al AGE r A ARASACAO AR ETG@a8GCVECTor pBS24. 1

yi el ded reconbin c Iy quﬁﬂtTéx§¢e§t.reconblnant vectors
-were identified %y Egﬁ%3§§%A%§Ao Té‘el. 7 kb fragnent after digestion with

BanH and Sall. An expression vector constructed fromthe anplified
sequence, and containing 35 the sagdence encoding S2 fused directly to the
ADq%{GAP pronoter is identified as pS2d#9. - 20-

. for the 3’-region of the S2 sequence: :
% 5'GAG TGC TCG TCG ACT CAT TAA GGG GAC CAG TTC
ATC ATC ATA TCC CAT GCC AT 3.

15 The primer for the 5’-region introduces a HindIII site and
an ATG start codon into the amplified product. The primer
for the 3'-region introduces translation stop codons and a
Sall site into the amplified product..
The PCR conditions were 29 cycles of 94°C for a
20 minute, 37°C for 2 minutes, 72°C for 3 minutes, and the
final incubation was at 72°C for 10 minutes.

The main product of the PCR reaction was a 413
bp fragment, which was gel purified. The purified frag-
ment was ligated to the large fragment obtained from

(s PBR322 digested with HindIII and Sall fragment, yielding
the plasmid pBR322/S2d. :

Ligation of the 413 bp HindIII-Sall S2 fragment
with the 1.36 kb BamHI-HindIII fragment containing the
ADH2/GAP promoter, and with the :large BamHI-Sall fragment

30 of the yeast vector pBS24.1 yielded recombinant vectors,
which were cloned. Ccrrect recombinant vectors were
identified by the presence of a 1.77 kb fragment after
digestion with BamHI and Sall. ' An expression vector
constructed from the amplified sequence, and containing

35 the sequence encoding S2 fused directly to the ADH2/GAP
promoter is identified as pS2d#9.



Exanple 4: Synthesis of HCV C Antigen HCV antigen C22 is fromthe C
domai-r- - --F¢--conpri ses am no acids 1-122 of Figure 1. 5 1 waruorirvikhe
protocol for the construction of the expres- sion ‘vector encoding the C &.J
. pol ypeptide and for its expres- sion in yeast was anal ogous to that used
for the expres- sion of the Cl100 pol ypeptide, described supra, except for
the followi ng. 10 The tenplate. for the PCR reaction was pBR322/
Ag30a whi ch had been lineari zed % Hindil. Ag30 is a cDNA cl one that
encodes amino aci-ds 1-122. The oligonucl eotides used as prinmers for the
anplification by PCR of the C encodi ng sequence were the follow ng. 15 For
t he 5'-reg|on of the C sequence 5' GAG TGC AGC . TTC AAA ACA AAA TGA GCA CGA
X aphegig gf HCV 4H Antigen - and for

the 3 -reg}on ofﬁ¢veaﬁtigenecqe i% fosm e TCGIFRELIACT QAT TAA CCC AAA TTG
CCC GAC CTA CCC COG GGG T h r for the 5'-region

i nt r oTRF A5%Y n%'f'f‘?osPFég;n?rlﬁﬁ Azfrﬁjque‘fgé geoduct and the prinmer "for
thé 3'- region |ﬂheonnoBQCDﬂaﬁgnﬂhhﬁ1anﬁﬁtuﬁbhgnand &hsalexpres- The PCR
was T Wy dPlvede s %Cégéoaﬁnberc O yPdpt fde 34AE 20 Gt dHigrdes, 72C for

3 mnutes, and t | na a- t|o s at_7 m nut es. The ngjor

pr oducGi g *ﬁFY%ﬂﬁFlVFﬁaPPG ogous £ t d??ﬁé ?éﬁtl&@ Q¥RERSONn of this
fragneitomidh tie Sa00- poldgpeptiziege disddribed| supraagexdenti {HR322

yi el dqﬁq’%% @w Jagsm d pBR322/ C2. -21-- Ligation of the 381 bp
H|nd|| 9 codrng fragnent ex0|sed from pBR322/C2 with the 1.36 kb
The template for the PCR reaction was pBR322/
Ag30a which had been linearized with HindIII. Ag30 is a w
cDNA clone that encodes amino acids 1= 122.  ‘The '
oligonucleotides used as primers for the amplification by

PCR of the C encoding sequence were the following.

15 _
For the 5’'-region of the C sequencez'
5' GAG TGC AGC TTC AAA ACA AAA TGA GCA CGA
ATC CTA AAC CTC AAA ARA AﬂA‘AC:3', '
20 : and
for the 3’'-region of the C seguence:
5' GAG TGC TCG TCG ACT CAT TAA CCC AAA TTG CGC o
GAC CTA CGC CGG GGG TCT GT 3. : ' _' NI
25 | _ T S _

The primer for the 5’'-region introduces a HindIII site
into the amplified product, and’thelprimer fbf-the 3=
region introduces translation stop-codons and a Sall site.
The PCR was run for 29 cycles of 94°C for a minute, 37°C

30 for 2 minutes, 72°C for 3 mlnutes, and the final lncuba-
tion was at 72°C for 10 minutes. ' '

The major product of PCR amplification is a 381
bp polynucleotide. Ligation of this fragment with the
SalI-HindIIl large Sall-HindIII fragment of pBR322 yielded

35 the plasmid pBR322/C2.



. Hndlll fragnment containing the ADH2/ GAP pronoter, and with the |arge
BanHl - Sal I fragnment of the yeast vector 5 pBS24.1 yiel ded reconbt nant—
vectors, which were cloned! Correct reconbinant vectors were identified by
t Re/pres- ence of a 1.74 kb fragnent after digestion with BanH and Sall.
An expression vector constructed fromthe anplified sequence, and
contai ning the sequence encodi ng Céﬁused 10 directly to the ADH2/ GAP
pronoter is identified as pC22. Analysis for expressed C pol ypeptide by the
transforned cells was perforned on total cell |ysates and crude extracts

pr;aloar ed Irom Sijnml%da\‘@ﬁﬁS ifleﬂéeaeqbb@ liﬁddePIﬂSHQILeucdﬁﬁt s. TheSDS
ce ates and crude extra ana c Qresi s on
polyacr Fagmgoty§xcL %?%BI?%%B?&ZES é%éb q% Bﬁ &%’?gﬁmgﬁlno aci ds
and by géhdaﬁalfmagméntenmmEGsadngotwpemmﬁkyGﬁﬁ arwmptet.aﬁpubX|nately
13.6 K a : t S ?Né? PERE | | eptide
cont ai gg gg ug‘)r%c(raﬂgfr'%oelS %ﬁmﬁggggmf%u tPQJﬁ/NSS dgénglzﬁ s’dp%%'cclwal cally it

i ncl 2deBB&RAnG ydielsiedsnecembinanss VECEALS 1 WhHEh pFEESc S1anad t he
const r ughireece®’ ridtonXN&E| P8cregEoweakec ddant i hrediSbypahepgtesie and for

f 3
Excanp SoRRe Bha ol B KEITORAMARSABELFY AT Sron PEER HelD g 70 ey
anti genSadfl. ExamMexpnessmeneveegpgdcnmsyrugt$dAttemnﬁhef@mnl&ﬁxe@b|||ty
to det esgqggﬁ]aw & é‘}) J.hﬂnbh%h%ers‘éaﬁndé‘déﬂégltﬂh% o ifiged |y

d bl’ood b
oo $00) B58SId L0 Whe ADRAAGABABEOTRSGT (1 ABEEUEE B RoTRE Sy 35

Her zenber g (1980) Aﬂhﬁ&fQTE&NEibea@sld& GELdeﬁEépt/ﬁ/HHC]by cmé (WH
Egﬁgcgae?Fg%E%ﬁps aréf%%g%aﬁcgggzg d %k?@ilph e cgn?%dnpfates
are i ncapuded eptracts mmrgdrrﬁmgl @rlftﬂdpﬁ drﬁﬁﬁteceéﬁm@l%
obtained from the Leu~ plates. The cell lysates and crude
15 extracts were analyzed by electrophoresis on SDS
polyacrYlamide gels. The C polypeptide is expected to
have 122 amino acids and by gel analysis the expressed
polypeptide has a er of approximately 13.6 Kd.

20 Example 5: Synthesis of NS5 Polypeptide
This polypeptide contains sequence from the N-
term;nus of the NS5 domain. Specifically it includes
amino acids 2054 to 2464 of Figure 1. The protocol for
the construction of the expression vector encoding the NS5
l\“§5 - polypeptide and for its expression were analogous to that
used for the expression of C33c (see Example 1).

Example 6: Radioimmunoassay (RIA) for Antibodies to HCV
The HCV antigens of Examples 1-5 were tested in
30 . an RIA format for their ability to detect antibodies to
HCV in the serum of individuals clinically diagnosed as
having HCV (Non-A, Non-B) and in serum from blood given by

paid blood donors.
The RIA was based upon the procedure of Tsu and
35 Herzenberg (1980) in SELECTED METHODS IN CELLULAR IMMUNOL-
OGY (W.H. Freeman & Co.), pp. 373-391. Generally,



During incubation, antibody, if present, is im 5 munologically bound to
~the solid phase, antigen. After renoval_.Qf the unbound material and washi ng
of the mcrotiter plates, conplexes of human anti body- NANBV 125 anti gen a&_;
detected by incubation with | -1 abel ed sheep zynl%#fnan i mmunogl obul i n.
Unbound | abel BiCERELbBEyPlates (Iomylea By £§$F?§?Y SHELRPSE dFQtes are
\QBShgdh The ¢odtedcwi¥ht Eugafundn HCYuahtugiers | Thietevateddplibes agpent of
oun uman a n S olg L | t he
wel | . SpeC|f|€a+?£§¥%§e&%uﬁd¥g g?bro %TQ|(mun{?§% §§§a1%+%%réﬂi
0.5 n1crograd®u§¥nghénFE93§h9Pgeﬁ“Fﬁb9d125HmIRIQﬁﬁQﬁEB%ﬁﬁ%@w pH 8: 3, |
0.075 M Ne&Cl ﬁﬁﬁﬁiof& aadﬁedohade&ohvwdIscﬁidaphasenamtig@hateAfﬁyﬁatech
af

| mmul on* 2 R%g%%§$§ ?t&hgshnﬁggﬁﬁphgggfggi fﬁﬁPQﬂ% tlo' mar£& over ni ght

in a humd cha S rennved and
the wells wasthb@ret!-tﬁﬁsp\luatﬁsBBsoé@AFéﬁeﬁl ﬁﬁpwm@@%sﬂ) To
prevent non- §ﬂ€£géhcabénaéﬂ§ctbheb\v_o.ellln&umwﬂatwh I bpabstedesHaep

al bum n ( BSA) di tion of Lol it BSA
X BES o aBbLopmhp ekl Thialos Urbsling Paiqa SGLrbbay g5 O

this i ncubt i pemovied BSK sapana@nonasanmp amRs Ak jéashed. th’@heoat ed

vells were reﬁ&&féa&tibﬁw T fihd@.dtiﬁﬁh@ll%lms:rﬁ Id@tér:ﬁinéﬁfllﬂhéafm' es

glolrr?;legl ﬁglgga%?m: %glA 3ﬁ§ at‘f‘ﬁ&%bé‘t'gﬁv %E&t serLﬁ?n n@ﬁgﬁ%‘:g’g ?%L tPor

1 hr at 37 C théteadinegbiviity, lmh&hgew@élsanples were renoved by

asplrat!on ~and the melggewgggcwgq ddﬁé|Hﬁﬁaﬂudrhfﬁiﬂilegflgpg ubegnd to
the anti was determn

PRt T I SR e R T e ?BFﬁ%B) ggeheen

| abel ed probe0(3pBcMf Na hotatetpuﬁfza nm%idbﬂiaé%/&?ir@gﬁeﬁi WBBE&)* PR&de

Mar k added to each well of a microtiter plate (Dynatech Immulon
2 Removawell Strips). The plate was anubated at 4°c
overnight in a humid chamber, ‘after which, the antlgen'

20 solution was removed and the wells washed 3 tlmes_w1th BBS
containing 0.02% Triton*X-100 (BBST). To prevent non-
specific binding, the wells were coated with bovine serum
albumin (BSA) by addition of 100 microliters of a 5 mg/ml
solution of BSA in BBS followed by incubation at room

25 temperature for 1 hour; after'this”incubation'the BSA
solution was removed. The antlgens in the coated wells
were reacted with serum by adding 100 microliters of serum

- samples diluted 1:100 in 0.01M Na phosphate buffer, pH \;i
7.2, 0.15 M NaCl (PBS) containing 10 mg/ml BSA, and

30 incubating the serum containing wells for 1 hr at: 37° C
After incubation, the serum samples were removed by
aspiration, and the wells were washed 5 times with BBST.
Antibody bound to the antigen was determined by the bind-

ing of 1Zsl-labeled F’(ab), sheep anti-human IgG to the
35 coated wells. Aliquots of 100 microliters of the labeled
probe (specific activity 5-20 microcuries/microgram) were

- *Trade Mark



-23- added to each well, and the plates were incubated at 37C for 1 hour,
fol | oned by renmpval of excess probe by aspira- tion, and 5 wastres  wrtfT
BBST. The anmount of radioagti.vity bound in each Well was determni ned by
‘counting in a counter 5 whi'‘ch detects gamm radiation. Table 1 bel ow
presents the results of the tests on the serumfromindividuals di agnosed

as having HCV. Table 1 10 I NDI VI DUAL AI\FI'I GEN S2
C22 C100 C33c NSSZQVH | VDA P P(
+++) P CVH | VDA P (+)
P 15 CV ng to each |yell, and Ebe plates A{ﬁ_%wﬂébaged ﬁt ﬁCFCVH NOS
N for 1Nhour, ﬂtbmwémy{SremovaR of exces$s probe by gspira- N
EI/-QVH I\@RF,S and SPWﬁhes with BBST. Mhe amc:ur\x/tl:_| ol rad;o@c&vﬁ&" NOS HS
N boung, in eagh M;Wﬂsdetemlne'g by ch.mtJ.ng in aNcounter N
N A1 Ndbich detect gamma i\hdlatlon P AVH PTVH
m _NP Ta'plﬁﬂ_} ﬁ%}_f:w presenlgs I\h’?els ré%{l‘l{;méf thﬁ tedis N P
P AVH N©$ the serum\ from ingividuals dipggnosed asnhaving HCM/H | VDA
N P N _ P P AVH NOS HS P/'N N
“ CVH | VDA § PI\I >0 A-\A_IPP-I-V——————IPgable § g P CVH | VDA §
P 10 P P P p AVH NOS HS N N .
NN._BS #&gﬁéﬁ% § _QF?_I e N ° " ANTIGEN" P&+++;\l N CVH PTVH
N P p 52 g22 P ﬁb& Hs E33¢  NSS p
P CVH PvDa NN p P p PINp(+++) P P P p
CVH IVDA P P P(+) P P
15 CVH IVDA P P P(+) P P
CVH NOS P P P P P
AVH NOS HS N N N N - N
AVH NOS HS P N N N N
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.C22 . C100 : C33c NS5 AVH- L¥yDA N P/ N N
P(++) N AVH = acute viral hepatitis CVH = chronic viral hepatitis PTVH =
pd§fftransfu3|on viral _hepatitis |VDA = intravenous drug abuser 10 crypto
crypt ogeni c hé&&EEEEEEﬂcs = non-obvi ous source P = positive N =ANGHENe
Per these results, no single aRigen reagged with @ilggsera. CZ3and Gisxy
wer e the nost AGHipae and S2 ¥ eact ed some ser@ from so at i
acut e HCV casééﬁﬁnth whlchru)énher anr?ggn reacteala m%dxﬂ) W§ bl e
2 bel ow presents the results of the test- ing on the paid bl ood donors.

Table 2 Anti gawvsl Boriute virdll(Kepati€3sc C22 S2 NS5 1
N N - . - ' N N N
N N 3CVH @hrqglc vfiak)hepatkkzﬁ P P4
N N PTVH s\ post-trangfusion virgl hepatitig N N
N N 61vpa = lnﬂiavenouspﬁrug abusélr N N 7 _
N cr o toN ic he a@ﬁg' N N N
N YB§ Antl{eons IMsF PRt 00 C33c 2
S2 NS5NOS = non-obvious source

P = positive

N = negative

Per these results, no single antigen reacted
Lv/ 13 with all sera. C22 and C33c were the most reactive and S2
reacted with some sera from some putative acute HCV cases
with which no other antigen reacted. - --

[
Table 2 below presents the results of the test-
ing on the paid blood donors. -

Table 2
Antigens i
U Donor c100 C33c c22 s2 NS5
1 N N N N N
2 N N N N N
3 P P P 2 P
4 N N N N N
5 N N N N N
6 N N N N N
7 N N N N N
8 N N N N N
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The results on tW&9 paid donorN gener al Ny confirdb the resdts from Nhe sera
of infected indiyguals. 30 fonparatipge Exanpl ¢ ELI SA Defger m nati gns of

g Ant i boqlses t@ng Conbi natkon of HCN Ant i gens, Pl at es colgt ed wit hNa

[ nat i on of and C33c
192 : N N N N N
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The results on the paid donors generally
confirms the results from the sera of infected
\_/ individuals.

30 - Comparative Example: ELISA Determinations of HCV Antibodies Using
‘Combination of HCV Antlgenev

Plates coated with a combination of C22 andtC33c
antigens are prepared as follows. A solution containing
coating buffer (50mM Na Borate, pH 9.0), 21 ml/plate, BSA

35 (25 micrograms/ml), C22 and C33c (2.50 micrograms/ml each)
is prepared just prior to addition to the Removeawell
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dessi cant +¥3 % ;i%ﬁ:k%) ’ I%ﬁ%r%rs?ﬁl%erﬂ-ﬁFﬂ-ﬁl@:EM & (w/v)

det er mi nat i Oﬂpa%@ﬁﬂ 3‘! Sudidss sand 3 eMTpRefPlaethyl el fIny ¥ Mt ide

dil t 0 nM SOdI um
e b PRI WP, AL IAEES She RARLELY) LU T o0
0.01% (W V) Tﬁrﬁér%ﬁvamqaﬂmnmw%nas@1@@10?!@@1 #pcs@gm@/qumast _
extract). Thet2mpelathae for sFRlihuess. arehenvedakedral therC dsy

re
weshed {hige EB EencRS Yig'adhdiod CTRNEN PeRIRxERY, zrp??é‘r%éﬁ&?g@“t’?l'ffe?edu
sal i ne (PBS) h’éﬁt“&l“ﬁ'-l ﬁ@edfoemaqtvm* 20%he prepanetecplasdilss maye ber estiogubdni t h
200 30 nmicroktt @8 QfﬂﬁmgﬁakﬁﬁlaIUﬁEﬁhﬁgﬁbﬁéhég ﬁﬁdhshessxcant (3 g
Sorb-it" -packs). -
In order to perform the ELISA determlnatlon, 20
20 microliters of serum sample or control sample is added to
a well containing 200 microliters of sample -diluent (100
mM sodium phosphate, pH 7.4, 500 mM sodium chloride, 1 mM
EDTA, 0.1% (W/V) Casein, 0.01% (W/V) Thimerosal, 1% (W/V)
Triton*X-100, 100 micrograms/ml yeast e#tracty. The
25 plates are sealed, and are'incubated.at 379C for two
hours, after which the solution is removed by aspiration,
and the wells are washed three times with 400 microliters
of wash buffeg {phosphate buffered saline (PBS)-containing o
0.05% Tween 20). The washed wells are treated with 200
30 microliters of mouse anti-human IgG-horse'rédiéh
peroxidase (HRP) conjugate contained in a solution of
Ortho Conjugate diluent (10 mM sodium phosphate, pH 7.2,
150 mM sodium chloride, 50% (V/V) fetal bovine serum, 1%
(V/V) heat treated horse serum, 1 mM K Fe(CN)G, 0.05% (W/
35 V) TweenFZO, 0.02% (W/V) Thimerosal). Treatment is for 1
hour at 37 C, the solution is removed by aspiration, and
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* peroxi dase (HRP) conjugate contained in a solution of Ortho conjugate

di luent (10 mM sodi um phosphate, -pH 7.2, 150 mM sodi um chl ori de, 50% (V/V)
fetal bovine serum 1% (V/V) heat treated horse serum 1 nmM[err] 0.05% (W
357 V) TweentRe, welDSYatw Washedmshoss Jtimek oaltient 00smlowashipufsak, 37 C,

' the solutionghschegsvedsgy aﬁeveatwasgm}at fopde i\@r&eterﬁlbﬁe‘"gk%s are

washed three tines W%ng wash™b (E
aapiration. mRE BF bARns, e BEn COMURRY 409 LEERLHERES, 0500
mcroliters stbstbateaselationi ¢i0( ¥Q Og pharelgnediaininene 5

di hydrochy oraﬁﬁy@%cﬁlahaé PeY-E50RA! o¥0lpEvibpd s aéﬂee' oﬁvggogﬁ
sol ution contain sodiumcitrate adj usteop 5. 1OW t spﬁon c
-acid, and O. %eYﬁf:?B?F t 8P LV HiLoBy C?B%a["é‘tsr]sl 'E‘@scéﬁﬁ%ﬁ? m‘ﬂg“%ﬁ@d
substrate sotat PBNS al ewi thuphbsphorichacdal, k émd CBOG nnbet63ieérs s 38

Lenperatur e, 36 Gact | hS EreboRaALan i? AN LuBLeRle 0L I LA T S/

4N sul furic acid,2aad t manner usi ng
fusion prot é3¥8 bRcebatedain theodaxdk EPTEP HRIRVESS ot GE@OMMLJI fi cati ons
of the aﬂnvetdqssfabeﬂermﬁné i:eaceabmsl ageOWtdpised ygnthe@naddat idheof

obvious to t S'Fdé) ofﬂé#? éegﬁ f@i-:.%f a@lcﬁc%ﬁé 953@@%; i mmunol ogy,

and rel ated are’ | evmthln 'e scopé of fol |l ow ng
cl ai ns. -deermitedy VS 1. A conbi nation of hepatitis C virus (HCV)
epi tope sequences in one or nore pol ypeptides nade by chem cal synthesis or

recombi nant expressi oy 4 "gmiém?ergaﬁﬂe}heEﬁWSA%C%s@cn@ ﬁfgi&h @é&é%ms of

suitable fe& detection of i nmunoassay, corrprl sing: (a)

@l t ope eSS chPrQ%ea@d%?m‘FﬂYoPet Fermaed

Modifications of the above-described modes for
carrying out the invention that are obvious to those of
skill in the fields of molecular biology, immunology, and
related fields are intended to be within the scope of the
following claims.



. pol yprotein; (b) a second epitope sequence froma second donmin of the
HCV pol yprotei n which domain is: (i) t he NS3 ‘domai m mﬂ“ﬂimmu
_polyprotein; (ii) t he NS4 donmi n of th% HCV pol yerI e NS5

domai n of the HCV polyprotein; and (c) - 85 third epi tope seqd ende froma
third domain of the HCV polyprotein which _domain is:. (i) t he NS3 domaln
of the HCV polyprotein; (ii) t he NS4CHAIMS, of the HCV pol yprotei n;

(iii) the NS5 donain .f__é W Held ;IPE

different from ?’he SECO‘I:’IOITBI n, vméﬁaﬁ ?e prowggb?ﬁ %%iuégcrﬁg n{azllon S
not the pepte ﬁaypé tidles ndde My chentibel spnmbslderneﬁ)mbmint@i@ﬁasﬁonr imfiobilizet icse
p99 with C100- 3. A conbi nati on accorogldgtgﬂto claim1 wherein the
second doigisarface lesé 5013‘1 matrix Suitahle fordetenti (oA mﬂﬁﬁ"% GRTBPHSIAS: he

igﬁgpgsggml( Q)IZ :‘\Ilsfs ep| tope s%?ggﬁ ?%?nﬁt% EHS OITB.I n OF%‘%}M}YC}]

pol ypr ot epdlyprokgin;  a second epi tope sequence fromthe NS3 donmain of the

HCV pol yprotein; and (¢) -~ .a‘third epltope se ence fromthe NS4 domain of
the HCV polyprotein. &) - -amﬁtﬁm&m :%D%foth%i'm\lrs 1

to 4 me&?f*‘@{’&?ﬁ?ﬂ%wgw .is the surface of a mcrotlter plate well, a

bead or A conbi nation accordi’ ng to any one of
clainms 1 to 5 wherein the f()st, ﬂchSBidamdxﬂbfﬂﬂHﬁMp@ypnﬁqnences are

contained in first, second nd thir ti ectively individually
bound to the solid matrix. @ dxg Bﬂﬁ’ﬁclég 1%48¥m6 _
wherein the solid matrix is n%ﬂfi ghe distributed
individually in a pattern s&lﬁ%%ﬁtssgén nOF?% tﬁlvy?&% second and third U

pol ypepti des may be d{cycer nadhirdepitope s'Etmermerfmmatnhmd dﬁman;ofcthel-m'Vcl ai s
1 to 5 wherein the ¢ n‘al nation is in the formof a fusion pol ypeptide. 9.
A met hod EQ}YPf&éqlgéYl}lﬁ?}b M8di es to hepatitis Cvirus (HCV) in a manmalian

body conponent suspect ed of (lyont a{HaI NS3 gafnqmagf ﬂ{gquvsp‘gWIﬁl ng
contacting ' (ii)_ the NS4 domain of the HCV polyprotem, or
_ (m) the NS5 domain of the HCV polyprotem,
wherein the third domain is different from the second domain; '
with the proviso that the_' combination is not the peptide p1 with C100-3, the peptide p35
with C100-3 or the peptide p99 with C100-3.

2. A combination according to claim 1 wherein the second domain is NS3.
3. A combination according to claim 1 wherein the second domain is NS4.
4, A combination according to claim 1 which comprises:

(a) a first epitope sequence from the C domain of the HCV polyprotein;
®) " a second epitope sequence from the NS3 domain of the HCV
polyprotein; and '
_ (c) a third epitope sequence from the NS4 domain of the HCV
polyprotein.

5. A combination according to any one of claims 1 to 4 wherein the solid
matrix is the surface of a microtiter plate well, a bead or dipstick.



'sai d body conponent with the conbination of any one of clains 1 to 8 under
conditions that permt. antibodyzantigen reaction and detecting the presence

of i mmune conpl exes of said antibodies and said pol

sequences. 10. A kit for“carrying out 3n- assay flmﬂllemmaml nﬂﬂml bodi es
to hepatitis C antigen (HCV) in a mammalian body comportent séspected of
contai ning said antibodies conprising in packaged conbi nation: (a) t he

conbi nati on of HCV epitope sequences of any one qf Q| aims 1 to

b)
standard cont r ol- r eagéhtembination agcording ta ahy, Ope Of £1aims k@rf'whs*gelaaﬁe fird,
assay-  second and third epitope sequences are contained in first, second and third polypeptides

respectively individually bound to the solid matrix.

7. A combination according to claim 6 wherein the solid matrix is a dipstick
and the polypeptides are distributed individually in a pattern such that binding to the first,
second and third polypeptides may be discerned.

8. The combination of any one of claims 1 to 5 wherein the combination is

in the form of a fusion polypeptide.

9. . A method for detecting antibodies to hepatitis C virus HCV)ina
mammalian body cdmponent suspected of containing said antibodies comprising contacting
said body component with the combination of any one of claims 1 to 8 under conditions
that permit antibody-antigen reaction and detecting the presence of immune complexes of
said antibodies and said polypeptide epitope sequences.

10. A kit for carrying out an assay for detecting antibodies to hepatitis C
antigen (HCV) in a mammalian body component suspected of containing- said antibodies
comprising in packaged combination:

(@) the combination of HCV epitope sequences of any one of claims
1t09; '

(b) standard control reagents; and

(©) instructions for carrying out the assay.



