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s The implementation of systématic tesung for ne‘p‘T‘l"E‘B"“‘S‘an Vird (HBV) has been

instrumental in eliminating this virus from the blood supply. Nevertheless, a
significant number of post-transfusion hepauus (PTH) cases still occur. These
cases are generally atwributable to non-A, non-B hepatitis (NANBH) virus(es), the

diagnosis of which is usually made by exclusion of other viral markers.
10 |
The etiological agent responsible for a large proportion of these cases has recently
been cloned (Choo, Q-L et al. Science (1988) 244:359-362) and a first-generation
antibody test developed (Kuo, G. et al. Science (1989) 244:362-364). The agent
has been identified as a positive-stranded RNA virus, and the sequence -of™its
15 genome has been partially determined. Studies suggest that this virus, referred to
subsequently as hepatitis C virus (HCV), may be related to flaviviruses and
pestiviruses. A portion of the genomé of an HCV isolated from a ‘chimpanzee
(HCVCDC scuy ) s disclosed in EPO 88310922.5. The coding sequences disclosed
in this. document do not include sequences originating from the S’-end of the viral

20 genome which code for putative structural proteins. 'Recently however, sequences
derived from this region of the HCV genome have been published (Okamoto, H.
et al,, Japan L Exp. Med. 60:167-177, 1990.). The amino acid sequences encoded
by the Japanese clone HC-J1 were combined with the HCVpe JcHr  Sequences
in a region where the two sequences overlap to generate the composite sequence

25 depictéd in Figure 1. 'Spéciﬁcally, the two sequences were joined at glycine,s, .
It should be emphasized that the numbering system used for tHe HCV amino acid
sequence is not intended to be absolufe since the existence of variant HCV strains
harboring deletions or insertions is highly probable. Sequences corresponding to’

, the 5 end of the HCV genome have also recently been dxsclosed in EPO

‘30 90302866.0.

In order-to detect potential carriers of HCV, it is necessary to have access t0
large amounts of viral proteins. In the case of HCV, there is currently no known
method for culturing the virus, which precludes the use of virus-infected cultures
3 as a.'smu'ce of viral antigens. The current first-generation antibody test makes use

of a fusion protein containing a sequence of 363 amino acids encaded by the
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V|rus(es) the di.agnosi s of which is:usually made by excl usion of other
vi rals markers. The etiol ogi cal agent responsible for a |arge proportion

Dua’ 350- a0 Vasanary ; 31 S AR, Gne BRFPHTES Yoo B albrellsol RS deEh
Sci ence (138% $34%: @fazhaﬁma NANBHGRIenfIAS IDavntrage vnly ipgraimately 15% of

posi tive-stranded i rus, and,the sequence n has been
partially t&e%%r%ﬂﬁee ‘X;puwﬁe‘s l%ueae%qnq R aset of S[I‘Ql‘ﬁlﬁﬁé’ge Bad  aniihoglies which
subsequent i 094 us and
pesti vi rus%goﬁzﬁﬁﬂ?oﬁdso glreg?a hc%géﬁmﬁa gmc?t ) ’>04m’§’6:;)| %%prrpg?i’z‘a'ee

(HCV[ er 5] /absienge of mx@blmseuﬁrmaﬁaotmlmm&r, Thokes dtli difficuéto tee rveeify these

5 “end of SHEWHTal HEnoremife cmibhE veRt: T VB Beihar dpno iR,
Recent |y Hinumivinsses smqkmheposmflevm fadidn thai Socnﬁanocsf epm;m Hﬁiéhgemﬁkellyave

b bli sh t H. et J 60: 177, 1990.
Tﬁg”aﬁ{‘no' §C§g éfcgﬁgnﬁg§§ gﬂggde?@n anal?sxsa of theE{lEiV genome reveals e presence) .

of a continuous long open reading frame. Viral RNA is presumably translated

0 into a long polyprotein which is subsequently cleaved by cellular and/or viral

proteases. By analogy with, for example, Dengue wirus, the viral s:fuctural

proteins are presumed to be derived from the amino-terminal third of the viral

polyprotein. At the present time, the precise sites at which the polyprotein is

" cleaved can only be surmised. Nevertheless,. the strucmral proteins are likely=to

15 contain epitopes which would be useful for diagnostic purposes, both for the

detection of antibodies as well as for raising antibodies which could subsequently

be used for the detection of viral antigens. Similarly, domains of nonstructural

proteins are also expected to contain epitopes of diagnostic' value, even though
these proteins are not found as structural components of, virus particles.

Brief Description of the Drawings

Figure 1 shows the amino acid sequence of the composite HCVy- 1y JCDC/CHI
Figure 2 shows the antibody binding to individual peptides and various mixtures
s in an ELISA assay

Description of the Sogcific Embodiments

It is known that RNA viruses frequently exhibit a high rate of- spontaneous
% mutation and, as .such, it is to be ekpected that no two HCV isolates will be
completely identical, even when derived from the same individual. For the

~ purpose of this disclosure, a virus is considered to be the same or equivalent to
HCV if it exhibits a global homology of 60 percent or more with the HCVye.

J'l JCDC/CcHI  composite sequence at the nucleic acid level and 70 percent at the

33 amino acid- level.
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so as to better mimic the different epitopes of different viral strains.

The peptides of interest will include at least _f_iyf_, sometimes six, sometimes eight,
w0 sometimes twelve, usually fewer than aboutlfifty) more usually fewer than about
thi_z_-t_y_-_fige, and preferably fewer than about twenty-five amino acids included within -
the sequeﬁce encoded by the HCV genome. In each instance, the peptide will
preferably be as small as possible while still maintaining substantially all of the

. sensitivity of the larger peptide. It may also be desirable in certain instances to

ke e T P

15 join two or more peptides together in one peptide structure.

_ It should be understood that the peptides described need not be identical to any
ﬂ particular HCV sequence, so long as the subject compounds are capable of

——n

providing for immunological €ompétition with at least one strain of HCV. The
—— . T —

20 peptides may therefore be subject to insertions, deletions, and conservative or non-

conservative amino acid substitutions where such changes might provide for certain

P S

advantages in their use.
Substimutions which are considered conservative are those in which the chemical
» nature .of the substitute is similar to that of the original amino acid.
Combinations of amino acids which could be considered conservative are Gly, Ala;

Asp, Glu; Asn, GIn; Val, lle, Leu; .Ser, Thr; Lys, Arg; and Phe, Tyr.

Furthermore, additional amino acids or chemical groups may be added to the.
amino- or carboxyl terminus for the purpose of creating a "linker arm" by which
the peptide can conveniently be attached to a carrier. The linker arm will be

at least one amino acid and may be as many as 60 amino acids but will most
frequently be 1 to 10 amino acids. The nature of the attachmenr to a solid
phase or carrier need not be covalent.

33

Natwral amino acids such as cysteine, lysine, tyrosine. glutamic acid. or aspartic



2 HCV genone. It was found that antibodies to this protein-could be
detected in 75 to 85% of chronic NANBH patients. In contrast, only
approxi mately 15% of those patients who were in the acute phase of the -
di sease, had anti bodi es which recogni zed this fusion protein (Kuo, G et
al . Science (1989) 244:362-364). The absence of suitable confirmtory
tests, however, makes it difficult to verify these statistics. "The
seeming simlarity between the HCV genone and that "of flaviviruses makes
it possible to predict the locati:on of epitopes-which-are.likely
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to be of _di agnostic value. An anal ysis of ‘the HCV genone reveal s the
presenbe of " a continuous long open reading frame. Viral RNAis presumablyf
trangl ated into a |long pol yprot ei n which is subsequently cl eaved by -
cellul.ar and/or viral proteases. By analogy wth, for exa

virus, thacigimay bet mmwnb%m ﬁ@%eorpw@médem%@ ‘GeP g’é& P@aﬁgfeﬂe
am no-ter tegg {d}l rc&éﬂ nd *18 4l §@la AMaYPT &t & Q:arneg‘t tﬁ%w@(l@xseﬂ&el“&ﬁm&ﬂe. '

precise s pol yprotein is cleaved can only be surm sed.
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virus parid ¢d1a8on toBfHeef:orgﬁéﬁfé BiiRS afd tdfteht&\tho9R in Figure 1. The amino
.acid sequences are given in the conventional and universally "accepted three-letter
code. In addition to the amino acids shown, o.the-r gr(.)ups af'e defined as @c{g:
0 Y is, for example, NH, , one or more N-te‘r;mnal amino acxdsr or other moieties Copls
added 10 facilitate coupling. Y may itself be odnEEed by, for emmple
acetylation. Z is a bond, (an) amino acxd(s) or (a) chemical orou s) which may

be used for linking. X is intended to represent OH, NH, , or a linkage involving

either of these two groups. ' .=
15 o

Peptide I corresponds to amino acids 1 to 20 and has the following amino acid

sequences: .

- ) . Ser

@Met.Ser-Thr-IIe Pro-Lvs-Pro@ln-Arg-Lvs-Thr-Lvs-Arg KDThr-Asn- Arg- —\rgi-Pro-
» Gln-Z-X.

'Peptide I _-co:;responds to ‘amino acids 7 to 26 and has the amino acid sequence:

(I

Y- Pro-Gln-Arg-Lys Thr-Lys-ArO-Asn-Thr-Asn-Arv-Arv-Pro—Gln-mP-Val-Lvs-Phe -Pro-

s Gly-z-x T 3
e
I
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Figure 1, shows the am no acid sequence of the conposite r lacgaDC/ CHI
Figure 2° , shovxs the anti body binding to individual r| ous -
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of spontaneous nmutation and, as such, it'is to be expected that no two HCV
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2 Pepude I corresponds to amino acids 13 to 32 and has the sequence
a
3 ~ Y-Arg-Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val- Lys-Phe Pro-GIy-le-GIy-Gln-Ile -Val-
Gly-Z-X.

10
Peptide IV corresponds to amino acid 37 to 56 and has the sequences:
- w - av
Y- Leh Pro -Arg-Arg-Gly-Pro-Arg-Leu-Gly-Val- Ar°~A1a-Thr-Ar°-Lys-Thr-Ser-Glu-Arv-
Ser-Z-X. _ S

-0

Peptide V corresponds to amino acids 49 to 68 and has the sequence:

) o
Y-Thr-Arg-Lys-Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg-Arg-Gln-Pro-Ile-Pro-Lys-
Val-Z-X. |

o 5.}

/_'_A Peptide VI corresponds to amino acid 61 to 80 and has the following sequence:
o~ (VT) . . '
-Y-Arg—A'rg-Gln-Pro-Ile-Pro-Lys-\<§L)Arg-Arg-Pro_-GIu-GIy-Arg-Thr-Trp-Ale-G1n~P-ro-
Gly-Z-X.

o

Peptide VII corresponds to amino acids 73 to 92 and has the sequence:

(VI
Y- Gly-Arv-Thr-Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp—Pro~Leu-Tyr-GIy—Asn-Glu-Gly-Cvs-
Gly-Z-X.

_}-.7

e

Peptide VIII corresponds to amino acids 1688 to 1707 and has the sequence:
(Vi) -

Y- Leu-Ser-le-Lys Pro-Ala-Ile- IIe-Pro-Asp-ArU-Glu-Val Leu-Tyr -Arg-Glu-Phe-Asp-

Glu-Z—X

.- Peptide IX .corresponds to amino acids 1694 to 1713 and has the sequence:



3 Peptides are described which inmunol og| cal I y mmc prot ei ns encoded

by HCV. In order to accommpdate strain-to-strain.variations-in sequence,

conseryvative as well as non-conservative amino acid substitutions may be

made. -These will generally account for L\ﬁﬁ than 35 percent of a specific '
e

sequence. It may be -desirable in cases a peptide corresponds to a
region in tejEqé-Pro-Asp-Arg-Glu-Val- -Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-
Gin-Z-X. o : -

5 Peptide X corresponds to amino acids 1706 to 1725 and has the sequence:
(X)
Y-Asp-Glu-Met- G1u-Glu-Cvs-Ser-GIn—Hxs—Leu-Pro-Tyr—Ile Glu-Gln—le-\/Iet-VIet-Leu-
Ala-Z-X.

10 Peptide XI correSponds to amino acids 1712 to 1731 and has the sequence:
| (XI) . ‘ .
Y-Ser-Gin-His-Leu-Pro-Tyr-lle-Glu-Gin-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-
Lys-Z-X. -

. —-—

15 Peptide XII corresponds to amino acids 1718 to 1737 and has the sequence:
(XII)
Y Ile- GIu-Gln-GIv-Met-\/Iet-Leu-Ala-Giu-GIn-Phe-Lvs-Gln-Lvs-Ala Leu- Giy-Leu-Leu—
Gln-Z-X.

20 Peptide XIII corresponds to amino acids 1724 to 1743 and has the sequence:
(XIID)
Y- Leu-Ala—Glu-Gln-Phe-Lvs-Gln-Lys-Ala-I_eu-Glv-Leu-Leu-GIn-Thr-Ala-Ser- Arg-Gln- -
Ala-Z-X.

s  Peptide XIV correspondé to amino acids 1730 to 1749 and has the sequence:

(XIV)
Y- GIn-Lys-Ma-Leu-Gly-Leu-Leu-Gln-'Ihr-AJa—Sero ArO-Gln-Ala-Glu—VaI Ile-Ala-Pro-
Ala-Z-X.

3 Peptide XV corresponds to amino acids 2263 to 2282 and has the sequence:

oL . (XV) RSE L
Y- Glu-Asp-Glu-Arv-Glu-I!e -Ser-Val- Pro-Ala Glu Ile Leu-Arg-Lys-Ser-Arg-Arg-Phe-
Ala-Z-X. Ve e Pro xS

: . .
Pao

Peptide \\’I corresponds to amino acids 2275 to 2294 and has the sequence:
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pol ypeptlde whi ch 1y% ALtk Mi@ efdphl C, to vary one or nore of the ami na, .

aci ds 'sé a$ to bett ferent epi topes of different viral
strajns. The pept mlmuum st will include at |east five, sonetines
si X, - somet'i nes ei gh Ive aInyewer t han about fifty,
nore usual 'y fewer than about thirty- f| and preferably fewer than about
twenty-fi yelagise- E.osﬁar4mlmcgeHhWAtlillGInuh&-mcmema Epe,eu:eﬂrg)?nbmpl—'[w
genone. In. eaz%l nsta s ept prefer be as '?,fr?

possi bl e Rt Xt || malntal nlaIIy al I”"of the se t|2V|ty of
the larger peptide. It may. al so be able I n certaln I nstances to join
-two or nore peptides together in one peptlde structure. - It should be
under stsooBeptide XWa!I roptasperdsdee amipedacide 228bttob306dand i knsl theo sequence:

particular HCV sequence, so |bng as tHWJ ect conpounds are capabl e of
provi ding for inmunol ogi cal conpetitio at | east one strain of HCV.

The Y-Val- Trg Ala-Arg-Pro-Asp-Tyr-Asn-Pro-Pro-Leu-Val-Glu-Thr-Trp-Lys-Lys-Pro-Asp-
Tyr-Z- X S oLew e Ser NSSsY  Asa
Asp
.2 Peptide XVIII corresponds to. amino acids 2299 to 2318 and has the sequence:
(Xvin '
Y- Glu-‘Ihr-Trp—Lvs-Lvs-Pro Asp-Tvr -Glu-Pro-Pro-Val-Val- Hxs Gly- Cys Pro-Leu-Pro-
Fsp A Vol - Bla .
Pro Z- X NS
15 Pepnde XIX corresponds to amino acids 2311 to 2330 and has the sequence:
| (XIX) _
Y-Val-His-Gly—Cys-Pro-Leu-Pro-Pro-Pro-Lys-Ser-Pro-Pro-Val-Pro-Pro—Pro-Arg—Igs-Lys-
ZX. Sr Thrbig Mo, | ¥
- o | NS5-3; 7

20 Of particular . interest is the use of the mercapto-group of cysteines or thioglycolic
acids used for acylating terminal amino groups for cyclizing the peptides or
coupling two peptides together. The cyclization or coupling may occur via a single
bond or may' be accomplished using thidl-specific reagents to form a molecular
bridge. - '

The peptides may be coupled to a soluble carrier for the purpose of either raising
antibodies or facilitating the adso"rption' of the peptides to a solid phase. The
nature of the carrier should be such that it has a molecular weight greater than
5000 and should not be recogni_'zed by antibodies in human serum. Generally, the

30 carrier will be a protein. Proteins which are frequently used as carriers are
keyhole limpet hemocy:min,-'bovine gamma giobulin, bovin_e'semm albumin, and
poly-L-lysine.

There are many well descnbed techmques for couplmo pepudes to carriers. The
55 linkage mav occur - at the N-terminus, C-terminus or at an internal site in the

pepude. The peptide may also be derivatized for coupling. Detailed descriptions



pepti des nay therefore be subject to |nsert|ons del etions, and: r
conservatiVve or non- conservative am no acid substrtutrons mhere such - %-
changes might priovide for certain advantages in their use.” - Substitutions
whi ch are considered conservative are those in which the chenical n ure

of the ofibat wide evarietysiaki cappling proseduses { Ak $iveryi fan exmRie. dg;

Al a he Tyr.
Fur t her rrﬂ‘reehqueh in Biathemistry Nk)lmulathmlcsyl, VploUBs Symthetic Polypeptides t he

am no- or rboxvl Lermn for, the f Ccrga | i nker arnt by
whi ch t hés p‘g‘b'l‘q’ed‘é r!:‘to{?F &fnys?ﬁseme F@S‘é’hgaﬂf 5 éorfg’r |1§§J§ The |inker arm
will he at |east one amno acid and may be as many as 60 amino acids but

will nost frequently-be 1 to 10 amino acids, The nﬁture of the attachnent
to a sol le peptides may also be synthesized directly on an oligo-lysine core in whic

. both the alpha as well as the: epsxlon-ammo groups of lysines are used as growth

points for the peptides. The number of lysines comprising the. core is preferably

3 or 7. Additionally, a cysteine may be included near or at the C-terminus of

10 the complex to facilitate the formation of homo- or heterodimers. The use of this

technique has been amply illustrated for hepatitis B antigens (Tam, J.P, and Lu

Y-A., Proc. Natl. Acad. Sci. USA (1989) 86.908-»9088) as well as for a variety of

other antigens (see Tam, J.P., Multiple Antigen Peptide System: A Novel Design

for Synthetic Peptide Vaccine and Immunoassay, in Synthetic Peptides, Approaches

15 to Biological Problems, Tam, J.P., and Kaiser, E.T,, ed. Alan R. Liss Inc, _New
York, 1989). |

Depending on their intended use, the peptides may be either labeled or unlabeled.
Labels which may be employed may be of any type, such as enzymatic, chemical,
2 fluorescent, luminescent, or radioactive. In addition, the peptides may be miodified
for binding to surfaces or solid phases, such as, for example, microtiter plates, .
nylon membranes, glass or plastic beads, and chromatographic supports such as
~cellulose, silica, or agarose. The methods by which peptides .can be attached or

bound to solid support or surface are well known to those versed in the art.
35 ’ '
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phase or carrier need not be coval ent. Nat ural amino acids such as
cystei'ne, I'ysine, tyrosine. glutamc acid. =or aspartic

4 aci.d may be added to either the am no- or carboxyl termnus to prOV|de
funct i-onal groups for coupllng to a solid phase or a carrier. However,
ot her ‘chemi cal :

Of particular " interest is the use of mixtures of pepndes for the detection of

~ antibodies specific for hepatms C virus. Mixtures of peptides which are “considered
particularly advantageous are:

I, I, V, IX, and XVIII

I, 1L V, IX, XI, XVI, and XVII

II, I, IV, V, VIII, XI, XV1, and XVIII

1L, IX, and XVIII |

I, III, IV, and V |

VIII, 1X, XI, XJII, and XIV

XV, XVI, XVII, XVIII, and XIX

i0

@mmpoonw e

Antibodies which recognize the peptides can be detected in a variety of ways.
A preferred method of detection is the enzyme-linked immunosorbant FWsay
15 (ELISA) in which a peptide or mixture of peptides is bound to a solid support.
In most cases, this will be a microtiter plate but may in principle be any sort of
‘insoluble solid phase. A suitable dilution or dilutions of serum or other body
fluid to be tested is brought into contact with the solid phase to which the
peptide is bound. The incubation is carded out for a time necessary to allow the
20 binding reaction to occur. Subsequently, unbound components are removed by
washing the solid phase. The detection of immune complexes is achieved using
antibodies which specifically bind to human immunoglobulins, and which have been
labeled with an enzyme, preferably but not lLimited to either horseradish
peroxidase, alkaline phosphatase, or beta-galactosidase, which is capable of
35 converting a colorless or nearly colorless substrate or co-substrate into a highly
colored product or a product capable of forming a colored complex with a
: chrornogeh. .Alternatively, the detection system may employ an enzyme which, in
the presence of the proper substrate(s), emits light. The amount of product
formed is detected either visually, spectrophotometriéafly, electrochemically, or
% luminometrically, and is compared to a similarly treated control. The detection
system may also employ radioactively labeled antibodies, in which case the amount

of immune complex is quantified by scintillation counting or gamma counting.
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groups such as, for exanple, biotin and t hi ogl ycolic acid, nmay be added to
the termni’ which will endow the peptides with desired chenlcal or phy5|é51
properties. The ternmini of the peptides may also be nodified, for exanple,
.by N-term nal acetylation or term nal carboxy-am dation. The. peptides of
interest are described in relation to the conposite ami no acid sequence

shown.in fH.g %e}ectmee%@lﬂ? »@E:Lcﬂ ﬁﬁﬂ‘{?e”gﬁéd 3hAudk Vifbsd babd® &PQH@”&seOBP'

and unlversaly accept ree-lette addition to the am no aci ds
shown, ot peoteir dupderivesl dwmn&mm_ﬁm_@m_gé iGowano istraia p | pEpteNF @r fjom

one or nore N- no aci o] ed to fac te
coupl i ng. m&% c‘gﬁr? stﬁg%}ﬁm é@ﬁi w %étrg}%ﬁ |u3§ 6é[£§
bond, (sanhnoamnffmqmbmm avidin (o?) stedpeavidial bipding ¢sjetiohi ch may be used for
i nki ng. X is intended to represent CH NH err], or a linkage involving

either of these two groups. Pepti de | chresponds to amno acids 1 to 20
and has 1t PgfyRididWrdige &b "Carfiet-BodREIYRBEASS can also be used -in conjunction with

labeled peptides for the detection of antibodies pre‘sént in serum or other body
fluids by competition assay. In this case, antibodies ‘raised to carrier-bound
10 peptides are attached to a -solid.' support which may be, for example, a plastic
bead or a plastic tube. Labeled peptide is then mixed with suitable dilutions of
the fluid to be tested and this mixture is subsequently brought into contact with
the antibody bound to the solid support. After 2 sujtable incubation period, the
solid support is washed and the amount of labeled peptide is quantified. =
15 reduétion in the amount of label bound to the solid support is indicative of the
presence of antibodies in the original sample. By the same token, the peptide
may also be bound to the solid support. Labeled antibody may then be allowed
to compete with antibody present in the sample under conditions in which the
amount of peptide is limiting. As in the previous example, a reduction in thg
20 measured signal is indicative of the presence of antibodies in the sample tested.

Another preferred method of antibody detection is the homogeneous immunoassay.
There are many possible variations in the design of such assays. By way of
example, numerous possible configurations for homogeneous enzyme immunoassays

> and methods by which they may be performed are given in Tijssen, P., Pracrice
and Theory of Enzyme Immunoassays, Elsevier Press, Amersham, Oxford, New
York, 1985. Detection systéms which may be emploved include those based on
enzyme channeling, bioluminescence, allosteri¢ activation and allosteric inhibition.
Methods employing liposome-entrapped énzymes or coenzymes may also be used

0 (see Pinnaduwage, P. and Huang, L, Clin. Chem, (1983) 34/2: 268-272, and
. Ullman, E.F. et al, Clin. Chem. (1987) 33/9: 1579-1584 for examples).
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Y-.Met - Ser - Thr- 11 e- Pro- Lys- Pro- € n- Arg- Lys- Thr- Lys- Arg- Asn- Thr - Asn- Arg- Arg- P.
ro- dn-zZ-'X Peptide Il corresponds to anmino acids 7 to 26 and has thell-
am no aci d sequence:

Y- Pro-d n- Ar g- Lys- Thr-Lys- Ar g- Asn- Thr Asn- Arg Ar g- Pro- d n- Asp Val - Lvs- Phe- P
ro- dy-zZ-X

The symhesis of the peptides can’ be achieved in solution or on a solid support.
Synthesis  protocols ‘generally. employ the use t-butyloxycarbonyl- =~ or 9-
" fluorenylmethoxy-carbonyl-protected activated amiho acids. - The procedures for

5 carrying. out the syntheses, the types of side-chain protection, and the cleavage
methods are amply described in, for example, Stewart and Young, Solid Phase
Peptide Synthesis, 2nd Edition, Pierce Chemical Company, 1934; and Atherton and
Sheppard, Solid Phase Peptide Synthesis, IRL Press, 1989.

This Sheet Has Been Rep
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1. Peptide Synthesis
All of the peptides described were synthesized on P_epsyn K polyamide-Kieselguhr
resin (Milligen, Novato, California) which had been  functionalized =with

15 ethylenediamine and onto which the acid-labile linker 4-(alpha-Fmoc-amino-2',4"-
dimethoxybenzyl) phenoxyacetic acid hadl been coupled (Rink, Tetrahedron Lett.
(1987) 28:3787). t-Butyl-based side-chain protection and Fmoc alpha-armino-
protection was used. The guanidino-group of. afginine was protected by the
2,2,5,7,38-pentamethylchroman-6-sulfonyl ' moiety. The imidazole group of histidine

0 was protected by either t~-Boc or trityl and the sulfhydryl group of cysteine was
prbtected by a trityl group. Couplings were carried out using performed O-
pentafluorophenyl  esters except in the case of arginine where

- diisopropylcarbodiimide-mediated hydroxybenzotriazole ester formation was employed.
Except for peptide I, all peptides were N-acetylated using acetic anhydride. All

25 syntheses were carried out on a Milligen 9050 PepSynthesizer (Novato, California)
using continuous flow précedures. .Following cleavage with trifluoroacetic acid in
the presence of scavengers and extraction with diethylether, all peptides were
analyzed by C,g -reverse phase chromatography.

so0 IL  Detection of Antibodies to Hepatitis C Virus ' -
se_of peptides bound t é nvlon _membrane.
Peptides were dissolved in a suitzible buffer to make a concentrated stock
solution which was then further diluted in phosphate-buffered saline (PBS)
or sodium carbonate buffer, pH 9.6 to make working so'luti'ons The peptides _
35 ~were applied as lines on a rivlon merhbrane (Pall Portsmouth United

Kingdom), after which the membrane was tre.ned with casein 10 block
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O particular interest |s Ide |l A YGl ' >
n- Ar g- Lys-'Thr-Lys- Ar g- As HHE! mrg Z- X. Peptide 111 corresponds-to

mno acids 13 to 32 and

(.

10

15

unoccupied binding sites. The membrane was subsequently cut into strips

. perpendicular to the direction’ of the peptide lines. © Each strip' was then

incubated with a serum Sample_ diluted 1 to 100, obtained from-an HCV-

~infected individual. 'Amibody.binding 'was detected by incubatihg the strips

with goat ant-human immunoglobulin antibodies conjugated to the enzyme
alkaline phosphatase.  After rembving unbound conjugate by washing, a
substrate solution containing S-brom'o-4-chloro-3~indoly1ph‘osphate and nitro blue
tetrazolium was added. :

Positive reactions are visible as colored lines corresponding to the positions’
of the _pepiides which are specifically recognized. The reaction patterns of
thirty-six different sera are tabulated in Table 1. The reésults shown in Table
1 are further summarized in Table 2.

ise_of peptides in_an enzvm.-linked immunosorbent assav (ELISA).
Peptide stock solutions were diluted in sodium carbonate buffer, pH 9.6 and
used to coat microtiter plates at a peptide concentration of 2 micrograms per
milliliter. A mixture consisting of peptides II, III, V, IX, and XVIII was also
used to coat plates. Following coating, the plates were blocked with casein.
Fifteen HCV-antibody-positive sera and control sera from seven uninfected
blood donors were diluted 1 to 20 and incubated in wells of the peptide-
coated plates. Antibody binding was detected by incubating the plates with

goat anti-human immunoglobulin antibodies conjugated to the. enzyme

horseradish peroxidase. Following removal of unbound conjugate by washing,

a solution containing H‘ZOZ and 3,3’,5,5’-tetramethylbenzidine was added.
Reactions were stopped after a suitable interval by addition of sulfuric acid:

" Positive reactions gave rise to a vellow color which was quantified using a

conventional microtiter plate reader. The results of these determinations are
tabulated in Table 3. To correct for any aspecific binding which could be
attributable to the physical or chemical properties of the péptides themselves,
a cut-off value was determined for each peptide individually. This cut-off
absorbance value was calculated as'_ the average optical density of the negative
samples plus 0.200. Samples giving absorbance values higher than the cut-
off values are considered positive. The results for the fifteen positive serum

-samples are further summarized in Table 4.

While it is evident that some of the peptides are recognized by a large

_percentage of sera from HCV-intected individuals, it is also clear that no



Y-Ar g-Arg--Pro-GIn-ASp-VaI Lys-Phe-Pro-dy-dy- Gly Adn-lle-V
de IV corresponds to anmino acid 37, to 56 and has thd3-
seque (1v)

Y- Leu- Pro Arg Ar -Ady-Pro-Arg-Leu-d-y-Val - Arg-Al a- Thr- Arg-Lys Thr-Ser-d u-A
rg- Ser-Zz-X SmQépPICQGUQ/ léochégmﬁdlsb)t allagenio aln agnu@stt dhegpeptitlenasixture
sequence:

Y- Thr - Arg Lys “I‘f’lrﬂ‘3 mﬁd b}g\rall gre B PSS Arf%r E?‘ y-A [he '&ftee& Wy theI PB“‘ﬁ?ro L

ys- Val - Z- X. densities obtained were equal to or higher than those obt:nned for any of the
peptides individually. These results serve to illustrate the advantages of using
s mixwures of peptides for the detection of anti-HCV antibodies.
C.

peptides and peptide mixnires in an ELISA,

Five peptides were used individually and in seven different combinations to

i0 “coat microtiter plates. The plates were subsequently incubated with dilutions
of fifteen HCV antibody-positive sera in order to evaluate the relative merits.
of using mixtures as compared to individual peptides for antibody detection.
The mixtures used and the results obtained are shown in Figure 2.
In general, the mixtures functioned better than individual peptides. This*was

15 particularly evident for mixture 12 (pe'ptides I OI, V, IX, and XVIII) which
was recognized by all twelve of the sera tested. These results underscore the
advantages of using mixtures of peptides in diagnostic tests for the detection
of antibodies to HCV. | ‘

2 D. Use of a mixture of peptides in an ELISA assay fgr the detec*xgg of anti-
HCV _antib odies, |
A mixwure of peptides II, III, V, IX, and XVIII was prepared and used to
coat microtiter plates according to the same procedure used to test the
individual peptides. A total of forty-nine sera were tested from patients with

] clinically diagnosed but undifferentiated chronic non A non B hepatitis as well
as forty-nine sera  from healthy blood donors. Detection of antibody binding
was accomplished using goat -anti-human immunoglobulin antibodies conjugated
to horseradish peroxidase. The resulting optical density values are given in
Table 5. These results indicate that the mixture of peptides is not recognized

30 by antibodies in sera from healthy donors (0/49 reactives) but .is recognized
by a large proportion (41/49, or 84%) of the sera from patiens with chronic
‘NANBH. These results demonstrate. that the peptides described can be used
effectively as mixtures for the diagnosis of HCV infection.

33 E. Detection of anti- HCV annhog:es in sera from patients with acute NANB




Pepti de VI corresponds to anmino aci d 61 to 80 and has the follow ng

sequerice:” ' (V) - RREE
Y- Ar Arg Gn Pro-1le- Pro Lys Val- Arg Arg Pro-Q u-Qy-Arg-Thr-Trp- AIa A@n-P
r o- y-Z- X Peptide VII corresponds to anino acids 73 to 92 and has the
sequence:. of peptides in an ELISA assay, and compari ith a_commerciallvy _available -

Y-d y-Arg-Thr kTrp Ala-d n-Pro-Gy-Tyr-Pro-Trp-Pro-Leu-Tyr-@y-Asn-Au-dy-C
ys- Qdy-2Z-X —-Peptlde VII1 corresponds to am no acids 1688 to 1707 and has

t he Sequence Pepudes were applied to nylon membranes or(\thixed and used to coat
'Y-Leu-Ser-3 y-Lys-P Ailalle || e-Pro- AsDbAérdg GnI\u Val - Leu-Tyr - Ar

| u- Phe- Asp- Gn;ycxz:t)(er plates as previously descri e peptide mixtlre cogsmed of
s peptides II, ‘III, V, IX, and XVIIL - Sera obtained from twenty-nine patients
__ with acute non-A, non-B hepatitis were then tested for the presence of

/m antibodies to hepatitis C virus. These same sera were also evaluated using
./ 'a commercially available kit (Ortho, Emeryville, CA, USA).
\./

The results of this comparative study are given. in Table 6. In order to be
10 able to compare the peptide-based ELISA with the commercially available
kit, the results for both tests are also expressed as signal to noise ratios
(S/N) which were calculated by dividing the measured optical density obtained
for each sample by the cut-off value. A signal-to-noise ratio greater or egual
to 1.0 is taken to. represeht a positive reaction. For the commerefally
15 available kit, the cut-off value was calculated according to the manufacturer’s
| inStmctidris The cut-off value for the peptide-based ELISA was calculated
'as the average optical densny of five pegative samples plus 0.200.
The scale used to evaluate antibody recognition of nylon-bound peptides was
the same as that given in Table 1.. Of the twenty-nine samples tested,
20 twenty-five (86%) were positive in the peptide-based ELISA and recognized-
one or more nylon-bound peptides. In contrast, only fourteen of the twenty-
nine sera scored positive in the commerciaily available ELISA. These results
serve to illustrate the advantages of using peptide mixtures for the detection
of anti-HIV antibodies as well as the need to include in the mixtures peptides
2 which contain amino acid sequences derived from different regions of the
HCV polyprotein. ' '
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Peptide X corresponds to amno acids 1706 to 1725 and has the sequence: "

Y- Asp-d u- Met-3 u-3d u-Cys-Ser-A@ n-Hi s-Leu-Pro-Tyr-1le-Qu-@n-Ay-Met-Mt-L

eu- Al a-Z-X epti de Xl rrespopds to amino acids ,1712.to0 1731 apd has
the seque &2 Slfx mary og(anﬁgody %?ndr{ng to ny?on—gouncf li-fi(qu gepndtes by sera H"om

Y- Ser-G n- Hi s- Lgteefd0pakéntk! - G u- G n- G y- Met - Met - Leu- Al a- @ u- @ n- Phe-Lvs-G
| n- Lys-Z-X. Peptide X I corresponds to amno acids 1718 to 1737 and has -

t he sequence: (XI1) )
5 .
Peptide ' No. reactive sera % reactive sera
I | 13/35 | 37
w . m 22/35 | 63
I 27/35 - 77
v 24/35 - 69
Vv . 14/35 " 40
A% 11/35 31
15 VII | 11/35 31
v ' 19/36 53 =
IX 1 9/36 25
X 17/36 | 47
X1 15/36 S 42
20 @ 1/36 | ' :
XIII 13/36 36
X1V 7/36 - 19
XV 9/36 | 25
XVl 20/36 56
% XVII 14/36 39
XVII , 14/36 39
XI1X o - 8/36 22
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Peptt de -X/ corresponds to am no acids 2263 to 2282 and has the sequence:;s.

S (XV) Y-Au-Asp-Qu-Arg-Ju-Ile -Ser-Vval -Pro-Ala-G lu-11le-Leu-Arg-Lys- Se
r-Arg-Arg-Phe- Al a-Z-X Peptide XVI corresponds to am no acids 2275 to

2294 and has the sequence: R ' : ’

Table 4 Summary of aﬁtibody-binding to individual peptides in an ELISA assay.

5 .
Peptide " No. reactive sera % reactive sera
1 | 13 | 8T
0 I - 13 | 87—
- JII | 14 ' ' 93
RNAY 0 N
X B2 - «
15 R/ S 8 e O A3
{ v | B o
o IX 12
¥ oox 13
X1 13
20 @ 1
- X 7
XIv 8 53
. XV 2 13
XVI 5 33
3 = Xvil - _ 4 : 27
XVII ' 10 : 67
XIX | 6 | 40

T iTﬂII




Y-Leu- ArgsLys-Ser-Arg-ARG [err] -Pro Asp-Tyr- Asn-Z:-X. Peptide XV -
corresponds to amino acids 2287 to 2306 and has the sequence: '
(X1 1) o L o
Y- Val - Tr paileas abige mod ;ge,squ‘ém' yrepfas - the fqtegiiopapl entibadies tiop AR yseIPr o- A
sp- Tyr-z-X. Pelspmyehsome NANBF: pptsis and comnisiseR itasSepp Jromdezithy Bloed has
t he sequence. _donors. ' —

Y- G u-=sThy - Tr p- Lyshnopic DFANBsSeryr - G u- Pro- Pro- Val - (e@nteels Sera/- Oys- Pro-Leu- P
ro- Pro-Z-Serumepi. de X X Qpuiqabdpemsity t o ani rferemi ds 2311 @pri@d3Density_has

t he sequence: . '

Y- Val woHi s- G0j- Cys- Pr o- Leu- PrioB4Ar o- Pr o-.Lys- Set - Pr o- Pr o- Val - Pr 00.04%- Pr o- Ar g- L,

ys-Lys- - 102 . _ 1.387 2 0.047
. 103 1578 '3 0.049
104 1.304 4 0.046
105 - 1.393 5 0.049
15 107 1.604 6 0.045
108 1.148 7 0.043
109 1.714 8 0.053
110 1.692 9 0.049
112 _ 0.919 10 0.047
20 113 1.454 11 - 0.060
114 _ 0.936 12 10.044
115 0.041 13 0.049
116 ' 1.636 14 0.051
118 : 1.242. 15 0.056
25 119 1.568 16 0.050
120 1.290 17 0.049
121 ' 1.541 18 0.055
122 1.422 19 0.054
123 1.493 20 0.058
50 124 1.666 21 0.050
125 - 1.644 - 22 0.044
126 ' 1.409 23 0.043
127 1.625 24 0.045
128 ' : 1.061 25 0.046
35 129 1553 26 0.049
130 1.709 27 0.05
131 0.041 28 0.047
132 0.044 29 0.050
=133 1.648 30 0.053
10 134 ' - 0.043 31 0.051
135 1.268 32 0.053
136 1.480 33 0.055
138 ' -0.628 34 0.064
139 . 0.042 35 0.063
15 140 0.040 36 0.057
141 0.039 38 0.048
142 1.659 39 0.045
‘143 , 1.457 . 40 0.046
144 ' 0.722 4] 0.046
5o 145 1.256 42 0.051
146 ' 0.373 43 0.057
147 . 1.732 44 0.050
148. 1.089 45 0.050
. 149 1.606 46 0.045
55 150 ' 1.725 47 0.041
151 . 1.449 48 - 0.064
1534 - 1.639 4 0.040
155 L 1.775 50 0.036
0
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Z-X. Al so provided according to the invention is a conposition 2
conprising at |east one of the above pepti des. ' The invention is also
directed to a-nethod for the detectlon of antlbodl es to hepatltls C virus

in a biological fluid s| : B y' contacting
body fluid of a person o of the

I nvention or conpositi o“

conpl'ex forned between $aid anti bod| es and the antlgen(s) used; 2 The
invention is further dijecied to a kit for the detection. of annl\-«heptltls C
virus antibodies in a b ofgi cal fluid, conprising: - .a conpos tT,'_on gf tBe
i nvention. - the neans fof 9dé't.%§§ng.:r§mé§?rﬁ1§r§cﬂ§)gl,eélw, DAB X f&rme_g
O particular interest erhé“lfs‘é“’SF “tHe” e capto® gf oup of *Cy's el-nes-og =
t hi ogl ycol i c acids used}fds acyl at i ng term naI am no gr oups fo cycIéZ'Eng

-—.--..

mu

in

the peptides or coupling --Ae—peptid o6e ol or cguﬁlgng
may occur via a single ; or..my.be specufqlﬁg
reagents to forma nole °b’rq€i """"""""""""" T °
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The peptides may be-coupled to a soluble carrier for the 'pu'rpose of either.

rai sing antlbodl es or facilitating the adsorption of the peptides to a

solidTh ¢ed of the carrier should be such_that it has a
nol ecul er than 5000 and shoul d not be recognized b
ant i bod fum  Generally, tCRARMSTier wi | Jmﬁam' Mﬂim”“l

Proteins which are frequently used as carriers are ke

henocyani n, bovi ne gama gl obul in, bovine serum al bum n, and" po y- L-1 ysi ne.
There are nmahy wal Ipegaderofbthe tfen'miuques for coupling peplldes to carriers.
The Ilnkage may occur at the N-term nus, '?term' nus or at an internal site

in the peptlde The peptide may al so_be defivatized for coupling. Detailed
descripti ons Y- ‘\/Iet—Ser- r-Ile-Pro- vs-Pro-Gln-ArO-Lvs-Thr-Lvs-ArO-Asn- hf—AxSH-AI°~A1’°~

- Pro-Gln-Z-X.

Where Y is NH, , one or more N-terminal amino acids, or other chemical
10 entities added to facilitate couplin Z is a bond, (an) amino acid(s), or (a)

chemical group(s) which may be used for linking; and X is OH, NH7 ,

a linkage involving either of these groups.

2. A peptide of the formula:
5 | 1)
| Y-Pro- Gln Arg- Lvs-’l'hr-Lvs-AIO-Asn-Thr-Asn-ArO-ArO-Pro-Gln- Asp-Val-Lys-Phe-
Pro-Gly-Z-X.

| Where Y is NH, , one or more N-terminal amino acids, or other chemical .
20 entities added 1o facilitate coupling; Z is a bond, (an) amino acid(s), or ()
chemical group(s) which may be used for linking; and X is OH, NH, , or
a linkage involving either of these groups. '

3. A peptide of the formula:

1) |
==.Y-Arg-Asn-Thr-Asn-Arg-Arg-Pro-Glo-Asp-Val-Lys-Phe-Pro-Gly-Gly-Gly-Gln-Tle-
Val-Gly-Z-X.

B 3

Where Y is- NH, , one or more N-terminal amino acids, or other chemical

0 - entities added to facilitate coupling; Z.is a bond, (én) amino acid(s), or (a)
- chemical group(s) which may be used for linking; and X is OH, NH, , or
a'linkage involving 'either_of these groups.

4, A peptide of the formula:

35 v - |
Y-Leu-Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr-Arg-Lys-Thr-Ser-Glu-
Arg-Ser-Z-X. | '

_ Where Y is NH, , one or more N-terminal amino acids. or other chemical
20 entities added 1o facilitate coupling; Z is a bond, (an) amino acid(s), or ()
chemical group(s) which may be used for'linking; and X is OH. NH, , or



8 of ' ! oupling-procedures are given, for exanple, in Man
Regenrmmmnmylmmmfﬂmwand, J.P., Muller; S., and Plaue, S., Laboratory
Techni ques G n'Bi 8ch&mi Stry and Ml ecul ar Biol ogy, Vel—219—Synthetic —

Pol ypepti de ARt | o B [ st er.dam: _New Y ford, -
1988. The§pg‘g&%@geg&%{?%%%%ﬁea;gﬁ%ﬁzgz?%éd di rect | Jhigghe e?acesdl ne |
core in which both the alpha as well as the epsilon-a H lTI ysi nes
are used ag, gr gt peppidenvd therforimalapepti des. The nunber ! o
conprising the core is preferably 3 or ( Additionally, a cysteine nmay be

I ncl uded near or at the C-term nus, of Y1}a conplex to facilitate the :

f or magi on ofY-Thrdrgdrys{igireSeods hreAsg-SThEindrooirg Gy Arg-aing- Gire Phadl > Per-

amply ill us_ng_t\@lg_ 4 hepatitis. B antigens (Tam -J.P., and Lu, Y-A, Proc.
Nat | . ‘Acad. "SCi . A" (11989) 86:9084-9088) as well as for a variety of

Where Y is NH, , one or more N-terminal amino acids, or other chemical

- entities added to facilitate cOuplihg;: Z is a bond, (an) amino acid(s), or (a)

10 chemical group(s) which may be used for linking; and X is OH, NH, , or
a linkage involving either of these groups. '

6. A peptide of the formula:
- (V1) o
15 .Y-Arg-Arg-Gln-Pro-lle-Pro-Lys-Val-Arg-Arg-Pro-Glu-Gly-Arg-Thr-Trp-Ala-Gln-
Pro-Gly-Z-X. : :

Where Y is NH, , one or more N-terminal amino acids, or other cherhiiél
entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a)

20 chemical group(s) which may be used for linking; and X is OH, NH, , or
a linkage involving either of these groups. |

7. A peptide of the formula:
. (viD)
2 Y-(_Sly-Arg-Thr-Trp-Ala-G1n-Pro-Gly-T_vr-Pro-Trp-Pro-Leu-Tyr.-Gly-‘-\sn-Glu-Gly-
“Cvs-Gly-Z-X.

‘Where Y is NH, , one or more N-terminal amino acids, or other chemical
entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a)

3 chemical group(s) which may be used for linking; and X is OH, NH, , or
a linkage involving either of these groups. : :

8. A peptide of the formula:*
| R (VIID .

35 Y-Leu-Ser-Gly;Lys-Pro-.Ala-Ile-Ile-Pro-.A.spéArg-Glu-Val-_Leu-Tyr-Arg-Glu-Phe-
Asp-Glu-Z-X. ' :

Where--Y is NH, , one or more N-terminal amino acids, or other chemical -
entities added to facilita!e'.coupling;. Z is .a bond. (an) amino acid(s). or (a)
s . chemical group(s) which may be used for linking: and X is OH. NH. , or
| a linkage involving either of these groups. -



other antigens (seé Tam J.P. MJItlpIe Antlgen P?ﬁt’i‘d"‘&f’stem A Novel_,-'. |

Desi gn . f i de Vaccine and | mmunoas d
Pept i desﬂlmmnmmmnﬁnll ol ogi cal Probl ens, Tam ceth k%%ﬁlhﬁl ser, :
E.T., ed. *Alan 'R "i$s Fnc., New York, 1989) rmﬁ i nt ended
use, the pepti des may be elther Iabeled or unlabele h may be
enpl-oyed ma$. be Aofpeptidet 9i)éh€ sfaemulas enzynati c, chem cal , fI uorescent,
| um nescent, or radioactive. In additi orux’ghe pepti des. nay be nodifi ed for
bi nding to sur s,.or solid or_exanple, mcroti -
pl ates, nylod" ﬁﬁﬁ&r -BReAspyfhrgs Bs\?%flafé’tuhﬁr gé%l&éu Pé‘ﬁd”‘%%ﬁ‘éﬂ@g@h’pﬁa%cys'
supports. sucBeg&led-Kul ose, silica, or agarose. The methods by which
pepti des can be attached or bound to solid support or surface are well
known to those versed in the art.

Where Y is NH, , one or more N-terminal axmno acids, or other chemical

entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a)
- chemical group(s) which may be used for linking; and X is OH, NH, , or
10 a linkage involving either of these groups. '

10. A peptide of the formula:‘ .
(X
Y-Asp-Glu-Met-Glu-Glu- Cys—Ser-Gln-Hls-Leu-Pro-Tyr-Ile Glu—Gln—Gly-Met-Met-
15 Leu-Ala-Z-X.

Where Y is NH, , one or more N-terminal amino acids, or other chemical
entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a)
chemical group(s) which may be used for linking; and X is OH, NH, , or

20 a linkage involving either of these groups.
11. A peptide of the formula:
- (XT)
Y- Ser-Gln—H1s-Leu-Pro-Tvr-I]e Glu-Gln-Gly-Met-Met-Leu-Ala-Glu- G]n-Phe-Lys-
35 Gln-Lvs Z-X.
Where Y is NH, , one or more N-terminal amino acids, or other chemical
entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a)
chemical group(s) which may be used for linking; and X is OH, NH, , or
30 a linkage involving either of these groups. |
12. A peptide of the formula:
(X11) -
Y-lle-Glu-Gln-Gly-Met-Met- Leu-Ala-Glu-Gln—Phe-I_vs-Gln-I_ys-Ala-Leu-le-Leu-

35 - Leu-Gln-Z-X.

Where Y is NH, , one or more N-terminal amino acids, or other chemical

entities added to facilitate coupling; Z is a bond. (an) amino acid(s), or (a)

chemical group(s) which may be used for linking: and X is OH. NH, , or
20 a linkage involving either of these groups.



9 O pa I is the use of mxtures of peptides for the . .a3.
det ecti !“lﬂ“ “ﬂ“l“ﬂmnlﬁmlspem fic for hepatitis C vrrmg:s]qeemaxg%gg 18kd :
pepti des "whi‘chtar® cbnsidered parti.cul arly advant ag L,
| X, and XV 1B alpedilde ¥e th. fortouldV and XVI 1| " I H
Viil, X, Xvl, and 1, X d)8£hl
: I
Y-Leu-Ala-Glu-Gln-Phe-Lys-GIn—Lys-Ala-Leu-Gly—Leu-I_eu-Gln-‘l'hr-Ala-Ser-Arg-
Gln-AJa-Z-X. -

Where Y is NH, , one or more N-terminal amino acids, or other chemxcal
entities added to facilitate couphn Z is a bond, (an) arhino acid(s), or (a)
chemical group(s) which may be used for linking; and X is OH, NHﬁ , Or
a linkage involving either of these groups. '

10
14. A peptide of the formula:

(XIV)

Y-Gln-Lys-Ala-Leu-Gly-Leu-Leu- Gln-Thr-Ala-Ser-ArO-Gln-Ma-Glu-Val Tle-Ala-
Pro-Ala-Z-X

Where Y is NH, , one or more N-terminal amino acids, or other chem1cal
. entities added to facilitate coupling; Z is a bond, (an) amino ac1d(s) or (a)
chemical group(s) which may be used for linking; and X is OH, NH, ,

a linkage involving either of these groups.

15. A peptide of the formula:
| | (XV) . o

Y-Glu-Asp-Glu-Arg-Glu-lle-Ser-Val-Pro-Ala-Glu-Ile-Leu-Arg-Lys-Ser-Arg-Arg-

Phe-Ala-Z-X. '

:Where Y is NH2 , one or more N-terminal amino acids, or other chermcal :
- - entities added to facilitate couplm Z is a bond, (an) amino acid(s), or (a) .
chemical group(s) which may be used for linking; and X is OH, NH, , or
a linkage involving: either of these groups.

30
16. A pepn’de of the formula:
- (xXvly :
Y-Leu-Arg-Lys- Ser-Ar0~Aro-Phe Ala-Gln-Ala-Leu-Pro-Val-Trp- Ala--\r*’-Pro-Asp-
Tyr-Asn-Z-X.

Where Y is NH, , one or more N-terminal amino acids, or other chemical
~ entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a)
chemical group(s) which may be used for linking; and X is OH. NH, ,

a linkage involving either of these groups. - '

<0

17. A pebtide of the formula:



E. 11 ,andVF VITL, IX X, X1, and XIV G XV, XVI, XVII, .05
XV II Lﬂummlm&m"Bdl es whi ch recogni ze the peptides can be detected™ n
a vari "Wreferred method of detection is the enzyme |inked
i Munosor bant assay (ELISA) in which a th e or mxture of peptides is -
bound to a SO|Id support. In nost cases hi‘’s"will be a mcrotiter plate
but may in pr-Yalpie-B&-Ang-RserAspil yr+saiRiptRrodeu- Habﬁé@r-kpwxbﬁf go-
dilution or dtfyomsxof serum or other body fluid to be tested is brought
into contact th the solid phase to which the peptide is bound. The
i ncubation is carried out for a time necessary to allow the binding

[ﬁact i ;gndt ohq,vaéyreﬂ\](sug)'sreﬁgepbhy, ?M mﬁm&nﬁ-@ﬂﬂn?méfmﬁlpaﬁadi eﬁl')\/cgﬁerb)éhm‘{?&&il ng

e solid phase e, det e€t.| ; ne exes, i chi eve i\n _
anti bodi es wWiPEH® %F%jéjl %‘3“8?%8%@“%%?%%@ | $TR0 ﬁﬂa?ﬂhgﬁl{ahave-
been | abel ed chemira;hrgrenpgshewhqghemayahw msd:ﬂnfondmkingm tand 90 iei®@HerNH, , or .
horseradi sh , jinkage involving either of these groups.

10 18. A peptide of the formula:
| (XVIiDn
_\Y Glu-Thr-Trp-Lys Lys-Pro-Asp-Tyr-Glu-Pro-Pro—Val-Val-Hxs le—Cvs-Pro-Leu-
“Pfo-Pro-Z- X

15 Where Y is NH, , one or more N-terminal amino acids, or other chemical
entities added to facilitate couph Z is a bond, (an) amino acid(s), or (a)
chemical group(s) which may be used for linking; and X is OH, NH, , or
a linkage involving either of these groups.

20 19. A peptide of the formula:
(XIX)
Y-Val-Hls-le-Cvs-Pro-Leu-Pro-Pro-Pro-Lvs-Ser—Pro-Pro-Val-Pro-Pro-Pro-Arg-Lvs-
Lys-Z-X.

2 __Where Y is NH, , one or more N-terminal amino acids, or other chemical

" entiies added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a)

- chemical group(s) which may be used for linking; and X is OH, 'NH2 , or
a linkage involving either of these groups.

20. A composition comprising at least one of the peptides of claims .1 to 19. -

30
21. A composition comprising at least one of the peptides of claims 1 to 19
attached to a carrier.
35 22. - A method for the detection of antibodies to bepatitis C virus in a

biological fluid such as serum or plasma, characterized by contacting body

fluid of a person to be diagnosed with any of the peptides of claims 1

to- 19 or compositions of claims 20 and 21, and detecting the

immunological complex formed between said antibodies and the antigen(s)
@ used. '

ThlS Sheet Has Been Repl
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'per mla" MU' - phosphat ase, or beta-gal act osi dase, which is capabise
- rless or nearly colorless substrate or co-substrate
|nto a Iy cdl or ed product or a product capable of forming a colored _
conpl ex W' t’S‘ a’IQJIU aneped. oNdmhﬂan, VaiaYactéﬂilz&ddeﬁeﬂialtOmléy&é@mlmyme@@idoy an

enzyme whi ch, i.n _the ence th r._s h Th
am)ﬁnt of pr oddl@fmf ﬁ%gﬁ anpé?’éés[ 3@’ gve?pgy rq#gﬁglsﬁﬂefnsn)nun ":‘ﬂ Co‘% Eex ©
spect roghot onetwitlc alal ylpbdhdctmogdrﬁmschdctaﬁ. om uanti-bustan cahinymoginﬂuhn;—
conpared to a r t t I
enpl oy radi oac?“in\gqgkafe% élggﬁ@?gﬁeé}l es, pm—{aﬁhggh&g& 189%?{? Gm&)ﬂ?{%l ésrrmune
conpl ex is quamtvndme@r Biyepsavidin landt desactinguthe Agmplexgformedc oengenh petween

_sa1c.1. conjugate and said reagent.

24. A kit for the detection of anti-hepatitis C virus antibodies in a biblogical
fluid, comprising:
10 - a composition as defined in either of claims 20 or 21
- the means for detecting the immunological complex formed.

The kit of claim 24, characterized in that said means for detecting said
immunological complex comprise anti-human immunoglobulin(s) or protein
15 A or protein G or avidin or streptavidin and means for detecting the
complex formed between the anti-HCV antibodies contained in the
détected immunological conjugate. |

[3%)
}l\

'
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- 10 O her detection systenms which may be used include those based on the use
of protein. A derived from Staphvl ococcus aureus Cowan strain 1, protein G
from.group C Staphyl ococcus sp. Apgrror 26RP66), or systens which make use
of the high affinity biotin-avidin or streptavidin binding reaction.
Antibodies raised to carrier-bound peptides can also be used in COI’]] unction
with | abefesthedpt Adugerfesr Fohelteintedtron OF An ibodids cFo Jepatitis Ch VARISUM or
ot her body fluids by conpetition assay. In this case, antibodies raised to
carrier-bound peptides are attached to a solid support which may be, for
exanple, a p'Fbetidé l@é@@'er&és aarel Qﬁbwded iwkich L ate| @pableptofdeniimckihg npruteies!
with suitabl Iutlon
. encoded by HC for use as reagents for screening of blood and blood products
for prior exposure to HCV. The peptides are at least 5 amino acids long and

can be used in various specific assays for the detection of antibodies to HCV, for

the detection of HCV antigens, or as lmmunogens

|
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the fluid t.o be tested and this mxture is subsequently brought into
contact with the antibody -bound to the solid support. After a suitable

| ncubat T3 SRR 1R BeenRAflacsP! 1 d support is washed and the anount of | abel ed
peptide i; A reduction in the anount of | abel bound to the
solid su mmmﬁwt ive of the présence of antibodies in the original
sanpl e. en, the peptide may al so be bound to the solid
support. Label ed anti body nmay then be allowed to conpete with anti body
present in the sanple under conditions in which the anount of peptide is
liniting. As i f'3We lprevi dasne e rpbesueace eokire tGampisne tHEV feasy).edy : si gnal
Is indicative of the presence of antibodies in the sanple tested. Anot her -
preferred nmethod of antibody detection is the honbgeneous i Mmunoassay.
There are nmany possible variations in the design of such assays. By way of
exanpl e, nunerous possible.configurations for honbgeneous enzyne

I mmunoassays .and nmet hods by which ghey may be perforggd are given in 5
Tijssen, P., Practice and Theory oq Enzyme | mmunoassays, El sevi er Press, |

-

Arersham Oxford, udNeVser Thr Ile Pro Lys Pro Gln Arg Lys Th- Lys Arg Asn Th
16 Asn Arg Arc Pro Gln Asp Val Lys Phe Pro Gly Gly Gly Gla Ile
31 Val Gly Gly Val Tvr Leu Leu Pro Arg Arg Gly Pro &rg Leu Gly
48 Val Arg Ala Thr Arg Lvs Thr Ser Glu Arg Ser Glm Pro Azrg Gly
61 Arg Arg Gln Pro Ile Pro lLys Val Arg Arg Pro Glu Gly Arg Thr
76 Trp Ala Gln Pro Gly Tyr Pro Trp Pro Leu Tvr Gly &sn Glu Gly
91 Cys Gly Trp Ala Gly Trp leu Leu Ser Pro Arg Gly Ser Rrg Pro

106 Ser Trp 3ly Pro Thr Asp Pro Arg Arg Arg Ser Arg Asn Leu Gly
121 Lys Val IZle Asp Thr Leuv Thr Cys Gly Phe Ala Asp Leu Met Gly
136 Tyr Ile Pro Leu Val Gly Ala Pro Leu Gly Gly Arla rla Arg Ala
151 Leu Rla Eis Gly Val Arg Val Leu Glu Asp Gly Val 2sn Tyr Ala
166 Thr Gly Asn Leu Pro Gly Cys Ser Phe Ser Ile Phe Leu Leu Ala
181 Leu Leu Ser Cys Leu Thr Val Pro Ala Ser Ale Tyr Gln Val 2Arg
196 Asn Ser Thr Gly Leu Tyr Bis Val Thr Asn Asp Cys Pro Asn Ser
211 Ser Ile Val Tyr Glu Alz Bis Asp 2la Ile Leu Eis Thr ?ro Gly
226 Cys Val Pro Cys Val Rrg Glu Gly Asn Val Ser 2rg Cys Trp Val
241 Ala Met. Thr Pro Thr Val Ala Thr Arg Asp Gly Lys Zeu Pro Ala
256 Thz Gln Leu Arg Arg His Ile Asp Leu Leu Val Gly Ser ala Thr
271 Leu Cvs Ser Rla Leu Tyr Val Gly Asp Leu Cys Gly Sar Val Phe
286 Leu Ile Gly Gln Leu Phe Thr Phe Ser Pro Arg Arg Eis Trp Thr
301 Thr Gln Gly Cvs Asn Cys Ser Ile Tyr Pro Gly Eis Ile Thr Gly
316 BHis RArg Met Ala Trp Rsp Met Met Met Asa Trp Ser Pro Thr Ala
331 2la Leu Val Met Ala Gla Leu Leu Arg Ile Pro Gln xla Ile Leu
346 Asp Met Ile Ala Gly Ala Bis Trp Gly Val Leu Ala Gly Ile Ala
361 Tyr Phe Ser Met Val Gly Asn Trp Ala Lys Val Leu Val Val Leu
-== 376 Leu Leu Phe Rla Gly Val Asp Rla Glu Thr Ile Val Ser Gly Gly
391 Gla ARla Ala Arg Ala Met Ser Gly Leun Val Ser Leu Fhe Thr Pro
406 Gly Ala Lys Gln Asn Ile Gln Leu Ile Asn Thr Asn Gly Ser Trp
421 Bis Ile Asn Ser Thr Ala Leu 3sn Cys Asn Glu Ser Leu Asn Thr
436 Gly Trp Leu 2la Gly Leu Ile Tyr Gln His Lys Phe isn Ser Ser
451 Gly Cys Pro Glu Arg Leu Ala Ser Cys Arg Pro Leu Thr Asp Phe
466 Asp Gln Gly Trp Gly Pro Ile Ser Tyr Ala Asn Gly Ser Gly Pro
481 Asp Gln Arg Pro Tyr Cys Trp His Tyr Pro Pro Lvs Pro Cys Gly
496 Ile Val Pro Ala Lys Ser Val Cys Gly Pro Val Tyr Cvs Phe Thz
511 Pro Ser Pro Val Val Val Gly Thr Thr Asp Arg Ser Giy Ala Pro
526 Thr Tvr Ser Trp Gly Glu Asn Asp Thr asp Val Phe Val Leuv Asn
541 Asn Thr Arg Pro Pro Leu Gly Asn Trp Phe Gly Cvs Thr TIp Met
556 Asn Ser Thr Gly Phe Thr Lvs Val Cys Gly ala Pro 2ro Cys Vel
$71 Ile Gly Gly Ala Gly Asn Asn Thr Leu Eis Cys Pro Thr- Asp Cys
586 Phe Arg Lys His Pro Asp Ala Thr Tyr Ser Arg Cys Giy Ser Gly
601 Pro Trp Ile Thxr Pro Arg Cys Leu Val Asp Tyr Pro Tvr Arg leu
616 Trp Eis Tyr Pro Cys Thr Ile Asn Tyz Thr Ile Phe Zvs Ile ArCg
631 Me: Twr Val Giy Gly Vel CGlu His Arg Leu Glu 3la ila Cys Asn
648 Tzd Thr Arg Gly Glu A-g Cvs REsd Leu Glu Asp RArg Asp 3rg Sers
661 Glu Leu Ser Pro Leu Leu Leu Thr Thr Thr Gla Trop 3la val Leu
676 Pro Cys Ser Phe Thr Thr Leu Pro Ala Leu Ser Thr Sly Zeu Ile
€91 Eis Leu Eis Gln 2sn Ile Val 2sp Val Gln Tyr Leu Tyr Sily Vel

S



York, 1985. .Detection systenms which nmay be enpl oyed in hose based on

enzyne channeling, biolum nescence,:allosteric activation and allosteric

i nhi bi.tion. Methods enploying |iposone-entrappggs SieéyHEeBeeo Re zynes may
1

al so be used (sgg,Ri pnadgyage,.P- and Huang, L.} 988) 34/ 2:
268-2 7, and uu%:’a'n, E. F@ggﬁ‘é “, din. Chem (1H 9- 1584 for
fal.val

exanpl es) .

706 Gly Ser Ser Ile Ala Ser Trp Ale Ile Lys Trp Glu Tvr
72! Leu Leu Phe Leu Leu Lev Alza Asp Ala Arg Vel Cys S2r Cvys Leu
736 Trp Met Met Leu Leu Ile Ser Gln Ala Giuv 212 Ala Leu Glu 2sn
751 Leu Val Ile Leu Asn Ala Ala Ser Leu &la Gly Thr Els Gly Leu
766 Val Ser Phe Leuw Val Phe Phe Cys Phe 2la Trp Tyr leu Lys Gly
781 Lys Trp Val Pro Gly Ala Val Tyr Thr Phe Tyr Gly Met Trp Pro
796 Leu Leu Leu Leu Leu Leu 2la Leu Pro Gln Arg Ala Tvr Ala Leu
811 Asp Thr Glu Val Ala Ala Ser Cys Gly Gly Val Val Leu Val Gly
§26 Leu Met Ala Leu Thr Leu Ser Pro Tyr Tvr Lys Arg Tvr Ile Ser
84: Trp Cvs Leu Trp Trp Leu Gln Tyr Phe Leu Thr Arz Val Giu 2ala
856 Gln Leu His Val Trp Ile Pro Pro Leu &sn Val Arg Gly CGly ar
871 Asp Ala Val Ile Leu Leu Met Cys Ala Val His Pro Thr Leu Val
BES6 Phe Asp Ile Thr Lys Leu Leu Leu Rla Val Phe Gly Pro Len Trp
9Gi Ile Leu 2Asp Ala Ser Leu Leu Lys Val Pro Tyr Phe Val Arzg Val
916 Gln Gly Leu Leu Arg Phe Cys Rla Leu Ala ARrg Lyvs Met Ile Gly
931 Gly Eis Tyr Val Gln Met Val Ile Ile Lys Leu Gly RAle Leu Thr
946 Gly Thr Tyr Val Tyr Asn His Leu Thr Pro Leu Arg Asp Tcp RAla
961 Bis Asn Glv Leu Rrg 2Asp Leu Ala Val Ala Val Glu Pro Val Vel
975 Phe Ser Gla Met Glu Thr Lys Leu Ile Thr Trp Gly Alz Asp Thr
991 ala Ala Cys Gly Asp Ile Ile Asn Gly Leu Pro Val Ser Ale 2rg
1006 Arg Gly Arg Glu Ile Leu Leu Gly Pro Ala Bsp Gly Met Val Ser
1021 Lys Gly Trp Arg Leu Leu ARla Pro Ile Thr Ala Tv- Ala Gla Gln
1038 Thr Arg CGly Leu Leu Gly Cys Ile Ile Thr Ser Len Thr Gly Arg

1051 Asp Lys Asn Gln Val Glu Gly Glu Val Gla Ile Val Ser Thr Ala
1066 Ala Gln Thr Phe Leu Ala Thr Cys Ile asn Gly Val Cys Trp Thx
1081 Val Tyr Bis Gly Ala Gly Thr Rrg Thxr Ile Ala Sex Pro Lys Gly
1096 Pro Val Ile Gln Met Tyr Thr Asn Val Asp Gln Asp Leu Val Gly
1111 Trp Pro Ala Pro Gln Gly Ser Arg Ser Leu Thr Pro Cvs Thr Cys
Gly Ser Ser Asp Leu Tyr -Leu Val Thr Arg Bis Alz 2Rsp Vel Ile
Pro Val A-g Arg Arg Gly Asp Ser Arg Gly Ser Leu Leu Ser Pro
Arg Pro Ile Ser Tyr Leu Lys Gly Ser Ser Gly Glv Pro Leu Len
1171 Cys Pro Ala Gly His Ala Val Gly Ile Phe Arg Ala aAla Val Cys
+ 1186 Thr Arg Gly Val Ala Lys Ala Val Asp Phe Ile Pro Val Glu Asn
1201 Leu Glu Thr Thr Met Arg Ser Pro Val Phe Trp Asp Asn Ser Ser
1216 Pro Pro Val Val Pro Gln Ser Phe Gln Val Ala His Leu Eis Ala
1231 Pro Thr Gly Ser Gly Lys Ser Thr Lys Val Pro Ala Ala Tyr Ala
1246 aAla Gln Gly Tyr Lys Val Leu Val Leu 3Asn Pro Ser Val Ala Ala
1261 Thr Leu Gly Phe Gly Ale Tyr Met Ser Lvs RAla His Gly Ile asp
1276 Pro Asn Ile Arg Thr Gly Val Arg Thr Ile Thr Thr Gly Ser Pro

[l o L]
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1291 Ile Thr Tyr Ser Thr Ty= Gly Lys Phe Leu Ala Asp Giy Gly Cys
1306 Ser Gly Gly Ala Tyr Asp Ile Ile Ile Cys Asp Glu.Cys Eis Ser
1321 Thx Asp Ala Thr Ser Ile Leu Gly Ile Gly Thr Val Leu aAsp Gln
1336 Ala Glu Thr Ala Gly Ala Arg Leu Vel Val Leu Ala Thr Ala Thr-
1351 Pro Pro Gly Ser Val Thr Val Pro Eis Pro Asn Ile Glu Glu Val
1366 Ala Leu Ser Thr Thr Gly Glu Ile Pro Phe Tyr Glv iLvs Ala Ile
1381 Pro Leu Glu Val Ile Lys Gly Gly Arg His Leu Ile Phe Cys Eis
1396 Ser Lys Lys Lys Cys Asp Glu Leu Ala Ala Lys Leu Val Ala Leu
1411 Gly Ile Asn Ale Val Ala Tyr Tyr Arg Gly Leu asp Val Ser Val
12426 Ile Pro Thr Ser Gly Asp Val Val Vval-val aAla Thr Asp 32la leu
1441 Met Thr Gly Tyr Thr Gly Asp Phe Asp Ser Val Ile asp Cvs Asn
1456 Thz Cys Val Thr Glan Thr Val Asp Phe Ser Leu 2sp F-o Thr Phe
1251 Ths Ile Glu Thr Ile Thr Leu Pro Gln Asp Ala Val Ser A-g Thr
+ 1486 &ln Arg Arg Gly Arg Thr Gly 2Arg Gly Lvs Pro Glv Ile Tyvr Arg
1501 Phe Val Ala Pro Gly Glu Arg Pro Ser Glv Met Phs :sp Ser Ser
1516 val Leu Cys Glu Cys Tyr &sp Ala Gly Cvs Ala Top Tvr Glu leu



The synthesis of :the peptides can be achi eved msotutien or on a solid

support. Synthesis protocols generally. 'ﬁﬁ%hé%}’ _the use
t - but yl oxycarbonyl - or 9- fluorenyl net hox I N Neplageéct ed acti vated
am no acids. Thg,pLoceduiesuh@s carrying. om F‘;, t he types of _
si de-chai'n protection, and the cleavage net't described in, for
exanple, Stewart and Young, Solid Phase Peptide Synthesis, 2nd Edition,
Pi erce Chem cal "Conpany, 1984; and Atherton.and Sheppard, Solid Phase
Peptide Synthesis, IRL Press, 1989. Experinmental |. Peptide Synthesis
Al of the peptidé&rdeser PBedGhir8hsyRhelilzédsohePepSymie Ty ez asa Thr
pol yani de- Ki s3] G diid &9 if"'(mip' }:géngg-j Novatg? Cafity D 2t ER2 p Gly
been functioirfa‘]ﬁ ZY.{Q:,\}\"Aet i Cly L&u Thr Ris ile Asp ~l Phe Leu S2r Gin
576 Thr Lys Giy Ser Gly Glu Asn lLeu Pro Ty Val Ala2 Tyr Gln
1591 Ala Thr Val Cys Ala Arg Ala Gln 3Ala Pro T
Gln

)

Pro Ser Trp.Asp
1608 " Met Trp Lys Cys Leu Ile Arg Leu Lys Thr Leu Eis Gly
1621 Pro Thr Pro Leu Leu Tyr Arg Leu Gly 2ala Gln Asn Glu Ile
1836 Thr Leu Thr His Pro Val Thr Lys Tyr Ile. Thz Cvs Met Ser
1631 Ala 2sp Leu Glu Val val Thr Ser Thr Tcp Leu Val Gly Gly
16866 Val Leu Ala Ala Leu Ala Ala Tyr Cys Leu Thr Gly Cys Val
1 Val Ile Va2l Gly Arg Val Val Leu Ser Gly Pro ala Ile Ile
Pro Asp Arg Glu Val Leu Tyr Axrg Glu Phe Glu Met Glu Glu
€Cy¥s Ser Gln His Leu Pro Tyr Ile Glu Gln Met Met Leu Alea
Lys ‘Gln Lys Ala Leu Gly Leu Leu Gln Thr 2la Ser
Arg Gln Ala Glu Val Ile Ala Pro Ala Val Gln Thr 2sa Tzp Gln
Lys Leu Glu Thr Phe Trp Ala Lys Eis Met Trp Asn Phe Ile Ser
Tyr Leu Rla Gly Leu Ser Thr Leu Pro Gly Asn Pro
Ser Leu Met Rla Phe Thr Ala Ala Val Thr Ser Pro
Ser Gln Thr .Lev Leu Phe Asn Ile Leu Gly Gly Trp
Gln Leu Ala 2la Pro Gly Ala Alz Thr Rla Phe Val
Leu Ala Gly Ala 2la Ile Gly Ser Val Gly Leu Gly
46 Lys Val Leu Ile Rsp Ile Leu Ala Gly Tyr Gly Als Gly Val Ala
61 Gly Ala Leu Val Ala Phe Lys Ile Met Ser Gly Glu Val Pro Ser
1876 Thr Glu 2sp Leun Val Asn Leu Leu Pro Alz Ile Leu Ser Pro Gly
1891 Ala Leu Val Val Gly Val Val Cys Ala Ala Ile Leun Arg 3 His
1906 Val Gly Pro Gly Glu Gly Ala Val Gln Trp Met Asn Arg Ile
1921 Ala Phe Rla Ser Arg Gly Asn EZis Val Sex Pro Thr Els val
1936 Pro Glu Ser Asp 2la Ala Ala Arg Val Thr Ala Ile leu Ser
1951 Leu Thr Val Thr Gln Leu Leu Arg Arg Leu His Gln T:op Ser
18656 Ser Glu Cys Thr Thr Pro Cys Ser Gly Ser Trp Ler Axrg Ile
1981 Tzp Rsp Trp Ile Cys Glu Val Leu Ser Asp Phe Lys Thr Leu
1926 Lys ala Lys lLeu Met Pro Gla lLeu Pro Gly Ile Pro Phe Ser
...2011 Cys Gln Arg Gly Tyr Lys Gly Val Trp Arg Val Asp Gly I Met
72026 Bis Thr Arg Cys Eis Cys Gly Ala Glu Ile Thr Gly Eis Lys
2041 Asn Gly Thr Met Arg Ile Val Gly Pro Arg Thr Cvs Arg Asn Met
2056 Trp Ser Gly Thr Phe Pro Ile Asn Ala Tyr Thr Thr Gly Pro Cys
2071 Thr Arg Leu Pro-Ala Pro Asn Tvr Thr Phe Ala Leu Trp Arg Val-
20886 Ser Ala Glu Glu Tyr Val Glu Ile Arg Gln Val. Gly Asp Phe His
2101 Ty=z Val Thr Gly Met Thr Thr Asp Asn Leu Lys Cys Pro Cys Gln
2116 Val Pro Ser Pro Glu Phe Phe Thr Glu Leu Asp Gly Val Arg Leu
2131 His Arg Phe Ala Pro Pro Cys Lys Pro Leu Leu Arg Glu Glu Val
2146 Ser Phe Arg Val Gly Leu His Glu Tyr Pro Val Gly Ser Gln Leu
2161 Pro Cyvs Glu Pro Glu Pro Asp Val RAla Val Leu Thr Ser Met Leu
2176 Thr Asp Pro Ser -Bis Ile Thr Ala Glu 3Ala Ala Gly Arg Arg Leu
2191 Ala Arg Gly Ser Pro Pro Ser Val 2Ala Ser Ser Ser Ala Ser Gln
2206 Leu Ser Rla Pro Ser leu Lys Ala Thr Cys Thr Ala Asn His asp
2221 Ser Pro Asp Ala Glu Leu Ile Glu Ala Asn Leu Leu Trp 3rg Gln
2236 Glu Met Gly Gly Asn Ile Thr Arg Val Glu Ser Glu Asn Lys Val
2251 Val Ile Leu Asp Ser Phe Asp Pro Leu Val Ala Glu Glu Asp Glu
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2266 Arg Glu Ile Ser Val Pro Ala Glu Ile Leu Arg Lvs Ser Arg Arg

2281 Phe Rla Gln Ale Leu Pro Val Trp Ala Arj Pro 2sp Tv: 3Asn Pro -
2286 Pro Leu Vel Glu Thr Trp Lys Lvs Pro Ast Tvr Giu Fro Fro Val
i 2313 Vel Eis Gly Cvs Pro Leu Pro Pro Pro Lvs Se: Pro F-o Val Pro
i : 2326 Pzo Pro Arg Lys Lys Arg Thr Val Val Leu Thr Glu Ser Thr Leu
2311 Ser Thr Ala Leu Ala Glu Leu Ala Thr Arg Ser Phe Gly Ser Ser



et. hyI eredi ani ne and onto which the acid-I ab| le |i nker

4- (al pha- Fnoc- ani no-2', A di met hoxybenzyl ) phenoxyacetic acid had been
coupl éd (Rink, Tetrahedron Lett. (1987) 28:3787). t-Butyl-based side-chain -
protection and Fnoc al pha-arm no- protection was used. The .

guani di no- gr oup r,qLLaqr gi NicpRiNGSs, protected by the

2,2,5,7,8-pent ane i yl chronman- 6-sul fonyl noiety. The ‘i-m dazol e group of

hi sti di ne was protected by either t-Boc or trityl and the sul fhydryl group

of cysteine was protected by a trityl - group. Couplings were carried out
using performed O0- pentafl uorophenyl esters except in the case  of

argi nine  whéggédpesophd -céir—b’odlllemfue @adilered shy @haxPhe 2t rSex Gleg Glu

ester fornatléﬁ‘wag"@rg);%% &3 Fuf g)%‘bﬁ-d’eflsb arF gé ptiteSiesSer T!T-’

N-acetyl at ed 6§3ﬁ95%§ ?&ﬂ &2 Ié’”";q §é§ wEPe &rﬁ}%d’fﬁj" '
gﬂr Ll:lagﬁpeg%og vsz g i gg\%v 8 Eéalbé@tr %Ceé E Leutg e§elﬁcgif '
scavengers ang,ggi{3 f%fﬂ hs.a #id HisP 3&&%&%\?‘3

qerr] -rever§§6@h§§g § % Cys Gln Arg Gln Lys Lys Val Thr Phe Asp

2476 Arg Leu Gln Va1 Leu Asp Ser Eis Tyr Gln Asp Val Leu Lys Glu
2491 Val Lys Ala Ala Ala Ser Lys Val Lys Ala Asn Leu Leu Ser Val
12506 Glu Glu Ala Cys Ser Leu Thr Pro Pro Eis Ser Ala Lys. Ser lys
2521 Phe Gly Tyr Gly Ala Lys Asp Val Arg Cys His Ala Arg Lys 2ala
2536 Val Thx His Ile Asn Ser Val Trp Lys Asp Leu Leu Glu Asp Asn
2551 Val Thr Pro Ile Asp Thr Thr Ile Met Ala Lys Asn Glu Val Phe
2566 Cys Val Gln Pro Glu Lys Gly Gly Arg Lys Pro Ala Arg Leu Ile
2581 Val Phe Pro Asp Leu Gly Val Arg Vel Cys Glu Lys Met Rla Leu
2596 Tyr Asp Val Val Thr Lvs Leu Pro Leu Ala Val Met Gly Ser Ser
2611 Tyr Gly Phe Gln Tyr Ser Pro Gly Gln Arg Val Glu Phe Leu Val
2626 Gln Ala Trp Lys Ser Lys Lys Thr Pro Met Gly Phe Ser Tyr Asp
2641 Thr Arg Cys Phe Asp Ser Thr Val Thr Glu Ser Asp Ile Arg Thr
2656 Glu Glu Ala Ile Tyr Gln Cys Cys Asp Leu Asp Pro Gln Rla Arg
2671 Val Ala Ile Lvs Ser Leu Thr Glu Arg Leu Tyr Val Gly Gly Pro
2686 Leu Thr Asn Ser Arg Gly Glu 2sa Cys Gly Tyr Arg Arg Cys Rrg
2701 Ala Ser Gly Val Leu Th> Thr Ser Cys Gly Asn Thr Leu Thr Cys
2716 Tyr Ile Lys Ala Arg Ala Ala Cys Arg Ala Ala Gly Leu Gln Asp
2731 Cys Thr Met Leu Val Cys Gly Asp Asp Leu Val Val Ile Cys Glu
2746 Ser Ala Gly Val Gln Glu Asp Ala Ala Ser Leu Arg Ala Phe Thr
2761 Glu Ala Met Thr Arg Tyr Ser Ala Pro Pro Gly Asp Pro Pro Gln
2776 Pro Glu Tyr Asp Leu Glu len Ile Thr Ser Cys Ser Ser Asn Val
2791 Ser Val Ala His Asp Gly Rla Gly Lys Arg Val Ty® Tyr Leu Thr
2806 Arg Asp Pro Thr Thr Pro Leu Ala Arg Ala Ala Trp Glu Thr Ala
2821 Arg Eis Thr Pro Val Asn Ser Trp Leu Gly Asn Ile Ile Met Phe

“==2836 Ala Pro Thr Leu Trp Ala Arg Met Ile Leu Met Thr Sis Phe Phe
2851 Ser Val Leu Ile Ala Arg Asp Gln Leu Glu Gln Ala Leu Asp Cys
2866 Glu Ile Tyr Gly Ala Cys Tyr Ser Ile Glu Pro Leu Asp Leu Pro
2881 Pro Ile Ile Gln Arg Leu Gly Cys Pro Glu Arg Leu Ala Ser
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1. Detection of Anitibodi-es. to Hepatitis C Virus A Use of peptides bound
to a nylon nenbrane. = 'Peptides meresg;ssolved-in'a.SUitabIe buffer to
make -a concentrated stock 'sol ution "which was then further diluted in
phosphat e- buf f ered sal,ine (PBS) . or sodium carbonate buffer, pH 9.6 to
make wor ki ng sol utions.. The pepti des were applied as lines on a nylon

menbrane (Pall, Portsmouth. United Ki ngdom), after which the nenbrane
was treated with casein to bl ock '
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unoecupi ed, b| nding.sites. The rrenbrane was subsequently cut into strips
per pendi cular to the direction of the pgeptide lines. Each strip was then
i ncubated with a serumsanple. diluted 1 to 100, obtained from an HCV-
infected individual. Antibody binding was detected by incubating the

strips wi th goat anti-human inmunogl obulin antibodi es conjugated to the
enzyne al kal i ne phosphat ase. After renoving unbound conjugate by
washi ng, a substrate sol ution containing , _
5- br ono- 4- chl or o- 3-i ndol yl phosphate and nitro bl ue tetrazolrun1mas
added. Positive reactions are visible as colored |ines corresponding to
t he positions of the peptides mhl%h -are specifically recogni zed. The
reactlon pat t er ng of thirty-six &h.?erent sera are tabulated in Table
| .- The- .results own in Table 1 afe further summarized in Table 2.
B. - Use of peptid i n an enzy ced ;nnunogprbent assay (ELI SA)
< hNh S .
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SAMPLE 266
 GOATING COMBINATIONS
SAMPLE 273
GOATING COMBINATIONS

PEPTIDE COATING COMBINATIONS:
PEPTIDE COATING COMBINATIONS

figure 2. continued. [
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Peptlde stock solutions were diluted in sodium car bonat e buffer, pH 9.6 and
used to-coat nicrotiter plates at a peptide concentration of 2 mcrograns

per -, mlliliter. A mxture consisting of peptides 1'l, m 'V, |IX and
XVIIl was al so .used to coat plates., Follow ng -coati ng, the plates were
bl ocked with casein. ~ Fifteen HCV-antibody-positive sera and contr ol
sera from seven uninfected bl ood donors were diluted 1 to 20 and’

i ncubated-in wells of the peptide- coated plates. Antibody binding was
detected by incubating the “Q_ ates w tt] goat ‘anti-human i mrunogl obulin
ant i bodi es conjggat ed s ehewmmewads © - hor seradi sh per oxi dase.

Fol I owi ng removal of un hGectegats by washi ng, ‘a sol ution
containing He ]CIerr] BLE =549 -tetraget hyl benzi di ne was added.
-Reacti ons V\ere<stopped after a sw :”“‘z‘, 1@ i nt erf_gal by addition of sulfuric
acid. Posi t£ve reacti onge-gftnie® (® a ygl | ow col or which was
quantified usi & COoNVeH *&‘. crét itegz plate reader. The results of
t hese determ ngiwons are tabul :Qi\m Tabe 3. To correct for any

aspeci fic bi ndidd¥whi ch couf
chem cal proper@ifgs of the p
determ ned for Zath pepti i

tEibutlgble to.the physical or

ngel VEeZ, a cut-off val ue was
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absorbaﬁbe'Value was cal cul ated as the average optical density of the

negat i vér sanpl es plus 0.200. Sanples giving absorbance val ues hi gher
than the cut- of f values are considered positive. The results for the
fifteen positive serum sanples are further summarized in Table 4.

Wiile it is evident that sone of the pcptides are recognized by a | arge
percentage of sera from HCV-infected individuals, it is also .clear that no
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13" ¢ single peptide is recognized by all sera. In contrast, the peptide
mxtdre was recogni zed by all fifteen sera and, for six of the fifteen
sera, the optical -~ densities obtained were equal to or higher than those
obtai ned. for any of the peptides individually. These results serve to-
Il lustrate the advantages of using m xtures of peptides for the.
detection of anti:HCV antibodies. = C  Binding of antibodies in sera from
HCV-i nfect ed patients to wvarious individual - peptides and peptide

m xtures in an ELISA.......ELye..pReptides were used.individually and in seven
di fferent conbinati dns: Fa i &7 ¢aGhss¥ erotiter plates. The plates were
subsequent | y &ncubatmed it b ations . ofnfifteen HCV anti body-positive

sera in order=to evatwate tte-refatrye nerils  of using nixtures as
conpared to isdi vi dual peptides for &ﬁtibod§gdetection. - The m xtures
used and the esultE$g§§§ﬁgggﬁﬁﬁ v in gGhgure 2. ~ In general, the
m xtures fun |gned | gual @Eeptides. This was :
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REPLACEMENT SHEET

flosvift Zres
partlcu‘larlyeldent ror—mxXjufe 12 (peptides |, 111, V, I X and XVIII)
whiech eoz)qry gl twel ve of the sera tested. These results

under score the
tests for th
peptides in

coat m nCI’Oté\t.@rﬁ— @-ﬁ e

i ndi vi dual
cl |h;&&fﬂlﬂ§d§adﬂﬁ§éd but undifferentiated chronic non A non B

W th

advantagep pf using m xtures of peptides in diagnostic
' of | anti bodi es to HCV. D. Use of a mxture of

n ELI SA assay for|{the detection of anti- HCV anti bodi es.
A m xture of L e i e A ¢ amd XVIIl was prepared and used to

hepatitis as wel | as forty-nine sera from heal thy bl ood donors.

Det ecti on of antibody binding

was acconpl i shed using goat anti-human

i mmunogl obul i n anti bodi es conj ugat ed to horseradi sh peroxi dase. The
resul ting opth<amp rémuttwnvad YRterAiR @R for rhepannsTBblvﬁus'ﬁ (HBVgSKusI Bl t's

indicate that the m

-~

ur tides is,not ni ze
mstrumentalXtm e umnat nap this VSII‘LIS from the gl%gd supply Nevertheless, a

significant number of post-transfusion hepatitis (PTH) cases still occur. These
cases are generally attributable to non-A, non-B hepatitis (NANBH) virus(es), the
diagnosis of which is usually made by exclusion of-other viral markers.

The etiological -agent responsible for a lafge proportion of these cases has recently

been cloned (Choo, Q-L et al. Science (1988) 244:359-362) and a firsi-generation
- antibody " test dévglope'd (Kuo, G. et al. Science (1989) 244:362-364). ' The agent
has been identified as a positive-stranded RNA virus, and the sequence of - its -

genome ‘has been partially determined. Studies suggest that this virus, referred 10
subsequently as hepatitis C virus (HCV), may be related to .flaviviruses and
pestiviruses. A portion of the genome of an HCV isolated from a chimpanzee
(HCVepe/cm ) is disclosed in EPO 88310922.5. The coding sequences disclosed
in this document do not include sequences originating from the 5’-end of the viral
genome which code’ for putative structural proteins. Recently however, sequences
derived from this region of the HCV genome have been published (Oliﬁmoto, H.
et al,, Japan L Exp. Med. 60:167-177, 1990.). The amino acid sequences encoded

by the Japdnese clone HC-J1 were combined with the HCVcpe JCHI sequences'

in a region where the two sequences overlap to generate the composite sequence
depicted in Figure 1. Spéciﬁcally, the two sequences were joined at glycine,s, .
It should be emphasized that the numbering system used for the HCV amino acid
sequence is not intended to be absolute since the existence of variant HCV strains
harboring deletions or insertions is highly probable. Sequences corresponding to
the 5 end of the HCV genome have also recently been disclosed in EPO
90302866.0. |

In order to detect potential carriers of HCV, it is necessary to have access to
large amounts of viral proteins. In the case of HCV, there is currently no known
method for culturing the virus, which precludes the use of virus-infected cultures

as a source of viral antigens. The current first-generation antibody test makes use

of a fusion protein containing a sequence of 363 arrgx 10 a“i&%?meﬁ%tm SBBRTS SG.
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by antibodies in sera from healthy donors (0/49 reactives) but is

regogni zed by a large proportion (41/49, or 84% of the sera from
patients with chronic 'NANBH. These results denonstrate that the

pepti des descri bed can be used effectively as mxtures for the

di agnosi s of HCV i nf ect.i on. E. Detection of anti-HCV antibodies in sera
frompatients with acute NANB i nfect2on using individual peptides bound

to nyI on nenb{(anegenarmlt alimwxs lﬂd&tﬁxd that antibodies to this protein could be detected in

75 to 85% of chronic NANBH patients. In contrast, only approximately 15% of

those patients who were in the acute phase of the disease, had antibodies which

recognized this fusion protein (Kuo,. G. et al. Sciepce (1989) 244:362-364). The

absence of suitable confirmatory tests, however, makes it difficult to verify these

statistics.  The seeming similarity between the HCV genome and that of

- flaviviruses makes it p0551b1e to predlct the location of epitopes which are likely

to be of diagnostic value. An analysis of the HCV genome reveals the presence

of a continuous long open reading frame. Viral RNA is presumably translated

. into a long pblyprotein‘ which is subsequently cleaved by cellular 'and/or viral’

proteases. -' By analogy with, fof example, Dengue virus, the viral st}ucturall

proteins are presumed to be denved from the amino-terminal third of the. viral
.polyprotein. ~ At the present nme the precise sites at which the polyprotein is . -

cleaved can only be surmised. Nevertheless, the structural proteins are lxkely to

contain epitopes which would be useful for diagnostic purposes,: both for the

detection of antibodies as well as for raising antibodies which could §ubsequently

be used for the detection of viral 'antigens.. Similarly, domains of nonswructural

proteins are also expected to contain epitgpes of diagnostic value, even though

these proteins are rot found as structural components of virus particles.

Brief Description of the Drawings

Figure 1 - shows the amino acid sequence of the composite HCVye 1y /CDC/CHI-
Figure 2 shows the antibody binding to individual peptides and various mixtures
in an ELISA assay '

Description_of_the Specific Embodiments

It_ is known that RNA viruses frequently exhibit a high rate of spontaneous
muation and, as such, it is to be expected that no two HCV isolates will be
completely identical, even when derived from the same individual. For the
purpose of this disclosure, a virus is considered to be the same or equivalent to
HCV if it exhibits a global homology of 60 percent or more with the HCV ..

J1/CDC/CHI  composite sequence at the nucleic acid level and 70 percent at the
amino acid level.
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14 of peptides in an ELTSA assay and conparison with a commercially

avail able kit. Peptides were applied to nylon nenbranes or m xed and used
to coat microtiter plates as previously described. The peptide mxture
consisted of peptides II, 111, V, IX and XVIIl. Sera obtained from
twenty-nine patients w.th acute non-A, non-B hepatitis were then tested for
the presence of antibodies to hepatitis @virus. These sane sera were al so

eval uat ed using gpGARELET @dskiibV AiHiAPAmbhdiod ity hmlmllénsfowhé Ie%coo% bSA) -
The results of thIS conmparative study are given in . In order to be

abl e to conpdi®Vt N8 Pdpt FQacmaERRfate fusn- strﬂ‘“tﬁé‘aﬁ?ﬂ?rfﬁrséﬂ%ﬂnw ROBFYENE e

kit, the l’eSlalst@elf Qk b@ilsmtsasmsveamu@l 8€d Q¥ptiasDAd iy B¢ gifde. t OTHRGd Al
ratios (S/'N) whi cn%vvere ca I at g’li‘t"%? di vi di ng t he asured optical gen5| ty

obt ai ned for %&8tH d"}?ﬁ‘l"g"b fpe{féF‘UQ A SRECHTaPe W B Foi sk Mt

greater or edgiealable in cases where a peptide corresponds to a region in the HCV
polypeptide which is highly polymorphic, to vary one or more of the amino acids
so as to better mimic the different’ epitopes of different viral strains.

. The peptides of interest will in_chid_e_.at least five, s"or__ne'times six, sometimes eight,
sometimes twelve, usually fewet""ﬂ'i':ih' -about fi t'ty, more - us‘ually fewer than about
thirty-five, and preferably fewer than about twentv-f' ve amxno acids included within
the sequence encoded by the HCV genome.  In each instance, the peptide will :
preferably be as small ‘as possﬂJIe whﬂe sull mamtammg substannally all of the -
sensitivity of the larger peptide. It may also be desxrable m certain instances 10
join two or more pepudes together in one pepnde stmcture '

It should be understood that the peptides described need not be identical to any
particular HCV sequence, so lbng"as the subject compounds are capable ‘of
providing for immunological comp'éiitién with- at least one strain of HCV. The
peptides may therefore be subject to insertions, deletions, and conservative or non-
conservative amino acid substitutions where such changes mloht prov1de for certain
advantages 1n their use.

Substitutipns which are considered conservative are those in which the chemical
nature of the substitute is similar to that of the original amino acid.
Combinations of amino acids which could be considered conservative are Gly, Ala;
Asp, Glu; Asn, Gln; Val, lle, Leu; Ser, Thr; Lys, Arg; and Phe, Tyr.

Furthermore, additional amino acids or chemical groups may be added to the
amino- or carboxyl terminus for the purpose of creating a "linker arm" by which
the peptide can conveniently be attached to a carrier. The linker arm will be
at least one amino acid and may be as many as 60 amino acids but will most
frequently be 1 to 10 amino acids. The nature of the attachment to a solid -

phase or carrier need not be covalent.

Nutural amino acids such as cysteine, lysine, tyrosine. glutamic acid. or aspartic

REPLACEMENT SHEET
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to 1.0%s taken to represent a positive reaction. For the comercially
available kit, the cut-off value was cal cul ated according to the

manuf acturer's instructions. The cut-off value for the peptide-based ELI SA
was cal cul ated as the average optical density of five negative sanples plus
0.200. The scal e used to evaluate anti body recognition of nyl on-bound
peptides was the sanme as that given in Téble 1. O the twenty-nine sanples

tested, twenicyt friayéde( B tweaimep@&i hinite- o cirbexyp epinimbe tbapsedddEmnSﬁorwid
recognlzed one or

nor e op- bou DL des on en of
the twenty- SPHR goerr aouspc% ed 60% Eﬁe %t e C?:rcr)'r?rgrergaﬁger %”l-e\f ‘t’ LI SA.
These resul tgoupsr wsht a5, i bt wstmplee budne antl alriogiypelic @tldusmygbi)eqdﬂﬂdéo nﬂhxt ures
for the det ggtiqn. fch 1' ,Ei'o\é ﬁ@;;segaeés%@aesﬂ%b lcgélﬁxcﬁlh@r a%@féalve 9 pégkyde in

the m xtures_pepti cont am no acl d_sequences deri from
di ff er ent ré@eoﬁ«@m@m pﬁéhqqmp@@qsymt@pqq be modified, for example, by N-terminal

acetylation or terminal carboxy-amidation. The peptides of interest are described

- in relation to the composite amino acid sequence shown in Figure 1. The amino

acid sequences are given in the conventional and universally accepted three-letter

code. In addition to the amino acids'shown, other groups are defined as follows:

Y is, for exar’nplé, NH, , one or more N-terminal amino acids, or other moleties

added to facilitate coupling. Y may iself bé modified bv, for 'ex;'unple,

 acetylation. Z is a bond, (an) amino acid(s), or (a) chemical group(s) which may

-be used for linking. X is intended to represent OH NH, , or-a. linkage involving
exther of these two groups.

Pe.ptidc I corresponds to amino acids 1 to 20 and has the following amino acid

sequences: _

i ' )] :
Y-M et-Ser-Thr-Ile-Pro-Lvs-Pr0~Gln-Arg-Lvs-Thr-Lys-Arg- AsnﬁThr-Asn Arg- A.ro -Pro-
Gln-Z-X.

Peptide II corresponds to -amino acids 7 to 26 and has thé amino acid sequence:
. (I

Y-Pro- Gln-Arv-Lys-Tbr-Lys- Arg-Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro-

Gly-Z-X.
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setra from persons infected by HCV. PEPTI DE
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Of particular interest is the oligopeptide [A:"
(I1A)
Y-Gln-Arg-Lys-Thr-Lys-Arg- Asn-Thr-Asn-Arg-Arg} Z-X.

Peptide III corresponds to amino acids i3 to 32 and has the sequence:

(111) '
Y-Arg-Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-Pro-Gly-Gly-Gly-Gln-Iie- Val-
Gly-Z-X. -

Peptidé_ v corresponds to amino acid 37 10 56 and has the sequénces:_

o W
Y-Lé&u-Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr-Arg-Lys-Thr-Ser-Glu-Arg-
Ser-Z-X. ' '

Peptide \'4 corresponds to amino acids 49 to 68 and has the sequence:

| G
Y-Thr-Arg-Lys-Thr-Ser-Glu-Arg-Ser—GIn-Pro-Arg-Gly-A}'g-Arg-G@n—Pro-I_le-Pro-'Lys-
Val-Z-X. T

Peptide VI corr_eéponds to amino acid 61 to 80 and has the following sequence:
- o v
Y-Arg-Arg-Gln-Pro-lle-Pro-Lys-Val-Arg-Arg-Pro-Glu-Gly-Arg-Thr-Trp-Ala-Gln-Pro-
Gly-Z-X.
Peptide VII corresponds to amino acids 73 to 92 and has the sequence:
_ (VI
Y-Gly-Arg-Thr-Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leun-Tyr-Gly-Asn-Glu-Gly-Cys-
Gly-Z-X.

Peptide VIII corresponds to amino acids 1688 to 1’707 and has the sequence:
(VII)
Y-Leu-Ser-Gly-Lys-Pro-Ala-1le-lle-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp-

Glu-Z-X. : '

Peptide IX corresponds to amino acids 1694 1o 1713 and has the sequence:



7 05
0.5 1
3 - 13
0.5

1 0.5
0.5

05 - 24
2 25
27 0.5
2 2

I

Peptide X corresponds to amino acids 1706 to 1725 and has the sequence:
™
Y-Asp-Glu-Met-Glu-Glu-Cys-Ser-Gln-His-Leu-Pro-Tyr-lle-Glu-Gin-Gly-Met-Met-Leu-

Ala-Z-X. " ' | '

Peptide XI corresponds to amino acids 1712 to 1731 and has the sequence:
e |

Y-Ser-Gln-His-Leu-Pro-Tyr-lle-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-

Lys-Z-X. - - : | L

Peptide XII corresponds to amino .Ia'c'ids 1718 to 173_7- é.nd haé_ the sequence: |

- Lo
Y-1le-Glu-Gin-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-
Glo-Z-X. !

Peptide XIII corresponds to amino acids 1724 to 1743 and has the sequence:
| (Xm)

1 2 1 0.5 . 3 2
3 1 1 _ 1 10 1
0.5 0.5 2 0.5 15
2 1 16 2 1 05
: 2 0.5 18 1 1 3
2 0.5 23 @5 1 1

1 0.5 2 1 (Ix) 0.5 0.5 0.5
Y-l1eéle-SPro-Asp-ArgiGlu-Val-LQ:u-Sfyr-Arg-Glu-Phe-Asp-Glu-.\_dLet-leGlu-%ys-Ser- 0.5

28 Gin-Z-X. 0’5 0.5 32 1

Y-Leu-Ala-Gla-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln-

Ala-Z-X. -,

Peptide XIV corresponds to amino acids 1730 to 1749 and has the sequence:

S
Y-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln_-’I‘hr-Ala-Ser—Arg-Gln-AIa-G_lu-Va_l-Ile-Ala-Pro-
Ala-ZX.

-Peptide XV corresponds to amino acids 2263 to 2282 and has the sequence:

(XV)
Y-Glu—Asp—Glu—Arg-Glu-Ile-Ser-V'al-Pro-Ala-G lu-Ile-Leu-Arg-Lys-Ser-Arg-Arg-Phe-
Ala-Z-X.

Peptide XVI corresponds to amino acids 2275 to 2294 and has the sequence:

E\rﬁ:‘\".""
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Y-Leu-Arg-Lys-Ser- -\rO-r‘?rJ: Phe-Ala-Gln-Ala-Leu-Pro-Val-Trp-Ala-Arg-Pro-Asp-Tyr-
Asn<Z-X. - '

Pepiide XVII corresponds to amino acids 22

(XVII)
Y-Val-Trp-Ala-Arg-Pro-Asp-Tyr-Asn-Pro-Pro-Leu-Val-Glu-Thr-Trp-Lys-Lys-Pro-Asp-
Tyr-Z-X. '

87 to 2306 and has the sequence:

Pepﬁde Xvil 'correspbnds to amino acids 2299 to 2318 and has the sequence:
- (Xvin
Y- Glu-Thr-Trp -Lys- Lvs-Pro-Asp-’I'yr»Glu-Pro Pro-Val Val—Hxs Gly- Cys-Pro-Leu-Pro-

. Pro-Z-X.

Peptide XIX corresporids to amino acids 2311 to 2330 and has the séquénce:'

| e
Y-Val-His-Gly-Cys-Pro-Leu-Pro-Pro-Pro-Lys-Ser-Pro-Pro-Val-Pro-Pro-Pro-Arg-Lys-Lys-
Z-X.

Of particular interest is the use of the mercapto-group of cysteines or thioglycolic
acids used for acylatng terminal amino groups for cyclizing the peptides or
coupling two peptides together. The cyclization or coupling may occur via a single
bond or may be accomplished using thiol-specific reagents to form a molecular
bridge.

The peptides may be coupled to a soluble carrier for the purpose of either raising
The
nature--of the carrier should be such that it has a molecular weight greater than

antibodies or facilitating the adsorption of the peptides to a solid phase.

5000 and should not be recognized by antibodies in human serum. Generally, the
carrier will be a protein. Proteins which are frequently used as carriers are
keyhole limpet hemocyanin, bovine gamma globulin, bovine serum albumin, and
poly-L-lysine.

The
linkage may occur at the N-terminus, C-terminus or at an internal. site in the
pepude.

There are many well described techniques for coupling peptides to carriers.

The peptide may also be derivatized for coupling. Detailed descriptions
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Bl nk noé ‘reaction; 3: intense reaction :ND. not determ ned
15a TABLE 1 conti nued

8

of a wide variety of coupling procedures are given, for example, in Van
Regenmortel, M.H.V,, 'Briand, JP, Muller, S, arnd Plaué, S., Laboratory
Techniques in Biochemistry and Molecular Biology, Vol. 19, Svnthetic Polypeptides
as Antigens, Elsevier Press, Amsterdam, New York, Oxford, 198S.

The peptides may also be synthesized directly on an oligo-lysine core in which
both the alpha as well as the epsilon-amino groups of lysines are used as growth
points for the peptides- The number of lysines comprising the core is preferably
3or 7. Addmonallv a cysteine may be included near or at the C-terminus. of
the complex to fac1htate the formation ‘of homo- or heterodimers. The use of this
technique has been amplv illustrated for hepatitis B antigens- (Tam, J.P, and Lu,
Y-A., Proc. Natl. Acad. Sci. USA (1989) 86:0084-9088) as well as for a vanety of
other antigens (see Tam, 1 P, Muluple Antigen Peptide System: A Novel Design
for Svnthenc Peptide Vaccine and Immunoassay, in Synthetic Pepudes Approaches
to Biological Problems, Tam, J.P., and Kaiser, E.T,, ed. Alan R. Liss Inc New
York, 1989).

Depending on their intended use, the peptides may be either labeled or unlabeled.
Labels which may be employed may be of any type, such as enzymatic, chemical,
fluorescent, luminescent, or radioactive. In addition, the peptides may be modified
for binding to surfaces or solid phases, such as, for example, microtiter plates,
nylon membranes, glass or plastic beads, and chromatographic supports such as
cellulose, silica, or agarose. The methods by which peptides can be attached or
bound to solid support or surface are well known to those versed in the art.

REPLACEMENT SHEEY)
2 1JAN W

semcosmieremr Y e, b (1 WOV ——



X Xi Xi Xiii Xv XYI xvi |
XYk XIX 0.5 2 2 1
0.5 i * 2 1 2

2 1 2 1 2

0.5 1 1 . 0.5 2 2 2
2 1 1 0.5 _ 0.5 1

2 2 1 2 9

Ot particular interest is the use of mixwres of peptides for the. detection of
antibodies specific for hepatitis C virus. Mixtures of peptides which are considered
particularly advantageous are: |

11, I, V, IX, and XVIII

I IL V, IX, XI, XVI, and XVIII

1L 11, IV, .V, VIII, XI, XVI, and XVIII

11, IX, and XVII |

I, I, IV,_ and Vv

VIO, IX, XI, XIiI, and XIV

XV, XVI, XVII, XVII], and XIX

@ mbpb N w e

Antibodies which recognize the pepndes can” be detected in a variety of ways o
A preferred method of detection is the enzyme-linked xmmunosorbant assay
(ELISA) in which a pepude or mixture of peptides is bound to a solid support.
In most cases, this will be a microtiter plate but may in principle be any sort of
insoluble solid phase. A suitable dilution or dilutions of serum or other ‘body
, fluid to be tested is brought into contact with the solid phase to which the
peptide is bound. The incubation is carsied out for a time necessary to allow the
binding reaction to occur.. Subsequently, unbound components are removed by
washing the solid phase. The detection of immune complexes is achieved using
antibodies which specifically bind to human immunoglobulins, and which have been
labeled with an enzyme, preferably but not limited to either horseradish
peroxidase, alkaline phosphatase, or beta-galactosidase, which is capable of
converting a - colorless or nearly colorless substrate or co-substrate into a highly
colored product or a product capable of forming a colored complex with a
chromogen. Alternatively, the detection system may employ an enzyme which, in
the presence of the proper substrate(s), emits lightt The amount of product
formed is detected either visually, spectrophotometrically, electrochemically, or
luminometrically, and is compared to a similarly treated control. The detection
system may also employ radioactiveiy labeled antibodies, in which case the amount

of immune complex is quaatified by scintillation counting or gamma counting.
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Other detection systems which may be used include those based on the use of
protein A derived from Staphviococcus aureus Cowan strain I, protein G from
group C Staphviococcus sp. (strain 26RP66), or systems which make use of the
high affinity biotin-avidin or streptavidin binding reaction.

Antibodies raised to carrier-bound peptides can also be used in conjunction with
labeled peptides for the detection of antibodies present in serum or other body
fluids by competition assay. In thié case, "antibodies raised to carrier-bound
peptides are attached to a solid support which may be, for example, a plastic
bead or a 'plas'tic tubé. Labeled peptide is then mixed with suitable dilutions of
thé fluid to be tested and this mixture is subsequently brought. into contact with
the antibody bound to the solid support. After a suitable incubation period, the

- solid suppbrt is washed and the amount of labeled peptide is quantified. A

reduction in the amount of label bound to the solid support is indicative of the

~ presence of antibodies in the original sample. By the same token, t_he peptide

may also be bound to the solid support. Labeled antibody may then be allowed
to compete with antibody present in the sample under conditions in which the
amount of peptide is limiting. As in the previous example, a reduction in the
measured signal is indicative of the presence of antibodies in the sample tested.

Another preferf‘éd method of antibody detection is the homogeneous immunoassay.
There are ‘many possible variations in the design of such assays. By way of
example, numerous possible configurations for homogeneous enzyme immunoassays
and methods by which they may be performed are given in Tijssen, P., Practice
and Theory of Enzyme Immunoassays, Elsevier Press, Amersham, Oxford, New
York, 1985. Detection systems which may be employed include those based on
enzyme channeling, bioluminescence, allosteric activation and allosteric inhibition.

Methods employing liposome-entrapped enzymes or coenzymes may also be used

(see Pinnaduwage, P. and Huang, L., Clin. Chem. (1988) 34/2: 268-272, and

Ullman, EF. et al, Clin, Chem. (1987) 33/9: 1579-1384 for examples).
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The synthesis of the peptides can be achieved in solution or on a solid support.
Svnthesis protocols generally employ the wuse t-butyloxycarbonyl- or 9-
fluorenyimethoxy-carbonyl-protected activated amino acids. The procedures for
carrying out the syntheses, the types of side-chain protection, and the éleavége
methods are amply described in, for example, Stewart and Young, Solid Phase

Peptide Synthesis, 2nd Edition, Pierce Chemical Company, 1984; and Atherton and

Sheppard, Solid Phase Peptide Synthesis, IRL Press, 1989.

Experimental -

L Pepude Synthesis |

All of the peptides descnbed were svnthesued on Pepsyn K polyamlde-K.\eselcuhr

resin (Milligen, Novato, California) which had been funcnonahzed with -
ethylenediamine and onto which the acid-labile linker 4-(alpha-Fmoc-amino-2’,4-
dimethoxybenzyl) phenoxyacetic acid had been éouy)led (Rink, Tetrahedron Lett.
(1987) 28:3787). t-Butyl-based side-chain protection and Fmoc alpha-amiﬁo-
protection was used. The | guanidino-group’ of arginine was protected by the
2,2,5,7,8—pentameth_vlchroman-G—sulfonyl moiety. The imidazole group of histidine

. was protected by either t-Boc or trityl and the sulfhydryl group of cysteine was

protected by a trityl group Couplings were carried out using performed O-
pentaﬂuorophenyl esters except in the case of arginine where
dusopropylcarbodumide-mediated.hydroxybenzotriazdle ester formation was employed.
Except for peptide I, all peptides were N-acetylated using acetic anhydride. All
syntheses were carried o_ui on a Milligen 9050 PepSynthesizer (Novato, California)
using continuous flow procedures. Following cleavage with trifluoroacetic acid in
the presence of scavengérs and extraction with diethylether, all peptides were
analyzed by C,q -reverse phase chromatography.

II. Detection of Antibodies to Hepatitis C Virus

A. Use of peptides bound to 2 nylon membrane,
Peptides were dissolved in a suitable buffer to make a concentrated stock
solution which was then further diluted in phosphate-buffered saline (PBS)
or sodium carbonate buffer, pH 9.6 to make working solutions. The peptides
were applied as lines on a nvion membrane (Pall, Portsmouth, United

Kingdom), after which the membrane was ireated with casein 10 block
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unoccupied binding sites. -The membrane was subsequently cut into strips
perpendicular to the direction of the peptide lines. Each strip was then
incubated with a serum sample diluted 1 to 100, obtained from an HCV-
infected individual. Antibody binding was detected by incubating the strips

- with goat anti-human immunoglobulin antibodies conjugated to the enzyme

alkaline phosphatase.  After removing unbound conjugate by washing, a
substrate solution containing J-bromo—4-chloro-a-mdolylphosphate and nitro bhlle
tetrazolium ‘was added. ' _

Positive reactions are visible as colored lines corresponding to the positions
of the peptides whxch are spec:ﬁcally recognized. The reaction .patterns of
thirty-six different sera are tabulated in Table 1. The- results shown ‘in Table
1 are further summanz:d m_.-'I.'able 2.

ise eptides in ‘an _en me-linke immu nosorbe: 1t LISA).

~ Peptide stock solunons were . diluted in sodmm ‘carbonate buffer pH 9.6 and

used to coat microtiter plates at a peptide concentration of 2 micrograms per
milliliter, ‘A mixture consisting of peptides I, I, V, IX, and XVIII was also
used to coat plates., Following coating, the plates were blocked with casein.

~ Fifieen HCV-antibody-positive sera and control sera from seven uninfected

blood donors were diluted 1 to 20 and incubated in wells of the peptide-
coated plates. Antibody binding was detected by incubating the plates with
goat anti-human immunoglobulin antibodies conjugated to <the enzyme
horseradish peroxidase. Following removal of unbound conjugate by washing,
a solution containing H,O, and 3,3°5,5-tetramethylbenzidine was added.
Reactions were stopped after a suitable interval by addition of sulfuric acid.
Positive reactions gave rise to a yellow color which was quantified using a
conventional microtiter plate reader. The results of these determinations are
tabulated in Table 3. To correct for any aspecific binding which could be
attributable to the physical or chemical properties of the peptides themselves,
a cut-off value was determined for each peptide individually. This cut-off
absorbance value was calculated as the average optical density of the negative
samples plus 0.200. Samples giving absorbance values higher than the cut-
off values are considered positive. The results for the fifteen positive serum
samples are further summarized in Table 4.

While it is evident that some of the peptides are recognized by a large

percentage of sera from HCV-infected individuals, it is also clear that no
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%i’l LS Vi | single pepiide is492cognized by f!Ll/ %cga In contrast, the peptide mb 1435
Vi was recognized b@/aBl6fifteen sera and, for six of the fif§@n sera, the optical

densities obtained were equal to_or higher than those obtained for any of the
peptides individually. These results serve to illustrate the advantages of using
mixtures of peptides for the detection of anti-HCV antibodies.

C. Bindiﬁg of auntibodies in sera from HCV-infected patients to various individual
eptid nd_peptide mixtures in an ELISA _
Five péptiqes were used individually and in seven different combinations to
coat microtiter plates. The plates were subsequently incubated with dilutions
of fifteen HCV antibody-positive sera in order to evaluate the relative merits
* of using mixtures as compared to individual peptides for antibody detection.

© . The mixtures 7used_ and ‘the res_'ul'té obtained are shown in Figure 2. |
In general, the mixtures functioned better than individual peptides. This was
particularly evident for mixture 12 (peptides I, III, V, IX, and XVIII) which
:wﬁs recognized by all twelve of the sera tested. These results underscore the
advantages of using mixtures of peptides in diagnostic tests for the detection
"of antibodies to HCV. ' .

D. Use of a mixture of peptides i_g‘ an ELISA assav for the detecticn of anti-
HCV_antibodies.
A mixmre’ of peptides IT, HI, V, IX, and XVIIl was prepared and used to
coat imicrotiter plates according to the same procedure used to test the
individual peptides. A total of forty-nine sera were tested from patients with
clinically diagnosed but undifferentiated chronic non A non B hepatitis as well
as forty-nine sera from healthy blood donors. Detection of antibody binding
was accomplished using goat anti-human immunoglobulin antibodies conjugated
to horseradish peroxidase. The resulting optical density values are given in
Table 5. These results indicate that the mixmre of peptides is not recognized
by antibodies in sera from healthy donors (0/49 reactives) but is recognized
by a large proportion (41/49, or 84%) of the sera from patients with chronic
NANBH. These results demonstrate that the peptides described can be used
effectively as mixures for the diagnosis of HCV infection.

E. Detection of anti-HCV antibodies in _sera from patients with acute NANB

infection usinv individual peptides bound to nvion membranes and a _mixture .




IX 9/ 36 25 X

17/ 36 47 Xl 15/ 36
42 - Xl 1/ 36 3
X1 13/ 36 36 X'V
7/ 36 ‘ o . ' 19 XV 9/ 36
25 XVI 2BV 36 ' 56°
ﬁ} |36 of peptides in a%éé&@%Ml !
22 kit, |

Peptides were applied to nylon membranes or mixed and used to coat
microtiter plates as previously described. The peptide mixture consisted of
peptides II, III, V, IX, and XVIIIl. Sera obtained from twenty-nine patients
with acute non-A, non-B hepatitis were then tested for the presence of
antibodies to hepatitis C virus. These same sera were also evaluated using
a commercially available kit (Ortho, Emeryville, CA, USA).
The results of this comparative study are given in Table 6. ‘In order-to -be
able to compare the peptide-based ELISA with the commercially available
kit, 'th‘? results for ‘both tests are also expressed as signal to mnoise ratios
(S/N) which were calculated by dividing the measured optical density obtained
for each sample ‘by the ‘cut-off ‘value. A signal-to-noise ratio greater or equal
to 1.0 is taken to represent a positive reaction. For the commercially
available kit, the cut-off value was calculated according to the’ manufacturer’s
instructions. The cut-off value for the peptide-based ELISA was calculated
as the average optical density of five negative samples pIuS 0.200.
r The scale used to evaluate -antib_o_dy recognition of nylon-bound peptides was
the same as that given in Table 1. Of the twenty-nine samples testéd,
twenty-five (86%) were positive in the peptide-based ELISA and recognized
one or more nylon-bound peptides. In contrast, only fourteen of the twenty-
nine sera "s'co.red positive in the commercially available ELISA. These results
serve “to illustrate the advantages of using peptide mixwures for the detection
of anti-HIV antibodies as well as the need to include in the mixmures peptides
which contain amino acid sequences derived from different regions of the
HCV polyprotein.
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Table 2.Summary of antibody binding to nylon-bound HCV peptides by sera from

infected patients.

Peptide No. reactive sera % reactive sera
I 13/35 37
i 22/35 - 63
haid 2735 77
v 24/35 . 69

v 14/35 40
V1. 11/35 31

v 1135 31
VIII - 19/36 53
X - 9/36 25
X 17/36 47
X1 15/36 42
XTI 1/36 3
X1 13/36 | 36
p-a% 7,36 19
XV 9/36 25
XVI 20/36 56

XViI 14/36 39

XVII 14/36 39

XIX | 8/36 22
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of anti body-binding to individual peptides in an ELI SA assay.
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Table 4 Summary of antibody-bin’ding to individual peptides in an ELISA assay.

Peptide No. reactive sera ' %0 reactive sera
I 13 87
1§ B 87
m . Y o 93
v . 10 S
\Y - 10 67
VI . 1 . .47
VI 8 S 53
VI B3 SR 7
IX 12 80
X 13 | | 87
X1 .- 13 87
pail ' 1 7
XTI 7 47
XIV 8 53
XV 2 13
XVI 5 33
XVII 4 27
XVIIL . 10 67
XIX. 6 40
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Pept i*de

I
13
93

V

7

53
I X
13

No.

IV

reacti ve sera U% reactiveé sera
13 21 )
87 111 JAN %7
) 10 .
10 67
47 19 Vi e e

Ta¥ld |5 Use of a peptide mixture for the detection of antibodies 1o HCV in sera

from chronic N
donors.

%H patients and comparison to. sera fro80healthy blood

Chronic NANB Sera

Control Sera

Serum nr. Optical Density Serum nr. Optical Densitv
101 0.041 1 0.049
102 1.387 2 0.047
103 1.578 3 0.049
104 1.804 4 0.046
105 1393 5 0.049
107 1.604 6 0.045
108 1.148 7 0.043
109 1.714 8 0.053
110 1.692 o 9 0.049
112 - 0.919 _ - 10 0.047

- 113 1.454 - o1 0.060
114 - 0.936 12 10,044
115 0.041 o 13 0.049
116 1.636 o 14 - 0.051
118 -1.242 : 15 0.056
119 1.568 16 0.050
120 1.290 17 -0.049
121 1.541 S 18 0.055
122 1422 19 0.054

123 1.493 20 0.058
124 1.666 21 0.050
125 1.644 . 22 0.044
126 1.409 23 0.043
127 1.625 24 0.045
128 1.061 25 0.046
129 1.553 26 0.049
130 1.709 _ 27 - 0.050
131 0.041 28 0.047
132 0.044 29 0.050
133 1.648 30 0.053
134 0.043 31 0.051
135 1.268 32 0.053
136 1.480 33 : 0.055
138 0.628 34 0.064
139 0.042 35 0.063
140 0.040 36 0.057
141 0.039 38 0.048
142 1.659 39 0.043

143 1.457 40 "0.046
144 10.722 41 0.046
145 1.256 . 42 0.051
146 0.373 43 0.057
147 1.732 44 0.050
148 1.089 45 0.050
149 1.606 46 0.043
150 1.725 47 0.041
151 1449 48 0.064
134 1.639 4 0.040
155 1.775 50 0.036

8

I
14
67
Vi
8
7
X
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1_9:T‘ab‘le 5 Use of a peptide mxture for the detection of antibodies to HCV

ih sera from chronic NANBH patients and conparison to sera from
heal t hy bl ood donors : Chroni c NANB Sera
Contr ol Optical Density . .
o ca CNMRTIRERLETN 0.001 (RPN
0. 049 102 ¢ . 1.387 2
103 1.578 321 2 1 JAW 1959
1.804 4 : 1946 10 '
5 0. 049 107 1. 40
0. 045 108 1.148 7
1. A peptide of the formula:
¢y '
Y-Met-Ser-Thr-Ile-Pro-Lys-Pro-Gln-Arg-Lys-Thr-Lys-Arg-Asn-Thr-Asn-Arg-Arg-

Pro-Gin-Z-X.

Where Y is NH, , one or more N-terrmnal amino acids, or other chemical
entities added to facilitate couphng,. Z is a boad, (an) amino acid(s), or (a)'
chemical group(s) whxch may be used for linking; and X is OH, NH, , Or
"a linkage involving either of these groups.

2. A peptide of tiflé formﬁl'a:
om
Y-Pro-Gln-: A;rg-Lvs-Thr-Lvs-Aro-Asn-'l'hr-Asn-Aro-A.rtv—Pro Gln-Asp—Val-Lvs-Phe-
Pro-Gly-Z-X.

Where Y is NH, , one or more N-terminal amino acids, or other chemical
entities added 10 facilitate coupling; Z is a bond, (an) amino acid(s), or (a)
chemical group(s) which may be used for linking; and X is OH, NH, , or
a linkage involving either of these groups.

3. A peptide of the formula: _

()
Y-A:g'-'Asn-Thr-Asn-AIg-Afg-Prq-GIn-Asp-Val-Lys-Phe-Pro-Gly-Gly—Gly-Gln—Ile-
Val-Gly-Z-X.

Where Y is NH, , one or more N-terminal amino acids, or other chemical
entities added to facilitate coupling; Z is a bond, (2n) amino acid(s), or (a)
chemical group(s) which may be used for linking; and X is OH, NH, , or
a linkage involving either of these groups. :

4. A peptide of the formula:

(1v)
Y-Leu-Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly-Val- ArwAl“-Thr- ra-Lvs-Thr-Ser-Glu-.
Arg-Ser-Z-X.

Where Y is NH, , one or more N-terminal amino acids. or other chemical

entities added 10 facilitate coupling; Z is a bond, (2n) amiro acid(s), or (1)
chemical group(s) which may be used for linking; and X is OH, NH, , or

mlisllsiiiet IHii [ RT




109 -
1:692
10

115

1. 636
15

0. 050
121
1.422
20

0. 050
126

1.714 8 0.053 110

0. 060

0.049 112 ~0.919
_ 113 1_454- e, 11
sHIN N |Iljlj\|@m||| 0.9 JTREPLACEMENT SHET| 0,044
14 % 051 18 42 1IAN 1994 1.242
ik 0086, 39 o 1{ 56 16
120 @ linkage ‘involving ¢jiheg of these groups. 17 L _ 0. 049
1.541 18 0.055_.1122
5. A pebfide of the formula: 0. 054 23 T 1. 493
0.058 124 1. 666 21
125 - 0. 044

1.6 2 :
Y-Thr-Arg-Lygpghr-Ser-Glu-Arg-Ser-GlpPro-Arg-Gly-Arg-Arg-Gln-Prg-Itgs Bro-
Lys-Val-Z-X.

Where Y is NH, , one or more N-terminal amino acids, or other chemical
entities added to facilitate coupling; Z is a bond, (an) amino acid(s), _of (a)
chemical group(s) which may be used for linking; and X is OH,'NHZ- 5 or
a linkage involving either of these groups. ' o -

6. A p'eptide.of the formula:
; (VI)

Y-A.rc-Arg-Gln-Pro-Ile-Pro-Lys-Val-ArU-ArO-Pro—Glu-Gly-Arc-Thr-Trp-Ala-Gln- |

Pro-Gly-Z-X

Where Y is NH, , one or more N-terminal amino acids, or other chemical
entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a)
chemical group(s) which may be used for linking; and X is OH, "NH2 s OT
a linkage involving either of these groups.

7. A peptide of the formula:

(VID
Y-Gly-Arg-Thr-Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr-Gly-Asn-Glu-Gly-
Cys-Gly-Z-X.

Where Y is NH, , one or more N-terminal amino acids, or other chemical
entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a)
chemical group(s) which may be used for linking; and X is OH; NH, , or
a linkage involving either of these groups.

8. A peptide of thé formula:-

(VIII)
Y-Leu-Ser-Gly-Lys-Pro-Ala-Ile-Ile-Pro-Asp-Arg-Glu-Val-Lau-Tyr-Arg-Glu-Phe-
Asp-Glu-Z-X.

Where Y is NH. , one or more N-terminal amino acids, or other chemical
entites added to facilitate coupling; Z is a bond. (an) amino acid(s). or (a)
chemical group(s) which may be used for linking: and X is OH. NH, , or
a linkage involving either of these groups.

Sheet Has Been RTlaced .
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127, »

1.061 .

26

0. 050
132

1. 648
31

0. 053
138
0.042
36

0. 048
143

o 1.625 24 | 0.045 128
[, |- 0.046  1p@rmmmemmemree) 1553
Q. zﬁl 130 | REPACEMENT SHERT| “57
13 0. 041 28 0. 047
Sy g . o | %8
* 30 - 0.053 134 0.043
0.051 135 23 1. 268 32
136 1. 480 33 e 0,055
9. A PefiRR of the formula: 34 0. 064 139
35 3063 140 0. 040
9,05 38
142 Y-Ile-lle-Pro- Asp .ﬁr%égj Val-Leu- Tvr-AIO-Glufge Asp -Glu-Met-Glu-Glu-Cys-g a5
Ser-GlniZ367 _ 40 0. 046

Where Y is NH, , one or more N-terminal amino acids, or other chemical
entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a)
chemical group(s) which may be used for linking; and X is OH, NH, , or
a linkage involving either of these groups. )

10. A peptide of the formula:
X)
Y-Asp- Glu-\ert-Glu-Glu-Cvs-Ser-Gln Hls—Leu-Pro-Tyr-Ile-Glu -Gla- Gly—’VIet-Met-
Leu-Ala-Z-X

‘Where Y is NH, , one or. ‘more N-terminal amino acids, or other chemical
entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a)
chemical group(s) which may be used for hnkm and X is OH, NH, ; or
a linkage involving either of these oroups ' : |

11. A peptide of the- formula:

N o
Y-Ser-Gln-His-Leu-Pro-Tyr-lle-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-
Gln-Lys-Z-X. '

‘Where Y is NH, , one or more N-terminal amino acids, or other chemical
entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a)
chemical group(s) which may be used for linking; and X is OH, NH, , or
a linkage involving either of these groups. ' '

.- 12, A peptide of the formula:

(XID)
Y-Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu- -
Leu-Gln-Z-X.

Where Y is NH, , one or more N-terminal amino acids, or other chemical
entities added to facilitate coupling; Z is a bond. (an) amino acid(s), or (a)
chemical group(s) which may be used for linking: and X is OH. NH, , or
a linkage involving either of these groups. -

This Sheet Has Been R
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N
144 ~

17256
43

- 0. 050
149
1.725
48

0. 040

155

= 401051 34273
148||II|II|||IIIIII IIIiIHIIIllggg' EPLACENE 4 e
4117606 4§t 041 ,51’-’2'31%‘1#951’&1939;?0' : i?i)mg.
5 o o8 & pelBm Lsae 2
- (X111) v i S

Y-Leu-Ala-Glu-Gln-Phe- Lys -Gln-Lys-Ala-Leu- Gly-Leu-Leu Gln-Thr-Ala-Ser-Arg-
Gln-Ala-Z-X.

Where Y is NH, , one or more N-terminal amino acids, or other chemical
entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a)
chemical group(s) which may be used for linking; and X is OH, NH, , or
a linkage involving either of these groups. -

14. A peptide of the fom‘_miaz

| XV |
Y- Gln-Lys-Ala-Leu~Gly-Leu-Leu-Gln—’I‘hr-Ala—Ser—AIO-Gln-Ala-Glu-Val-Ile-Ala—
Pro-Ala-Z—X : :

Where Y is NH, , one or' more N-tenﬂi_na’l amino acids, or other chemical
entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or (2)
chemical group(s) which may be used for linking; and X is OH,"NH, , or

a linkage involving either of these groups.

15. A peptide of the formula:

- XV) .
Y-Glu-Asp-Glu-Arg-Glu-lle-Ser-Val-Pro-Ala-Glu-Ile-Leu-Arg-Lys-Ser-Arg-Arg-
Phe-Ala-Z-X.

Where Y is NH, , one or more N-terminal amino acids, or other chemical
entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a)
chemical group(s) which may be used for linking; and X is OH, NH, , or
a linkage involving either of these groups.

16. A peptide of the formula: _

XV
Y-Leu- Aro—Lvs-Ser-ArO-ArO-Phe- Ala-Gln-Ala-Leu-Pro-Val-Trp-Ala-Arg-Pro-Asp-
Tyr-Asn-Z-X.

Where Y is NH, , one or ‘more N-terminal amino acids, or other chemical
entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a)
chemical group(s) which may be used for linking; and X is OH. NH, , or
a linkage involving either of these groups.

17. A peptide of th la:
peptide of the formula This Sheet Has Been R,

LT



1. ~A peptide of the formula:
Y- Met - Ser__‘[hr__L_Le__PlLe——lzys—Pr—o A n-Arg-Lys-Thr-L

HlI\IIl l\ll\l L ] 2 e s

25

(XVID) _
Y-Val-Trp-Ala-Arg-Pro-Asp-Tyr-Asn-Pro-Pro-Leu-Val-Glu-Thr-Trp-Lys-Lys-Pro-
Asp-Tyr-Z-X. ) i

(1)
- Arg- Arg-P

A S, S VI

Where Y is NH, , one or more N-terminal amino acids, or other chemical
entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a)
chemical group(s) which’ may be used for linking; and X is OH, NH, , or
-a linkage involving either of these groups.

18. A peptide of the formula:

_ (XVIII) -
Y—G1u-'nlr-Trp-Lys-Lys-Pro-Asp-Tyr-Glu-Pro-Pro-Val-Val-H;s-GIv-Cys—Pro-Leu-
Pro-Pro-Z—X

Where Y is NH2 , One or more N-tenmnal amino acids, or other chermcal
'ennnes added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a)
chemical group(s) which may be used for linking; and X is OH, NH, ,

a’ linkage involving either of these groups. '

9. A peptide. of the formula: - !

(XX) '
Y-Val-I-hs-le—Cvs-Pro-Leu-Pro-Pro-Pro-Lvs-Ser—Pro-Pro-Val—Pro-Pro Pro-Arg-Lys-
Lys-Z-X.

Where Y is NH, , one or more N-terminal amino acids, or other chemical
entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a)

- chemical group(s) which may be used for linking; and X is OH, NH, , or
a linkage involving either of these groups..

20. A composition comprising at least one of the peptides of claims 1 to 19.

.:21. A composition comprising at least one of the peptides of claims 1 to 19
attached to a carrier.

22. A method for the detection of antibodies to hepatitis C virus in a
- biological fluid such as serum or plasma, characterized by contacting body
fluid of a person to be diagnosed with any of the peptides of claims !
to 19 or compositions of ciaims 20 and 21, and detecting the
immunological complex formed between said antibodies and the antigen(s) -

used. //

Replaced

i

'



Vhere Y i;a%lﬂ[dguj_.,mﬁ—QL—@re N-terminal amino acids, or other chenical
entities to facilitate coupling; Zis a bond, (an) am no acid(s), or
(a) che u H“tl ch may be used for i nki ng; -and X is OH,

NH err], ﬂ‘m NI““ vol ving either of these groups. 2. A peptide
of the fornu

Y- Pro-d n- Arg- Lys- Thr - Lys- Arg Asn- Thr - AZf- Arg- Arg- Pro-d n- Asp- Val -Lys- P he-

Pro-Qy-Z-X.23  The Vi&M8d Yofl elaMl £ Idhara@BRze@r id AR bhid edditdiioh afmismi@ aci ds,
or other chem Ca{mmunolog:cal complex is achieved by reacting said immunological complex
with a labeled reagent selected from anti-human immunoglobulin-
antibodies or staphylococcal A protein or streptococcal G protein or
avidin or streptavidin and detecting the complex formed reagent between

said conjugate and said reagent.

24. A kit for the detection of antx-hepanus C virus antibodies in a biological
fluid, comprising: -
- a composition as defined in either- of claims 20 or 21.
- the means for detecting the 1mmunolog1ca1 complex formed

25. The kit of claim 24, characterized in that said means for detecting said
'immunoloclcal complex comprise anti-human immunoglobulin(s) or protein:
A or protein G or avxdm or streptawdm and means for detecting the_'
complex formed between the anti-HCV antibodies contained in the .
detected immﬁnological conjugate. ' '

-—
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N
anltles added to facilitate coupling; Z is a bond, (an) amno acid(s), or

(a) chem cal group(s) which may be used for linking; and X is OH,

NH err] , or a |linkage invol vi'h’g'ei t her of these groups. 3. A peptide
of the fornula: (1A

Y- @ n- Arg- Lys- Thr- Lys- Ar g- Asn- Thr - Asn- Ar g- Ar g- Z- X. Where Y is NH err]
, one or nore. N-termnal am no acids, or other chem cal entities added

to facilitate coupling; Z is a bond, (an) am no acid(s), or (a)
chem cal group(s) which may be used for linking; and X is OH NHerr], or
a linkage involving either of these groupsz.7 :

SYNTHETIC ANTIGENES FOR THE DETECTION OF ANTIBODIES TO
HEPATITIS C VIRUS

ABSTRACT

Pepude sequences are provxded whxch .are capable of ummckmo protems
encoded by HCV for use as reagents for screemno of blood and. blood products
for prior exposure to HCV. The _peptides are at least S amino acids long and

' can be used in various spec1fic assays for the de:ecuon of antibodies 1o HCV, for
the detecuon of HCV antigens, or as unmunogens.

[REPLACEMENT SHEET|
2 1JAN 57 |

DRSNS Y, WA IR, St

This Sheet Has Been|I|eilaced




2214, A peptinesi
iy RipLACH

Y- Ar g- Asn- Thr} Asn- A{g ﬁvﬁ irc- n- Asp- Val - Lys-Phe-Pro-dy-@y-@dy-An-lle-V
al - Gy-4 X A 2 Ylis NH2 , one or nore N-term nal am no acids,
or ot her chenjchl entldu-e dded to facilitate coupling; Z is a bond,
(an) am no acld(s (a) hem cal group(s) which nmay be used for
| i nki ng; and w0 18
Figure 1. Amina Acid Sequence of the Composite HCVyi¢ s encsen
5 10 15

l | ! l

1 Met Ser Thr lle Pro Lys Pro Gln Arg Lys Thr Lys Arg Asn Thr
16 Asn Arg Arg Pro Glmn Asp Val Lys Phe Pro Gly Gly Gly Gln Ile
31 Val Gly Gly Val Tyr leu Leu Pro Arg Arg Gly Pro Arg Leu Gly
46 Val Axrg Ala Thr Arg Lys Thr Ser Glu Arg Ser Gln Pro Arg Gly
61 Arg Arg Gln Pro Ile Pro Lys Val Arg Arg Pro Glu Gly Arg Thr
76 Trp Ala Gln Pro Gly Tyr Pro Trp Pro leu Tyr Gly Asn Glu Gly
91 Cys Gly Trp Ala Gly Trp lLeu leu Ser Pro Arg Gly Ser Arg Pro
106 Ser Trp Gly Pro Thr Asp Pro Arg Arg Arg Ser Arg Asn Leu Gly
121 Lys Val I:e Asp Thr Leu Thr Cys Gly Phe Ala Asp Leu Met Gly
136 Tyr Ile Pro Leu Val Gly Ala Preo Leu Gly Gly Ala Ala Arg Ala
151 Leu Ala His Gly Val Arg Val Leu Glu Asp Gly Val -Asn Tyr Ala
166 Thr Gly Asn Leu Pro Gly Cys Ser Phe Ser Ile Phe Leu Leu Ala
181 Leu Leu Ser Cys Leu Thr Val Pro Ala Ser Ala Tyr Gln Val Arg
196 Asn Ser Thr Gly Leu Tyr Bis Val Thr Asn Asp Cys Pro Asn Ser
211 Ser Ile Val Tyr Glu Ala His Asp Ala Ile Leu His Thr-Pro Gly
226 Cys Val Pro Cys Val Arg Glu Gly Asn Val Ser Arg Cys Trp Val
241 Ala Met Thr Pro Thr Val Ala Thr Arg Asp Gly Lys Leu Pro Ala
256 Thr Gln Leu Arg Arg His Ile Asp Leu Leu Val Gly Ser Ala Thr
271 Leu Cys Ser Ala Leu Tyr Val Gly Asp Leu Cys Gly Ser Val Phe
286 Leu Ile Gly Gln Leu Phe Thr Phe Ser Pro Arg Arg His Trp Thr
301 Thr Gln Gly Cys Asn Cys Ser lle Tyr Pro Gly His Ile Thr Gly
316 Ris Arg Met Ala Trp Asp Met Met Met Asn Trp Ser Pro Thr Ala
331 Ala Leu Val Met Ala Gln Leu Leu Arg Ile Pro Gln Ala Ile Leu
346 Asp Met Ile Ala Gly Ala Ris Trp Gly Val Leu Ala Gly Ile Ala
361 Tyr Phe Ser Met Val Gly Asn Trp Ala Lys Val Leu Val Val Leu
376 Leu Leu Phe Ala Gly Val Asp Ala Glu Thr Ile Val Ser Gly Gly
391 Gln Ala Ala Arg Ala Met Ser Gly Leu Val Ser Leu Phe Thr Pro
406 Gly Ala Lys Gln Asn Ile Gln Leu Ile Asn Thr Asn Gly Ser Trp
421 His Ile Asn Ser Thr Ala Leu Asn Cys Asn Glu Ser Leu Asn Thr
436 Gly Trp Leu ala Gly Leu Ile Tyr Gln Ris Lys Phe Asn Ser Ser
451 Gly Cys Pro Glu Arg Leu Ala Ser Cys Arg Pro Leu Thr asp Phe
466 Asp Gln Gly Trp Gly Pro Ile Ser Tyr Ala Asn Gly Ser Gly Pro
481 Asp Gln Arg Pro Tyr Cys Trp Ris Tyr Pro Pro Lys Pre Cys Gly
496 Ile Val Pro Ala Lys Ser Val Cys Gly Pro Val Tyr Cys Phe Thr
511 Pro Ser Pro Val Val) Val Gly Thr Thr Asp Arg Ser Gly Ala Pro
526 Thr Tyr Ser Trp Gly Glu Asn Asp Thr Asp Val Phe Val Leu Asn
" 541 Asn Thr Arg Pro Pro Leu Gly Asn Trp Phe Gly Cys Thr Trp Met
556 Asn Ser Thr Gly Phe Thr Lys Val Cys Gly Ala Pre Pro Cys Val
571 1le Gly Gly Ala Gly Asn Asn Thr Leu His Cys Pro Thr Asp Cys
586 Phe Arg Lys His Pro Asp Ala Thr Tyr Ser Arg Cys Gly Ser Gly
60l Pro Trp Ile Thr Pro Arg Cys Leu Val Asp Tyr Pro Tyr Arg Leu
616 Trp His Tyr Pro Cys Thr Ile Asn Tyr Thr Ile Phe Lys Ile Arg
631 Met Tyr Val Gly Gly Val Glu His Arg Leu Glu Ala Ala Cys Asn
646 Trp Thr Arg Gly Glu Arg Cys Asp Leu Glu Asp Arg Asp Arg Ser
661 Glu Leu Ser Pro Leu Leu Leu Thr Thr Thr Gln Trp Gln Val Leu
676 Pro Cys Ser Phe Thr Thr Leu Pro Ala Leu Ser Thr Gly Leu Ile
691 His Leu His Gln Asn Ile Val Asp Val Gln Tyr Leu Tyr Gly Val



a linkage involving either of these groups. 5. Ap
Y-Leu-Pro-Arg-Arg-d y-Pro-Arg-Leu-3 y-Val - Arg- Al a- Th
"Arg- Ser-Z- X. Where Y is NHerr] , one or nore

or other chem cal entities added to facilitate c

(an) am no acid(s), or (a) chem cal group(s) whi

R CACMENT SRBETH o

Eh

[ [ : [ H2 i nkage in Vi ng
lglrglljlpgg and X ISF%;'i'cll\.l C?)l;-:tinhed.a | hage | \é(?b

KI:1 erm nal _
pupl ing AR 172
nmay ﬁbe used

am no

706 Gly Ser Ser Ile Ala Ser Trp Ala Ile Lys Trp
721 Leu Leu Phe Leu Leu Leu Ala Asp Ala Arg Val
736 Trp Met Met Leu Leuv Ile Ser Gln Ala Glu 2la
751 Leu Val Ile Leu Asn Ala Ala Ser Leu Ala Gly
766 Val Ser Phe leu Val Phe Phe Cys Phe Ala Trp
781 Lys Trp Val Pro Gly Ala Val Tyr Thr Phe Tyr
796 Leu Leu Leu Leu Leu lLeu Ala Leu Pro Gln Arg
811 Asp Thr Glu Val Ala Ala Ser Cys Gly Gly Val
826 Leu Met Ala Leu Thr Leu Ser Pro Tyr Tyr 1lys
841 Trp Cys Leu Trp Trp Leu Gln Tyr Phe Leu Thr
856 Gln Leu His Val Trp Ile Pro Pro Leu Asn Val
871 Asp Ala Val Ile Leu Leu Met Cyzs Ala Val His
886 Phe Asp Ile Thr Lys Leu Leu lLeu Ala Val Phe
901 Ile Leu Asp Ala Ser Leu Leu Lys Val Pro Tyr
916 Gln Gly Leu Leu Arg Phe Cys Ala Leu Ala Arg
931 Gly His Tyr Val Gln Met Val Ile Ile Lys Leu
946 Gly Thr Tyr val Tyr Asn-His Leu Thr Pro Leu
961 His Asn Gly Leu Arg Asp Leu Ala Val Ala Val
976 Phe Ser Gln Met Glu Thr Lys leu Ile Thr Tzp
991 Ala Ala Cys Gly Asp Ile Ile asn Gly Leu Pro
1006. Axrg Gly Arg Glu Ile Leu Leu Gly Pro Ala Asp
1021 Lys Gly Tzp Arg Leu Leu Ala Pro Ile Thr Ala
1036 Thr Arg Gly Leu Leu Gly Cys Ile Ile Thr Ser
105k asp Lys Asn Gln Val Glu Gly Glu Val Gln Ile
1066 ala Gln Thr Phe Leu Ala Thr Cys Ile Asn Gly
1081 Val Tyr His Gly Ala Gly Thr Arg Thr Ile Ala
1096 Pro Val Ile Gln Met Tyr Thr Asn Val Asp Gln
1111 Trp Pro Ala Pro Gln Gly Ser Axg Ser Leu Thr
1126 Gly Ser Ser Asp Leu Tyr Leu Val Thr Arg His
1141 Pro Val Arg Axrg Arg Gly Asp Ser Arg Gly Serxr
1156 Arg Pro Ile Ser Tyr leu Lys Gly Ser Ser Gly
1171 Cys Bro Ala Gly His Ala Val Gly Ile Phe Arg
1186 Thr Arg Gly Val Ala Lye Ala Val Asp Phe Ile
1201 Leu Glu Thr Thr Met Arg Ser Pro Val Phe Trp
1216 Pro Pro Val Val Pro Gln Ser Phe Gln Val Ala
1231 Pro Thr Gly Ser Gly Lys Ser Thr Lys Val Pro
1246 Ala Gln Gly Tyr Lys Val Leu Val Leu Asn Pro
1261 Thr leu Gly Phe Gly Ala Tyr Met Ser Lys Ala
1276 Pro Asn Ile Arg Thr Gly Val Arg Thr Xle Thr
1291 Ile Thr Tyr Ser Thr Tyr Gly Lys Phe Leu Ala
1306 Ser Gly Gly Ala Tyr Asp lle Ile Ile Cys Asp
1321 Thr Asp Ala Thr Ser Ile Leu Gly Ile Gly Thr
1336 Ala Glu Thr Ala Gly Ala Arg Leu Val Val Leu
1351 Pro Pro Gly Ser Val Thr Val Pro His Pro Asn
1366 Ala Leu Ser Thxr Thr Gly Glu Ile Pro Phe Tyr
1381 Pro Leu Glu Val Ile Lys Gly Gly Arg His Leu

1396 Ser Lys Lys Lys Cys Asp Glu Leu Ala Ala Lys
1411 Gly Ile Asn Ala Val Ala Tyr Tyr Arg Gly Leu

1426 Ile Pro Thr Ser Gly Asp Val Val Val Val ala
1441 Met Thr Gly Tyr Thr Gly Asp Phe Asp Ser Val
1456 Thr Cys Val Thr Gla Thr Val Asp Phe Ser Leu
1471 Thr Ile Glu Thr Ile Thr Leu Pro Gln Asp Ala
1486 Gln Arg Arg Gly Arg Thr Gly Arg Gly Lys Pro
1501 Phe Val Ala Pro Gly Glu Arg Pro Ser Gly Met
1516 val Leu Cys Glu Cys Tyr Asp Ala Gly Cys Ala

Thr

Ile
Leu
Asp
Thr
Ile
Asp
Val
Gly
Phe
Trp

i

Pro

Ile
Asp
Tyr

val
Cys
Glu
Gly
Lys

Ala
Val
Ile
Glu
Gly

 Leu

Leu
Arg
Ile
Leuy
Trp
Va

Asp
Ala
Vval
Gln
Gly
Thr

Lys’

val
Thr
val
Serxr

val
Glu
Ser
His
Tyr
Ala
Ile
Ser
Gly
His
Asp
Ala
Glu
Ala
Cys
Ala
Ser
Ala
Cys
Thr
Arg
Tyx
Ser
Glu

ari ds,
ohd,
0

Thr
val

Hie
Leu
Val
Leu
Asn
Phe
Thr
Arg —
Ser
Len



6. A peptide of the fornula: | (V)
Y-Thr - Arg-Lys-Thr-Ser-G3 u-Arg-Ser-@ n-Pro-Arg-G3 y- T ;_rq_e-Pro-L

YS- Val - Z- X. Wiere Y is NH err], one or no
acids, or other chem cal entities added to facf I{tate coupl Ing; IZis a
"bond, (an) am no aci d(s) or (a) cheni cal group(k) 24hisR B9y He jused
for |inking; an% X | NH[ err] , or a3)8i n I nvol vi ng eift Her of

t hese groups. IPUIy pep"[q“dg Y# t he formul a:
(M)

Y- Arg-Arg-d n-Pro-1le-Pro-Lys-Val - Arg-Arg-Pro-d u-Gy-Arg-
ro- ' -

a-dn-P

15831 Thr Pro Ala Glu Thr Thr Val Arg Leu Arg Ala Tyr Met Asn Thr
1546 Pro Gly Leu Pro Val Cys Gln Asp His Leu Glu Phe Trp Glu Gly
1561 Val Phe Thr Gly Leu Thr His Ile Asp Ala His Phe Leu Ser Gln
1576 Thr Lys Gly Ser Gly Glu Asn Leu Pro Tyr Leu Val Ala Tyr Gln
1591 Ala Thr Val Cys Ala Arg Ala Glan Ala Pro Pro Pro Ser Trp Asp
1606 Gln Met Trp Lys Cys Leu Ile Arg Leu Lys Pro Thr Leu His Gly
1621 Pro Thr Pro Leu Leu Tyr Arg Leu Gly Ala Val Glmn Asn Glu Ile
1636 Thr Leu Thr Bis Pro Val Thr Lys Tyr Ile Met Thr Cys Met Ser
1651 Ala Asp Leu Glu Val Val Thr Ser Thr Trp Val Leu Val Gly Gly
' 1666 Val Leu Ala Ala Leu Ala Ala Tyr Cys Leu Ser Thr Gly Cys Val
. 1681 Val Ile Val Gly Arg Val Val Leu Ser Gly Lys Pro Ala Ile Ile
1696 Pro Asp Arg Glu Val Xeu Tyr Arg Glu Phe Asp Glu Met Glu Glu-
1711.Cys Ser Gla His Leu Pro Ile Glu Glm Gly Met Met Leu Ala
1726 . Glu Gln Phe Lys .Gin Lys Ala Leu Gly Leu Leu Gln Thr Ala Sex
- -1741 Axg Gla Ala Glu Val Ile Ala Pro Ala Val Gln Thr Asn Trp Gln
1756 Lys Leu Glu Thr Phe Trp Ala Lys His Met Trp Asn Phe Ile Ser
"1771 Gly Ile Gla Tyr Leu Ala Gly Leu Ser Thr Leu Pro Gly Asa Pro
1786 Ala Xle Ala Ser.leu Met Ala Phe Thr Ala Ala Val Thr Ser Pro
1801 Leu Thr Thr Ser Gln Thr Leu Leu Phe Asn Ile Leu Gly Gly Txp
1816 Val Ala Ala Gln Leu Ala Ala Pro Gly Ala Ala Thr Ala Phe Val
1831 Gly Ala Gly Leu Ala Gly Ala Ala Ile Gly Ser Val Gly Leu Gly
1846 Lys ‘Val Leu Ile Asp Ile Leu Ala Gly Tyr Gly Ala Gly Val Ala
_ 1861 Gly Ala Leu Val Ala Phe Lys Ile Met Ser Gly Glu Val Pro Ser
: 1876 Thr.Glu Asp Leu Val Asn Leu Leu Pro Ala Ile Leu Ser Pro Cly
t o 1891 Ala’'Len Val Val Gly Val Val Cys Ala Ala Ile Leu Arg Arg His
' 1906 val Gly Pro Gly Glu Gly Ala Val Gln Trp Met Asn Arg Leu Ile
1921 Ala Phe Ala Ser Arg Gly Asn His Val Ser Pro Thr His Tyr Val
1936 Pro Glu Ser Asp Ala Ala Ala Arg Val Thr Ala Ile Leu Sexr Ser
1951 Leu Thr Vval Thr Gln Leu Leu Arg Arg Leu His Gln Trp Ile Ser
1966 Ser Glu Cys Thr Thr Pro Cys Ser Gly Ser Trp Leu Axg Asp Ile
1981 Trp Asp Trp Ile Cys Glu Val Leu Sexr Asp Phe Lys Thr Trp Leu
1996 Lys Ala Lys Leu Met Pro Gln Leu Pro Gly Ile Pro Phe Val Sex
201) Cys Gla Arg Gly Tyr Lys Gly Val Trp Arg Val Asp Gly Ile Met
2026 His Thr Arg Cys His Cys Gly Ala Glu Ile Thr Gly His Val Lys
2041 Asn Gly Thr Met Arg Ile Val Gly Pro Arg Thr Cys Arg Asn HMet
2056 Trp Ser Gly Thr Phe Pro Ile Asn Ala Tyr Thr Thx Gly Pro Cys
207) Thr Arg Leu Pro Ala Pro Asn Tyr Thr Phe Ala Leu Trp Arg Val
2086 Ser Ala Glu Glu Tyr Val Glu Ile Arg Gln Val Gly Asp Fhe His
2101 Tyr Val Thr Gly Met Thr Thr Asp Asn Leu Lys Cys Pro Cys Gln
2116 Val Pro Ser Pxo Glu Phe Phe Thr Glu Leu Asp Gly Val Arg Leu
2131 Bis Arg Phe Ala Pro Pro Cys Lys Pro Leu Leu Arg Glu Glu Val
2146 Ser Phe Arg Val Gly Leu His Glu Tyr Pro Val Gly Ser Gln Leu
2161 Pro Cys Glu Pro Glu Pro Asp Val Ala Val Leu Thr Ser Met Leu
2176 Thr Asp Pro Ser His Ile Thr Ala Glu Ala Ala Gly Arg Arg Leu
2191 Ala Arg Gly Ser Pro Pro Ser Val Ala Ser Ser Ser Ala Ser Gln
2206 Leu Ser Ala Pro Ser Leu Lys Ala Thr Cys Thr Ala Asn His Asp
2221 Ser Pro Asp Ala Glu leu Ile Glu Ala Asn Leu lLeu Trp Arg Gln
2236 Glu Met Gly Gly Asn Ile Thr Arg Val Glu Ser Glu Asn Lys Val
2251 Vval Ile Leu Asp Ser Phe Asp Pro Leu Val Ala Glu Glu Asp Glu
2266 Arg Glu Ile Ser Val Pro Ala Glu Ile Leu Arg Lys Ser Arg Arg
2281 rPhe Ala Gln Ala Leu Pro Val Trp Ala Arg Pro Asp Tyr Asn Pro
2296 Pro Leu Val Glu Thr Trp Lys Lys Pro Asp Tyr Glu Pro Pro Val
2311 val His Gly Cys Pro Leu Pro Pro Pro Lys Ser Pro Pro Val Pro
2326 Pro Pro Arg Lys Lys Arg Thr Val Val Leu Thr Glu Ser Thr Leu
2341 Sexr Thr Ala Leu Ala Glu Leu Ala Thr Arg Ser Phe Gly Ser Ser



Ay-z-X : ' 23 Were Y is
NH err], one or nore N-term nal am no acids, or other chem cal entities
added to facilitate coupling; Z is a bond, (an) am no acid(s), or (a)

chem cal group(s) which may be used for linking; and Xis OH NHerr], or
a linkage involving either of these groups. 8. A peptide of the fornula:

"  [REPLACHMEN] SHEET
- v | 21 JANBFT
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Figure 1. Continued.

2356 Ser Thr Ser Gly Ile Thr Gly Asp Asn Thr Thr Thr Ser Ser Glu
2371 Pro Ala Pro Ser Gly Cys Pro Pro Asp Ser Asp Ala Glu Ser Tyr
2386 Ser Ser Met Pxo Pro Leu Glu Gly Glu Pro Gly Asp Pro Asp Leu
2401 Ser Asp Gly Sexr Trp Sér Thr Val Ser Ser Glu Ala Asn Ala Glu
2416 Asp Val Val Cys Cys Ser Met Ser Tyr Ser Trp Thr Gly Ala Cys
2431 val Thr Pro Cys Ala Ala.Glu Glu Gln Lys Len Pro Ile Asn Ala
"2446 Leu Sér Asn Ser Leu Leu Arg His His Asn Leu Val Tyr Sexr Thr
2461 Thr Ser Arg Ser Ala Cys Gln Arg Gln Lys Lys Val Thr Phe asp
2476 Arg Leu Gln Val Leu Asp Ser His Tyr Gln Asp Val lLeu Lys Glu
2491 Val Lys Ala Ala Ala Ser Lys Val Lys Ala Asn Leu Leu Ser Val
2506 Glu Glu Ala Cys Ser Leu Thr Pro Pro His Ser Ala lLys Ser Lys
2521 Phe Gly Tyr Gly Ala Lys Asp Val Arg Cys Bis Ala Arg Lys Ala
2536 Val Thr His Ile Asn Ser Val Trp Lys Asp Leu Leun Glu Asp Asn
255) Val Thr Pro Ile Asp Thr Thr Ile Met Ala Lys Asn Glu Val Phe
. 2566 Cys Val Gln Pro Glu Lys Gly Gly Arg Lys Pro Ala Arg Leu Ile
. 258) Val Phe Pro Asp Leu Gly Val Arg Val Cys Glu Lys Met ‘Ala lLeu
2596 Tyr Asp Val Val Thr Lys Leu Pro Leu Ala Val Met Gly Ser Ser
2611 Tyr Gly Phe Gln Tyr Ser Pro Gly Gln Axrg Val Glu Phe Leu Val
2626 Gln Ala Trp Lys Ser Lys Lys Thr Pro Met Gly Phe Ser Tyr Asp
2641 Thr Arg Cys Phe Asp Ser Thr Val Thr Glu Ser Asp Ile Arg Thr
2656 Glu Glu Ala Ile Tyr Gln Cys Cys Asp Leu Asp Pro Gln Ala Arg
2671 Val Ala Ile Lys Ser Leu Thr Glu Arg Leu Tyr Val Gly Gly Pro
2686 ‘Leu Thr Asn Ser Arg Gly Glu Asn Cys Gly Tyr Arg Arg Cys Arg
2701 Ala Ser Gly Val Leu Thr Thr Ser Cys Gly Asn Thr Leu Thr Cys
2716 Tyr Ile Lys Ala Arg Ala Ala Cys Arg Ala Ala Gly Leu Gln Asp
2731 Cys Thr Met Leu Val Cys Gly Asp Asp Leu Val Val Xle Cys Glu
2748 Ser Ala Gly Val Gln Glu Asp Ala Ala Ser leu Arg Ala Phe Thr
2761 Glu Ala Met Thr Arg Tyr Ser Ala Pro Pro Gly Asp Pro Pro Gla
2776 Pxo Glu Tyr Asp Leu Glu Leu Ile Thr Ser Cys Ser Ser Asn Val
2791 Ser Val Ala Ris Asp Gly Ala Gly Lys Arg Val Tyr Tyr Leu Thr
2806 Arg Asp Pro Thr Thr Pro Leu Ala Arg Ala Ala Trp Glu Thr Ala
282°. Arg His Thr Pro Val Asn Ser Trp Leu Gly Asn Ile Ile Met Phe
283" Ala Pro Thr Leu Trp Ala Arg Met Yle Leu Met Thr His Phe Phe
285. Ser Vval Leu Ile Ala Arg Asp Gln Leu Glu Gln Ala Leu Asp Cys
2866 Glu Ile Tyr Gly Ala Cys Tyr Ser Ile Glu Pro Leu Asp Leu Pro
2881 Pro Ile Ile Gln Arg Leu Gly Cys Pro Glu Arg Leu Ala Ser
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Where Y is NHerre] , one or nore NNterm nal am no acids, or other chem cal
‘entities added to facilitate coupling; Zis a bond, (an) amno acid(s), or
(a) chem cal group(s) which may be used for linking;, and X is OH,

NH err], or a linkage involving either of these groups. 10 _A pepti de
of the. fornula . I

Y-Ile-11e-Pro-Asp- Arg A u-Vval - Leu- Tyr - Arg- d u- Ph(—:v?‘“f';f:""‘rA

u- Cys-S
er - dn-zZ- X Wiere Y is NH err], one or! am no
acids, or other chemcal" entities added’8o f agi Zis a

bond, (an) am no acid(s), or (a)
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chem cal group(s) which may be used for linking; and Xis OH NHerr], or
| i nkage i nvolving either of these groups.

24 11. A peptide of the formula:

Y-Asp-d u- Met-d u- 3 u- Cys-Ser-d n-Hi s-Leu- Pro- Tyr-IIe G u- G n- Giy Met - Met -

Leu- Al a- Z- X, ;
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Mhere Y is NBlerr] , one or nore N-termnal
entities added to facilitate coupling; Zis a bond,
(a) chem cal group(s) which may be used for
‘NH err] or
of the fornul a: (
Y-Ser-Qdn-His-Leu-Pro-Tyr-1le-d u-d n-Ay-Mt-Mt- Leu-
A n- Lys-Z- X Wiere Y is NH err] , one g nore Nt
or other chem cal entities added to faC|I|tate couf
(an) amno acid(s), or (a) chem cal - group(s) which
linking; and X is OH NH2 or

am no aci ds,
(an) am no acid(s),
| i nki ng;
li nkage involving either of these groups.

chem cal -
or

or ot her

and X is OH,
12. A peptrée

3:1

itn

g% useaﬁ% .

IRV SR Y So Gt S ._.J

4:

S

lelll+VeXViit
10: belileVeIX

5V

6: IX+XVIll

7: 1eXVIII

8: l+]li+IX

9

11z ¥ IX+XVH
12: (+llleVelXeXVilk

COATING COMBINATIONS

N
W \& \\\

4

2
o = a
> . 2
Z | =
-3 .” m
m 2
=5 e =
(&N ] _g §
o w <
.. zg -6 @
Lo 5 O
" ’ 10 -
I(":'l' le Z
R I - &
g % \ o =
- . >
] 2 [ E "g K-J %;
-
N (7))
% : 5 1
= =
< ® <
g ¢ &
™~
= .2 25
8& .é gm
. w :
g gi 08 -z.%l
E &2 .2 X%
E OF g Q®
E 5o s O
8- s o w
o« ¥ . =
B h - B
K a - - a 3
8 == e

Ys



AN LAY wildade]

o502 -0 ¥
a ['ifkage invol ving her of .PLACEMENT g%“TSA de of the fgrrru_l a:
Y-11 @EJQEEEHQPJIVE t-Leu oAb N v a-Leu-dy- Leu-
Leu- @@ - Z- X. Wh Yis N (s r5e i etol\Pal mn | ami no aci ds,
or of her chem cal ehtities{ad tl%g(fsae}?argle atetoc% r-ng; Z is a bond,
(an) LS (a) e Ldrt Q{W y¥viRi pagetey. e used for
linking; and X is OH NHerr]} or $ Vi ng elther of these .
groups. Y-Leu-Arg-Lys-Ser-Arg-Ag -@H@BIE}EIEEHHSIR‘E P.m- al-Trp-Ala-Arg-Pro-Asp-Tyr-

Asn-Z-X.
Peptide XVII corresponds to amino acids 2287 to 2306 and bas the sequence:
XVID)

- Y-Val-Trp-Ala-Arg-Pro-Asp-Tyr-Asn-Pro-Pro-Leu-Val-Glu-Thre-Trp-Lys-Lys-Pro-Asp-

Tyr-Z-X.

Peptide XVIII corresponds to amino acids 2299 to 2318 and has the sequence:
Y-Glu-Thr-Trp-Lys-Lys-Pro-Asp-Tyr-Glu-Pro-Pro-Val-Val-His-Gly-Cys-Pro-Leu-Pro-
Pro-Z-X.

Peptide XIX corresponds to amino acids 2311 to 2330 and has the sequence:

(XIX)
Y-Val-His-Gly-Cys-Pro-Leu-Pro-Pro-Pro-Lys-Ser-Pro-Pro-Val-Pro-Pro-Pro-Arg-Lys-Lys-
ZzX.

Also provided according to the invention is a composition compriSing at least one of
the above peptides. '
The invention is also dlrected to a method for the detection of antlbodles to hepatitis

-C virus in a biological fluid such as serum or plasma, characterized by contacting body

fluid of a person to be diagnosed with any of the peptides of the invention or compositions
of the invention, and detecting the immunological complex formed between said
antibodies and the antigen(s) used.

The invention is further directed to a kit for the detection of anti-heptitis C virus
antibodies in a biological fluid, comprising:

- a composition of the invention.
- the means for detecting the immunological complex formed.

Of particular interest is the use of the mercapto-group of cysteines or thioglycolic
acids used for acylating terminal amino groups for cyclizing the peptides or coupling two
peptides together. The cyclization or coupling may occur via a single bond or may be
accomplished using thiol-specific reagents to form a molecular bridge.

" The peptides may be coupled to a soluble carrier for the purpose of either raising
antibodies or facilitating the adsorption of the peptides to a solid phase. The nature of the
carrier should be such that it has a molecular weight greater than 5000 and should not be
recognized by antibodies in human serum. Generally, the carrier will be a protein.
Proteins which are frequently used as carriers are keyholé limpet hemocyanin, bovine
gamma globulin, bovine serum albumin, and poly-L-lysine.

There are many well described techniques for coupling peptides to carriers. The
linkage may occur at the N-terminus, C-terminus.or at an internal site in the peptide. The
peptide may also be derivatized for coupling. Detailed descriptions -



14, Apeptlde of the formula:
Y- Leu- Al a- 3 u- d n- Phe-Lys-d n- Lys Ala Leu Gly Leu- Leu-d n-Thr - Al a- Ser - Ar g-

(

XI11)

dn-Al a-Z- X 25 Where Y
is NHerr] , one or nore N-term naI ino aci ds, or other chem cal
entitie ed,to facilifate caoupling;, Zis a ond (an) am ng acid(s or
(a) m% f@esqgm) tIQR afJ Wtbdeﬁsb@\mﬁ? to mylan membranes, gy
NH[err], or scranfpoeni personinfédd Gy HEY gr oups.
PEPTIDE
- h m v v v Vi Vi fix
1 3 1 1
2 Hin et WY § | '
3 1 05 2 1 05 2 05
” 3
6| : 2! 1 05
7 05 1 2 1 05 3 2
8 05 1 3 1 1 1 1
10 1 05 ' 3 1
13 05 05 2 0S5
15 05 -2 3
18 2 1 05 05 1] - os 3 2 05
18 1 1 3 .05 2 0.5 ’
23 05 1 1 ' 05
24 | 0S5 | _ 2 . | 05 05 05 c 2
25 ] 1|l  os ' : 2 05
28 : 1 11 .
27 05 0.5 1 al 2
28 ' 05 3 2 ' 1 05
30 0.5 05 1 1 0.5
N 1 05
‘32 1 2|
33| 05
4 1 1 1 3 1
as 1 1 2 1 1 1 oS
38 1 2 1 1
37 1 1 .
44 1 2 1 0.5
48 05 2 0.5 05 0.5 2
47 05 0S5 0.5 1
48 1 2 2 ' 05| 2
43 1 1 oS 0.5 0.5
50. 1 2 1 2 05
51 2| 05 0.5 05
52 2 05 0.5
54 2 05 0.5 1 05
58 IND NO ND ND ND ND NO 2

Blank: no reaction; 0.5: weakly positive; 1: clearly positive;
2: strong reaction;.3: intense reaction; ND: not determined

REPLACEMENT SHEET
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i5. Apeptlde of the formul a: ’ (XIV)- :
Y-d n-Lys- Al a- Leu-d y- Leu- Leu-d n-Thr - Ala Ser-Arg-@n-Afa-Qu-Val -1le-Ala-P

r o- ‘Al a- Z- X Where Y is NHerr], one or nore N-term nal am no
acids; or other chem cal entiti es15added to facilitate coupling; Zis a
bond, (%L@mlnocgﬁhgg%é or (a) chenical group(s) which may be used
for I I nking; and X is NH err], or ___I__| nkage involving either of -
t hese 8] meiesEray e +6- pepti ewf ﬂhe ottt vH
xu XV XY v X1 XIX
0.5 : 2’ r 3 1 1
- 05 1 2 2 1 '
1 05
1
2
2 1 1 2 oS 1 1
2 1 1 1 1 0s
1 j 05 2 2 2 2
1 1 05| : 05 o
0S5 - 1 0S5
] 1 ' 2 2 1 2 i
1{ * 05 |
1 0.5 0.5 05 |
1
05 2 1 1 - 2
- 05
1 2 1 05
2 1 C 1 ! 2 2 1 1 1
05 05 0.5
1 0S5 1 1
1 0.5 05
1 1 05
2 0.5
1 1
05 1 1] 1 05
05 | 0.5 05 : 1
1 ] 1 - 1 1 05 0.5
1 1 0S5
o5 1-
1 1 1 1 1 1
05 1 2| - 1
REPLACEMENT SHEET

2 2DEC 1997
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(XV)

Y-3 u- Asp-3 u-Arg-d u-1 | e- Ser-Val -

hf:

Pr o- Ala Glu | | e- Leu- Arg-Lys- Ser - Arg- Arg-P
Al a-Z- X Wiere Y is NH err],.one or npore N-terminal am no

aC| ds,

.or ot her chem cal entities added to facilitate coupling;- Zis a

d(s), or (a) chenical group(s) which may be used
lelllﬁlmumwmlml OH, NHerr], or a |inkage , (b Mmr of
these gr obips" RLA AN 2 2DEC

1997 17. A. peptide of the f ornul a: 21 \
(XVI') &V?Q’DEC’WI _
Y- Leu- Ar g- Lys- Ser - Af g- Arg Phe- Al a- d n- Al a- Leu- Prjo-fival - Tr p- Al a- Atig-iPr o- Asp-
Tyr - Asn- Z- X. - CLAIMS i
1. A peptide of the formula:
Y-Met-Ser-Thr-Ile-Pro-Lys-Pro-Glo-Arg-Lys-Thr-Lys-Arg-Asn- -Asn-Aig-Arg-_Pro-

Gln-Z-X.

Where Y is NH, , one or more ‘N-terminal amino acids, or other chemical
entities added to facilitate coupling; Z is a bond, (an) amiino acid(s), or (a)
chemical group(s) which may be used for linking; and X is ‘OH,'NH, , or

a linkage involving either of these groups.

A peptide of thée formula: .

| m
Y-Pro-Gln-Arg-Lys-Thr-Lys-Arg-Asn-Thr-Asn-Arg-Arg-Pro-Gln-Asp-Val-Lys-Phe-
Pro-Gly-Z-X.

Where Y is NH, , one or more N-terminal amino acids, or other chemical
entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a)
chemical group(s) which may be used for linking; and X is OH, NH, , or

a linkage involving either of these groups.

3. A -peptide of the formula:

(ILA)
Y-Glo-Arg-Lys-Thr-Lys-Arg-Asn-Thr-Asn-Arg-Arg-Z-X.
Where Y is NH, , one or more. N-terminal amino acids, or other chemical
entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a)
chemical group(s) which may be used for linking; and X is OH, NI, , or

a linkage involving either of these groups.



\N‘\ereY
ent|t|e

NH[ err],

or nore N-term nal arﬁ?i_ : o8
tm mﬂ ﬂgg”]tate coupl i ng; Z is ajbd , '
S) which may be used f¢r ||l i 2@DEC 180

or a |inkage involving either of it lese, groups.

pepti de4_0f APBedRa8URthe formula:.-

r cheni cal
cid(s), or
s OH,

nd, (an) amn

(1)
Y-Arg-Asn-Thr-Asn—Arg—Arg—Pro-Gl_n-Asp-Val-Lys-Phe-Pro—Gly~Gly-Gly—GIn-Ile-Va.l-
Gly-Z-X.

Where Y is NH, , one er more N-terminal amino acids, or other chemical
entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a)
chemical group(s) which may be used for linking; and X is OH, NH, , or
a linkage' involving either of these groups. ‘

A peptide of the formula:

Y-Leu-Pro-Arg-Arg-Gly-Pro-Arg-Leu-Gly-Val-Arg-Ala-Thr-Arg-Lys-Thr-Ser-Glu-
Arg-Ser-Z-X. -
Where Y is NH, , one or more N-terminal amino acids, or other chemical
entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a)
chemical group(s) which may ,be.used for linking; and X is OH, NH, , or

" a linkage involving either of these groups.

A peptide of the formula:

WM
Y-Thr-Arg-Lys-Thr-Ser-Glu-Arg-Ser-Gln-Pro-Arg-Gly-Arg-Arg-Gln-Pro-Ile-Pro-Lys-
Val-Z-X.

Where Y is NH, , one or more N-terminal amino acids, or other chemical

‘entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or ()

chemical group(s) which may be used for linking; and X is OH, NH, , or

a linkage involving either of these groups.

A peptide of the formula:
(VI)

Y-Arg—Arg-GIn—Pro-Ile-Pro-Lys-Vg.l—Arg—Arg—Pro-Glu—Gly—Arg—Thr-Trp-Ala-Gln—Pro-
Gly-Z-X. )



/_,__
XVII Y- Val - % Ar -Pro Asp

-Tyr Aql‘“m ! Glu Thr - Tr p-Lys-Lys- Pro- Asp- Tyr-Z- X
Wher e

or more N-termi naI am no acids, or other chem cal
entities* adde to faC|I|tate coupling; Z j.s a bond, (an) am no aC|d(s) or

(a) . ¢ch cal whi ch nma bEUSde’anln and
NH err], o Il?ug » iRFoIOH FPrEi NHermpR t‘ﬁﬁg’é) gﬁp pr ot @ dAe’Eé?ﬁll de

of the forB’Hﬁﬁes added to facilitate coupli Z bond |i11|1ﬁr10 acid(s
Y-Q u-Thr-Trp-Lys-Lys-P ro-Cl 1pa_eyc % lngIbro I1:§r(é)1 V%III1 Vgelgﬂ!Hl s-dy-Cy () or (Lagu [
ro- Pr chetnjcal group(s) which may be used for linking; and X is OH, NH )

a linkage involving either of these groups.

8. A peptide of the formula:
| (VD) |
Y-Gly-Arg-Thr-Trp-Ala-Gln-Pro-Gly-Tyr-Pro-Trp-Pro-Leu-Tyr-Gly-Asn-Glu-Gly-Cys-
Gly-Z-X.

Where Y is NH2 , one or more N-terminal amino acids, or other chemical
entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a) .

* chemical group(s). which may be used for linking; and X is OH, NH, , or
a iinkage involving either of these groups. REPLACEMENT SHEET

a 2 2DEC 1997
9. A peptide of the formula:

(VII) R
Y-Leu-Ser-Gly-Lys-Pro-Ala-lle-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp-
Glu-Z-X.,

Where Y is NH, , one or more N-termiﬁal amino acids, or other chemical
entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a)
chemical group(s) which may be used for linking; and X is"OH, NH, , or
a linkage involving either of these groups.

10. A-peptide of the formula:
| ()
Y-Ile-Ile-Pro-Asp-Arg-Glu-Val-Leu-Tyr-Arg-Glu-Phe-Asp-Glu-Met-Glu-Glu-Cys-Ser-
Gln-Z-X.

Where Y is NH, , one or more- N-te_rrm'nal amino acids, or ‘other chemical .
entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a)
chemical group(s) which may be used for linking; and X is OH, NH, , or

a linkage involving either of these groups.



VWer e ' ' nore N-term nal am no &gj ENgfrnehen cal
entit llmmum“mnﬁml tate coupling; Zis a m Qﬂr g id(s),
(a) * cHenitcal® gFoup(s) whi ch may be! used f@r {linking; and K s OH NH2
or a linkage involving either of thege grO'ps. 2 2T Aiepli e of the
formul a:11. A peptide of the formula:- 1 %)
Y-Val - Hi s- 3 y- Cys- Pro- Leu- Pro- Pro-Pro- L Ser- ro-Pro-val - Pro-Prg-Pro-Arg-L
ySs- Lys-Z- X Where Y i s NH2, re I\l-termngj,,a Lho aci ds,

R srﬁgesw%mm G

l'i nki ng; ahelu-fliasZckl, NH err], or

Where Y is NH, , one or more N-terminal amino acids, or other chemical-
entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a)
chemical group(s) which may be used -for linking; and X is OH, NH, , or
a linkage involving either of these groups. |

12. A peptide of the formula:
XD

Y—Ser-Gln-Hls-Leu-Pro-Tyr—Ile-Glu-Gln-Gly-Met-Met-Leu-Ala-Glu-Gln—Phe -Lys-
‘ Gln-Lys-Z-X ' i

Whe;'e Y is NH, , one or moré N-terminal amino acids, or other chemical
entities added to facilitate coupling; Z is a bond, (an) amino acid(sj, or (a)
chemical group(s) which may be used for linking; and X is OH, NH, , or
a linkage involving either of these groups.

13. A peptide of the formula:
- & |
Y-Ile-Glu-GIn-Gly-Met~Met—Leu-Ala—Glu-Gln-Phe-Lys-Gln-Lys-Ala.—Leu~G1y-Leu—
Leu-GIn-Z-X.

Where Y is NH, , one or more N-terminal amino acids, or other. chemical
“entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a)
chemical group(s) which may be used for linking; and X is OH, NH, , or

a linkage involving either of these groups.

14 A peptide of the formula:
(XD
Y-Leu-Ala-Glu-Gln-Phe-Lys-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gin-Thr-Ala-Ser-Arg-
Glo-Ala-Z-X. - '



a'li ' mid |t t her of these groups. 21. A conposition conprising
at | a;aﬁﬁm\‘“mmﬁ‘mptldes of clainms 1 to 20. 22. A conposition
conpri'siiy at meast bne of the peptides of clains 1 to 20 attached to a
carrier. 25 27 |

Whers Y is NH, , one oc more N-terminal amino acids, or other chemical
entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a)
chemical group(s) which may be used for linking; and X is OH, NH, , or

a linkage involving either of these groups.

15. A peptide of the formula:
xv) .
Y-Gln-Lys-Ala-Leu-Gly-Leu-Leu-Gln-Thr-Ala-Ser-Arg-Gln-Ala-Glu-Val-Tle-Ala-Pro-
Ala-Z-X.

Where Y is' NH, , one or more N-terminal amino acids, or other chemical
entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a)
chemical group(s) which may be used for linking; "and X is OH, -NH, , or

~a linkage involving either of these groupé.

- 16. A peptide of the formulé.:
| | (XV)
Y-Glu-Asp-Glu-Arg-Glu-lle-Ser-Val-Pro-Ala-Glu-lle-Leu-Arg-Lys-Ser-Arg-Arg-Phe-
Ala-Z-X. '

Where Y is NH, , one or more N-terminal amino acids, or other chemical
entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a)
chemical group(s) which may be used for linking; and X is OH, NH, , or
a linkage involving either of these groups. REPLACEMENT SHEET

2 2 DEC 1997

17. A peptide of the formula:

(XVD) _
Y-Leu-A:g-Lys-Ser-Arg—Arg-Phe—Ala-Gln-Ala-Leu-Pro-Val—Trp-Ala—Arg-Pro-Asp-
Tyr-Asn-Z-X.

Where Y is NH, , one or more N-izrminal amino acids,- or other chemical
entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a)
chemical . group(s) which may be.used for linking; and X is OH, NH, , or

a linkage involving either of these groups.



thod for the detection of antibodies t 5in a
b| ol OH H mlu" ""m,ﬁ uch as serum or pl asna, bntacti ng
body rson to be diagnosed wt ny2 QfDE(Dé%?ep i Hes of
clai.ms_1 fo 20 r conposi tions of,gclainms 2 nd 22, and dejefting the
i mmun@ o k 2red between said|a 10t
ant i ggl(r?l(s?k 3%5 fdee %eﬁ?gr{rrug% hod of claim 23, |cha hat said
detection of said i mmunol ogi cal GO‘WIID ex is achi eved by reacting said
I mrunol ogi I with I a el reagent uman
i munog| O%Wﬂcﬁﬁpﬁgﬁﬁ@spﬁ“d‘s %f@é’de%aﬁ Xsag fﬂr iJFP'gjfyl.s’(retﬂtsoﬁchal
G protei npggefw _glx or streptavi d| n and detecting the conplex forned
reagent between said conjugate and said reagent. 25. A kit for the

detection of anti-hepatitis C virus antibodies in a biological fluid,
Where Y is NH, , one or more N-terminal amino ac1ds, or other chemical
entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a)
chemical group(s) which may be used for linking; and X is OH, NH, , or
a linkage involving either of these groups. |

19. A peptide of the formula:
cevm) |

" 7 Y-Glu-Thr-Trp-Lys-Lys-Pro-Asp-Tyr-Glu-Pro-Pro-Val-Val-His-Gly-Cys-Pro-Leu-Pro-
Pro-Z-X. i o o |
Where Y is NH, , one or more N-termmal amino aclds or other chemical
entities added to facilitate couphng, Z is a bond, (an) amino acid(s), or (a)
chemical group(s) which may be used for linking; and X is OH, NH, ,
a linkage involving either of these groups.

20. A peptide of the formula:
(XIX)
Y-Val-His-Gly-Cys-Pro-Leu-Pro-Pro-Pro-Lys-Ser-Pro-Pro-Val-Pro-Pro-Pro-Arg-Lys-
Lys-Z-X.

Wﬁqre Y is NH, , one or more N-terminal amino acids, or other chemical
entities added to facilitate coupling; Z is a bond, (an) amino acid(s), or (a)
chemical group(s) which may be used for linking; and X is OH, NH, , or

. a linkage involving either of these groups.

21. A composition comprising at least one of the péeptides of claims 1 to 20.

88}
5\)

A composition comprising at least one of the peptides of claims 1 to 20

attached to a carrier.



-

donpr|5| a conposition as defined in either of clains 21 or
li! |“;“ “mlmmeans for detecting the imunol ogi cal conpl ex forned.
claim 25, characterized in that said nmeans for detecting
sal d i mrunol ogi cal conpl ex conpri sgy anti - human i munogl obul i n(s) or

pr ot ei n,5A rpte r .avidin e 4

det ecti'fg e c%oa & {he %eg?‘fﬂﬁf t?(gt bﬁai e&an;ébgh&/a(gﬁfl{]%ay egs%(r%%lr?t’zlaclarlled

in.the det ﬁQicEd;uch'as eevn@l @ pRlsmRQNHagedterized by contacting body fluid of a
person to be diagnosed with any of the peptides of claims 1 to 20 or
compositions of claims 21 and 22, and detecting the immunological complex

formed between said antibodies and the antigen(s) used.

24. The method of claim 23, Ichara'cterized in that said detection of said
immunological complex is- achieved by reacting said immunological complex
with a labeled reagent selected from anti-human immunoglobulin-antibodies or
staphylococcal A protein or streptococcal G protein or avidin or streptavidin
and detecting the complex formed reagent between said conjugate and said
reagent.

25. A kit for the detection of anti-hepatitis C virus antibodies in a biological fluid,
comprising:

- a composition as defined in either of claims 21 or 22.

- the means for detecting the immunological complex formed.

26. The kit of claim 25, characterized in that said means for detecting said
immunological complex comprise anti-human immunoglobulin(s) or protein A
or protein G or avidin or streptavidin and means for detecting the complex
formed between the anti-HCV antibodies contained in the detected

immunological conjugate.

2 2 DEC v/
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SYNTHETIC ANTIGENES FOR THE DETECTION OF ANTIBODIES TO
HEPATITIS C VIRUS '

ABSTRACT

Peptide sequences are provided which are capable of mimicking bro_teins
encoded by HCV for use as reagents for screening of blood and blood products
for pi'ior exposure to HCV. The peptides are at least 5 amino acids long and
can be used in various specific assays for the detection of antibodies to HCV, for
the detection of HCV antigens, or as immunogens.
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