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ABSTRACT
l

The present invention relates to peptides which are

immunoreactive to antibodies to HCV or NANBHV and a method of

detecting the presence of HCV or NANBHV antibodies in body fluids

| by using the peptides as the antigen. The peptides are selected

from both the envelope and non-structural protein regions of the
HCV or NANBHV. The detection method includes enzyme linked
immunosorbent assay or other immunoassay procedures. The
peptides and conjugates or polymers thereof are also useful as

imnunogens in generating high titer antibodies to HCV or in

vaccilines.
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INTRODUCTION

‘ The present invention relates to peptides.specific for
[éthe diagnosis and prevention of hepatitis C virus (HCV)

'l !

+ infection, or non-A non-B hepatitis (NANBH). More particularly,

| the present invention is directed to synthetic peptides which are

i

| . |
 specific for the detection of antibodies to HCV in body fluids

|

' and immunoassays using the same. The invention also includes the

|
|
i |
]
|

' use of the synthetic peptides in compositions as antigens for

]

! eliciting the production of monoclbnal and polyclonal antibodies

| against HCV and as immunogens in vaccines for the prevention of

| NANBH or HCV infection.

| -~ In recent years, non-A, non-B hepatitis (NANBH) has

. become the most common form,of'post-transfusidn hepatitis.
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! sensitivity in the detection of hepatitis C infection (6-8). The |

}

‘protein region and nonstructural (NS) protein regions. The
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studieS'invclving the experimental inoculation of chimpanzees
provided evidence that the infectious agent was a lipid-

containing virus resembling members of the Togaviridae family.

"Recently, this etiological agént, termed hepatitis.c !
virus (HCV)‘has been shown to be an RNA virus with a genome size '
of ~ 10 kilobases eﬁcéding-a single polyprotein which can be
further processed into several structural and nonstructural
proteins (1-4). Additional computer~assisted protein analysis
demonstrates that HCV shares sequence similarity with the
polyproteins of animal pestiviruses and flaviviruses as well as
mehbers of two plant virus Supergroups (5) .

More recently, a number of reports have led to an
ihcreaéingly coherent understanding of the'funétion of various
regions of the virus and of the relationshipé'among genomic
fragments isolated from variants or closely felated virusés.

A summary of the HCV structure, beginning at the N

follows.

terminus of the virus, The HCV comprises a structural |

struétural protein region is further divided into capsid and
envelop proteins. The NS protein regions are further divided
into NS-1 to NS-5 regions (3).

The postulated.dapsid region (AA1-AA120) has been shown

to contain highly immunoreactive conserved.epitopes with énhancedl
region appears to consist of two segments of equal lehgth (AAl- |
61, AAGZ—AAlzo), which are homologous to one another; perhaps as ;
a result of a gene duplication, and are also homologous to the N
terminal core region of yellow fever virus (9), also a flavivirus
(Table 1A). Both halveé, as represented by peptides VIIIE (AA2~
AA62) and IXD (AA65~-AA119), disclosed in U.S5. Patent No. .
5,106,720, have been shown to be immuﬁoreactive.

A genomic |

fragment of a NANBH virus cloned by Arima et a1.~(10), designated L

_2_.
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i corresponding region of the HCV capsid protein.
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clone 2, contains a Gly-Pro-Arg-Leu-Gly sequence identical to

residues 39-43 in peptide VIIIE (Table 1B), placing this clone 2

fragment in the putative core region of a related virus. Two

other sequences from NANBH viruses, cloned by Reyes et al. (11)

‘and by Arima et al. (clone 1) (12), show sequance similarities

with the capsid region of yellow fever virus (Table 1C). Thus,

there appears to be a number'of related viruses, all of which
have highly immunogenic capsid regions, as evidenced by the ease

of cloning. Variants of hepatitis C (J, J-1, J-4) are also

- highly conserved 1n this region (2-4), so the other clones

mentioned by Arima et al. may be from different viruses, rather
than from variants of HCV,. ‘

Mishiro and colleagues have isolated a cDNA clone from
the plasma of a chimpanzee 1nfected with NANBHV which codes for a

host cellular sequence bearing an epitope which is reactive with

! sera from individuals who are PCR positive for HCV (13). The

sequence of the immunoreactive peptide (GOR epitope) is not

;;encoded by HCV and was reported not to resemble a published

' sequence of HCV spanning three-~quarters of the genome (1) or the

5'-terminal sequence of HCV (2) covering the upstream quarter of
the genome. However, inspection of the GOR epitope sequence
revealed 47% homology with an N-terminal fragment covered by
peptide VIIIE described ih U.S. Patent No. 5,106,726.

Lesser degrees of homologylwere obtained from comparison with the

| N-terminus of the vyellow fever virus capsid protein (33%) (9) and

the protein segment corresponding to clone 1 of Arima et

al.(37.5%) (12) (See Table 1D).
'The presence of antibodies which are cross-reactive

with the GOR epitope sequence in HCV infected individuals may be

,éxplained by structural similarity of the GOR epitope with the

Compared with

|
|
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i anti-C100,

Houghton et al.; antibodiés to peptide VIIIE share the‘following

‘not all anti-C100 positive sera; they can be detected in anti-

L C100 negative sera from both acute and chronic NANBH patients;

they appear earlier than anti-C100 in the seroconversion series;

Ay gy Sy ¢ -
PR P

| they are detected in more seroconVersion panels than anti-C100

-y e P———. A — -

(13); and they are present in 1-2% of normal controls and 15-20%

of HBsAg positive ihdividuals. Early NANBH aseays reported to

G Ay = b

- — 4 —— . Y Y. * A——— Yty -

' detected anti-HCV capsid protein cross-reactivity.

The postulated envelope (env) region consists of amino

T RELEEEE e e L
- -

'acids 120 to 400.
| targets for immunization because the env regibn is a major
it antigen of free viral particles and plays a central role in

flavivirus biology. The env region mediates binding to'cell

;ireceptors and probably facilitates fusion to membranes. It also

' induces protective immune responses after vaccination or natural

§

tglnfection with a flavivirus (14,15) and stimulates cell-mediated

1!1mmunity (16) The type-specific epitopes on env are the ones’
[

]

;[most closely a58001ated wmth protectlve immune responses to

:l
i}

flaviviruses (17-19). There are a number of hypervariable

' regions in the HCV env region, based on a comparison of US and

Japanese strains (2), which may indicate epltopes for straln

specific reactivity.

'z The non~structural protein NS-1, in addition to the

'small M protein of the envelope, has been shown to contribute to

protective immunity in dengue fever (20,21). Inspection of

% sequences and hydrophobicity profiles shows that the HCV NS-~1
|
{

region contains two similar domains (Table 1E). A dominant motif

iin this region is cysteine pairs separated by five or more amino

- e A e b i S P e Serey —-—- —

antibodies to the C100 region, previously identified byf

characteristics with anti-GOR: they both are present in some but

react with host-determinant cytoplasmic antigens may in fact have

The env glycoproteins of flaviviruses are key

t
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The NS-2 region is of unknown function and little has
been reported on its characteristics.

By analogy with yellbw fever virus, the HCV NS-3 region
may contain protease activity‘required‘for viral replication
A trYpsinwlike serine protease active site has been
localized 1in yellow'fever virus by meﬁns of site-directed
i mutagenesis of NS-3 to a catalytic triad consisting of His-53,

Asp-77 and Ser-138. The corresponding region in HCV is the N-

'l terminal third of NS-3, with the critical residues being His-

| 1103, Asp-1127 and Ser-1188. The remainder of the HCV NS-3

region consists of a region which shows immunoreactivity. This

;fregion appears to consist of three subregions homologous to one

;ianother-(Table 1F) and these subregions bear a distant
relationship to the repeated segments of the NS-1 region.
The most widely studied region to date is the NS-4

nonstructural'region. Although its function. is unknown, it

‘' contains highly immunoreactive regions, primarily in the region

%idesignated as Cl100 by Houghton et al. (1), which became the basis

r{for a HCV diagnostic test using recombinant technology. A high

iidegree.of Structural homology 1s observed between part of the
Cl100 HCV sequence with a corresponding region in'the yelldw fever
{ virus (Table 1G). While this region detects antibody to the
lvirus primarily responsible for NANBH (23), experimentally it has
been shown in prior United Biomedical Inc;'s Patent No.

5a106,726 - and numerous recent reports that there are
shortcomings in both sensitivity and specificity in the tests
‘relYing on the C100 polypeptide as an ahtigen. However,
| synthetic.peptides.frOm the NS-4 region described in
U.S. Patent No. 5,106,726 overcome the problem of non-
specific reactivity.

The nonstructural region proximal to the C terminus of

HCV is NS-5, the site of polymerase (pol) activity. The Gly-Asp-

- 5 -

|

|

§
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' highly antigenic epitopes on the envelope and core proteins of
. HIV and to_develop sensitive and specific,immunoasséYs for the

!detection of antibodies to HIV (previously designated HTLV-

| U.S. Patent 4,879,212 issued Nov. 7, 1989, (28-29). ' #

' superior sensitivity, excellent sgpecificity, and, in certain cases,

2047792

Asp sequence in thisregibn is conserved across many viruses(11l).
Méeno et al. have isolatel a clone corresponding to a sequencé
upstream. of the'pol site in the NS-5 region which is
immunoreactive and which reacts specifically with sera from
patients 1in the chrohic phase of NANBH(24).

Through an extensive series of experiments involving
serological validation using select specimens chosen from the
screening of thousandé of sera with hundreds of carefully
designed synthetic peptides, we have further characterized the
capsid protein related immunoreactive peptidesand have
identified additional immunoreactive epitopes contained within
the envelope, NS8-1, NS-2, NS-3, and NS-5 protein regions.

synthetic peptides have been increasihgly used to map
antigenic.or immunogenic sites on the surface of proteins, an
approach recently termed "site~directed~ser010gy".' We, at United

Biomedical, have taken this appreoach to identify and characterize

!

1L

III) (25-27). See U.S. Patent 4,735,896, issued April 5, 1988 and | |

:

l

Subsequently, a series of finely mapped and well-characterized HTLV-
I/II related synthetic peptides were employed in the development of
synthetic peptide-based diagnostic assays for the detection;of HTL?-:
I/II antibodies in infected individuals (30,31). See als.o U.S.

Patent 4,833,071 issued May .23,, 1989, These assays have provided

an unmatched capability to differentiate infections between two

closely related viruses, thus overcoming many of the existing
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.;;which can be used in mammals for the development of monoclonal

. problems associated with biologically-derived tests based on

i introduced into healthy mammals,.including humans, will stimulate |
;éproduction of efficacious antibodies to HCV, thereby providing |

:fprotection_against HCV infection.

and polyclonal antibodies to HCV.

20477992

either viral lysates or récombinant DNA-derived proteins.

ey

It 1s, therefore, an objective of the present invention

to employ the identified and characterized immunoreactive HCV r

peptides in the development of a detection or diagnostic

procedure to identify and monitor HCV infection. ' . !
A further objective 1s to chemically synthesize a test l

reagent which can then be used to detect thé presence of

antibodies to HCV in body fluids and to diagnose NANBH.

Another objective is to develop a vaccine which, when

A further objective is to provide a synthetic immuhogen
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BRIEF DESCRIPTION OF THE INVENTION ' |
According to the present invention, a series of . |

synthetic peptides representing immunoreactive regions of the

postulated envelope protein and nonstructural proteins Ns-i, NS-

2, NS-3 and NS-5 of the hepatitis C virus'(HCV), each arrangéd in
a specific seqﬁence, has been identified and made by sdlid phase
| peptide synthesis. These peptides have been found to'bé useful.
gffor the detection of antibodies to HCV in sera and body fluids

@'and for the diagnosis of non-A, non-B hepatitis (NANBH). 'Because

Agrp—

1of their immunoreactivity, it is expected that these peptides are

§‘also useful in stimulating production of antibodies to HCV in
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| healthy mammals such as Balb/C mice, and in a vaccine composition

| to prevent HCV or NANBHV infection.

According to the present invention, a peptide

composition useful for the detection of antibodies to HCV and
lldiagnosis of NANBH comprises a peptide from the envelope, NS-1,

NS-2, NS-3 and NS-5 regions of the HCV represented by the

| following sequences:

Gln-Gly*Trpwcly-Pro-Ile-ser-Tyr~A1avAsnwcly~Ser~Gly-Pro~Asp~
GlnwArg-Pro~Tyr-0ysvTrp-HiséTyr-Pro~Pro-Lys~Pro-Cys~Gly-Ile-
Val*Pro~A1a-Lys-Ser-Va1~Cys~Gly—Pro-Va1-Tyr~Cys~X

Pepl
Pro-Pro~Leu-Gly-Asn-Trp-Phe-Gly-Cys-Thr~Trp-Met-Asn-Ser~Thr-
Gly-Phe~Thr-Lys-Val~Cys-Gly—Ala-Pro~Prb-Cys~X

. Pep2

G1y~Cys-Ser-Gly—Gly~Ala~Tyr~Asp~I1e-I1e—Ile~Cys-Asp~Glu-Leu~
His—Ser-Thr-Asp~Ala~Thr-8er~Ile-LeuﬁGlvale-Gly“Thr~Va1~Leu~
Asp-Gln-Ala-Glu-Thr-Ala-Gly-X

Pep3
Asp-Pro-Seeris-Ile-Thr-Ala~Glu-Ala~Ala~Gly%Arg~ArgéLeu-Ala~
Arg-Gly-Ser-Pro-Pro-Ser-Val—Ala~Ser?Ser—SerwAla-Ser-GlnmLeu~
Ser-Ala-Pro-Ser~Leu~Lys~Ala~Thr-Cys-Thr~Ala-Asn-His~Asp—Ser-
Pro-X

Pep4

(e) Asp—AlawGlqueu-Ile-Glu-Ala-Asn-Leu~Leu-Trp-Arg~Gln-Glu~Metw

Gly-Gly-Asn-Ile-Thr-Arg*Val-Glu~Ser-G1u~Asn~Lys-Val-Va1~Ile-'

Leu-Asp-Ser~Phe~Asp~Pro~Leu~Va1~Ala-Glu-Glu~Asp-G1u~Arg~X

Pepb

(f) Asp-Pro-Gln-Ala~Arg~Va1~A1a-I1e~Lys-Ser-Leu-Thr~GlU-Arg~Leu~

Thr~Va1-Gly-Gly~Pro~Leu-Thr~Asn~Ser—Arg~G1y—Glu-Asn-Cys—Gly~

Tyr-Arg-Arg-Cys~Arg-Ala-Ser-X

Pepé6
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Cys~Leu~Thr~Va1~Pro-ﬁla*Ser#Ala-TYr~Gln~Val-Arg~Asn-Ser~Thr-
Gly-LeuwTyr-His-Val-fhr~Asn-Asp-CYs-Pro-Asn-Ser-SerwIle~Val-
TyrwGluwAla-His~Asp—Ala-Ile-Leu-His—Thr-Pro-Gly-Cys-Valero-
Cys-Val-Arg-Glu-Gly-Asn-Val-Ser-Arg-Cys—X

Pep?7

Phe-Thr-Phe-Ser-Pro~-Arg~-Arg-His-Trp-Thr-Thr-Gln-Gly-Cys~Asn-

Cys-Ser~Ile~Tyr-Pro-Gly-His~Ile~-Thr-Gly-His-Arg—-Met-Ala-Trp-
.Asp~Met-Met-Met-Asn-Trp-Ser-Pro~Thr~Ala—X

' . Peps8
Val-Asp-Ala-Glu~-Thr-Ile-Val-Ser-Gly-Gly-Gln-Ala-Ala-Arg-Ala-
Met~Ser-Gly-Leu~Val-Ser-Leu-Phe~Thf-Pro-Gly—AlawLys~G1n~Asn~
Ile~-Gln~-Leu~Ile-Asn-X .

Pep9
Trp-His-Ile~-Asn-Ser~Thr-Ala-Leu-Asn-Cys-Asn-Glu-Ser-Leu-Asn-
Thr-Gly-Trp-Leu-Ala-Gly~-Leu-Ile-Tyr-Glu-His~-Lys-Phe-Asn-Ser-
Ser-Gly-Cys-Pro-Glu~Arg~Leu~Ala-Ser-Cys~X

| w PeplO
Glu-Ile-Leu-Arg-Lys-Ser~Arg-Arg—-Phe~Ala-Gln-Ala-lLeu-Pro-vVal-
Trp~Ala-Arg~-Pro-Asp-Tyr-Asn-Pro-Pro-Leu-Val-Glu~-Thr-Trp~Lys~

Lys-Pro-Asp-Tyr-Glu-Pro-Pro-Val-vVal~His-Gly-Cys-Pro-Leu-Pro-

Pro-Pro-Lys—-Ser-Pro-Pro-Val-Pro-Pro-Pro-Arg-Lys-Lys—-Arg~Thr- l

X

;

Pepll

Lys—Ala~Thr-Cys—Thr-Ala-AsnﬁHis-Asp-Ser-Pro-Asp-Ala-Glu-Léu~

Ile-Glu-Ala-Asn-Leu-Leu-Trp~Arg-Gln~-Glu-Met-Gly-Gly-Asn-Ile~
Thr-Arg-Val-Glu-Ser-Glu-Asn-Lys-Val~Val-Ile-Leu-Asp-Ser-Phe-

Asp-Pro~Leu-Val-Ala-Glu~Glu-Asp-Glu-Arg-X

Pepl2
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(m)

(n)

. (o)

(P)

(q)

(r)

~
0

- Arg-Gln-Glu-Met-Gly-Gly-Asn-Ile-Thr-Arg-Val-Glu~-Ser-Glu-Asn-

Lys-Va1~Val~I1e-Leuwﬁsp-Ser~Phe-Asp—Pro-Leu-Val-Ala—Glu—Glu~
Asp-Glu-Arg-Glu-Ile-Ser-Val-Pro-Ala-Glu~Ile-~Leu~Arg-Lys-Ser-
Arg-Arg-X

Pep13
Cys-Lys~Pro~Leu~Leu-Argfclu-Glu-Va1~Ser-Phe—Arg-Val-Glywﬁeu-
HiS*GluwTyrrPro-Val-G1y-Ser~G1n~Leu~Pro-Cys~Glu~Pro-Glu-Pro~
Asp-X

Pep14
Glu~Glu~Tyr*Va1-Glqule-Arg~Gln~Val-Gly-ASp-Phe-His-Tyr-Val-
Thr-Gly-Met-Thr-Thr~Asp-Asn-Leu-Lys-Cys-Pro-Cys-Gln-Val-Pro-
Ser-°Pro-X

‘ Peplb

Gly~Seerrp—Leu-Arg—Asp-I1e-Trp~Asp~Trp-IleQCys-Glu-Val~Leu~
SerwAspﬂphe~Lys~Thr-Trp~Leu-Lys-AlawLys-Leu-Metwpro-G1n-Leu~
X

'Pep16
Glwaro-AlawAsprlyéMet-Va1-Ser-Lys-Gly-Trp-AtgfLeu-Leu-Ala-
Pro-Ile-ThréAlawTyr~A1a~Gln-Gln-Thr—Arg~G1y—Leu-Leu~Gly~Cys-
I1e-I1e—Thr~Ser~Leu~Thr~Gly—Arg-Asp~Lys~Asn-Gln-Val-G1u~G1y-
3 | .

- Pepl7
Glu~Ile—Pro-Phe-Tyr—Gly-Lys~Ala~Ile~Pro—Leu—Glu~Va1-Ile~Lys~
Gly-Gly-Arg~His-Leu~Ile~Phe-Cys#His~Ser~Lys-Lys;Lys-Cys~Asp-
Glqueu-AlawAla-Lys-Leu~Val~Ala~Leu-X -

' Pepls
Cys—ValwArg-Glu~Glf~Asn~Val~ser-Arg—Cys~Trp-Val-A1a-Met—Thr-
Pro~Thr-Val~Ala-Thr~Arg-Asp~Gly~Lys~Leu-Pro-Ala-Thr-G1n~Leu-
Arg-ArgéHis-Ile*Asp-Leu~Léu~Va1-Gly—Ser-Ala~Thr~Leu-CYS~X

Pep19

These 19 peptides are in addition to Peptide VIIIE, a

'peptide from the structural protein region, and Peptides IIH and

- 10
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}
Vv, peptides from the non-structural protein region which have

also been found to be reabtive and useful for the detection of

antibodies to HCV and diagnosis of NANBH.

Peptide VIIIE has the followlng sequence:

- v b P il A o wde v (TN -~

Y i . L. P SN SV SN ¢ EEpebrege— A o g — A ——

Ser-Thrwl1e4Pro~Lys~Pro-Gln"Arg-Lys~Thy-Lys-Arg~A§n~Thr-Asn-Arg~

Arg—Pro-Gln~Asp~ValﬂLyé~Phe-Pro~Gly~Gly~Gly~G1n~I1e-Val~Gly~Gly~

“pa
- A Y—— -y .-

Va1-Tyr—Leu~LeufPro~Arg~Arg—G1y~P:o~ArgeLeu~G1y-Va1~Arg~Ala-Thr~

Arg-Lys~-Thr-Ser-Glu~Arg-Ser-Gln-Pro-Arg-Gly-Arg-Arg-Xx,

Peptide IIH has the following sequence:

Ser-Gly~Lys—Pro~Ala~I1é—Ile~Pro~Asp~Arg~Glu~Va1~Leu~Tyr~Arg~Glu-

[ - - -

l
irPhewAsprlumMet—G1u~Glu~Cys-Ser—Gln-His~Leu~Pro~Tyr~Ile~G1u—Gln~

PR S - -

Gly~Met~Met~Leu—Ala~G1u4Gln-Phe~Lys*Gln*Lys-AlawLeuﬁGlyFLeumx
i Peptide V has the folloﬁing sequence:
Lys~Gln~Lys~Ala-Leu~G1y~Leu~Leu-G1n-Thr-A1a~§er-Arg~G1n~Ala~G1u~
TVal-Ile-Ala“Pro-Ala~Val-GlanhrvAsn?Trp~G1n~Lys—Leu~Glu~Thr-Pheé
,Trp—AlawLySFHiS*Methrp—Asnwphewx' ‘
! wherein X is -OH or -NH, and analogues, segments, mixtures,
conjugates and polymers thereof. ' .

Further, aCcording_to the present invention, the
peptides by themselves, or when coupled to a protein or a
|

polymeric carrier of homo or hetero dimers or higher oligomers by

the use of homo or hetero functional multivalent cross linking

| reagents, or when directly synthesized and conjugated to a
branching polyvalent lysine resin, can be used to elicit the

| production of antibodies to HCV in healthy mammals, including

humans.

'

The method comprises introdﬁcing an effective amount of

jthe peptide composition containing each of the individual

!*peptides, analogues or segments or a mixture or a combination

{

thereof, or in a polymeric form, into the body of a healthy

|

{imammal by intraperitoneal or subcutaneous injection.
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Vaccines containing the peptides according to the

' present invention.as the key immunogén may also be prgpa:ed as

i described above or by known methods. It is expected that such

vaccine compositions may be useful to prevent HCV_infection or

NANBH.

BRIEF DESCRIPTION OF DRAWING

Fig. 1 is a photograph of a computerégenerated

structure of an octameric peptide immunogen.
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;stimulating the production of antibodies to HCV.
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DETAILED DESCRIPTION OF THE INVENTION

In accordance with the present invention, nineteen

peptides and their analogues including segments have been

selected from the nonstructural regions of HCV and chemically

These peptides including their analogues are useful

| for the detection of antibodies to HCV in body fluids, the

|| dilagnosis of'NANBH, and for the vaccination of healthy mammals by

These peptides

are arranged in the following sequences:

Gln-Gly-Trp-Gly—Pro-Ile-Ser-Tyr~Ala~Asn-Gly~Ser-G1y-Pro—Asp-
Gln—Arg-Pro~Tyr-Cys-TrpwHis-Tyr~Pro-Pro~Lys~Pro~Cys-G1y~Ile-
Val-Pro-Ala-Lys-Ser-Val-Cys~Gly-Pro-Val-Tyr-Cys-X
Pepl
Pro~Pro-Leu~G1y~Asn—Trp~Phe~Gly-Cys-Thr~Trp~Met—Asn-Ser-Thr-
Gly-Phe-Thr-Lys-Val-Cys-Gly-Ala-Pro-Pro-Cys-X
' Pep2
Gly-Cys-Ser-Gly-Gly~Ala-Tyr-Asp-Ile~Ile~Ile-Cys~-Asp~Glu-Leu-
His~Ser~Thr~Asp-Ala—Tﬁr-Ser-Ile~Leu~Gly~Ile*Gly-Thr-Val—Leuw

Asp-Gln-Ala-Glu~-Thr-Ala-Gly-X

Pep3

Asmero-Ser~His-Ile-Thr-Ala~GluéAlawAla~Gly~Arg—Arg-Leu~Ala~
Arg-Gly-Ser~Pro-Pro-Ser~Va1~A1a-Ser-Ser~Ser~A1a-Ser-Gln-Leu-
Ser-Ala-Pro~Ser~Leu~Lys-Ala~Thr~Cys~Thr~Ala-Asn—His—Asp-Ser~
Pro-X

pep4
Asp—Alawelu-Leu-Ile~Glu-Ala-Asn-Leu~Leu-Trp—Arg~Gln-Glu-Met-

GlymclywAsn-I1e-Thr-Arg-ValéGlu-Ser~Glu~Asn-Lys-Val-Val-ile-

Leu*AspwSer~Phe-Asp-Pro~Leu-Va1-A1a~G1u~G1u~Asp-G1u4Arg~X

Pep5

() Asp-Pro-Gln—Ala-Arg-Val-Ala-IleéLys~Ser-Leu—ThrwGlu-Arg-Leuw

Thr-Val-Gly-Gly-Pro-Leu-Thr-Asn-Ser-Arg-Gly-Glu~Asn-Cys-Gly-

Tyr-Arg~-Arg~-Cys~Arg-~Ala-Ser-X

- 22 -
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1 _ Pep6

2 (g) Cys~Leu~Thf-Va1-Pro~h1a-ser-Ala—TYr-Gln-Va1-Arg~Asn-Ser-Thr~

3 Gly—Leu-Tyr-His—Va1~Thr-Asn-Asp-Cys~Pro-Asn-Ser~Ser~I1e~Val~

4 Tyr~Glu~Ala~His~Asp~Ala~Ile-Leuwﬂis-Thr~Pro~Gly-Cys~Va1~Pro~

5 Cys-Val-Arg-Glu-Gly-Asn-Val-Ser-~Arg-Cys-X ‘ '

6 ﬂ | ' Pep7

7 il (h) Phe-Thr~Phg~8er~Pro~Arg~Arngis-Trprherhr-Gln~G1y-Cys~Asn~

8 | Cys—-Ser-Ile~Tyr-Pro-Gly-His~Ile~-Thr~-Gly~-His-Arg-Met-Ala-Trp-

9 Asp-Met-Met-Met-Asn-Trp-~Ser-Pro-Thr-Ala-X }
10 | Pep8 |
11§ (1) Val-Asp—AlaéGiu-Thr-Ile-Val-Ser-Gly-Gly-GlnwAla-Ala~Arg-A1a- |
12 i Met~Ser-Gly-Leu-Val-Ser-Leu-Phe-Thr-Pro-Gly-Ala-Lys-Gln~Asn- '
13 Ile-Gln-Leu-Ile-Asn-X
14 | ' ’ Pep9
15 :(j) Trp-His-I1e~Asn~Ser-Tht-Ala~Leu-AsnéCys~Asn-Glu-Ser-LeuwAsn-

16 | Thr-Gly-Trp-Leu-Ala-Gly-Leu-Ile-Tyr-Glu-His-Lys-Phe-Asn-Ser- .
17 d Ser-Gly-Cys-Pro-Glu~Arg-Leu~Ala~Ser-Cys-X

18 =! . PeplO .
19 i(k) Gluwlle-Leu—Arg-Lys-Ser-Arg-Arg~Phe~A1a~G1n-A1a-LeuwPro-Val- .
20 {L TrpéAla-Arg—ProfASpryr-Asn~Pro-Pro—Leu—Val-G1u~Thr-Trp~Lys~ ' '
21 i Lys-Pro~Asp-Tyr-Glu-Pro-Pro-Val-Val~His-Gly-Cys-Pro-Leu-Pro-

22 f’ Pro~Pro~Lys~Ser~Pro~Pro~Va1~Pr6-Pro~Pro-Arg~LysQLys-ArgwThrw

23 ‘;P X

24 il Pepll |
25 (1) Lys-Ala-Thrnys-Thr—Ala-Asn-His—AspéSer~Pro-Asp-A1a-G1u~Leu- *
26 f! Ile-G1u~Ala~Asn-Leu—Leu~Trp-Arg-Gln-Glu-Met—G1y—Gly-Asn-Ile- |
27 E Thr~Arg-Val-Glu-ser-Glu-AsnwLys-Val-Val~11e~Leu-ASp-Ser-Phe~

28 Asp-Pro—-Leu-Val-Ala-Glu~-Glu-Asp~Glu-Arg-X

29 i Peplz |
30 : (m) Arg-Gln-Glu-Met-Gly~-Gly-Asn-Ile~-Thr-Arg-vVal~Glu-Ser-Glu-Asn-

o
fren

Lys-Val—Va1~Ile~Leu-Asp-Ser-Phe-Asp~ProwLeu~Va1~Ala9G1u-Glu-

32
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Asp-Glu-Arg—Glu-Ile-Ser-Valnpro—Ala-Glqule~Leu-Arg-Ly5wSer-
Arg-Arg-X

Pepl3
Cys-Lys-Pro-Leu-Leu-Arg-Glu-Glu-Val-Ser-Phe-Arg~Val-Gly-Leu-
His-Glu-Tyr-Pro-vVal-Gly-Ser-Gln-Leu-Pro-Cys-Glu-Pro~-Glu-°Pro-
Asp~X.. ‘

Pepl4
G1u~G1u-Tyr-Va1¥G1u-I1e-Arg-Gln-Va1-Gly-Asp-Phe-His-Tyr-Val-
Thr-Gly~-Met-Thr-Thr-Asp~-Asn~Leu-Lys-Cys-Pro-Cys-Gln~Val-Pro-
Ser-Pro~-X

Pepl5 |
Gly-Ser?Trp-Leu-Arg-Asp—Ile-Trp-Asp-Trp-Ile-Cys~G1u~Val~Leu%'
Ser-Asp-Phe-Lys-Thr-Trp-Leu-Lys-Ala-Lys~Leu-Met-Pro-Gln-Leu-
). 4

Pepl6
Gly~Pro-Ala~Asp~Gly-MetQVal~Ser~Lys~Glerrp-Arg~Leu~Leu-Ala~
Pro~Ile-Thr-Ala-Tyr-Ala-Gln-Gln-Thr-Arg-Gly-Leu-Leu-Gly-Cys-
Ile-Ile~Thr-Ser-Leu-Thr-Gly-Arg-Asp~Lys-Asn-~-Gln-Val-Glu-Gly-
X

Pepl?
Glu~-Ile~Pro-Phe~Tyr-Gly-Lys—~Ala-Ile-Pro-Leu-Glu~Val-Ile-Lys-
GlywslyéArg-His-Leu-Ile-Phe-Cys—His-SereLys-Lys-Lys-Cys-Asp~
-Glu-Leu-Ala-Ala-Lys-Leu-Val-Ala-Leu-X

Pep18
Cys-Val-Arg-Glu-Gly-Asn~Val-Ser-Arg-Cys-Trp~Val-Ala-Met-Thr-
Pro-Thr-Val-Ala-Thr-Arg-Asp-Gly~-Lys-Leu~Pro-Ala-~-Thr-Gln-Leu-
Arg-Arg-His-Ile-Asp-Leu-Leu-Val-Gly-Ser-Ala-Thr-Leu-Cys-X

‘ ' Peplo

These 19 peptides are in addition to Peptide VIIIE, a -

peptide from the structural protein region, and Peptides IIH and

1V, peptides from the non-structural protein region which have

- 24 =-
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also been found to be reactive and uséful for the detection of
antibodies to HCV and diagnosis of NANBH.

Peptide VIIIE has the following seguence:

*Ser~Thr-I1e—Pro~Lys~Pro+Gln~Arg—Lys—Thy-Lys~Arg1Mﬂ1wThr#Asn—Argw

Arg-Pro~Gln~Asp-Valeys-Phe*Pro~Gly~Gly~Gly—Gln~Ile”Val~G1y~G1y-
Val~Tyr~Leu-Leu-Pro~Arg~Arg-Gly-Pro-Arg~Leu~G1y~Val~Arg~Ala~Thr~
Arg~Lys~Thr~Seerlu-Arg~Ser~Glanro-Arg-G1y~Arg~Arg~X,

Peptide IIH has the following sequence:
Ser~Gly~Lys~Pro-A1a~Ile~I1e~Pro~Asp—Arg~G1u~Va1~Leu~Tyr~Arg~Glu~
Phe-Aspr1u-Met~Glu-Glu-Cys~Ser~G1n~His~Leu~Pro~Tyr~Ile-GluwGlnw
Gly~Met-Met-Leu-A1a~Glu~Gln~Phé~Lys~Gln~Lys~Ala~Leu~Gly~Leu-X

Peptide V has the following seguence:

Lys~GlnwLys-Ala—LeuwGly~Leu~Leu-Gln-Thr-Ala-Ser*Arg—G1n-Ala~Glu~

' Vval-Ile-Ala-Pro-Ala-Val-Gln-Thr-Asn-Trp-Gln-Lys-Leu-Glu~Thr-Phe-

Trp-Ala-Lys-His-Met~-Trp-Asn-Phe-X
Wherein X is -OH or ~NH, and analogues, segments, mixtures,
conjugates, and polymers thereof.

These peptides may comprise combinations or segments,

i i.e. longer or shorter peptide chains by having more amino acids

added to the terminal amino acids, or by amino acids removed from

either terminal end.

These peptides may also comprise analogues to
accommodate strain-to~strain variations among different isolates
of HCV,.
it is expected that variant strains, such as PT, J, J-1 and J~-4
(1-4) exist. '

Adjustments for conservative substitutions and

selection among the alternatives where non-conservative

substitutions are involved, may be made in the prescribed

| sequences (e.g. see Table 1E, Table 8c and Table 11 for possible

amino acid substitutions in the hypervariable regions of the
envelope and NS-1 proteins). These analogues of the synthetic

peptides may therefore comprise substitutions, insertions and/or

- 25 =
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deletions of the recited amino acids of the above sequence
to accommodate the various strains, as long as the immuno-
reactivity recognizable by the antibodies to HCV is preserved.

These peptides may also comprise conjugates,

1.e., they may bé coupled to carrier proteins such as
‘bovine Serum albumin (BSA) or humah séruﬁ albUmih (HSA) .
Furthermore, these peptides may comprise polymers, 1.e.,
they may be sythesized on a polymeric resin, or in dimeric,

tetrameric, octameric and decahexyl forms of the peptide

or their analogues, such as branChing octameric lysine
resin. The branching poly-L-lysine can beLys8 Lys4-Lys2

Lys, Lys, Lys, Lys Lys, Lys, Lys; the last Lys Can be

2 2

attached to Y as 1in Lys, Lys, Lys—-Y wherein Y 1s -OH;,

4

~NH2 oOr an amino acid containing no side chain functional
group: such as alanine, valine, glycine, etc. Y can be
inserted to facilitate synthesis onto the 4-methylbenzhydryl-

amine resin. The conjugates and polymers of the peptides

are also useful in the present invention.
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The amino acid sequences of the polypeptide as

described in the 1nventlon useful as test reagents for the

idetectlon of antibodies to HCV in body fluids and dlagn081s of

NANBH are selected to correspond to segments of the amino acid
sequence of the postulated envelope and non-structural proteins

of HCV des1gnated as env, NS-1, NS~ 2, NS-3 and NS-5 based on

amino acmd sequence 1nformatlon derived from Houghton et al.

(13), okamoto et al (2) and Kato et al (4) .

In selectlng regions of the HCV proteln for epltOpe

R

analysis, peptldes of about 40 mer size with amlno a01d sequences

.oovering the complete HCV envelope and nonstructural protelns
NS-1, NS-2,'NS-3 and NS-5 were synthesized. These'were tested

for thelr 1mmunoreaotLV1ty Wlth spec1al spe01mens previously

| selected through the screening of thousands of patlent and normal

sera for their unlque 1mmunoreact1V1ty with HCV. Nlneteen

|

| peptldes from the postulated envelope and nonstructural proteln

regions NS-1, NS-Z, NS 3 and NS- 5 designated as pepl pep2, pep3,
‘pep4, pepS,pep6( pep?, pep8, prep9, peplo, pepll, pep12, pepl3,
pep14 pepls; pepl6, pepl7, pep18 and pep19 and'their analogues
were identified to have specific 1mmunoreact1V1ty W1th the

' positive HCV sera.

. At present available knowledge of proteln structure
u

|
has not enabled the 501entlst to predict the amlno acid sequences *

' that may represent highly immunogenic epltopes. The usefulness
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of a peptide as an antigen or immunogen must be empirically
determined. We have only'béén able tO'idéntify.and characterize
immuno-reactive epitopes through an eXtensive process wh%ch_we'
call "serological validation". The following example shows how
difficult it is to identify immuno~reactive epitopes.

For example, a clone designated as C33cC ehcodéd within
the NS-3 region was reported to possess immunoreactivity(3).
This clone spans 265 amino acid residues. Assuming a useful

peptide must be at least 6 amino acids in lengthwand'tﬁat the

upper limit for synthetic peptides in reasonable yield is 120

 residues, the number of possible unique peptides from the C33c

regions is 23,028. For the entire HCV genome, the figure is
about 260, 000.

In addition, we have shown that extraction conditions

are critical for the expression of the immunopotency of a peptide }

(Example 4C), so the number of uniquely extracted peptides from
this region is in multiples of 23,028. The possibilities for
post-extraction modification, such as pH adjustment (Example 4B)

further increase the possible selections to >10°. If amino acid

substitutions at various positions are taken into consideration,

this figure will quickly increase to several millions. In
contrast to the HCV core region, in which peptides VIIIE and IXD

were the optimal analogues, longer peptides are not preferred

|| over shorter analogues in the-NS-3/CB3c'region.' For éxample,.the

42 mer 279B shown on Table 4D has only 3% of the reactivity bf

the 37 mer peptide 3, designated as 279A in Table 4D. Of 30

.peptides spanning the C33c¢c region tested,fonly one was found to

be useful. The'antigenic index as referred in Houghton et al (3)
did not prove to be a useful guide to epitopes, as the profile

for peptide 3 is positive for only 30% of its sequence and

| negative for the remaining 70%.

- 27 -
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The strategy for serological validation also depends on

, the expected characteristics of the target epitopes. Universal

immunodominant epitopes, such as the gp4dl transmembrane'peptide

‘

of HIV~1l, may be screened by a-Single representative serum Sample

= — il A b

from a patient known to be infected with the virus. Epitopes
which are not recognized by all infected-individuals, or those
for which antibody is produced late'or-only transiently, and
especially epitopes which give rise to neutre1izing antibodies,
must be screened by larde panels of sera. Fer exemple; peptide
272B shown in Table 4A was initially tested on a panel of eight
sera from HCV infected individuals (Panel 1). Only one sample
was definitely positive with an absorbance of.880-mA. Three were
weakly reactive (<200 mA) and four were negative.

The identification of the immuno-reactive epitopes is

| also dependent on the panel of sera used. The more closely the

panel represents the population most likely to be seropOSitiVe
for the desired epitope,.the greater the chence that the epitope

will be identified. For example, peptideSfSynthesized from the

A N R PR | A W AT ST A S AL W W WINPT WIS WWE W A— A—— -
0

| NS-1 region, which were hypothesized to be important for

' generating neutralizing antibodies, gave only weakly reactive or

negative results on screening with a very large number (n > 200)

|
lchronically infected with HCV. However, a panel of 24 samples

- from asymptomatic individuals from a known hepatitis virus

endemic geographical region, Taiwan and mainland China, vielded

l . |
.two samples with absorbances of >2000 mA against multiple NS-1
!peptides. ‘

_Finally, if the desired purpose of a targeted

,peptide/epitope'is to extend the range of reactivity of an aésay
 comprised of previously identified epitopes, then a large number
of samples from individuals at risk of infection but seronegative

against known epitopes nust be employed for screening.
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determining the immunoreactivity of a peptide.

| reactive samples show absorbances of >2000 mA.

 reactivity when tested by an enzyme immunoassay. o
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Unfortunately, the most critical samples from clinically proven
and documented cases of ihfection may be available in quantities

insufficient for screening purposes. This 1s another

t

complication/difficulty encountered in serological validation for

The process of "“serological validation" is particularly
difficult whén the epitopes to be identified elicit éntibodies 3
only in a Subpopulation of ah.infected‘pétient group.' Wheh such
epitopes become targets for identification, Speciql-attention ' |

must be paid to synthetic peptides which show very weak

Fortunately, the low background absorbanqé of synthetic
peptides allows for the preciée detection of weak reactivities..
In some caées, absorbances of 50 mA versus b&ckground reading are V
of sufficient significance and can lead to,the‘identifiéation of
important'epitopes|through successive refinement of the amino

acid sequence of a peptide. The utmost technical skill is

required to obtain consistent and reliable results wheh_working |
in the range of absorbances below 200-300 mA. For exampie:

Peptides 261E and 261F shown on Table 4D were‘reactive'With bnly
one of eight HCV sera panel members (Panel I), with absofbances |
of 307 and 269 mA, respectively. Yet this weak reactivity led to |
the eventual identification of'pep3 (or 279a), toward which half

of the panel is reactive, and toward which some additional

Based on the imﬁunoréactivitiesof the peptides
according to the present invention, it is_believed.that these
peptides may also be useful in a vaccine to preveht NANBﬁ. The
peptide when coupled to a protein, or synthésized on a polymeric
carfier resin.(e.g., an octamerié lysine resin) or when
polymerized to homo or hetero dimers or higher oligomers by

cysteine oxidation, or induced disulfide cross linking; or by use |
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of homo or hetero functional multivalent cross linking reagents,
| can be introduced to normal subjects to stimulate production of

antibodies to HCV in healthy mammals.

1

The advantages of using Synthetic peptides are known.

Since the peptides according to the present invention

r ~ |
are not derived biologically from the virus, there is no danger

of exposing the.normal subjects who are to be vaccinated to the

disease causing pathogen.

The peptides can be chemically synthesized easily.

This means that there is no involvement with HCV at any time

' during the process of making the test reagent or the vaccine.

3 presentlinvention is the.false’positive.results caused by the

| presence of antigenic material co-purified with the HCV fusion

! :
i | .
| protein. Certain normal individuals have antibodies to E. coli or

yeast proteins'which are cross reactive with the antigenic
materials from the expression system. Sera from'these normal -
individuals may show a positive reaction in the immunoassays.

' Further, with appropriate amine acid‘modification or
lsubstitutiens, it is expected that varioﬁs peptide-anaiegues..
based on the prescribed amino acid seqﬁence cah be synthesized
with properties giving rise to lower background readings or
better binding capacity'to solid phases useful for HCV antibody
scfeening assays. .

. Moreover, because the peptide compositions ef the
present ihvention are synthetically prepared, the'quality can be
controlled and as a result, reproaucibility of the test results
can be assured. Also; since very small amounts ef a peptide are

required for each test procedure, and because'the expense of

|preparing a peptide is relatively low, the cost of screening body

llfluids for antibodies to HCV, diagnosis of NANBH infection, and

'the preparation of a vaccine is relatively low.

|
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" The peptides prepared in accordance with the‘presént
invention can be used to detect HCV infection and diagnose NANBH

'

by using them as the test reagent in an enzyme-linked
immunoadSOrbent assay (ELISA), an enzyme immunodotfassay, an
agglutination based aSsay,.or othér wellwknOwn'immunosassay
devices. The following.examples serve tb i1llustrate the preSent

invention and are not to be used to limit the scope of the

invention.

- 31 -

¥
|
i
|




2047792

gl PP S——— i~ ER

| .
‘. EXAMPLE 1

-G

1
2 |l Measurement of Relative (%) Immunoreactivity
I for HCV synthetic peptides by an Enzyme-

3 Linked Immunosorbent Assay

4 “ As an example to illustrate how relative (%) |

5 || immunoreactivity for HCV synthetic peptides is measured, wells of t

6 i 96~-well plates are coated for 1 hour at 37°C, with each of the

7 | following pepti@es: ITH, V, VIIIE and pépll at 5 ug/ml, at 100 ul

8 || per well in 10mM NaHCO; buffer, pH 9.5. The peptide coated wells
9 || were then incubated with 250 ul of 3% by weight of gelatin in‘PBS E
10 || in 37°C for 1 hour to block non-specific protein binding sites,

11 !qfollowed by three washes with PBS containing 0.05% by volune of

12 % TWEENﬁzoxand then dried. The test specimens containing a panel |
13 glof eight well-characterized HCV antibody positive patient sera |
14 } were diluted with PBS containing 20% by volume normal goat serunm,

. %
15 1‘1% by weight gelatin and 0.05% by volume TWEEN 20 at dilutions of

16 i:1:20 volume to volume, respectively. 200 ul, of the diluted

for 15 minutes at 37°C.

17 lspecimens were added to each of the welis and allowed to react
L8 |

19 | The wells were then washed six times with 0.05% by |
*

20 in PBS in order to remove unboﬁnd antibodiés. | o

0 i’ volume TWEEN

21'4*Horseradish peroxidase conjugated goat anti-human IgG was used as |

29 il a second antibody tracer to bind with the HCV antibody-peptide

23 |
24 t labeled goat anti-human IgG at a dilution of 1:1800 in 1% by

antigen complex formed in positive wells. '100 ul, of peroxidase

*

75 ' volume normal goat serum, 0.05% by volume TWEEN 20 in PBS was
26 'ladded to each well and incubated at 37°C for another 15 ninutes.
27 The wells were washed six times with 0.05% by volume

s

* |
28 TWEEN 20 PBS to remove unbound antibody and reacted with 100ul of

79 || the substrate mixture containing 0.04% by weight

30 'orthophenylenediamine (OPD) and 0.12% by volume hydrogen peroxide |

31 in sodium citrate buffer, pH 5.0.

19 *Trade-mark | |
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- This substrate mixture was used to detect the

peroxidase label by formihg a colored product. Reactions wefe

stopped by the addition of 100 ulL of 1.0M H,S0, and the Aﬂygmh

measured. Results of relative immunoreactivity for each of the

peptide II H as the reference.

Peptide
Code

[1H |
vV
VIIIE
Pepl!

0.812
0.834
2.745
0.241

2
0.656
1,060
2.208
0.7'15

jlfablé A

Agnm (Panel I, No. 1 to 8)

3 4 5
3.114 2737 1.066
2931 0.534  0.137
2.468  3.032  0.054
0.568

3.162 1.020

O 3

6
2.254

0.434
2.108

2.166

.
2.599
0.303
0.730
3.330

- 8

'3.478

2.787
3.006

3.477

| peptides obtained from this study are shown in Table A using

Total

16.712

9.020
16.351
14.690

%
100
54
98
88
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Comparison of HCV Immunoreactivities by a
Well-characterized 8 Member HCV Serum Panel
(Panel I) for % Relative Immunoreactivity

with a Group of HCV Capsid Protein Related !

Peptides by an Enzvme Immunoassay

A 36mér'HCV'capsid peptide recently disclosed by

Okamoto et al.(8) as the basis of an HCV EIA was synthesized for

the purpose of comparison of immunoreactivity with peptides

VIIIA, VIIIB and VIIIE (Table 2A). According to a procedure

described in Example 1, peptides were coated at concentrations of

' 5, 1 and 0.2 ug/mL for immunopotency comparison. This 36émer

exhibited only 47.8% of the reactivity of VIIIE (Table 2A). More

importantly, when tested by our well-characterized HCV serum
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