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egpraseed byhéheamolecule and their use in diagnosis and

their methods of production. More particulafly, it relates

to a diagnostic DNA molecule, a diagnostic proteln
diagnostic antibodies and a protective polypeptlde for ~

hepatitis C virus.
BACKGROUND OF THE INVENTION

Most cases of hepatitis arising from blood
transfusion are viral-inducted, and distinguishable from
other forms of viral-associated liver diseases caused by
known hepatitis viruses such as hepatitis A virus (HAV) and
The etiological agent(s) of said
Non—A, Non~-B hepatitis (NANBH) has long been sought by many
research groups and is presently believed to be the
hepatitis C virus (HCV). Post-transfusion hepatitis (PTH)
occurs in approximately 10% of transfusion patients, and

NANBH .accounts for up to 90% of these cases. The major

problem in this disease is the frequent progression to

chronic liver damage (25-55%).- Therefore, the demand for

sensitive, specific methods for detecting HCV in

contaminated blood or blood products is significant.

The hepatitis C virus (HCV) was first identified by.
molecular cloning and characterization of its RNA genome by
Choo, et al. 359~362, 1989).
assay b& u51ng said HCV antlgen, de51gnateo Ci100-3,

(Sciéﬁoe 244: A specific

was
also developed for detectlon of the antibody of HCV
362-364).

(Sc1ence 244: A detailed description regarding

the genome of HCV, the cDNA sequences dérived therefrom and
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. Broblemin this disease is the frequent progression to chronic liver
~damage (25-55%. Therefore, the demand for sensitive, specific methods for
detecting HCV in contam nated bl ood or bloogl products is significant. 30
The hepatitis Cvirus (HCV) was first identified by nolecular cloning and
char act er i zat pod ypepttisieRNA egeinvete fll_;oanchv,deuic_m gefndieeRee £244 fﬁﬁg-cﬁﬁ\?zx3 s

1989). A spegidfi S | ICV antigen Si g e -3,
synt %esi zedpbést %l?‘ec%?/mﬁé‘%?%g\ﬁﬁ%vh&ﬁ #yg‘/’eeglstl:n S Oalg'gé %@%%&pe}d“ for
detection of the ae&fy Bflnqov qosricsrdd o4 IB6Ra3s4culak , dethai | ed

description r egaiodcas HaIRNPRVAlECY, s%%h%@@é_e?e%gi/ %%tq%rei VP&OO—:HCV

t her ef rom.and - 2- .pol ypepti.des der,ived from sai one dr from
CDNA as w8l | S&EHGIG Gdied *hRds agitien acidgpwh 1hg cang by Usgd femdihe of
Chi ron Cor por detectilom @efr HAU laait, i boldd esur Opyean RAtenitopr Qeitdet idg HCv

synt hesi zed pgh%&%%hii%‘:s’ 091 Q:Q{e?’ b%sisc %r%t %il%'brlg ﬁg%ev lbreaeln acrgm%%racclladlsi z\’\e'hciiI ch
can be used for the
by Abbott Laboratories.

10 As suggested in the above European patent, HCV may
be a flavivirus or flavi-like virus. Generaiif,'With'w

- | respect to morphology, flavivirus contains a central
nucleocapsid surrounded by a lipid bilayer. It is believed
that hepatitis C virus protéin is composed of structural

15 - proteins including a nucleocapsid (core) protein (C) and
two glycosylated envelope proteins (E1, E2) and
nonstructural proteins (NS1-5). However, the corresponding
virus has not yet been isolated nor characterized. It is
only confirmed that said C100-3 disclosed by Choo et al. is

20 a protein encoded by part of the nonstructural regions 3-4

| of the HCV genome.

Besides, an enzyme-linked immunosorbent assay (ELISA)
was developed for serological diagnosis of hepatitis C
25 virus. (HCV) infection, by using said HCV core protein (p22)
-synthesized by a recombinant baculovirus by Chiba, et al.
(Proc. Natl. Acad. Sci. USA 88:4641-4645, 1991). It was
found that C100-3 antibody was not detected in all post-
transfusion NANBH cases, probably because of the delayed
30 response to C100-3 antigen. Such delayed response was
considered to be due to the fact that the C100-3 is an HCV
nonstructural protein. However, Chiba, et al. used an
unglycosylated 22-kDa nucleocapsid (core) protein, and
established an antibody detection system to develop a

35 specific sensitive method for diagnosing HCV infection.

The invention discloses a DNA molecule coding for an

HCV core antigen protein and provides an alternative of HCV
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'dgyﬁgtlon of HCV antibodies. Now, kits for detecting HCV anti bodies on the
_Hasis.of Cl00-3 have been comercialized by Abbott Laboratories. 10
As suggested in the above European patent,3 HCV may be a flavivirus or
flavi-like virus. Generally, with - respect to norphol ogy, flavivirus
contai ns a centidodyuclssagapsi d surrounded by a.lipid bilayer. It is
bel i eved that hepatitis C virus protein is conposed of structural 15
proteins including a nucl eocapsid (core) protein (C) and two gl ycosyl at ed
envel ope proteins (E1, E2) andSVIGHSRY LT url FNVENTICGN (NS1-5). However, the
correspondi ng virus has not yet been isolated nor characterized. It is only
confirmed that said Cl00-3 disclosed by Choo et al. is 20 a protein
encoded By part of ARG uctity dis @@g@6ﬁ§Q$-Qfoﬁh@h@rﬁévngemmﬂﬁntlon

Besi des, an ebzpwavhﬁﬁk%dDNnﬂmal%@mh%ﬂb f@ELhS bl&%&PﬁgP%|0p6d for
ction usi ng

serologlcal 0sJ.S of, hepa tis.C. Vitr

sai d HCV corg p%& PRI 25 AgeERd S Edogyaa%F@@%ﬁElﬁaﬁtVB§B§Id@“?%s by
Chi ba, et al cotPr a@tlngmnl pradzdn.SciMordSApRi4644214§45th&99hyvenlittioms found
that C100-3 %'v'a g% ‘A’a%gfa%oci%tc%ﬁt el A ROl tnb 323LUY' 9 NAEH cases,

pr obabl y bec use o
10 The DNA molecule was cloned from the plasma of a patient

with hepatitis C via a Polymerase Chain Reaction (PCR) ~
- technique.

Portions of the DNA molecule are useful Aé probes to
15 diagnose the presence of virus in samples. As well, the
DNA molecule of the invention is capable of producing, in
an appropriate host, viral polypeptides displaying the
antigenicity of an HCV core antigen protein.

20 It is another object of the present invention to
provide a polypeptide displaying the ant1gen1c1ty of an HCV
core antigen protein. Said polypeptlde was produced by an
appropriate host transformed with the DNA molecule of the
invention.

25

- Also, it is an object of the present invention to

provide a process for producing a polypeptide displaying
the antigenicity of an HCV core antigen protein. The
process comprises incubating host cells transformed with an

30 expression vector containing a DNA molecule of the
invention.

Still, it is another object of the present invention
to provide a method for detecting HCV antiﬁodies in samples
35 by using said HCV core antigen protein as a probe. The
method may be carried out by immunoassay or Western
blotting which is characterized by using said HCV core

antigen as a probe, capable of binding tb_antibodies
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3 response to Cl00-3 antigen. Such del ayed response was considered to
e due to the fact that the ClL00-3 is an HCV nonstructural protein.
However, Chiba, et al. used an ungl ycosytat et 22-kDa nucl eocapsid (core)
protein, and established an anti body detection systemto develop a 35
speci fi ¢ sendiiFiegdafetagnd sty Mitagibsianplesy itef derimon Bt digarent i on

di scl oses a gﬁﬁﬂyadyngdhﬂmgy:ng for an HCV core antigen protein and
provi des an alternative of HCV -3- antibody assay. SUMVARY OF THE

1T NVENTI ON 5 Accordingly, it is an object of the present invention
to provide a DNA nuirec ulrererodiory flaso aralugespta e tthicsd|fH mgaﬁé’tﬁting
antigenicgit tid V. H core t| r |
specific§I H‘E{vh%r}t{%%gon |éosfl lgzlr oévaf Z.I.Sésa% dg rvlovg)g %(?m e genone
of HCV. 10 pmmmmmcbwmcamﬁw fnmttrh@mlmr@ft@rpaﬁs ent with
hepatitis C yr%&gol ymerase Chain Reaction{(PCR) _ technique.

It is yet object of the present invention to provide
10 a kit for analyzing samples for the presence of HCV
antibodies in samples,'comprising said HCV core-antigen
- protein. Specifically, a kit for immunoassay for detecting
HCV antibodies comprises said HCV core antigen‘protein and
a suitable solid phase. '
15
It is another further object of the present invention
to provide monoclonal and polyclonal antibodies directed
against said HCV core antigen protein. Also included in
the invention is the process for producing said antibodies
20 by immunizing an animal with said HCV core antigen protein.
" A method for analyzing HCV in samples can be established by
using the obtaining antibodies. )

It is yet further object of the present invention to
25 provide vaccines for prevention of HCV infection comprising

-an immunogenic polypeptide of the invention, or an

——

inactivated preparation or an attenuated preparation
thereof.

30 These and other objects, advantages and features of
the present invention will be more fully understood and
appreciated by reference to the written specification.

BRIEF DESCRIPTION OF THE DRAWiNGS
35
Fig. 1A shows the DNA sequence derived from the
genome of HCV nucleocapsid region (SEQ ID No: 3) and part
of the envelope region in accordance with the invention.
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Eﬁftions of the DNA nol ecul e are useful as probes to 15 di agnose the

"'p'r esence of virus in sanples. As well, the DNA nolecule of the invention
i s capabl e of producing, in an appropriates host, viral polypeptides
di splaying the antigenicity of an HCV core antigen protein. 20 It

i s anot her oBhecemdnc lpeist sesmenasy oft itde Pelypeptdéeaepsrfsepiihgeein

di spl ayi ng the amdwdenRirfitiy .ofipansHgY 180 :ani.gen protein.  Sai d
pol ypepti de was produced by an appropriate host transformed with the DNA
‘ol ecul e of the invention. 25 Also, it is an object of the present

invention to provi deca [ eless ftdle prndictiuig afpahepeppreéssdiospivadtuy: t he

antigenicity _an HCV. . .cor i.gen prat.ein. .Th 0 O, S
i ncubat i rT’g hé’gN elqosnsf‘:rrélr?é;fe(;ad:trrb@g Wstoeﬁ%&?gs(}he %)%Aeggﬁgr?%vg%tﬂo%%cgrﬁvai ni ng
a DNA nol eculeersf aftelgenvemttiora Btedndid.it The diguirer adisiceshonts tthe present

invention to .48 @ A8 i NG, g\isﬁ, i;Rodi-e  olaft 3! 35
by using sai chorle antalt%enng{scﬁigalttﬁ'%?s%glégro eatﬂl%e met r?od nay(%i
carried out thhe MAdteEsREN Y- Western blotting which is characterized by

usi ng said HCV core
10 DETAILED DESCRIPTION OF THE INVENTION

. —
~-

- The present invention provides a DNA molecule coding
for a polypeptide displaying the antigenicity of an HCV
core antigen protein. The DNA molecule is isolated from

15 nucleic acid sequences present in the piasma of an HCV
infected patient which includes the steps of isolating the
viral particles from the patient’s plasma, extracting and
purifying the viral nucleic acid sequences, and then
cloning the desired DNA molecule via a Polymerase Chain

20 Reaction (PCR) technique. The primers used for cloning are

(1) 5/ -GGATCCATGAGCACAAATCCTAAACCT-3/ (SEQ ID No:

1) and ]
(ii) 5’/ —-GAATTCGGTGTGCATGATCATGTCCGC-3’ (SEQ ID No:
-25 . 2) .

|

The cloned DNA molecule is subject to a ﬁybridization
with original HCV particles for identification. The
molecule thus obtained is designated EN-80-2. The DNA

30 sequence of the molecule EN-80-2 is given in Fig. 1A (SEQ
ID No: 3). The DNA molecule is derived from the genome of

HCV nucleocapsid and envelope regions and has 669bp.

Portions of the DNA molecule are useful as probes to

35 diagnose the presence of HCV nucleic acids in samples.

The DNA molecule of the present invention is inserted

into an appropriate vector to form an expression vector.



,',Eigén as a probe, capable of binding to antibodies 4 directed against
HCV in sanples, to forman antigen- antibody conplex. The invention also
i ncludes a nethod for detecting 5 HCV anti bodi es in sanples by using said

HCV core ant i@ viclcy eGP HY Redh1Mdnl AN pECY PR3 haYE! B&?%ﬂ%@ P as
probes. It is yet object, of the present invention to provide 10 a kit for
anal yzi ng saﬁﬁ&&?WQ% qbﬁ%% & mepliseitBodied PRSSarpilds, d&fporising
sai d HCV cor prafiergdile yaaticd ns Sp@ﬂh%hﬁa|hﬁtha khb_b@bmbﬁggng§§§ay for
detecting H ' | ri.ses _said HCV core_antigen protei.n and a

sui tabl e so%&%&?&% %S'f ICE?qu)s 2dn3’teh2’ﬁav %ﬁ(‘é’?‘ 8Bj 55‘?%8559‘95’ Brlé"?@}?tc‘ii' _

i nventi oA t o POV deanmsfasiaiied ané pehjiclenglasntidbaddeshei D&t ed agai nst

sai d HOV cor qoaRichiQ ¥ Al hr et 3etidadni,n the invention is the
process for producing_said ant i bodi es {

An appropriate host is transformed with an expression
vector containing the DNA molecule of the invention and the
10 polypeptide displaying the antigenicity of an HCV core

antigen protein can be produced in ‘the transformed host. A

~-

process for producing the polypeptide displaying the
antigenicity of an HCV core antigen has been established.

15 - The invention also provides a polypeptide displaying
' the antigenicity of an HCV core antigen protein. The amino

acid sequence of the poiypeptide is given in Fig. 1B (SEQ
ID No: 4). The polypeptide has a molecular weight of about
25,000 as measured by electrophoresis through a sodium

20 dodecyi sulfate-polyacrylamide gel and is deduced to have
about 220 amino acids. The ability of the obtained
polypeptide to bind to HCV antibodies is confirmed by
Western Blotting. Obviously, the polypeptide is reactive
with the sera of the patients with hepatitis C but not

25 reactive with the sera of personé without hepatitis c.
This fact suggests that the polypeptide capable.of

== -hétecting the presence of HCV antibodies in samples holds a
potential in diagnosis of hepatitis C. Besides, the
polypeptides displaying the antigenicity of an HCV core

30 antigen, or an inactivated preparation or an attenuated
preparation thereof in an immunogenically effective amount
can be formulated as vaccines for prevention of HCV
infection.

35 The method for detecting HCV antibodies in samples is
included in the invention. The method is characterized by
the HCV core anfigen's capability of binding to HCV
antibodies as a probe. The method can be carried out by



: by i mruni zing an animal with said HCV core antigen protein. A nmethod
or analyzing HCV in sanples can be established by using the obtaining
antibodies. It is yet further object of the present invention to 25

provi de vacci tlamu&maqmaqvem s tdr H@ dutieri.i om Wér&!d@ methddmilsnogeni ¢

pol ypept i de of 0 | naghi | vat atjo [, an
att enuat ed prepargt i one%hereo nora:-!%’ e 'FnogL € %P ﬁélr&o% ect s,
advant ages anthifcastturtes aflaties priesas and/e?rmnmmdalblbe megvgrangs ycan be

under st ood ang Leci HREG n. BRI EF
DESCRI PTI ON OZS%EE%PRA%&%S eglﬁeg QWPLO%SI S\IAeesﬂse uenc"fg eﬁisée“r"fsﬁed from

t he genon® of1ﬁ@#¥ﬁnﬂﬂﬁ%ﬂﬂﬁu%ﬁ%¥ﬂﬁ&n1%?QEQH%;dwflqﬁr%ﬁﬁfqium?qﬂr#ﬁ#§ and
envel ope regi @yl RGO MEEE AW Rk IdMENBd @lrect Iyb-debetad.no Mm@ d

Z)e quence of t he Ioyap 43 y des ecnc?noxgeendiénqg.yeIar}:ﬂlsevserliomgy ' gér%w:m% gnsgg cP No:
Particularly, an enzyme-linked immunosorbent assay (ELISA)
was established. The ELISA comprises: 1) coating the

10 polypeptide of the present invention onto a solid phase, 2)
incubating a sample sdspected of containing HCV antibodies
with the polypeptide coated onto said solid pﬂgéé'under
conditions which allow the formation of an antigen-antibody
conmplex, 3) adding an anti—ahtibody (such as anti~IgG)

15 conjugated with a label to be captured by the resulting
antigen—-antibody complex bound to the solid phase, and 4)
measuring the captured label and determining whether the
sample has HCV antibodies.

20 An alternative assay can be carried out by using the
polypeptide of the invention combined with an HCV
nonstructural protein as a probe. The assay is thought to

be more specific and sensitive.

25 The invention still provides a kit for analyzing
samples for thée presence of HCV antibodies. The kit

k

comprises a polypeptide of the invention and an appropriate
solid phase wherein preferably, said polypeptide is coated
to said phase. -
30
The present invention provides monoclonal and
polyclonal antibodies directed against said HCV core
antigen protein. The antibodies are produced by using the
polypeptide of the invention as an immunoéén through
35 standard procedures for preparing a hybridoma and/or
conventional methods. The obtained antibodies are
potential to develop a method for detecting HCV.



#g. 2 shows the structure of the expression vector 5 pEN-2 constructed by
Inserting.the cDNA coding for an HCV core gngigen into a plasmd. The
figure also shows the restriction map illuStrating the significant features
of the vector pEN < : T, Eﬁ;gI% T, THE | NVENTI ON
The present invent izror}\em?r%f/]i%l%}sn% %I{\ﬂ“prr%e%@co_ I ng {)oa{rlq;tl %I pepti de

di spl ayi ng t RdaRs 09 yobithe presest elnirM gan Rl axe rmé Briabe

nol ecul e is icisatyated o ibnit Mgl @€ Acdgk saprenses present in the plasm
of an HCV infected patient which 1ncludes the steps of isolating the viral
particles fromthe patient's plasma, extracting and purifying the viral
nucl ei ¢ aci d sequences,.-and then cl oni rggaMre.E¥esi red DNA nol ecule via a

Pol ynerase Chain 20 Reaction (PCR) technique. The primers used for
cloning are (i) S5' - GGATCCATGAGCACAAATCCTAAACCT- 3" (SEQ ID No: 1) and (ii)
5' - GAATTCGGT G-GCAT GARRANGT Grfyay' HEGRMDPND No: - 25 2). The

cl oned DNA nol ecule is subject to a hybridization with original HCV

particles for identification. The nolecule thus. obtained is designated
EN-80-2. The DNA The plasma of the patients infected with Hepatitis C

10 virus are collected and ultracentrifuged at 4°C and then the
viral particles are obtéined{ Subsequently, the viral

_ nucleic acid (RNA) is extracted and purified by usihé.
guanidine isothiocyanate and acidic phenol from the viral

particles.
i5
The following oligonucleotide sequences :
(1) 57 -GGATCCATGAGCACAAATCCTAAACCT-3Y (SEQ ID No:
1) and
20 (ii) 57 -GAATTCGGTGTGCATGATCATGTCCGC~-3 (SEQ ID No:
2);

were used as primers in the subsequent cloning steps. A
single—-stranded antisense DNA molecule was produced using
.25 primer (ii) and reverse transcriptase and then the RNA
- template was réplaced with the corresponding DNA molecule
(using primer (i)) to produce a double stranded DNA
molecule. The double stranded DNA molecule was amplifieq
by the PCR method using Tag polymerase..
30
The cloned DNA molecule is subject to a hybridization
with original HCV particle for identification. The
obtained molecule is designated EN-80-2. The DNA sequence
of the molecule EN-80-2 is given in Fig. 1A (SEQ ID No: 3).
35 The DNA molecule is derived from the genome of HCV

nucleocapsid and envelope regions and has 669bp.



sequence of  the nolecule EN-80-2 is given in Fig. 1A (SEQ ID No: 3).
g#Me DNA nol ecule is derived fromthe genone of HCV nucl eocapsid and
envel ope regi ons and has 669bp. Portions &f the DNA nol ecul e are useful as

probes to 35 di agnose th nuc elc aC|ds samples. The
DNA nol ecul eXdf t h&EOBEE — coRa

vector to form an expression vector. -6- The vector can be a plasmd,

bacterf ophage o onfier JBYACRIUUENCEoNY! B L2eabha LochepkbeateckBnl Nos!

cell. The preferable vector is a pronoter |ac. Referring
to Fig. 2, mendevacéﬁ@w#sa@a@xHﬁe@@ﬂoﬁCSRés#PdObSalanNLEan§BH§PPucted by a

vehicle pl as%ﬂt@mﬂq@?s%% @i@ve%m of thleoptagaal tp¥ABpbeBn AR
appropriate host is transformed with an expression. ve

to t ai ni_.ng .t he

DNA nol ecul eisperked ddm .aoNe&ﬁ&l@hglfémdpaw&ptl?dé16F§pF3§FH§dt Hath
?nt I g]frnl ci g Y rektal G @inticaiid 1@k elgl Blagi IE[ICalﬁdbEchmdhoedbltlalinhan

ranstorme ho%&eééﬂ%ﬁ“ﬁ??égl %%%q%%%%% p%NQQKVP%RE'Q§pQ §QH%%'%& the

the HCV cDNA is under the control of a promoter lac. The

10 structure of the expression plasmid pEN-2 and restriction
map are given in Fig.'z. : .

~-

III. Transformation of E. coli

15 The expression plasmid pEN-2 is incubated with E.
coli BL21 (DEj) at 37°C overnight. The E. coli colonies
producing HCV core antigen protein are selected by
screening their expression products by Western Blotting.
The selected clone, designated Clone EN-80-2, is

20 exemplified by a culture deposited in American Type Culture

" Collection, MD, USA, on 14 July 1993 (Access Number ATCC
55451) . )

Iv. Production of HCV Core Antigen

The transformed E. coli colonies are incubated in a

"\

conditioned culture medium. The colonies are centrifuged
and lysed by freezing-defrosting cycles and enzyme-
digestion. The protein product is released by the lysed
30 cells and purified by chromatography. The purity of the
obtained polypeptide is more than 90%.

The polypeptide has a molecular weight of about
25,000 as measured by electrophoresis through a sodium
35 dodecyl sulfate-polyacrylamide gel.



4 g.'eni city of an HCV core antigen has been established. 15 The

Tvention al so provides a pol ypeptide dlsglaying the antigenicity of an HCV
core antigen proteln The anmno acid sequ AcE of the pol ypeptide is given

in Fig. 1B (SEQ | Iecuar \Aelghtq_fﬂa&out

25,000 as nmedsured f _ O% S5

The ability of the obt alnedpol ypept ide to bi n to HCV anti bodies is
‘confirmed by Western Blotting. Obviously, the polypeptide is reactive with
the sera of the paFPenPyriifiiechPpdyPeprsidepds syPISsSt tPegdt SPE with the

sera of Qersemécw:bb%tre@qréawyt istabdaldl prieeugdagestrpet BBS-PAGE gel

pol ypepti de capabl e %d ecti.ng.the presence of HCV antibodies in sanples
hol ds a pot enfi ¥PSPR &§%o§%§° ZREp ¥R TS 36, 4éé i Yestd tHETPORS pRPBEI des

di spl ayi ng tWeasheti gerhc Blytefinan BdgE¥ezor(® . 46M saauugepho@phame Ibaiﬁﬁéé:a,t ed
preparation o n_attenya aration thereo an imunogeni cal

ef fective ar‘rBﬁn?‘ gna%e%f%rﬂ%pa?@d“’a%ug%%tl n Iéef%?p?)lr(g%/éﬁ?? o?*n’g ?h
infection. 3%s then eletrumitioddeldoontet ec iy odellaibskopaper mnﬁ@mples S
“includedyin the BAYERGHY BuBER RN S £ARAG & 1E8IsDY The paper is
washed with Wash Buffer (PBS—-Tween 20, pH 7.4)~and_b;9cked
with Blocking Buffer (0.1M NaCl, SmM EDTA, 50mM Tris, pH

7.2-7.4, 0.2% fetal bovine serum albumin, 0.05% Nonidet p-
40, 1M urea) overnight.
15
The paper is reacted with the sera of the persons
infected with/without hepatitis C which are first diluted
with 40% NBBS/Tris-HCl (pH 7.4), 10X, at 40°C for 2 hours.
After the reaction, the paper is washed with Wash Buffer
20 three times. The paper is reacted with the anti-hIgG:HRPO
. conjugate (which is prepared as described hereafter) at 40°C’
for 2 houfs. After the reaction, the paper is washed with
Wash Buffer three times and then reacted with 10 ml
Substrate Solution (0.01% 4-chloro-l-naphthol, 18%

25 methanol, 0.04M Tris, pH 7.2-7.4, 0.1M NaCl and 0.01% H,0,)
for 20 minutes.= As shown in the Western blot, the
pblypeptide of the présent invention is reactive with the
sera of HCV patients but not reactive with the sera of
healthy persons.

30
VI. ELISA for HCV Antibodies
(1) Treatment of Microtiter Plate
35 The microtiter plate is coated with the purified

polypeptide of the invention at appropriate concentrations
and blocked with a buffer containing bovine serum albumin.

The treated microtiter plate is stored-at 2-8°C.



ﬁhe HCV core antfgen's'capability of binding to HCV anti bodi es as a probe.
The nmet hod can be carried out by - 7= 1Pmunoassay or Western Blotting. A

preferred method i s solid-phase i mmunoassay. The solid phase such as
mcrotiter (flatBsePREANICANALsART beR ABABHRPAefPRAMER®an be used to carry
out the i munoassay. The substances as 5 | abel s i nclude enzynes,

| sotopes, fluoresgent materigls _and any other nmaterials I.ch_cap_be
directly detectedfg?hgurﬁﬁﬁﬁ§a§§§§-Pgm%Bnggﬂ?gﬂ?#?bﬁgh?e e&a8§léﬂégﬁ&mﬁch
met hod. Pariscodajtgated entiinbotrseakeddishupesoxbédase agBBFO| ELESAY was
establishe e | SA. qpxg' vil) ' +o POlyhentd he

pr esentéi n\%%g?br%rﬁﬁgagl o) r}%eaghtéség%?{%ﬁggftbogﬁu#%tg 'san%%e%duxg‘g‘le%%%% of
cont ai ni ng Hewanifbedi by whrhmehegpabhpepti de coated onto said solid phase
under conditions which allow the formati on of an antigen-anti body conpl ex,
3) adding an anti-anti body %such as anti-1gQ@ 15 conjugated wth a | abel

to be captufdld B9"PABERESUPE R§24RPEGen- anti body conpl ex bound to the solid
phase, and 4)

10 (a) Wash Solution: Phosphate Buffer containing 0.9%
NaCcl and Thimerosal. '

~-

- (b) Anti-hIgG:HRPO Conjugate Solution: the anti-
hIgG:HRPO conjugate prepared as described above
15 dissolved in Tris Buffer containing a
proteineous stabilizer and antiseptics.

(c) Sample Diluent: Tris Buffer containing a
proteineous stabilizer and antiseptics.
20 _
(4) OPD Substrate Solution: o-phenylene diamine
(OPD) dissolved in citrate-phosphate buffer
containing H,0,. (If.the solution becomes
orange, it means that the solution has been
25 . contaminated and cannot be used any more.)

—= - (e) Stopping Solution: 2N H,S50, solution.

(£) Positive/Negative Controls: the serum samples -
30 of persons infected with/without hepatitis C
diluted with phosphate buffer containing a
proteineous stabilizer and antiseptics at an

appropriate concentration.
35 (4) Procedure:

(a) One hundred and fifty'microliter (£l) of test
samples diluted with Sample Diluent (1:10) and




Buring the captured | abel and determ ni ng whether the sanple has HCV

ti bodies. 20 - An alternative assay can be carried out by using the
pol ypeptide of the invention conbi ned withilam HCV nonstructural protein as
a probe. The assay is thought to be nore specific and sensitive. 25

The invention still provi Begikikp{Negatival gonhgosanpresaddedt hater &8ence
of HCV anti bodies. The Ki be@@gpbfseﬁeatP@éﬁQ@Dﬁ\iQ?o@itéPeplLQiiént|QBm@nd an

appropriate solid phase whe refera ly, said pept dto
sai d phase. 30 The present® ﬁﬁ VSntBrg9|HEEaﬁBﬁgc? nﬁ?biﬁﬁat8I§gP8 &

anti bodi es directed agai nst said HCV core antigen protein. The antibodies

are prodgged by usipg)theTB ESQ% p?enk? mE%gﬁy%Qn%ﬁgkfﬂ gganogen

t hr ough st anda proce par
conventional methods. Theipbuhihed ahtBbodD%Sihnerétnntlal to devel op a
nmet hod for detecting HCV. {

(c) The plate is washed with 0.3 ml of Wash
Solution per well by a washer three times.

10
(4) One hundred gl of anti<~hIgG:HRPO Conjugate
- Sclution is added to each well.
(e) The plate is gently mixed by shaking and
15 incubated at 37-40°C for 30 minutes.

(£) The plate is washed five times.

(9) One hundred ul of OPD Substrate Solution is
20 added into each well and the plate is incubated
at 15-30°C in the dark for 30 minutes. ’

(h) One hundred pul of Stopping Solution is added
into each well and gently mixed to stop the
25 . reagtion.
(1) The OD vaiue per well is measured By a

spectrophotometer at 492 nm.
30 (5) Determination:

The 0Dy, Value per well subtracts the mean of the
readings of the blanks (backgrounds). The difference (PCx-
NCx) between the mean of the readings of the positive
35 controls (PCx) and that of the negative controls (NCx) is
equal to or more than 0.5.

The Cut-off value (CO) is calculated by the



i
‘!

-8»*The follow ng exarrple Is offered to aid in understanding of the present
knventlon and are not to be construed as Iimting the scope thereof. 5
“EXAMPLES | . Cloning of an HCV cDNA Theipl asnma of the patients infected
with Hepatitis C 10 virus are collected and ultracentrifuged at 4[err]C
and t hen t hefoillawipgr tficgimslaar e obt ai ned. Subsequently, the viral nucleic
acid (RNA) is extracted and purified by using guani di ne isothiocyanate and
aci di c phenol fromthe viral particles. 15 The follow ng oligonucl eotide
sequences (i) 5' - GGATCEATGAGSXCAARFEETAANEET-3' (SEQ ID No: 1) and 20
(i) 5'- GAATTCGGTGTGCATGATCATGTCCGC 3 (SEQ ID No: 2); were used as priners

in the subsequent cloning steps.. I ngl e-stranded anti s nse nol.ecul e
was prod8ced usi ng¥en FERg J1"1‘3)S &“rgtteé\yers@ps'teén?&'ﬁ tHE t he

RNA t enpl at e coasraieya, ad:ﬂ'da v erip e ager mmrscﬁd@mgl BNgaJvaecuhe.e. HCV '

antibodies cannot be detected 1n the samples).

When the readings of test samples are equal to or
10 more than the CO value, the samples are expected to be
positive; however, itviS-necessary'to repeat the assay for
the samples in duplicate:' If the reading of either of the
duplicate samples is less than the CO value, the samples
are negative. If the duplicate samples are both more than
15 or equal to the Cut-off value, the samples will be

positive.

When the readings of test samples are more than NCx
but less than the CO value by 20%, the samples should be
20 . regarded as questionable samples and the assay has to be

repeated for those samples.

Twenty-seven samples were tested by the ELISA
according to the invention. At the same time, the samples
“25 were also tested by the HCV antibody assay by using
<= - ~structural and nonstructural proteins as probes (i.e.
Abbott’s kit (II)). The comparison between the test
results of Abbott’s kit and those of the assay of the
invention is given in Table I. It is noted that the
30 results of Sample G 229 was negative by the Abbott’s kit
(II) but positive by the assay of the présent invention.
It is suggested that samples infected with HCV cannot be
all detected by the Abbott’s assay.

35



e ng primer (i)) to produce a double stranded DNA nol ecul e. The double

#Stranded DNA nol ecul e was anplified by Lhe4P§R nmet hod using Taq pol ynerase.
30 The cloned DNA nol ecule is subject to a hybridi zation with original HCV
particle for identification. The obt ai n]gaqj cul e is designated EN-80-2.
The DNA sequence of the nolecule EN-80-2"1's" given in Fig. 1A (SEQ ID No:-
3). 35 The DNA nnl;g;%ih%q derived frong%he aenongﬁof HCV nucl eocapsi d
and envel ope regi 64 s 66%hpw Resudts || Rebexergetion of a
Plasmi d Containing an HCV cDNA The nol ecul e EN- 89bptidst Kaat ddIi t h
restrictron endeﬂ&ekeases—Bam-Hl—and_EgaRl_Lo_abLaLp_aTi_Lans.pgspntS
containing said H . Th bt ai ned .tr.ansposon i s i.nserted into a
vehicle plasmd &:lgGE isgé ; fi rstei %'%av@&s\lhgzﬁﬁer estri cPPEAtéNGonucl eases Bam

. tiv . 1
H and EcoRl to offain.an expres; 9onpoli smg desi gﬁ%ﬁé SEN- 2. The
expressign of thesHCV g i s Jundey %i%(ig-r.ol of goéﬁl‘ 7 ger | ac. The
G 32 > 2.0 positive positive
G 49 > 2.0 positive positive
G 56 > 2.0 positive positive
G 58 > 2.0 positive positive
15 G 114 1.559 positive positive _
G i28 > 2.0 positive positive -
G 186 > 2.0 positive positive
- G 208 > 2.0 positive positive
G 214 > 2.0 positive positive
20 G 231 > 2.0 positive positive
G 250 > 2.0 positive positive
Y 1 > 2.0 positive positive
USB 9 > 2.0 positive positive
UsB 19 > 2.0 positive positive
25 USB 20 > 2.0 positive positive
UsSB 23 0.952 positive positive
UsB 27 0.753 positive positive
G 11 0.147 negative negative
G 12 0.077 negative negative
30 . G 13 0.061 negative negative
G 14 0.116 negative negative
G 15 0.139 negative negative
G 229 0.517 positive negative
35
VII. Detection of HCV Antibodies by HCV Core Antigen
== ' Protein Combined with HCV Nonstructural Protein
40 The method is analogous to the ELISA as described
above while HCV core antigen protein of the invention
combined with an HCV nonstructural protein (9:1) is
replaced for the HCV core antigen protein to be coated onto
the plate.
45

Twenty-four samples were tested by the above-

mentioned method.
tested by Abbott’s kit (II).

At the same time, the samples were also

The results are given in

Table II. It is suggested that the results of the Abbott’s



“structure of the expression plasnmd pEN-2 and restriction map are

ven in Fig. 2. Ill. Transformation of E <coli 15 The expression

#plasmd pEN-2 is incubated with E. coli-BL81-(DE3) at 37[err]C overnight.
The E. coli colonies producing HCV core antigen protein are sel ected by
screeni ng t hessagxpse$hieosapeo difc tthebpbdéet-apntBooeti mgthdde sel ect ed
cl one, designated Cone EN-80-2, is 20 exenplified by a culture deposited
in Arerican Type Culture Collection, MD, USA, on 14 July 1993 (Access
Nurmber ATCC 55451). | V. Producti on ofap¥ Thre Antigen 25 The transforned
E. coli colonies are incubated in a conditioned culture nedium The
coloniessaresgﬁggélN@gedc@ggmrysé@&QﬁjEEééZTﬁ376§EEE§EEEE§EVET§§'§hd
enzyne- digestion. The protern product is rel easedtbyst ketl yggd 30 cells
and purified by chronatography. The purity of the obtai ned pol ypeptide is
nmore than 90% The pol ypeptide has a nolecul ar wel ght of about 25,000 as
measur ed by ®56Ht 56phor esi £ .tohr ouglosd tdwei um 35 podatiewgl

sul f at e1pol y&EGHI| &iFi de gel 2.0 positive positive
G 23 > 2.0 positive positive
G 26 > 2.0 positive positive
G 30 > 2.0 positive positive
G 32 > 2.0 positive positive -
15 G 49 > 2.0 positive positive ¥
- G 56 > 2.0 positive positive
G 58 > 2.0 positive positive
G 114 > 2.0 positive positive
G 128 > 2.0 positive positive
20 G 186 > 2.0 positive positive
G 214 > 2.0 positive positive
G 231 > 2.0 positive positive
G 250 > 2.0 positive positive
Y 1 > 2.0 positive positive
25 USB 9 > 2.0 positive positive
USB 19 > 2.0 positive positive
USB 20 > 2.0 positive positive
UsB 23 > 2.0 positive positive
© USB 27 > 2.0 positive positive
30 G 92 0.038 negative negative
G 93 0.056 negative negative
G 94 0.071 negative negative
35
- VIII. Preparation of Antibodies against HCV

The antibodies against HCV core antigen protein can
40 be produced by immunizing an animal with the core antigen

protein according to the invention.

According to the standard procedure for producing
monoclonal antibodies, a BAL-B/C mouse is immunized with
45 the purified core antigen protein as described in Example
ITI mixed with an adjuvant; and then the spleen cells are
fused with ﬁouse myceloma cells (FO cell line) using
polyethylene glycol to form hybridoma cells. The desired
clone producing monoclonal antibodies can be obtained by

50 screening the titer of the antibodies produced by the



o - V. | mrunol ogi cal Reactivity of HCV Core Antigen with HCV

ﬁrf i bodi es by Western Blotting The purified pol ypeptide is subject to an
SDS 5 el ectrophoresis by standard procedures. The SDS- PAGE gel is washed
wi th deionized water at 4[err]C for 15 m it €s and washed with Bl otting

Buf fer (0.15 i e fer 6.7) at 4[err]C for 20 m nutes.
The peptide m on t aghglch)'bélaés ?tﬁglt%fae% Ar_i'obl otted onto a nitrocellul ose
paper under 10 the Blotting Buffer at 1.3A for 1-1.5 hours. The paper is
washed with Wash Buf fegiadddit ilveeit 2fhy F&é&é‘eﬁg@ M@C%PQS%EE Beoglkingn
Buffer (0.1M Nad , 5nM EDTA,. 50nM Tris, pH 7.2-7,4, 0.2% fetal bovine serum
al bumi n, 0. 059 et P AKIUMAF Sftoveimihtif 1BhqiEChapet 1FsaFact ed
Wi th the sser aualcddsr yierys ansl tuf &t t&th e dawd hepda hepatisihg ©hvhich are

fi di luted wit.h 40% NBBS/ Jris-HJ
nour s. At et e PSR (T Prds ot b e T Ve wipperch”

methods.



20 Mree tinmes. The paper is reacted with the anti-hlgG HRPO conj ugate
(wWh#ch is prepared as described hereafter) at 40[err]C for 2 hours. After
;hé reaction, the paper is washed with Wash Buffer three tines and then
//reacted with 10 m Substrate Sol ution (0~01%04-chl oro-1-naphthol, 18% 25
met hanol, 0.04M Tris, pH 7.2-7.4, 0.1M NaCl and 0.01% H202) for 20 m nut es.
As .shown in the V‘éstern bl ot , ti’fmumﬂEymeMe of the present invention is
reactive with the sera of HCV patients but not reactive with the sera of
_heal t hy persons 30 VI. ELI SA for HCV Anti bodies (1) Treatnent of
Mcrotiter % ORM}(Qlem{ncrotlter plate is coated with the
purifiedmgolypeptl e of e I nvention at appropriate concentrations and
bl ocked th a buffer contalnlng bovi ne serum al bum n. The treated
mcrotiter plate (&) AFSFEERME 2-8C. (2) Preparation of Anti-hlgG HRPO
Conj ugat e The puri fi edaanwAxeh usmerNEwRIDCE NG N G (anti - hl go)
(B) STREET: 15F, 320, SEC. 4, CHUNG-HSIAO E. ROAD
(C) CITY: TAIPEI
10 (E) COUNTRY: TAIWAN, R.O.C.

(F) POSTAL CODE (ZIP): NONE

(ii) TITLE OF INVENTION: CORE ANTIGEN PROTEIN OF HEPATITIS C VIRUS,
- AND DIAGNOSTIC METHOD AND KIT USING THE SAME
15

(iii) NUMBER OF SEQUENCES: 4

(iv) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
20 (B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS~DOS
{D) SOFTWARE: PatentIn Release #1.0, Version #1.25 (EPO)

(vi) PRIOR APPLICATION DATA:

25 (A) APPLICATION NUMBER: US 07/963483
(B) FILING DATE: 16-0CT-1992

(2) INFORMATION FOR SEQ ID NO: 1:

30
- (i) SEQUENCE CHARACTERISTICS:
' (A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
35 (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO
40
{iii) ANTI-SENSE: NO
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:
45

GGATCCATGA GCACRAATCC TAAACCT 27



|;(a?b/ml ugated with horse radi sh peroxi dase (HRPO) using 5 NalJerr] to

j;‘ ain the anti-1gG HRPO conjugate. The conjugate is purified by

“chr omat ogr aphy. (3) Conponents of Reagents{1Q (a) Wash Sol uti on:
Phosphat e Buffer containing 0.9% NaC and “18hi merosal . (b) Anti - hl gG HRPO
Conj ugat e Sol(p} i miroriAr@ oRNEIR sBb G FRPQ.conj ugat e prepared as descri bed
above 15 dissolved in Tris Buffer containing a proteineous
stabilizer and ant.is ' |le Diluent: Tris Buffer containing a
pr ot ei neous stabi(Ili)z%‘gdzﬁiﬁrﬁiE ac(ﬁlg%‘asce%??sé .c‘f"20 (d) OPD Substrate Sol ution:
o- phenyl ene di anmi ne ( BPDFEWHiI S0P &a5F P2EFtr at e- phosphat e buffer contai ni ng
Herr]gérr]. (If the(BolgPE:omubedgnesidorange, it nmeans that the sol ution
has been 25 (c) sTRENDBRbREEsRat¢ @d1and cannot be used any nore.) (e)
St oppi ng Sol ution: 2N gy @6Edraek erihesol Ut on. () Positivel/ Negative
Controls: the serum sanples 30 « of persons infected

w th/wi thout hepatitis C diluted with phosphate buffer containing a
(1i) MOLECULE TYPE: cDNA

10
(iii) HYPOTHETICAL: .NO
(iii) ANTI-SENSE: YES ' T .
15
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:
GRAATTCGGTG TGCATGATCA TGTCCGC 27
20

(2) INFORMATION FOR SEQ ID NO: 3:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 669 base pairs
25 (B) TYPE: nucleic acid
(C) STRANDEDNESS: double
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: cDNA

30
= - ~  (iii) HYPOTHETICAL: NO -
(iii) ANTI-SENSE: NO
35
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3:
ATGAGCACAA ATCCTARACC TCAARGAARA ACCAAACGTA ACACCAACCG CCGCCCACAG 60
40 :

GACGTCAAGT TCCCGGGCGG TGGTCAGATC GTTGGTGGAG TTTACCTGTT GCCGCGCAGG 120
GGCCCCAGGT TGGGTGTGCG CGCGACTAGG ARGACTTCCG AGCGGTCGCA ACCTCGTGGA 180

45 AGGCGACAAC CTATCCCCAA GGCTCGCCGG CCCGAGGGCA GGACCTGGGC TCAGCCGGGG 240



prot#i neous stabilizer and antiseptics at an appropriate concentration. 35
(47 Procedure: (a) One hundred and fifty mcrollter ([err]l) of test
Zanples diluted with Sanple Diluent (1:10Q) 18nd - 12 Positivel Negative
Controls are added into the wells of the treated mcrotiter plate. Sone

wel | s have toriecreted redram et ihteicecd| didkserdac cacearcect( BEreTtaGePl atzdoi s
gently m xed by shaki ng and incubat ed at 37- 40[err]C for 1 hour. (c) The

[l mes. | 10" o) Sonichie eseBinety FERChiei o e G errpacelt & MRRESe L ofrs

added to each well. (e) The plate is gently m xed by shaking and 15
i ncubat ed5at BFCAGRLBEG ]B(IJA‘F@?’I‘CBQ APCREROFTC (UCEACCTTRAETGHCETRCATS TORBATEETE | va20
times.

AGCGCCCCAC TAGGAGGCGC TGCCAGGGCC CTGG?CCATG GCGTCCGGGT TCTGGAGGAC 480

GGCGTGAACT ATGCAACAGG GAATCTGCCC GGTTGCTCTT TCTCTATCTT CCTCTTAGCT 540

10
TTGCTGTCTT GTTTGACCAT CCCAGCTTCC GCTTACGAGG TGCGCAACGT GTCCGGGATA 600
TACCATGTTA CGAACGATTG CTCCAACTCA AGTATCGTGT ATGAGGCAGC.éEACATGATCw 660
15 ATGCACACC : 669
(2) INFORMATION FOR SEQ ID NO: 4:
20 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 223 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
' (D) TOPOLOGY: linear
25
(ii) MOLECULE TYPE: protein
(iii) HYPOTHETICAL: NO
30 (v) FRAGMENT TYPE: N-terminal
{x1i) SEQUENCE DESCRIPTION: SEQ Ib NO: 4:
35
‘Met Ser Thr Asn Pro Lys Pro Gln Arg Lys Thr Lys Arg Asn Thr Asn
1 5 10 15
Arg Arg Pro Gln Asp Val Lys Phe Pro Gly Gly Gly Gln Ile Val Gly
40 20 25 S 30
Gly Vval Tyr Leu Leu Pro Arg Arg Gly Pro Arg Leu Gly Val Arg Ala
35 40 45
45 Thr Arg Lys Thr Ser Glu Arg Ser Gln Pro Arg Gly Arg Arg Gln Pro

50 55 " 60



(g)#V(Che hundr ed [err}l of OPD Substrate Solution is 20
and the plate is incubated at 15-30[err]C in the dark

added into each well

for 30 m nutes. (h)

each wel |

the nmean of the r %db
the negative cont ols

One hundred [err] |- @fo Stopping Solution is added into
and gently m xed to stop the 25
The OD val ue -per Jel Pro Syaesisureg Ayy BErospbeiclpphet Onetrep xita 492 Ry 6BY
(5) Deternminatiorss The OD492, m valme per wel |
readi ngs of the bl anks (backgrounds)

(CI» i s Cal cul at ed by the
When the readings of test sanples are | ess than the
Arg Gly Ser Arg Pfo Ser Trp Gly Pro Thr

10

15

20

25

Leu Leu Ser Pro

Arg

Gly

Gly

145

Gly

Phe

Glu

Asn

Arg

Phe

130

Gly

val

Leu

val

Ser
210

Arg

115

Ala

Ala

Asn

Leu

Arg

195

Ser

100

Ser
Asp
Ala
Tyr
Ala
180

Asn

Ile

f%- fol | owi ng for

Arg

Leu

Arg

Ala

165

Leu

Val

val

Asn

Met

Ala
150

Thr

Leu

Ser

Tyr

PRR! el Ee0OgL e

Leu

Gly

135

Leu

Gly

Ser

Gly

Glu
215

ASY

OI’

Gly

120

Tyr

Gly

Asn

Cys

Ile

200

Ala

Glu
nor

105
Lys
Ile
His
Leu
Leu
185

Tyr

Ala

reaction.

(i)

subt racts the nean of gd he
The dlfference (PCx- NCx) between

%EgéﬁA %ghlyo : Sglue

£0I

e han

val

Pro

Gly

Pro

170

Thx

His

Asp

Ile

Leu

Val

155

Gly

Ile

val

Met

Asp
Val
140
Arg
Cys
Pro
Thr

Ile
220

Thr
125

Ser 7

Val-

Ser

Ala

Asn

205

Met

Ml a: CO= PCx X

110

Leu

Leu

Phe

Ser

190

Asp

His

.15 + NCx

Asp

Thr

Pro

Glu

Ser

175

Ala

Cys

Thr

Pro

Gly

-Leu
A

Asp

160

Ile

Tyr

Ser
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coﬂfje t he sanpl es are consi dered negative (i.e. HCV_antibodi.es_cannot—-
:bé detected in the sanples). Wen the readings of test sa

nmpl es are equal to
“or 10 nore than the Co val ue, the sanples are expectedhig h laced
however, it is necessary to repeat the a’s§éy’for - the s
duplicate. |If the reading of either of ofhemduplicate sanp i an

the CO value, the sanples are negative. |If the duplicate sanples are both
nore than 15 or equal to the Cut-off value, the sanples will be positive.
Wien t he readi.ngs af DN@Smclatles ciidd ngDrrt Bapol@petli deesid shay itrke CO
val ue by 20%.,th | es..shoul d be regarded as_guest.i onahl & sanpl es
and t he assé%hﬁagnﬁggggﬁfﬁgghfggapop%ghgf Eggﬁ%ﬁgsﬁ f@éﬁf?fgéégﬁggdﬁ%les
were tested BpriNedElfr$h ddeorgdimpe @ft mdleocapisdd. afd peetsafe time, the
sanpl es 25 waLe 3,52 e HEY ant] b i ructura
and nonstructurglfEILO ro%%?atr@qla{%pﬁ rC)Agles (i". %%dibgb%te?@gaéet %Fﬁe)%e%e

conpari son b&b®Ee®fi-he test results of Abbott's kit and those of the assay
of the invention is given in Table |I. It is noted that the 30 results of

Sampl e G 229 _was negative t he Abbatt's kit
P 2. AgDNA mp)gculg coding for a polypeptide displaying

10 the antigenicity of an HCV core antigen protein comprising
the DNA sequence as given in Fig. 1A (SEQ.ID NO:3), and™

degenerate sequences thereof.

3. A DNA molecule as claimed in claim 1 or claim 2
15 coding for an antigenically significant subfragment or

variant of a polypeptide as defined in claim 1 or claim 2.

4. A DNA molecule according to any one of claims 1-3
which is cloned from the plasma of a patient infected with
20  HCV.

5. Probes for Hepatitis C virus (HCV) nucleic acid which
are derived from the DNA molecule according to any one of

claims 1 to 4.

== - 6. A DNA molecule according to any one of claims 1-3
capable of expressing a polypeptide displaying the
antigenicity of an HCV core antigen protein in an
appropriate host. '

30
7. A process for cloning a DNA molecule according to any
one of claims 1-3 which comprises isolating RNAs from
hepatitis C patients’ sera, and cloning said DNA molecule
via a Polymefase Chain Reaction (PCR) tecﬁnique.

35
8. A process according to claim 7 wherein the following
sequences are used as primers:

(i) 5/ -GGATCCATGAGCACAAATCCTAAACCT-3’ (SEQ.ID NO:1) and

* c L M S *



v ﬂnsSheetHasBeawRepbce

(Il }»but positive by the assay of the present invention.
that sanples infected with HCV cannot be all detected by
assay. 35 - 14 - Table | Sanple No. 92nm Results nces

Abbott's kit (I1) 5 TSGH 56 > 2.0 positive posi tive TSGH 57
> 2.0 positivei) s5/-caRescttreTEearciIcarcrcdcdby’ pPOshli¥e No:2).
positive 10 G 30 > 2.0 positive positive G 32
> 2.0 positive positive G 49 > 2.0 positive

pos!t!ve G 956 A pblPp6ptphdei Higplaying thposntigenfcity58f an HEW. 0
pos!t!ve iagepgﬁfaéeg é?oteln wﬁﬁch }é encode& gégthganBb%% of

positive G
5 nucleocapsid and part of envelope reglons of hepatitis ¢

virus, and derivatives thereof.

10. A polypeptide displaying the antigenicity of an HCV
core antigen having the amino acid eequence as given in
10 Fig. 1B (SEQ.ID NO:A),.and derivatives thereof.
- 11. A polypeptide which comprises an antigenically
significant subfragment or variant of a polypeptide as
claimed in claim 9 or 10. -
15
12. A polypeptide according to claim 9 or 10 having a
molecular weight of about 25,000.

13. A polypeptide according to any one of claims 9-11
20 produced by an appropriate host transformed with the DNA

molecule as defined in any one of claims 1-3.

i4. A process for producing a polypeptide displaying the
antigenicity of an HCV core antigen protein by the

25 expression of a DNA molecule as defined in any one of

- &laims 1-3.

k

15. A plasmid for expression.of a polypeptide displayin§
the antigenicity of an HCV core éntigen protein, designated
30 pEN-2.

16. E. Coli transformed to produce a polypeptide
displaying the antigenicity of an HCV core antigen protein,
designated Clone EN-80-2 and deposited under Accession

35 Number ATCC 55451.

17. A method for detecting HCV antibodies in samples,
characterized by using a polypeptide as defined in any one

of claims 9-11 as a probe, capable of binding to antibodies

\\Il\ll\ \\\I\\ lll\\ I \||\
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G, #4186 > 2.0 positive positive G 208 > 2.0 positive
;p05|t|ve G 214 > 2.0 positive positive 20 G 231

> 2.0 positive positive G 250 _ ,5 > 2.0 positive

positive Y 1 > 2.0 positive positive USB 9 > 2.0
positive dlrémmedla@aiﬁit 4R HCV antZgéh DPOSddmpyPes to forROShtive 25
UsB 20 a en_g é L ve positive USB 23 0.952 positive
positive USB 1551g (o} 73% yp%%??}%% positive G 11 0.147
negative negative G 12 0. 077 negative negati ve 30

G .13 1é)' 061A ﬂ%@%gvgccor?ln%nggaéiaﬁn q7 I@Ctigb%%g bnegat | ve

negative G neg ati s

Y0.517

positive3 - u51%®tp9byegpm¢e apedetineh bi H@VW@l@ﬁdﬂZb«Slmy $IEV1Cor e
Antigen Prot etdn¥Dndd Nedemi 4R HEY AoRstruct ol FFratein é@l_f)robes The

met hod i s anal ogous to the ELI SA as descri béd above whi l
protein of the invention

CV core antigen

19. A kit for analyzing samples for the presence of HCV
antibodies in samples, comprising a polypeptlde as defined
10 in any one of claims 9 11.

- 20. Antibodies or antigen binding fragments thereof
directed against an HCV core antigen protein which are
elicited by using a polypeptide as defined in ény one of

15 claims 9-11 as an immunogen.

21. A process for producing antibodies directed against

HCV core antigen comprising immunizing an animal with a

polypeptide as defined in any one of claims 9-11.

20

22, A method for analyzing HCV in samples characterized

by using antibodies as defined in claim 20 as a probe.

23. Vaccines for prevention of HCV infection comprising
"25 an immunogenic polypeptide as defined in any one of claims

—= - 79-11, or an inactivated preparation or an attenuated

preparation thereof.
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conmpjsried Wi th an HCV nonstructural protein (9:1) is replaced for the HCV
cor antigen protein to be coated onto the plate. 45 Twenty-four sanples
were tested by the above- nentioned nethod.. At the sanme tine, the sanples
were al so tested by Abbott's kit (I1). Thé4results are given in Table II.

It is suggested th s e sane
of the above- ment%H SV RIS 2 AR NOLLE S0 ResEl t s
Ref erences Abbott's k| t (I I ) mus&m KIP (%ING T@sgzmn‘/e positive
10 TSGH 57 > 2.0 positive positive G 23 > 2.0
positive positive G 26 > 2.0 positive positive G

30 > 2.0 positive posi ti vABEIRACE2 > 2.0 positive

positive g
The invention relates to BDNA molecules, polypeptides

expressed by them and their use in diagnosis and their
methods of production. More particularly, it relates to a
diagnostic DNA molecule, a diagnostic protein, diagnostic

10 antibodies and protective antigen and antibodies for
hepatitis C virus (HCV). The DNA molecule disclosed heFein
is characterized by the DNA molecule derived from the
genome of an HCV, and coding for a polypeptide having the
antigenicity of an HCV core antigen protein. The

15 polypeptide may be used in the detection of HCV.

"u



15/‘/6 49 - >2.0 posi tive positive G 56 > 2.0

* posi t'i ve positive G 58 > 2.0 positive positive G
114 > 2.0 positive positive G 128 > 2.0 positive
positive 20 G 186 > 2.01/3positive positive G 214 >
2.0 positive positive G 231 > 2.0 positive
positive G 250 > 2.0 positive positive Y 1 > 2.0
positive positive 25 UsB 9 > 2.0 positive positive
. usBluckeotide Sequence ot ve positive USB 20 > 2.0 positive
positive USB 23 > 2.0 positive positive USB 27 > 2.0

posf'; I—BA?%AGCA(&%@@:&X%%%?%&GM%ZAAﬁgeé{\gggg.gcz\ccgg%%ic\é%gcg%zxc negagive
negat | MeaTe G’f‘f’@é&éc‘iécé?Té}&@héglagcgﬁgﬁé@%@i@&?@lﬂc‘&&G%Efg%?;@oc%%&ga

HCV The ant1Dbodi es agarns { pro can prod ed by
| MUNI g A @l @R EBTérE BebBB R T cRAM LI R TCCGAGCGETCGCAACCTCGTGEA 180

AGGCGACAACCTATCCCCAAGGCTCGCCGGCCCGAGGGCAGGACCTGGGCTCAGCCGGGG 240
TACCCTTGGCCCCTCTATGGCAAT@AGGGTCTGGGGTGGGCAGGATGGCTCCTGTCACQQ 300
CGAGGCTCTCGGCCTAGTTGGGGCCCCACGGACCCCCGGCGTAéGTCGCGTAATCTGGGT 360
AAGGTCATCGATACCCTCACAGGTGGCTTCGCCGACCTCATGGGGTACATTCCGCTCGTC 420
AGCGCCCCACTAGGAGGCGCTGCCAGGGCCCTGGGCCATGGCGTCCGGGTTCTGGAGGAC 480
GGCGTGAACTATGCAACAGGGAATCTGCCCGGTTGCTCTTTCTCTATCTTCCTCTTAGCT 540
TTGCTGTCTTGTTTGACCATCCCAGCTTCCGCTTACGAGGTGCGCAACGTGTCCGGGATA' 600

TACCATGTTACGAACGATTGCTCCAACTCAAGTATCGTGTATGAGGCAGCGGACATGATC 660

ATGCACACC-3" 669

FIG. 14

h
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prbvéra according to the invention. According to the standard procedure for
. prOGUC|ng monocl onal anti bodies, a BAL-B/C nouse is inmmnized with 45 the
purified core antigen protein gz described in Exanple Il mxed with an

adj uvant; and then the spl een #1s are fused with nouse nycel oma cells (FO

cell .line) .usi ol yet hyl ene glycol- to form hybridoma cells. The desired
cl onal antibodi es can be obtai ned by 50 screeni ng the
titer of the anti bodi es produced by the -16- hybridona cl ones so

| ant i bodi es | | < |
o P O A B Ry B oA R A AR LS TU 1yl tr 00 b

be devglém&# M%é‘ﬂn&é‘ﬁvé’ﬁf’éﬂﬁ&f‘&é19@§y§§y§§§ﬂéat edowi th El A and

sandw ch net oog
ValGlyGlyValTereuLeuProArgArgGlyPrgArgLeuGly 45
ValArgAlaThrArgLysThrSerGluArgSerGlnProArgGly 60
ArgArgGlnProlleProlLysAlaArgArgProGluGlyArgThr 75
TrpAlaGlnProGlyTerroTréProLeuTyrGlyAsnGluGly 90
LeuGlyTrpAlaG1yTrpLeuLeuSefProArgGlySerArgPro 105
S;£TrpGlyProThrAspPréAngrgArgSerArgAsnLeuGly 120
LysValIleAspThrLeuThrGlyGlyPheAlaAspLeuMetGly 135 °
TyrIleProLeuValSerAlaProLeuGlyGlyAlaAlaArgAla 150
LeuGlyHisGlyValArgValLeuGluAspGlyValAsnTyrAla 165
ThrGlyAsnLeuProG1yCysSerPheSerIlePﬁeLeuLeuAla 180
LeuLeuSerCyslLeuThrIleProAlaSerAlaTyrGluValArg 195

AsnValSerGlyIleTyrHisValThrAsnAspCysSerAsnSer 210

SerIleValTyrGluAlaAlaAspMetIleMetHisThr—-COOH 223 -

: . FIG.IB
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- 1? SEQUENCE LI STI NG (1) GENERAL | NFORMATI ON: 5 (i) APPLI CANT: (A) NAME:
£VERNEW Bl OTECH I NC. (B) STREET: 15F, 320, SEC. 4, CHUNG HSIAO E. RQAD (O
€ TY: TAIPEl 10 - 3B COUNTRY: TAIWAN, R O C. (F) POSTAL CODE
(ZIP): NONE (ii) TITLE OF | NVENTI ON: CORE ANTI GEN PROTEIN OF HEPATITIS C
VI RUS, AND DI AGNOSTI C METHOD AND KI T USI NG THE SAME 15 (iii) NUVBER OF
SEQUENCES: 4 (| v) COVPUTER READABLE FORM (A) MEDI UM TYPE: Fl oppy di sk 20

(B) COVPUTER: RS [dbnpati bl e (C) OPERATI NG SYSTEME @§RIDOS/ Ms- DOS (D)
- SOFTWARE: Patentln ﬁl‘el ease #1.0, ¥&Gilkh #1.25 (EPO (viy’ PRI OR APPLI CATI ON
DATA: 25 memnieietiiti il il dnnltal 3183 (B) FILING

DATE: 16- OCT- 1992

- £1
.
Barn HI Bg'lﬂ Nclo I E’col RI
R l l i
Nbel Cloning site Pstl Pst | ] Hind I
restriction -site of MCS
"_ ) delete and insert
= l
8am HI v EcoRI
.l——k—//u//////////////////////////////// l
EN-80-2 .
Nbel ' Hind I

iThis Sheet Has Been Replacec
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/(2) f NFCRNATI ON'FOR SEQ I'D NGO 1: 30 (i) SEQUENCE CHARACTERI STI C@”’?’Aﬁ”
"LENGTH: 27 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single 35
(D TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (iii) HYPOTHETI CAL: NO 40
(Ti1) ANTI-SENSE: NO (xi) SEQUENCE DESCRI PTION: SEQ I D NO 1: 45 GGATCCATGA

GCACAAATCC TAAACCT .. 27 (2)

| NFORMATI ON FOR SEQ ID NO 2: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 27

base pairs 5 (B) TYPE: nucleic acid (C) STRANDEDNESS: single
1/3

Nucleotide Sequence

5/ ~ATGAGCACAAATCCTAAACCTCAAAGAAAAACCAAACGTAACACCAACCGCCGCCCACAG 60
GACGTCAAGTTCCCGGéCGGTGGTCAGATCGTTGGTGGAGTTTACCTGTTGCCGCGCAGG 120
GGCCCCAGGTTGGGTGTGCGCGCGACTAGGAAGACTTCCGAGCGGTCGCAACCTCGTGGA 180
AGGCGACAACCTATCCCCAAGGCTCGCCGGCCCGAGGGCAGGACCTGGGCTCAGCCGGGG 240
TACCCTTGGCCCCTCTATGGCAATGAGGGTCTGGGGTGGGCAGGATGGCTCCTGTCACCC 300
CGAGGCTCTCGGCCTAGTTGGGGCCCCACGGACCCCCGGCGTAGGTCGCGTAATCTGGGT 360
AAGGTCATCGATACCCTCACAGGTGGCTTCGCCGACCTCATGGGGTACATTCCGCTCGTC 420
AGCGCCCCACTAGGAGGCGCTGCCAGGGCCCTGGGCCATGGCGTCCGGGTTCTGGAGGAC 480
GGCGTGAACTATGCAACAGGGAATCTGCCCGGTTGCTCTTTCTCTATCTTCCTCTTAGCT 540
TTGCTGTCTTGTTTGACCATCCCAGCTTCCGCTTACGAGGTGCGCAACGTGTCCGGGATA 600
TACCATGTTACGAACGATTGCTCCAACTCAAGTATCCTGTATGAGGCAGCGGACATGATC 660

ATGCACACC~-3"’ 669

FIG. 1A

This is the replacement sheet
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(D) TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA 10 (iii) HYPOTHETI CAL: NO
. (iii) ANTI-SENSE: YES 15 (xi) SEQUENCE DESCRI PTION. SEQ ID NO 2:
GAATTCGGTG TGCATGATCA TGTCCGC

27 20 (2) I NFORVATION FOR SEQ ID NO 3: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 669 base pairs 25 (B) TYPE: nucleic acid (O
STRANDEDNESS: double (D) TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA 30 (iii)
HYPOTHETI CAL: NO (iii) ANTI-SENSE: NO 35 (xi) SEQUENCE DESCRI PTION: SEQ I D
NO 3: ATGAGCACAA ATCCTAAACC TCAAAGAAAA ACCAAACGTA ACACCAACCG CCGCCCACAG
60 -

2/3

Amino Acid Segquence

NH,~-MetSerThrAsnProLysProGlnArgLysThrLysArgAsnThr 15
AsnArgArgProGlnAspVélLysPheProG1yG1yG1yGlnIle 30
ValGlyGlyValTyrﬁeuLeuProArgArgGlyPrqArgLeuGly 45
ValArgAlaThrArgLysThrSerGluArgSerGlnProArgGly 60
ArgArgGlnProIleProLysAlaArgArgProGluGlyArgThr 75
TrpAlaGlnProGlyTyrProTrpProLeuTyrGlyAsnGluGly 90
LeuGlyTrpAlaGlyTrpLeuLeuSefProArgGlySerArgPro 105
Sé&TrpGlyProThrAspPrbArgArgArgserArgAsnLeuGly 120
LysValIleAspThrLeuThrGlyGlyPheAlaAspLeuMetGly 135 °
TyrIleProLeuValSeraAlaProLeuGlyGlyAlaAlaArgala 150
LeuGlyHisGlyValArgValLeuGluAspGlyValAsnTyrAla 165
ThrGlyAsnLeuProGlyCysSerPheSerIlePheleuleuAla 180
LeuleuSerCysLeuThrIleProAlaSerAlaTyrGluValarg 195
AsnValSerGlyIleTyrHisValThrAsnAspCysSerAsnSer 210

SerIleValTyrGluAlaAlaAspMetIleMetHisThr-COOH 223

FIG.IB
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40 GACGICAAGT TCCCGGEECGG TGGTCAGATC GITGGTGGAG TTTACCTGIT GCCGCGCAGG 120
GGCCCCAGGT TGGGTGTACG CGCGACTAGG AAGACTTCCG AGCGGTCGCA ACCTCGTGGA 180 45
AGGCGACAAC CTATCCCCAA GGCTCGCCGE AOCCGAGGGECA GGACCTGGEC TCAGCCGGGG 240
- 19 - TACCCTTGEC CCCTCTATGG CAATGAGGEGT CTGEEGTGEG CAGGATGECT CCTGICACCC
300 CGAGCCTCTC GGECCTAGITG GGGCCCCACG GACCCCCGEEC GTAGGTCECG TAATCTGEGT 360

5 AAGGTCATCG AT AGGTGGECTTC GCCGACCTCA TGGGGTACAT TCCGCTCGIC 420
AGCGCCCCAC TAGGA GGECC J G GCGICCCEGT GGAC 480
GCCGTGAACT ATGCAACAG(B GAATCTGCCC T TCTCTATCTT CCI TAGCT 540 10
TTGCTGICTT GITTGACCAT Saahes TA 600
TACCATGITA CGAACGATTG ACATGATC 660 15
ATGCACACC 669

(2) | NFORMATI ON FOR SEQ ID NO 4: 20

i9 SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 223 amino acids (B) TY ¢7

d (C) STRANDEDNESS: single

£1
' of.‘ Amp
Bam HI Bgl[ﬂ Nc’o I Eco R]

] N '
N | |

bel Cloning site Pstl Pgt | Hind mr

restriction -site of MCS
delete and insert
l

BC[m HI t ECO RI

-’-\'—//H////////////////////////////////L
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Boww-2 w5

ThiDBhddbPak. 8&fi Replavedir (ii) MOLECULE TYPE: prcfnnn (Al i). HYPQTHETI CAL: NO
Ncill}ll! WIS, i) Eesieien et
hC

r Thr Asn Pro Lys Pro Gn Arg Ly riptien Apapedsn. ﬂahma%an 1
Phe Pro Ay Gy Gy, ,@ gpg'xgvvﬁA @EE‘E 021 LI Drawing(s) : padd ..., to paged
I Tyt

15 An gf.LAer iRty G pagésm Vil pdata 2

.....

25 \u Leu Pro AﬂgAié\mcGy Hg8d A O y
Val Arg GLAIMS PL CED' ), 40 %g@ IT-%‘L;‘% .....
Lys Thr Ser Qu Arg Ser Gn Pro Arg Gy Arg Arg AP

55 60 - 20 - [le Pro Lys A&EAKVH@E SeEE R &v Arg

Thr Trp Pro

80 Tyr P@N ‘0 Trﬁ g gscui?/ foding f%@rpotxpﬁp@fydlﬂém @@mﬂgm@wfwﬂﬁ@ core
antigen protein, the polypeptide having the amino-acid sequence given in Figure 1B (SEQ.ID
NO: 4).

2. A DNA molecule coding for a polypeptide displaying the antigenicity of an HCV core
antigen protein comprising the DNA sequence as given in Fig. 1A (SEQ.ID NO: 3).

3. A DNA molecule as claimed in claim 1 or claim 2 coding for an antigenically significant

~ subfragment or variant of a polypeptide as defined in claim 1 or claim 2.

4, A DNA molecule according to any one of claims 1-3 which is cloned from the plasma
of a patient infected with HCV.

5. Probes for Hepatitis C virus (HCV) nucleic acid which are derived from the DNA

molecule according to any one of claims 1 to 4.
6. An expression vector comprising a DNA molecule according to any one of claims 1-3.

7. A process for cloning a DNA molecule according to any one of claims 1-3 which
comprises isolating RNAs from hepatitis C patients’ sera, and cloning said DNA molecule via
a Polymerase Chain Reaction (PCR) technique.

8. A process according to claim 7 wherein the following sequences are used as primers.

i - 5-GGATCCATGAGCACAAATCCTAAACCT-3' (SEQ.ID NO:1) and
(i) 5-GAATTCGGTGTGCATGATCATGTCCGC-3' (SEQ.ID NO:2).

9. A polypeptide displaying the antigenicity of an HCV core antigen having the amino acid
sequence as given in Fig. 1B (SEQ.ID NO:4).

U] O RO T This is the roplacoment sheet
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5 - o 90 95
Leu Leu Ser Pr'B" RQP c¥ o Ser Trp Ay Pro ‘!’ ro 100
105 I Arg Arg Arg Ser | AHES BHEETLeug SERE s
Val Ile Asp Thr 120] REPLACE 25
Gy Phe Ala Asp Leu Met Gly Tyr e Prg2Leu Val Ser
135 140 15 Ay Gy Ala Ala Arg Ala Leu Gy Hi's GIyVaI
Arg Val 1gu Qi 0%}%@ ti&b'iﬂluchcom rises an antigentt ficant
160 Aly Val r Ala Thr ‘§/ Asn Letjg’ Pr gl@y(flg‘;/m c%n s%? een eraq}%lelt%a
165 polypeptldeasclmmeﬂln c1a1m9 175 Phe Leu Leu Ala Leu Leu Ser
Cys Leu Thr Ile Pro Ala Ser Ala Tyr 180 185
190 2 Gu Val Arg Asn Val Ser Gy Ile Tyr H's Val Thr Asn Asp Cys
Ser 195 4 I : . . : [ Val Tyr
du A Aﬁ a Aé ;S)o I\%’tepﬁeeacﬁét%ﬂﬁ tg C]ﬁ!ﬁp 9211a(¥1ng a moletPRr @‘él@htsc?fr a??ﬁt 25',(13(5?).
220 30
12. A polypeptide according to any one of claims 9-11 produced by an expression vector as
claimed in claim 6.
13. A process for producing a polypeptide displaying the antigenicity of an HCV core antigen
protein by the expression of a DNA molecule as defined in any one of claims 1-3.
\\.l.
14. A plasmid for expression of a polypeptide displaying the antigenicity of an HCV core
antigen protein, designated pEN-2 as deposited in clone EN-80-2 under Accession Number
ATCC 55451.
15.  E. Coli transformed to produce a polypeptide displaying the antigenicity of an HCV core
antigen protein, designated Clone EN-80-2 and deposited under Accession Number ATCC
55451.
16. A method for detecting HCV antibodies in samples, characterized by using a polypeptide
as defined in any one of Claims 9-11 as a probe, capable of binding to antibodies directed against
~ _
an HCV antigen in samples to form an antigen-antibody complex.
17. A method according to claim 16, characterized by using a polypeptide as defined in any |
one of claims 9-11 combined with an HCV nonstructural protein as probes.
18 A kit _for analyzing samples for the presence of HCV antibodies in samples, comprising
a polypeptide and defined in any one of claims 9-11.
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21 CLAI MS. 1. ?IS éee‘c*g pding for a polypeptide displaying the

antigenicity o tlgen protein, the pol ypeptide haV|ng t he

am no-acid sequ igure 1B (SEQ 1D NO 4); TS Sypr PhA—AD ecul e
coding for a po ay| ng the antigenicity jof an HCV ¢ SEBMYi gen
protein conprising the DNA sequence a3 given in Fig. A &S 3.
A nol ecul e according to any one of clains 1-2 which is cI oned t he

pl asma19f a Andibbéies of ﬁ{@eﬁ BEhding flagnerits tﬁereofdlf’dcwa%galmetradﬂevtdo&é ntfgeX | I US
nucl eic acid which are derived fromthe DNA nol ecul e according to any

f pooteinmehich are dicitsd by using agpobyreptidoas definedin enyrpné of clgines BN asmhecul e
accondi nglﬁ to any one of claims 1-2. 6. A process for cloning a DNA
mol e¢ul Fdi ng to any one of clains 1-2 which conprises isolating RNAs
fromhepatitis C patients' sera, and cloning said DNA nolecule via a

Pol yprer ase Chain Reaction (PCR) technique. 7. A process according to

cl ai m @0whe e iprocetse fdr ghrbdwdingg axstdmdmsaﬁ&e&dagameﬂmﬁ/ porenaitigen (cbiprising

5' - GBATCCATGAGCACAAATCCTAAACCT- and (i I

5' - GAA me&mde@sé%mﬂ ineny 2516 ofgclaims 9l ho| ypept i de

di splaying the antigenicity of an HCV core antigen having the am no acid
sequé=nce as given in Fig. 1B (SEQID NG 4). 9. A pol ypepti de accordi ng
to clabm 8 haveihgd forblgging NCWRI @itipleschabaetized by A6iHg aditbodiesAs dofingdaat i de
accofding to any one of clainms 8-9 produced by an expression vector as
claim 19 as a probe.

N 22.  Vaccines for prevention of HCV infection comprising an immunogenic polypeptide as

defined in any one of claims 9-11.
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claimed in claims. 22 11.
di splaying the antigenicity of an HCV core antigen protein by the

qesig-1 Hot

A process for producing a pol ypeptide

expressi on of a DNA nol ecul e as defined in any;onergPLACEMESTISREETD.

SA

pl asm d for expression of a polypeptide displayi

Sédasipas | gepdciiy sfgedn...

HCV core antigen protein, designated PHN 2 as 90SiatR@) | N: gdgener. B Slped »-.

under Accession Nunber ATCC 55451. 13. E. CO?I mtﬁ% o8 . pr@dg@@d ‘‘‘‘‘

pol ypepti de displaying the antigenicity of an HGJ gQie @ntl dF?.f.. d kkkkk
Si'on’ Nunber 554

Arreth

desi gn¢d Cl one EN-80-2 and deposited under Acc%s

?Mglet ecting HCV anti bodies in sanpl
e

A (I RECAEE, Aok o e

pol ypept i as defined in any one of Clains 8

binding to anti bodi es directed against an HCV antigen in sanmples to form an

anti gep-anti body conpl ex. 15. A nmet hod according to claim 14

characferi zed DyAusblegula c@dihg Gy pcﬂlﬁ)epﬁdd@fsplaﬁﬂg ithie aaiﬁgeﬁiaﬁy of arﬁH@N%r@ 9

conbi ngd with an HCV no (ﬂctura hgrot %Vn as prgf ‘é’?

anal yz{ng sa?ﬂﬂg@g Brgein, epriee RO %egu?r}?es%yﬁﬂ i sing

a pol ypept i deSEQUID 3&:i4)ed i n any one of clains 8-9. 17. Ant i bodi es or

antigep binding fragnents thereof directed against an HCV core antigen

protei p which are elicited by using a pol ypeptide as defined in any one of

cl ai n5}| 8- 9 aA DNA molecule coding for a polypeptide displaying the antigenicity of an HCV core
antigen protein comprising the DNA sequence as given in Fig. 1A (SEQ.ID NO: 3).

3. A DNA molecule according to any one of claims 1-2 which is cloned from the plasma
of a patient infected with HCV.

4, Probes for Hepatitis C virus (HCV) nucleic acid which are derived from the DNA
molecule according to any one of claims 1 to 3.

5. An expression vector comprising a DNA molecule accordingly to any one of claims 1-2.

6. A process for cloning a DNA molecule according to any one of claims 1-2 which
comprises isolating RNAs from hepatitis C patients’ sera, and cloning said DNA
molecule via a Polymerase Chain Reaction (PCR) technique.

7. A process according to claim 6 wherein the following sequences are used as primers.

— ) 5'-GGATCCATGAGCACAAATCCTAAACCT-3' (SEQ.ID. NO: 1) and
(i) S5-GAATTCGGTGTGCATGATCATGTCCGC-3' (SEQ.ID NO: 2).

8. A polypeptide displaying the antigenicity of an HCV core antigen having the amino acid
sequence as given in Fig. 1B (SEQ.ID NO: 4).

9. A polypeptide according to claim 8 having a molecular weight of about 25,000.

10. A polypeptide according to any one of claims 8-9 produced by an expression vector as
claimed in claim 5.

{
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an i mmunogen. 18. A process for producing anti bodi es directed agai nst HCV
core antjygen ‘conprising inmunizing an animal with a pol ypeptide as defined
in any one of clainms 8-9. 19. A nmet hod for analyzing HCV in sanpl es
characterized by using anti bodies as defined in claim1l7 as a probe. 20.
Vacci nes for prevention of HCV infect2®n conprising an i nmunogenic

pol ypgpti de as defined in any one of clains 8-9.

11. A process for producing a polypeptide displaying the antigenicity of an HCV core

antigen protein by the expression of a DNA molecule as defined in any one of claims 1-2.

12. A plasmid for expression of a polypeptide displaying the antigenicity of an HCV core
' antigen protein, designated pEN-2 as deposited in clone EN-80-2 under Accession
Number ATCC 55451.

13.  E.Coli transformed to produce a polypeptide displaying the antigenicity of an HCV core
antigen protein, designed Clone EN-80-2 and deposited under Accession Number ATCC
55451.

14. A method for detecting HCV antibodies in samples, characterized by using a polypeptide
as defined in any one of Claims 8-9 as a probe, capable of binding to antibodies directed
S against an HCV antigen in samples to form an antigen-antibody complex.

15. A method according to claim 14 characterized by using a polypeptide as defined in any
one of claims 8-9 combined with an HCV nonstructural protein as probes.

16.  AKit for analyzing samples for the presence of HCV antibodies in samples, comprising
a polypeptide and defined in any one of claims 8-9.

17.  Antibodies or antigen binding fragments thereof directed against an HCV core antigen
protein which are elicited by using a polypeptide as defined in any one of claims 8-9 as

an immunogen.

_ 18. A process for producing antibodies directed against HCV core antigen comprising
immunizing an animal with a polypeptide as defined in any one of claims 8-9.

19. A method for analyzing HCV in samples characterized by using antibodies as defined in
claim 17 as a probe.

20.  Vaccines for prevention of HCV infection comprising an immunogenic polypeptide as
defined in any one of claims 8-9.
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